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MPR-SAT-FE-71-1
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-509
APOLLO 14 MISSION
BY

Saturn Flight Evaluation Working Group
George C. Marshall Space Flight Center

ABSTRACT

Saturn V AS-509 (Apullo 14 Mission) was launched at 16:03:02.00 Eastern
Standard Time (EST) on January 31, 1371, from Kennedy Space Center,
Complex 39, Pad A. Launch was originally scheduled for 15:23:00.00
EST; however, the count was held for approximately 40 minutes because
of weather conditions in the launch area. The vehicle lifted off on a
launch azimuth of 90 degrees east of north and rolled to a flight azi-
muth of 75.558 degrees east of north. The launch vehicle successfully
placed the manned spacecraft in the planned translunar injection coast
mode. The S-IVB/IU impacted the lunar surface within the planned target
area. Preliminary assessment of data indicates that the inflight elec-
trophoretic separation, composites casting and flow and convection
demonstration were successful.

A1l Mandatory and Desirable Objectives of this mission for the launch
vehicle were accomplished except the precise determination of the lunar
impact point. It is expected that this will be accomplished at a later
date. No failures, anomalies, or deviations occurred that seriously
affected the mission.

Any questions or comments pertaining to the information contained in
this report are invited and should be directed to:

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working
Group, S&E-CSE-LA (Phone 205-453-2462)




PRECEDING PAGE BLANK NOT FILMED

TABLE OF CONTENTS

Page

TABLE OF CONTENTS iti
LIST OF ILLUSTRATIONS vi
LIST OF TABLES ix
ACKNOWLEDGEMENT xi
ABBREVIATIONS xii
MISSION PLAN x¥
FLIGHT SUMMARY xeiii
MISSION OBJECTIVES ACCOMPLISHMENT xxiv
FATLURES, ANOMALIES AND DEVIATIONS XXV
SECTION 1 - INTRODUCTION
14 Purpose 1-1
1.2 Scope 1-1
SELTION 2 - EVENT TIMES
2.1 Summary of Events 2-"
2.2 Variable Time and Commanded

Switch Selector Events 2-1
SECTION 3 - LAUNCH OPERATIONS
3.1 Susmary 3-1
3.2 Prelaunch Milestones 3-1
3.3 Countdown Events 341
3.4 Propellant Loading 3-1
3.4.7 RP-) Loading 3-1
3.4.2 LOX Loading 23
3.4.3 LMy Loading 3-4
3.5 Insulation 3-4
3.6 6round Support Equipment 3-4
3.6.1 Ground/Vehcle Interface 3-4
3.6.2 MSFC Furnished Ground Support

Equipment 3-5
SECTION & - TRAJECTORY
4.1 Summary 4-1
4.2 Trajectory Evaluation 4-1
4.2.1 Ascent Phase 41
4.2.2 Parking Orbit Phase 4-4
4.2.3 Injection Phase 4-8
4.2.4 Post TLI Phase 4-9

SECTION S - S-1C PROPULSION

5.1
5.2

LR LY BT
~ o »n
N

5.8
5.9
5.10

SECTION
6.1
6.2

N v
~ O »n
N =

6.10

SECTION
7.1
1.2

-t
-t
-t

Summary

S-1C Ignition Transient
Performance

S-IC Mainstage Perforwmance

S-IC Engine Shutdown Transient
Performance

S-IC Stage Propellant Management

S-1C Pressurization Systems
S-IC Fuel Pressurization System
S-IC LOX Prossurization System

S-1C Pneumatic Control Pressure
System

S-IC Purge Systems
S-I1C POGO Suppression System
S-1C Hydraulic System

6 - S-II PROPULSION
Summary

S-II Chilldown and Buildup
Transient Perforwmance

S-11 Mainstage Performance

S-11 Shutdown Transient
Performance

S-11 Propellant Management

S-I1 Pressurization System
S-11 Fuel Pressurizaticn System
S-I1 LOX Pressurization System

S-11 Pneumatic Control Pressure
System

S-I11 Helium Injection System
POGD Suppression System
S-11 Hydraulic System

7 - S-1VB PROPULSION
Summary

S-IVB Chilidown and Buildup
Transient Performance for First
Burn

Page

5-1

6-1

6-2
6-4

6-6

6-8
6-11
6-1
6-12
6-16
6-18
6-18
6-20

741

7-2



ks

Y R

g el B

.

© e e e O SRR P

TABLE OF CONTENTS (CONTINUED)

7.3 S-1VB Mainstage Performance
For First Burn

7.4 S-IVB Shutdown Transient
Performance for First Burn

7.5 S-1vB Parking Orbit Coast
Phase Conditioning

7.6 S-1VB Chilldown and Bufldup
Transient Performance for
Second Burn

7.7 S-1VB Mainstage Performance
for Second Burn

7.8 S-IVB Shutdown Transient
Performance for Second Burn

7.9 S-1V8 Stage Propellant
Management

S-1VB Pressurization System
1 S-IVB Fuel Pressurization System
.2 S-1VB LOX Pressurization System

S-IVB Pueumatic Countrot
Pressure System

7.12 S-1VB Auxiliary Propulsior
System

7.13 S-1VB Orbital Safing Operations

7.13.1 Fuel Tenk Safing

7.13.2 LOX Tank Dumping and Sifing

7.13.3 Cold Helium Dump

7.13.4 Asbient Helium Dusp

7.13.5 Stage Pneumstic Control
Sphere Safing

7.13.6 Engine Start Tank Safing

7.13.7 Engine Control Sphere Safing

7.4 Hydraulic System

SECTION 8 - STRUCTURES

8.1 Summary

8.2 Total Vehicle Structures
Evaluation

8.2 Longitudinal Loads

1

.2 Bending Moments

.3 Vehicle Dynamic Characteristics
POGO Limiting Backup Cutoff
System

SECTION 9 - GUIDANCE AND NAVIGATION

9.1 Summary

9.1.1 Performance of the Guidance
and Pavigation System as
Implemented in the Flight
Program

Guidance and Navigation

Systea Components

Guicance Comparisons

Navigation and Guidance Scheme
Evaluvation

Variable Launch Aztmuth

First Soost Period

Earth Parking Ordit

“ ~n

D oW A —

Guidance System Component
Evaluation

LVOC and LVYDA Performance
ST-1208-3 Stadb{11zed Platform
Subsystem

VO O VOOVSY v 9
N -

e B wWWWW

e

Page

7-10

7-13
7-13
7-17

7-18

7-21

7-21
7-23
7-23
7-25
7-27

728

7-28
7-26

8-2
8-2
8-2
8-3

8-10

9-1

9-1
9-1
9-1
9-7
9-10
9-10

9-12
9-12

9-13
9-13

9-14

SECTION 10 - CONTROL AND SEPARATION

10.1
10.2
10.3
10.4
10.4.1
mn.4.2
10.4.3

10.4.4

10.5

10.6
SECTION

na
n.2
n.s
n.4
n.s
1n.6

SECTION
1.1
12.2
12.2.1
12.2.2
SECTION
130
13.2
13.3
13.¢4

SECTION
.
4.2
4.3

4.4
14.4.1
14.4.2

SECTION
15
5.2
15.3
15.3.1

15.3.2
15.3.3

15.3.4

Summary
S-1C Control System Evaluation
S-11 Control System Evaluation

S-1V6 Control System Evaluation
Control System Evaluvation during
Tirst Burn

Lontrol System Evaluation
Curing Parking Orbit

Control System Evaluation
During Second Burn

Contro: System Evaluation

After S-IVB Second Burn

Instrument Unit Control
Components Evaluation

Separatic

i1 - ELECTRICAL NETWORKS AND
EMERGENCY DETECTION SYSTEW

Summary

S-1C Stage Electrical System

S-I1 Stage Electrics’ System

5~IV8 Stage Electrical Systam

Instrument Unit Electrical System

Saturn V Emergency Detection

System (EDS)

12 - VERICLE PRESSURE ENVIRONMENT

Summery

Base Pressures

S-IC Base Pressures

S-I1 Base Pressures

12 - VENICLE THERMAL ENVIRONMENT

Summary

S-TC Base Heating

S-11 Base Heating

Vehicle Aercheating Thermal

Environment

14 - ENVIRONMENTAL CONTROL SYSTOMS

Surmary

$-IC Environmenta! Control

S-11 Environmental Control

iU Envirommental Contrnl

Therma! Conditioni<g System

ST-124M-3 Gas Bearing System

(ems)

15 - DATA SYSTENS

Susmery

Vehicle Measurements Evaluation

Afrborne VHF Telemetry Systems

Evaluation

Performance Summary
Loss of DP1-AD Analog Data
Loss of HO060-603 Guidance

Word
DP-1 Telemetry RF Output
Power Fluctustions

s M Ty

Page

10-1
101
10-5
10-$5
10-9
10-10
10-10
10-1

10-15
10-15

-
"4
1.2
n-3
11-3

1n-6

121

12-1
12-1
12-1

13-1
13-1
13-3

13-7

4-1
144
14-2
14-2
18-2

14-6

15-1
15-1

15-2
15-2
15-2
15-10

15-1

it B



e i s B A R A M

TABLE OF CONTENTS (CONTINUED)

Page

15.4 C-Band Radar System Evaluation 15-13
15.5 Secure Range Safety Command

Systems Evaluation 15-13
15.6 Command and Communication

System Evaluation 15-15
15.7 Ground Engineering Cameras 15-1%
SECTION 16 - MASS CHARACTERIS,ICS
16.1 Summary 16-1
16.2 Mass Evaluation 16-1
SECTION 17 - LUNAR IMPACT
170 Summary 171
17.2 Time Base 8 Maneuvers 17-1
17.3 Trajectory Evaluation 17-2
17.4 Lunar Impact Conditicn 17-2
17.8 Tracking 17-3
SECTION 18 - SPACECRAFT SUMMARY 18-1
SECTION 9 - APOLLO 14 INFLIGHT

DEMONSTRATIONS

19.1 Summary 19-1
19.2 Electrophoretic Separation

Demonstration 19-1

19.3 Composites Casting Demonstration 19-2
19.4 Heat Flow and Convection

Demonstration 19-3
APPENOIX A - ATMOSPHERE
Al Summary A~}
A2 General Atmospheric Conditions H
at Launch Time A-1 ;
A3 Surface Observations at Launch :
Time A-1
A4 Upper Air Measurements A-3
A.4.1 Wind Speed A-S
A.4.2 Wind Direction A-S
A.4.3 Pitch Wind Component A-S
A.4.4 Yew Winu Component A-S
A.4.5 Component Wind Shears A-S
A.4.6 Extreme Wind Data in the High H
Dynamic Region A-5
A.S Thermodynamic Data A-13
A.5.1 Temperature A-13
A.5.2 Atmospheric Pressure A-13
A.5.3 Atmospheric Density A-13
A.5.4 Optical Index of Refraction A-13
A.6 Comparison of Selected
Atmospheric Data for Satura V 3
Launches A-13 4
APPENDIX B8 - AS-509 SINGIFICANT
CONFIGURATION CHANGES

8.1 Introduction 8-1




Figure
2-1

a3
4-4
as
4-5
4.7

5-1
5-2
5-3

5-5
6-1

6-2

6-3
6-4

6-5
6-6
6-7
6-8

LIST OF ILLUSTRATIONS

Ground Station Time to Vehicle
Time Conversion

Ascent Trajectory Position
Comparison

Ascent Trajoctory Space-Fixed
Velocity and Flight Path Angle
Comparisons

Ascent Trajectory ncceleration
Comparison

Dynamic Pressure and Mach
Number Comparisons

Ground Track

Injection Phase Space-Fixed
Velocity and Flight Path Angle
Comparisons

Injection Phase Acceleration
Comparison

S-1C LOX Start Box Requirements
S-1C tngines Thrust Buildup

S-1C Stage Propulsion
Performance

S-1C Stage Fuel Tank Ullage
Pressure

S-1C LOX Tank Ullage Pressure

S-11 Engine Start Tank
Yerformance

S-11 Engine Pump Inlet Start
Requirements

S-1! Steady State Operation

S-il Outboard Engine Chamber
Pressure Decay

S-11 Fuel Tank Ullage Pressure
S-11 Fuel Pump Inlet Conditions
S-11 LOX Tank Ullage Pressure

S-11 Oxidizer Manifoid Pressure
and Regulator Potentiometer
Profiles

S-I1 L9X Tank Fressurization
Regulator

S-11 LOX Pump Inlet Conditions

Page
2-3

42

-3
-3
a4
4-9

4-10

N
5-¢
5-2

5-4

§-7
5-8

6-.

6-5
6-7

5-10
6-12
6-13
6-14

6-16
6-17

Figure

6-11 S-I1 LOX Center Engine Feedline
Accumulator and Helium Injection
System

6-12 S-11 Center Enyine LOX Feedline
Accumulator Bleed System
Performance

6-13 S-11 Center Engine LOX Feedline
Accurwlator Fill Transient

6-14 S-11 Center Enqine LOX Feedline
Accumulator Helium Supply System
Performance

7-1 S-1VB Start Box and Run
Requirements - First Burn

7-2 S-1VB Steady-Stcte Performance -
First Burn

7-3 S-1VB CVS Performance - Coast
Phase

7-4 S-1VB Ullage Conditions During
Repressurization Using 02/H2
Burner

7-$ S-1V8 02/Hp Burner Thrust and
Pressurani Flowrate

7-6 S-1v3 Start Box and Run
Requirements - Second Burn

7-7 S-1VB Steady-State Performance -
Second Burn

7-8 S-1VB LHy Ullage Pressure -
Fifst Burn and Parking Orbit

7-9 S-IVB Ly Ullage Pressure -
Second Burn and Translunar Coast

7-10 S-IVB Fuel Pump Inlet
Conditions - First Burn

7-11 S-1V8 Fuel Pump Inlet
Conditions - Second Burn

1-12 S-IVB LOX Tank Ullage Pressure -
First Bu - and Earth Parking
Orbit

7-13 5>-1YB LOX Pump Inlet
Conditions - First Burn

7-14 S-IVB LOX Pump Inlet
Conditions - Second Burn

7-18 S-IVE Cold Helium Supply History

6-21

7-3

7-5



Figure
7-16
7-17

8-2

8-3

8-4

8-5

8-6

8-7

8-9
9-1

9-2

9-3

9-5
9-6

9-7
10-1

10-2

10-3
10-4

10-5
10-6

10-7

LIST OF ILLUSTRATIONS (CONTINUED)

Page
APS Helium Bottle Conditions 7-¢2
S-1VB LOX Dump and Orbital
Safing Sequence 7-25

S-1VB LOX Tank Ullag Pressure -
Second Burn and Translunar Coast 7-26

S-1vB LOX Dump Parameter
Histories 7-27

tongitudinal Acceleration at
IU During Thrust Buildup and
Launch 8-2

Longitudinal Load at Time of
Maximum Bending Moment, CECO
and 0%CO 8-3

8ending Moment Distribution at
Time of Maximum Bending Moment 8-4

IU Accelzrometer Resporse
During S-IC Burn
8-5

Longitudinal Acceleration at
1U at 5-1C CECO and OECO 8-6

AS-509/AS-508 Acceleration and
Pressure Oscillations During
S-11 Byrn (8 to 20 Hz Filter) 8-7

AS-509 Pump Inlet Pressure and

Thrust Pad Acceleration

Oscillations During Accumulator

Fill Transient (0 to 110 Hertz

Filter) 8-8

S-1i Engine 1 LOX Pump Inlet
Precsyre Contourgram/NPSP
Comparison 8-9

G-Switch Performance 8-11

Trajectory and ST-124M-3

Platform Velocity Comparison
Boost-to-EP0 (Trajectory Minus
Guidance) 9-2

Trajectory and ST-124M-3
Platform Velocity Comparison
at S-1VB Second Burn

{Trajectory Minus Guidance) 9-3
LH, Continuous Vent Thrust

During Parking Orbit 9-6
Attitude Commands During

Boost-to-EPO 9-1
Attitude Commands Mwring

S-IVB Second Burn 9-11
Switch Selector Bit > Driver

Monitor Circuit 9-15

Accelerometer hesd¢ Deflections 3-16
Pitch and Yaw Plz ... Dynamics

During S-1C Burn 10-3
Argle-of -  ‘tack During S-IC
Burn 10-6

Total Angle-of-Attack at Q-Bail 10-7
Pitch and Yaw Plan Attitude

Errors During S-11 Burn 10-8
Pitch and Yaw Attitude Errors

During S-IVB First Surn 10-9
Pitch Attitude Er-or During

Parking Orbit 10-11

Pitch and Yaw Attitude Errors

During S-1VB Second Burn 10-12

—to

Figure
10-8

13-2
13-3

13-4
13-5

13-6

144
14-2

14-3
14-4
14-§
14-6
-7
15-1
15-2

15-3
15-4
15-5
15-6
17-1

Pitcn Attitude Error During
Translunar Coast

S-1VB Stage Forward No. 1
Battery Voltage and Current

S-]VB Stage Forward Ko. 2
Battery Voltage and Current

S-1V3 Stage A€t No. i Battery
Voltage and Current

S-1VB Stage Aft No. Z Battery
Voltage and Current

IU Battery 6D10 Voltage,
Current, and Temperature

TU Battery 6020 Voltage,
Current, and Temperature

TU Battery 6D30 Voltage,
Current, and Temperature

1U Battery 6D40 Voltage,
Current, and Temperature

S-1C Base Heat Shiela
Differential Pressure

S-11 Heat Shield Forward
Face Pressure

S-11 Thrust Cone Pressure

S-11 Heat Shield Aft Face
Pressure

S-1C Base Region Total Heating
R te

S-1C Base Region Gas Temperature

S-1C Ambient Gas Temperature
Under Engine Cocoon

S-11 Heat Shield Aft Heat Rate

S-11 Heat Shield Recovery
Tewmperature

S-11 Heat Shield Aft Radiation
Heat Raie

Forward Location of Separated
Flow on S-1C Stage

IU TCS Coolant Contro)
Temperature

IU Sublimator Performance
During Ascent

IV TCS Hydraulic Performance

IU TCS GN2 Sphere Pressure
Selected IU Component Temperatures
IU Inertial) Platform GNz Pressures
IU GBS GNy Sphere Pressure

VHF Telemetry Coverage Summary

DP1-AC 270 Multiplexer Analog
Data

6031 Bus Voltage

6D30 Battery Current

C-Band Radar Coverage Summary
CCS Coverage Summary

Accumulated Longitudinal
Velocity Change During Time
Base 8

Lunar Impact Trajectory Radius
and Space-Fixeg Velocity Profiles

Page

10-14

12-2
12-3

12-3

13-2
13-2

13-3
13-4

14-3
14-4
145
14-6
4.7
14-8
15-9

15-1
15-12
15-12
15-14
15-16

17-5

RSEY L HE

\,
3



.

Figure
17-3

17-4

A-1

A-2

A-o

A-7

A-8

LIST OF ILLUSTRATIONS (CONTINUED)

Comparison of Lunar Impact
Points

Summary of CCS Tracking Data
Used for Post TLI Orbit

Surface Weather Map Approxi=
mately 8 Hours Before Launch
of AS-509

S00 Miliibar Map Approximately
9 Hours Before Launch cf AS-509

Scalar Wind Speed at Launch
Time of AS-509

Wind Direct‘on at Launch Time
of AS-509

Pitch Wind Velocity Component
(Wy) at Launch Time of AS-509

Yaw Wind V2incity Compcnent
(Wz) at Launch Time of AS-509

Pitch (Sl) and taw (Sz)
Component Wind Shears at
Launch Time o>f AS-509

Relative Deviation of Tempera-
tire and Pressure from the
PRA-63 Reference Atmosphere,
AS-509

Relative Deviaiion of Dencity
and Absolute Deviation of the
Index of Refraciion from the

PRA-63 Reference Atmusphere,

AS-509

A-7

A-8

A-9

A-10

A-14

A-15

-be

de



Table

2-1
2-2
2-3

31

4-1

42
63
4

4-5
9-1

§-2

6-1
6-2
6-3

7-1

1-2

7-3

7-4

81

T R S g Pt i

T S ——

LIST OF TABLES

Page
Mission Objectives Accomplishment
Summary of Deviations

Time Base Summary 2-3
Significant Event Times Summary 2-4
Variadble Time and Command

Switch Selector Events 2-10
AS-509/Ap3110 14 Prelaunch
Milestones 3-2
Comparison of Significant
Trajectory Even's 4-5
Comparison of Cutoff Events 4-6

Comparison of Separation Events 4-7

Parking Orbit Insertion
Conditions 4-8

Translunar Injection Conditions 4-11
S-1C Individual Standard Sea

Level Engine Performance 5-5
S-IC Stage Propellant Mass

History 5-6
S-11 Engine Performance 6-8

S-11 Engine Performance Shifts 6-9

AS-509 Flight S-11 Propellant
Mass History 6-11

S-1vd Steady-State Performance -
First Burn (STDV +130-Second

Time Siice at Standarc Altitude
Conditions) 7-6
S-iVB Steady-State Performance -

Second Burn (STDV +200-Second
Time Slice at Standard Altitude

Conditions) 7-12
S-1VB Stage Propellant Mass

History 7-13
S-1V8 APS Propellant

Consumption 7-24

S-11 Engine No. i Peak Response
Summsry for Post CECO 11 Hertz
Oscillations 8-8

Inertial Platform Velocity
Comparisons (PACSS 12
Coordinate System) 9-4

Table
9-2
9-3

9-5
9-6
9-7
0

10-2

-4
15-1
15-2

15-3
15-4

15-5

15-6

16-1

16-2

Page
Guidance Comparisons (PACSS 13) 9-5

Contributing Factors to Space
Fixed C--monent Differences

(OMPT VD) 9-7
Stz ce Ve tor Differences at
Y. 4. unar Injection 9-8

A 509 Guidance System Accuracy 9-9
P.r.ing Orhit Insertion Parameters 9-12
Translunar [njection Parameters 9-13
Maximgm Control Parameters

During S-1C Flight 10-2
AS-509 Liftoff Misalignment

Summary 10-4
Maximm Control Parameters

During S-11 Burn 10-8
Maximum Control Parameters

During S-I¥B First Burn 10-10
Maximm Control Parameters

During S-1VB Second Burn 10-13
S-IC Stags Battery Power

Consumption 1=
S-11 Stage Battery Power

Consumption -2
S-IVB Stage Battery Power

Consumption 1-6
Iu Battery Power Consumption n-7
AS-509 Measuresent Susmary 15-2
AS-509 Flight Measurements

Vaived Prior to Flight 15-3

AS-509 Measurement Malfunctions 15-4
AS-509 Questionable Flight

Measurements 15-7
AS-509 Launch Yehicle Telemetry

Links 15-8
Cosmand and Communication Systea
Command Mistory, AS-509 18-17
Total Vehicle Mass--S-1C Burn
Phase--Kilograms 16-3
Total Vehicle Mass--S-IC Burn
Phase--Pounds Mass 16-3



LIST OF TABLES (CONTINUED)

Table Page
16-3 Total Vehicle Mass--S-11 Burn

Phase--Kilograms 16-4
16-4 Total vehicle Mass--S-11 Burn

Phase- -Pourds Mass 16-¢
16-5 Total Vehicle Mass--S-1V8B First

Burn Phase--Kilograms 16-5
16-6 Total VYehicle Mass--S-1VB First

Burn Phase--Pounds Mass 16-5
16-7 Tota! vehicle Mass-5-1VB Second

Burn Phase--Ki ograms 16-6
16-8 Total Vehicle Mass--S-1VB Second

Burn Phase--Pounds Mass 16-6
16-9 Flight Sequence Mass Suarmary 16-7
16-10 Mass Characteristics .cmpartson  16-9
1741 Lunar Targeting Maneuvers 17-4
17-2 Geocentric 0 Parameters

Following 2" S _unar Impact Burn 17-5
17-3 S-1¥3/1U Lunar Impact Parameters 17-7
17-4 Susmary of Lunar Impect Times 17-7
17-5 S-1VB/ivU CCS Trecking Network 17-8
19-1 Specimen List and Abbreviated

Procedure 19-%
A-1 Surface Jpservations at AS-509

Launch Time A-2
A-2 Solar Radiation . AS-509

Launch Time, Lavnch Pad IR Ad
A-3 Systams l<ed to Measure Upper

Air Wind Date for AS-509 A-4

A-4 Maximum dind Speed in High
Oynamic Pressure Region for
Apollo/Saturn 501 through
Apollo/Saturn 509 Vehicles A-N

A-5 Extreme Wind Shesr Values in
the High Dynamic Pressure
Region for Apollo/Saturn S0\
through Apollo/Saturn 509
Vehicle: A-32

A-6 Selected Atmospheric Observa-
tions for Apollo/Saturm 501
through Apollo/Saturn 509
Vehicle Launches at Kenmedy

Space Center, Florida A-16
8-1 $-1C Significant Configuration

Changes e-1
8-2 S-11 Significant Configuration

Changes B-2
8-3 S-IVB Significant Configuration

Changes B-2
8-4 IU Significant Configuration

Changes 8-3
8-5 Spacecraft Significant

Configuration Changes B-4



ACKNOWLEDGEMENT

This report is published by the Saturn Flight Evaluation Working Grouo,
composed of representatives of Marshall Space Flight Center, John F.
Kennedy Space Center, and MSFC's prime contiactors, and in cooperation
with the Manned Spacecraft Center. Significant centributions to the
evaiuation have been made by:

George C. Marshall Space Flight Center

e

Science and Engineering

Central Systems Engineering
Aero-Astrodynamics Laboratory
Astrionics Laboratory
Computation Laboratory
Astronautics Laboratory

Program Management

John F. Kennedy Space Center

Manned Spacecraft Center

The Boeing Company

McDonnell Douglas Astronautics Company
International Business Machines Company
North American Rockwell/Space Division

North American Rockwell/Rocketdyne Division

xi



ACN
ACS

ALSEP

ANT
AOS
APS
ARIA

ASC

BDA
CIF

CCS

coot
ceco
CG
CH
CNV
CRO
CRP
CSM
cra
Cvs
CYl

ABBREVIATIONS

Ascension Island

Alternating Current Power
Supply

Apollo Lunar S.rface
Experiments Package

Antigua
Acquisition of Signal
Auxiliary Propulsion System

Apollo Range Instrument
Aircraft

Accelerometer Signal Condi-
tioner

Sermuda

Central Instrumentation
Facility

Command and Communications
System

Countdown Demonstration Test
Center Engine Cutoff
Center of Gravity

Command Module

Cape Kennedy

Carnarvon

Computer Reset Pulse
Command and Service Module
Cape Telemetry 4
Continuous Vent System
Grand Canary Island

xii

DCAS

DEE
DNA

DOM
JTS
EBW
£CO
ECP
ECS
EDS
EMR
EPD
ESC
EST
ETC

ETW
EVA
FCcC
FM/FM

FRT
GBI
GBS
GFCV

Digital Data Acquisition
System

Digital Events Evaluator
Deoxyribonucleic Acid
Desirable Objective

Data Output Muitiplexer
Data Transmission System
Exploding Bridge Wire
cngine Cutoff

Engineering Change Proposal
Environmental Control System
Emergency Detection System
Engine Mixture Ratio

Ea»th Parking Orbit

Engine Start Command
Eastern Standard Time

Goddard Experimental Test
Center

trror Time Word
Extra-Vehicular Activity
Flight Control Computer

Frequency Modulation/
Frequency Modulation

Flight Readiness Test
Grand Bahama Island
Gas Bearing System
GOX Flow Control Valve




GDS
GG
GOX
GRR
GSE
GSFC
€K
GWM
HAW
HDA
HFLV
HSK
IGM
My
Iy
KSC
LET
LH,
LM
LMR
LOI
LOS
LOxX
Lur
Lv
LVDA

LvDC

LVGSE

MAD

ABI REVIATIONS (CONTINUED)

Goldsione

Gas Generator

Gaseous Oxygen

Guidance Reference Release
Ground Support Equipment
Goddard Space Flight Center
Grand Turk Island

Guam

Hawaii

Holddown Arm

Helium Flow Control Valve
Honeysuckle Creek
Iterative Guidance Mode
Inertial Measurement Unft
Instrument Unit

Kennedy Space Center
Launch Escape Tower
Liquid Hydrogen

Lunar Module

Launch Mission Rule

Lunar Orbit Insertion
Loss of Signal

Liquid Oxygen

Launch Umbilical Tower
Launch Vehicle

Launch Vehicle Data
Adapter

Laurch Vehicle Digital
Computer

Launch Vehicle Ground
Support Equipment

Madrid

MAP

MCC-H

MILA
ML

Mov
MR
MRCV
MSC
MSFC

MSFN

MSS
MTF
M/W
NPSP

NPV
NASA

OAT
ocp
OECO
0FSO
OMPT
o7
PAFB
PCM
PCM/
FM

PEA

xiii

Messagz Acceptance Pulse

Mission Control Center -
Hous ton

Merritt Island Launch Area
Mobile Launcher

Mandatory Objective

Main Oxidizer Valve

Mixture Ratio

Mixture Ratio Control Valve
Marned Spacecraft (Center

Marshall Space Flight
Center

Manned Space Flight
Network

Mobile Service Structure
Mississippi Test Facility
Methanol Water

Net Positive Suction
Pressure

Nonpropulsive Vent

National Aeronautics and
Space Administration

Overall Test

Orbital” Correction Program
Qutboard Engine Cutoff
Overfill Shutoff Sensor
Postflight Trajectory
Operational Trajectory
Patrick Air Force Base
Pulse Code Modulation

Pulse Zode Modulation/
Frequency Modulation

Platform Electronics
Assembly



PIO
POl
PMR
PRA
PTCS

PU
RF
RFI
RMS
RP-1

SA
SC
SCFM

SCIM

SLA
SM
SPS
SRSCS

ABBREVIATIONS (CONTINUED)

Process Input/Output
Parking Orbit Insertion
Programed Mixture Ratic
Patrick Reference Atmospher

Propellant Tanking Computer
System

Propellant Utilization
Radiofrequency
Radiofrequency Interference
Root Mean Square

Designation for S-IC Stage
Fuel (kerosene)

Service Arm
Spacecraft

Standa) 1 Cubic Feet per
Minute

Standard Cubic Inch per
Minute

Spacecraft/LM Adapter
Service Module
Service Propulsion System

Secure Range Safety Com-
mand System

Switch Selector and Discret

Start Tank Discharge Valve
Space Vehicle

Thermal Conditioning
System

Transposition, Docking and
Ejection

Transearth Injection
Corpus Christi (Texas)

e

e

xiv

TLI
™R
TSM
TVC
UCR

uss
ut
VA
VAN
VHF

Translunar Injection
Triple Module Redundant
Tail Service Mast
Thrust Vector Control

Unsatisfactory Condition
Report

Unified S-Band
Universal Time

Volt Amperes
vanguard (ship)
Very High Frequency

Zulu Time (equivalent to
uT)



MISSION PLAN

The AS-509 flight (Apollo 14 Mission) is the ninth flight in the Apollo/
Saturn V flight program, the fourth lunar landing mission, and the
second landing planned for the lunar highlands. The planned mission

and landing are to accomplish the objectives originally assigned to the
aborted Apollo 13 Mission. The primary mission objectives are: a' per-
form selenological inspection, survey, and sampling of materials in a
preselected region of the Fra Mauro formation; b) deploy and activate
the Apollo Lunar Surface Experiments Package (ALSEP); c) develop man's
capability to work in the lunar environment; and d) obtain photographs
of candidate exploration sites. The crew consists of Alan B. Shepard, Jr.
(Mission Commander), Stuart A. Roosa (Command Module Pilot), and

Edgar B. Mitchell (Lunar Module Pilot).

The AS-503 Launch Vehicle (LV) is composed of the S-I1C-9, S-1I1-9, and
S-IVB-509 stages, and Instrument Unit (IU)-509. The Spacecraft {SC)
consists of SC/Lunar Module (LM) Adapter (SLA)-17, Command and Service
Module (CSM)-110, and LM-8.

Vehicle launch from Complex 39A at Kennedy Space Center (KSC) is along
a 90 degree azimuth with a roll to a flight azimuth of approximately
75.6 degrees measured east of true north. Vehicle mass at ignition is
6,508,444 1bm.

The S-IC stage powered flight is approximately 165 seconds; the S-II
stage provides powered flight for approximately 390 seconds. The

S-1VB stage burn of approximately 141 seconds inserts the S-IVB/IU/SLA/
LM/CSM into a circular 100 n mi altitude (referenced to the earth
equatorial radius) Earth Parking Orbit (EP0). Vehicle mass at orbit
insertion is 301,108 1bm.

At approximately 10 seconds after EPQ insertion, the vehicle is aligned
with the local horizontal. Continuous hydrogen venting is initiated
shortly after EPO insertion and the LV and CSM systems are checked in
preparation for the Translunar Injertion (TLI) burn. During the second
or third revolution in EPO, the S-IVB stage is restarted and burns for
approximately 356 seconds. This burn injects the S-IVB/IU/SLA/LM/CSM
into a free-return, translunar trajectory.
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Within 15 minutes after TLI, the vehiclie initiates an inertial attitude
hold for CSM seperation, docking and LM ejection. Following the attitude
freeze, the CSM separates from the LV and the SLA panels are jettisoned.
The CSM then trarsposes and docks to the LM, After docking, the CSM/LM
is spring ejected from the S-IVB/IU. Following separation of the combined
CSM/LM from the S-IVB/IU, the S-IVB/IU will perform a yaw maneuver and
an 80-second burn of the S-IVB Auxiliary Propulsion System (APS) ullage
engines toc propel the S-IVB/IU a safe distance away from the spacecraft.
Subseguent to the completicn of the S-IVB/IU evasive maneuver, the S-IVB/
IL is placed on a trajectory such that it will impact the lunar surface
in the vicinity of the Apgllo 12 landing site. The impact trajectory is
chieved by propulsive venting of liquid hydrogen (LH2), dumping of

;id oxygen {(LOX) and by f1r1ng the APS engines. The S-IVB/IU impact
1 be recorded by the se1smograph deployed during the Apollo 12 mission.
VB/IU lunar impact is predicted at approximately 82 hours 24 minutes

r launch
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Three in.light demonstrations designed to demonstraete the effects of a
Zero-G enironment will be flown on Apollo 14. These incl..de an elec-
trophoreic separation demor.stration, a composites casting demonstration
and a h-at fiow and convection demonstration. These self-contained ex-
periments will be activated by the astronauts during the translunar/
transearth coast periods.

During the three day translunar coast, the astronauts will perform star-
earth landmark sightings, Inertial Measurement Unit (IMU) alignments,
general lunar navigation procedures and possibly four midcourse correc-
tions. One of these maneuvers wiil transfer the SC into a low-periselenum
non-free-return translunar trajectory at approximately 28 hours after TLI.
At approximately 82 hours and 38 minutes. a Service Propulsion System
(SPS), Lunar Orbit Insertion (LOI) burn of approximately 367 seconds
inserts the CSM/LM into a 57 by 170 n mi altitude parking orbit.

Approximately two reveolutions after LOI, a 21.4-second SPS burn will
adjust the orbit into a 10 by 58 n mi altitude. The LM is entered by
astronauts Shepard and Mitchell, and checkout is accomplished. During
the twelfth re'iution in orbit, at 104.5 hours, the LM separates from
the CSM and prepares for the lunar descent. The CSM is then inserted
into a 56 by 63 n mi altitude orbit using a 3.8 second SPS burn. The
LM descent propulsion syster is used to brake the LM into the proper
landing trajectory and maneuver the LM during descent tc the lunar
surface.

Following lunar landing, two 4.25-hour Extravehicular Activity (EVA)
time periods are scheduled during which the astronauts will explore the
lunar surface, examine the LM exterior, photograph the lunar terrain,
and deploy scientific instruments. The total stay time on the lunar
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surface is open-ended, with a planned maximum of 35 hours, depending upon
the outcome of current lunar surface operations planning and of real-time
operational decisions. After the EVA, the astronauts prepare the LM
ascent propuision system for lunar ascent.

The CSM performs a plane change approximately 24 hours before lunar ascent.
At approximately 142.4 hours, the ascent stage inserts the LM into a

S by 51 n mi altitude lunar orbit. At approximately 144 hours the rendez-
vous and docking with the CSM are accomplished.

Following docking, equipment transfer, and decontamination procedures,

the LM ascent stage is jettisoned and targeted to impact the lunar surface
between Apollc 12 &nd Apolio 14 landing sites. Seismometer readings will
be provided from both sites. Following LM ascent stage deorbit burn, the
CSM performs a plane change to photograph future landing sites. Photo-
graphing and landmark tracking will be performed during revolutions 40
through 44. Transearth Injection (TEI) is accomplished at the end of

revolution 46 at approximately 167 hours and 29 minutes with a 135-second
SPS burn.

During the 73-hour transearth coast, the astronauts will perform navi-
gation procedures, star-earth-moon sightings, and possibly three midcourse
corrections. The Service Module (SM) will separate from the Command
Module (CM) 15 minutes before reentry. Splashdown will occur in the
Pacific Ocean approximately 216 hours and 42 minutes after liftoff.

After the recovery operations, a biological quarantine is imposed on

the crew and CM. An incubation period of 18 days from splashdown (21 days
from lunar ascent) is required for the astronauts. The hardware incubation
pariod is the time required to analyze certain lunar samples.
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FLIGHT SUMMARY

The seventh manned Saturn V Apollo space vehicle, AS-509 (Apolio 14 Mis-
sion) was launched at 16:03:07 Eastern Standard Time (EST) on January 31,
1971 from Kennedy Space Center, Complex 39, Pad A. The launch was sched-
uled for 15:23:00 EST but was delayed approximately 40 minutes because of
weather conditions in the launch area. The basic performance of the
launch vehicle was satisfactory and this ninth launch of the Saturn V/
Apollo successfully performed all mandatory and desirable objectives. All
aspects of the S-IVB/IU lunar impact objective were accomplished success-
fully except for precise determination of the impact point. Preliminary
assessments indicate that the final impact solution will satisfy the mis-
sion objective.

The ground systems supporting countdown and launch performed satisfactorily.
System component failures and malfunctions requiring corrective action were
corrected during countdown without causing unscheduled holds. Propellant
tanking was accomplished satisfactorily. Damage to the pad, Launch Umbili-
cal Tower (LUT) and support equipment was minor.

The vehicle was launched on an azimuth 90 degrees east of north. A roll
maneuver was initiated at 12.8 seconds that placed the vehicle on a flight
azimuth of 75.558 degrees east of north. The trajectory parameters from
launch to TLI were close to nominal. Earth parking orbit insertion con-
ditions were achieved 1.72 seconds earlier than nominal at a heading

angle 0.071 degree less than nominal. TLI was achieved 4.99 seconds
earlier than nominal. The trajectory parameters at Command and Service
Module (CSM) separation deviated from nominal since the event occurred
181.0 seconds later than predicted.

A11 S-IC propulsion systems performed satisfactorily. Stage site thrust
(averaged from time zero to Outboard Engine Cutoff {OECOJ) was 0.65 percent
higher than predicted. Total propellant consumption rate was 0.42 percent
higher than predicted with the consumed Mixture Ratio (MR) 0.94 percent
higher than predicted. Specific impulse was 0.23 nercent higher than pre-
dicted. Total propellant consumption from Holddown Arm (HDA? release to
OECO was low by 0.15 percent. Center Engine Cutoff (CECO) was initiated
by the Instrument Unit (IU) as planned. Outboard engine cutoff, initiated
by LOX low level sensors, occurred 0.94 second earlier than predicted.

The LOX residual at OECO was 42,570 1bm compared to the predicted 42,257 lbm.
The fuel residual at OECO was 32,312 1bm compared to iie predicted
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31,63C 1bm. This was the first flight which incorporated a venturi in

the LOX pressurizaticn system to replace the GOX Flow Control Valve (GFCV).
The system pertvormed satisfactorily and all performance requirements were
met, although the LOX ullage pressure drifted below the minimum predicted
fevel at 140 seconds.

S-1C hvdraulic system performance was normal throughout the flight.

The S-I1 propulsion system performed satisfactorily throughout the flight.
CECO occurred as planned and OECO occurred 2.15 seconds later than pre-
dicted. The later than predicted OECO was a result of lower than pre-
icted flowrates during the low Engine Mixture Ratic {EMR) portion of the
t. Total stage thrust at the standard time slice (6] seconds after
Engine Start Command [ESC]) was 0.25 percent below predicted. Total
propellant flowrate, including pressurization flow, was 0.12 percent

below predicted and stage specific impulse was 0.19 percent below predicted
at the standard time slice. Stage propellant mixture ratio was 0.18
percent above predicted. Engine thrust buildup and cutoff transients were
normal. A center engine LOX feedline accumulator was installed for the
first time on this flight as a POGO suppression device. The accumulator
system was effective in suppressing POGO type oscillations. The pro-
pellant management system performance was satisfactory throughout pro-
pellant lcading and flight. However, during the helium injection at T-4
hours, the LOX Overfiil Shutoff (OFSO) sensor indicated wet approximately
15 percent of each minute. At this time an investigation was made to
determine if a time period violation of the Launch Mission Rule (LMR)
might occur later during terminal sequence. The investigation indicated
thet this would not be a problem, and propeliant loading operations were
continued and progressed without incident. The new pneumatically actuated
engine Mixture Ratio Control Valves (MRCV) were used for the first time

in flight and operated satisfactorily. The performance of the LHz tank
pressurization system was satisfactory and within predicted limits. The
LOX tank pressurization system operateu sufficiently to satisfy all mission
objectives; however, the LOX ullage pressure was below that predicted

near the end of S-1I flight. The low LOX ullage pressure is attributed

to restricted flow through the LOX tank pressurization regulator subse-
quent to LOX step pressurization. The regulator is being replaced with

an orifice for AS-510 and subsequent stages. Engine sarvicing operations,
required to condition the engines, were satisfactorily accompiished.
Engine stairt tank conditions were marginal at S-II ESC because of the lower
start tank relief valve settings caused by warmer than usual start tank
temperatures. These warmer temperatures were a result of the hcld prior
to launch. Revised hold option procedures are under consideracion for
AS-510. The recirculation, helium injection, and valve actuation systems
performed satisfactorily.
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S-II hydraulic system performance was normai throughout the flight.

The S-IVB stage J-2 engine operated satisfactorily throughout the opera-
tional phase of first and second burn and had normal shutdowns. S-IVB
first burntime was 4.7 seconds less than predicted. Approximately 2.4
seconds of the shorter burntime can be attributed to higher S-IVB per-
formance. The remainder can be attributed to the S-IC and S-II stage
performance and the change in the flight azimuth. The engine performance
during first burn, as determined from standard altitude reconstruction
analysis, deviated from the predicted Start Tank Discharge Valve (STDV)
open +130-second time slice by 1.48 percent for thrust and 0.14 percent
for specific impulse. The S-IVB stage first burn Engine Cutoff (ECO) was
initiated by the Launch vehicle Digital Computer (LVDC) at 700.56 seconds.
The Continuous Vent System (CVS) adequately requlated LH2 tank ullage
pressure at an average level of 19.2 psia during orbit, and the Oxygen/
Hydrogen (02/Hy) burner satisfactorily achieved LHp and LOX tank repres-
surization for restart. Engine restart conditions were within specified
limits. The restart at full open Propellant Utilization (PU) valve posi-
tion was successful. S-IV8 second burntime was 5.5 seconds less than
predicted. The engine performance during second burn, as determined from
the standard altitude reconstruction analysis, deviated from the predicted
STOV +200-second time slice by 1.57 percent for thrust and 0.14 percent
for specific impulse. Second burn ECO was initiated by the LVDC at
9263.24 seconds (02:34:23.24). A small shift in LOX chilldown flowrate
and pump differential pressure observed during boost has been determined
to be due to vehicle induced longitudinal dynamics. Subsequent to second
burn, the stage propellant tanks and helium spheres werc safed satis-
factorily. Sufficient impulse was derived from LOX dump, LH2 CVS opera-
tion and Auxiliary Propulsion System (APS) ullage burn to achieve a
successful lunar impact within the planned target area. The APS
pressurization system operated normslly throughout the flight except

for a helium leak in Module No. 1 from 5 to 7 hours. The magnitude

and duration of tt s leak was not large enough to present any problems.

S-IVB hydraulic system performance was satisfactory during the entire
mission.

The structural loads experienced during the S-IC bocst rhase were well
below design values. The maximm bending moment occurred at the S-IC

LOX tank and was 45 percent of the design value. Thrust cutoff transients
experienced by AS-509 were similar to those of previous flights. The
maximum longitudinal dynamic responses at the IU were 0.25 g at S-IC

CECO and %0.35 g at OECO. The magnitudes of the th-ust cutoff responses
are considered normal. During S-IC stage boost, & to 5 hertz oscilla-
tions were detected beginning at approximately 100 seconds. The maximum
amplitude measured at the IU was *0.06 g. Oscillations in the 4 to §
hertz range have been observed on previous flights and are considered



to be normal vehicle response to flight environment. POGO aid not occur
during S-I1C boost. The S-II stage center engine LOX feedline accumulator
successfuily inhibited the 14 to 16 hertz POG) oscillations experienced
on previous flights. A peak response of 0.6 g was measured on engine
No. 5 gimbal pad during steady state engine operation. As on previous
flights, low amplitude 11 hertz oscillations were experienced near the
end of S-II burn. Peak engine No. 1 gimbal pad response was *0.16 g.
POGO did not occur during S-1I boost. The POGD limiting backup cutoff
system performed satisfactoriiy during prelaunch and flight operation.
The structural loads experienced during the S-IVB stage burns were well
below design values. During first burn the S-1VB experienced low ampli-
tude, 16 to 20 hertz oscillations. The amplitudes measured on the gimbal
block were comparable to previous flights and well within the expected
range of vaiues. Similarly, S-IVB second burn produced intermittent

Tow amplitude oscillations in the 12 to 14 hertz frequency rarge which
peaked near second burn cutoff,

Tha guidance and navigation system performed satisfactorily in the accom-
plishment of all mission objectives. The ST-124M-3 inertial platform,
the Launch Vehicle Data Acapter (LVDA), and the LVDC performance was
satisfactory. LVDA telemetry, however, indicated one hardware measure-
ment failure. The LVDA internal hardware monitor of the switch selector
register driver status did not indicate the correct state of the bit

5 driver. This is a measurement for telemetry only; performance of tne
driver and all associated switch selector functior: was unaffected and
satisfactory.

The AS-509 control system, which was essentially the same as that of
AS-508, performed satisfactorily. The Flight Control Computer (FCC),
Thrust Vector Control (TVC) System, and APS satisfied all requirements
for vehicle attitude control during the flight. Bending and slosh dy-
namics were adequately stabilized. The prelaunch programed yaw, roll,
and pitch maneuvers were properly executed during S-IC boost. During
the maximum dynamic pressure region of flight, the launch vehicle ex-
perienced winds that were less than 95-percentile January winds. The
maximem average pitch and yaw engine deflections were in the maximum
dynamic pressure region. S-IC/S-II first and second plane separations
were accomplished with no significant attitude deviations. Related data
indicate that the S-IC retromotors performed as expected. At Iterative
Suidance Mode (1GM) initfation, a pitchup transient occurred similar to
that seen on previous flights. The S-II retromotors and S-IVB ullage
motors performed as expected and provided a normal S-11/S-IVB separation.
Satisfactory control of the vehicle was maintained during first and
second S-IVB burns and during coast in Earth Parking Orbit (EPO). During
the CSM separation from the S-IVE/IU and during the Transposition, Docking,
ard Ejection (TDAE) maneuver, the control system maintained the vehicle
in a fixed inertial attitude to provide a stable docking platform.
Following TD&E, S-IVB/IU attitude control was maintained during the
evasive maneuver, the maneuver to lunar impact attitude, and the LOX
Jump and APS burn.
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The AS-509 launch vehicle electrical systems and Emergency Detection
System (EDS) performed satisfactorily throughout all phases of flight.
Operation of the batteries, power supplies, inverters, Exploding Bridge
Wire (EBW) firing units and switch selectors was normal.

Vehicle base pressure and base thermal environments, in general, were
similar to those experienced on earlier flights. The envirommental con-
trol system performance was satisfactory.

A1l elements of the data system performed satisfactorily throughout
flight except the IU telemetry system. The DP1-A0 270 multiplaxer data
and the 410K muitiplexer data were lost at 0.409 second and at
10,955.861 seconds (03:02:35.861), respectively. In addition the DP-1
telemetry RF output measurement changed abruptly several times during
the flight. The vehicle measurement reliability was 95.5 percent.
Telemetry performance was normal except for the noted problems. Radio-
frequency (RF) propagation was gererally good, though the usual problems
due to flame effects and staging were experienced. Usable VHF data were
received until 18,360 seconds (C5:06:00). The Secure Range Safety Com-
mand Systems (SRSCS) on the S-IC, S-II and S-IVB stages were ready to
perform their functions properly, on command, if flight conditions during
the launch phase had required destruct. The system properly safed the
S-IVB on a command transmitted from Bermuda (BDA) at 710.2 seconds. The
performance of the Command and Communication System (CCS) was excellent.
Usable CCS telemetry data were received until 53,039 seconds (14:43:59)
when the telemetry subcarrier was inhibited. Carnarvon (CRO), Goldstone
(GDS), Hawaii (HAW), Honeysuckle (HSK), and Merritt Island Launch Area
(MILA) were receiving CCS signal carrier until S-IVB/IU lunar impact.
Good tracking data were received from the C-Band radar, with BDA indi-
cating final Loss of Signal (LOS) at 28,950 seconds (08:02:30). The

65 ground engineering cameras provided good data during the launch.

A1l aspects of the S-IVB/IU Lunar Impact objective were accomplished
successfully except the precise determination of the impact point. The
final impact solution is expected to satisfy the mission objective. At
297,472.17 seconds (82:37:52.17) (actual time of occurrence at the moon)
the S-IVB/IU impacted the lunar surface at approximately 8.07 degrees
south latitude and 26.04 degrees west longitude, which is approximately
294 kilometers (159 n mi) from the target of 1.595 degrees south latitude
and 33.25 degrees west longitude. Impact velocity was 2543 m/s (8343
ft/s). The mission objectives were to maneuver the S-IVB/IU such that
it would have at least a 50 percent probability of impacting the lunar
surface within 350 kilometers (189 n mi) of the target, and to determine
the actual impact point within 5 kilometers (2.7 n mi), and the time of
impact within 1 second.
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Three inflight demonstrations designed to demonstrate the effects of a
Zero g environment were flown on Apollo 14. These included an electro-
phoretic separation demonstration, 2 composites casting demonstration
and a heat flow and convection demonstration. Preliminary assessment of
the aata indicates that all demonstrations were successful. The degree
of success will be determined when final data are received and evaluated.
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MISSION OBJECTIVES ACCOMPLISHMENT

Table 1 presents the MSFC Mandatory Objectives and Desirable Objectives

as defined in the “Saturn V Apcllo 14/AS-509 Mission Implementation Plan,"
MSFC Document PM-SAT-8010.7 (Rev. A), dated January 15, 1971.
ment of the degree of accompiishment of each objective is shown.
supporting the assessment can be found in other sections of this report as

shown in Table 1.

Table 1. Mission Objectives Accomplishment

MSFC MASDATORY QBJECTIVES {MD) DEGREE OF PARAGRAPH IN

N0, AND DESTRABLE OBJECVIVES (DO) ACCOMM. I SHRENT DISCREPANCIES WMICH DISCUSSED

1 Lawnch on a flight azieuth between 72 and Complete Rone 4.1, 9.1
96 degrees and imsert the S-IVB/IW/SC
{nto the planmed circular earth parking
ordit (MD).

e Restart the S-IVE during either the second Complete None 4.2.3, 7.6
or third revolution and inject the S-IVB/1UW/SC
onto the planned trensliwmar _rajectory (N0).

3 Provide the required cttitude contro! for Cowplete None 10.4.4
the S-I1VB/IU/SC during TDOE (MD).

4 Perfore an evasive mpeowver after ejection Conplote None 10.4.4
of the CSM/LN frem the S-1WR/IV (OD).

S | Impact the S-IW/IV on the Vumar swrface Complete None .a
within 350 kilometers of lat. 1°35°45.6" S,
long. 3315° ¥ (00).

6 Determine .rtwa! {upett point within § Prebadly Analysts Net 17.4
kilomters snd time of tmpact within Camplete Complete
one second {80).

7 After final LV/SC seperation, vent and dump Complete None 7.2
the remaining gus and propellants ts safe
the S-IW/1V (BD).
Verify the eperation of the LOX feadline Cemplete None 6.9, 8.2
accnlater systam installad en the S-1)
stare canter engixe.

—
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FAILURES, ANOMALIES AND DEVIATIONS

Evaluation of the launch vehicle data revealed no failure, no ancmalies,
and four deviations. The deviations are summarized 1n Table 2.

Table 2. Summary of Deviations

TEARAGRAPH

iTE® VEHICLE SYSTEm™ DEVIATION PROBABLE CAUSE SIGNIFI1CANCE LR[FEkEKEE
1 S-17 Propulsisn LOX tank ullage pressure {1} Failure cf the LOX pressuri<f None. Uilage pressure was M 6.6.¢
below minimum predicted zation regulator tc open fully well above level to satis®y
level near end of 5-11 when required, and (2) to a engine NPSP requirements.
burmn. lesser degree the J-? engine Regulator will be replaced
heat exchangers flowing at with orifice effective
saturated conditions. AS-510 and subsequent.
e L Telemetry DPY-AD 270 multiplexer Under investigation. Probably none, although icss i5.5.2
dzta were lost at 0.4 of the 270 multiplexer date
tecor and for the (59 measurements) immactes
rema‘nder of fiight. the tota. perfo. Dance
analysis of the vehicle.
3 iU Teiemetry 10K multiplexer data Urder nwestigation. Probably none, although ‘oss 15.3.3
were jost at 10,950 of the 210k multiplexer data
seconds and for the impacted the perforseznce
rempinder of flight. analysis of the guidance
computer.
4 Ty Lvoe Loss of LYDA switen Switch selector bit § driver None. This measuroment is used 9.t
selector recister moritor circuit inoperative be- for switch selector errnr
driver status tween pickoff point and common analysis and was not nesded
mmisurement . data output muitiplexer imput this flight
) qate
"
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SECTION 1
INTRODUCTION

1.1 PURPOSE

This report provides the National Aeronautics and Space Administration
(NASA) Headcuarters, and other interested agencies, with the launch
vehicle evaluation results of the AS-509 flight (Apollo 14 Mission).

The basic objective of flight evaluation is to acquire, reduce, analyze,
evaluate and report on flight data to the extent required to assure
future mission success and vehicle reliability. To accomplish this
objective, actual flight failures and deviations are identified, their
causes determined, and information made available for corrective action.

1.2 5C0PE

Ti.is revort contains the performance evaluation of the major launch
vehicle systems, with special emphasis on failures and deviations.
Summariss of launcn operations and spacecraft peiformance are included.

The official George C. Marshall Space Flight Center (MSFC) position at
th s time is represented by this report. It will not be followed by a
sirilar report unless continued analysis or new information should prove
+hz conclusions presented herein to be significantly incorrect. Reports
covering major subjects and special subjects will be published as
required.

1-1/1-2
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SECTION 2
EVENT TIMES

2.1 SUMMARY OF EVENTS

Range zero time, the basic time reference for this report is 16:03:02
Eastern Standard Time (EST) (21:03:02 Universal Time [UT]) January 31,
1971. Range time is the elapsed time from range zero time and, unless
otherwise noted, is the time used throughout this report. All data,
except as otherwise defined, presented in "Range Time" are the times
at which the data were received at the telemetry ground station, i.e.,
actual time of occurrence at the vehicle plus telemetry transmission
time. The Time-From-Base times are presented as elapsed vehicle time
from start of time base. Vehicle time is the Launch Vehicle Digital
Computer (LVDC) clock time. Figure 2-1 shows the conversion between
ground station time and vehicle time.

Vehicle times for each time base used in the flight sequence program
and the signal for initiating each time base are presented in Table 2-1.
Ground station times for each timebase are the same as those shown in
Table 2-1, except that Tg is 21,840.53 (06:04:00.53). Start times of
Tg, T1 and T2 were nominal. T3, T4 and Tg were initiated approximately
1.0 second early, 2.2 seconds late and 1.7 seconds early, respectively,
due to variations in the stage burn times. These variations are dis-
cussed in Sections 5, 6 and 7 of this document. Start times of Tg and
T7 were 0.3 second late and 4.9 seconds early, respectively. Tg, which
was initiated by the receipt of a ground command, started 6392 seconds
(01:46:32) late, due to extended Command and Service Module (CSM)
docking operations.

A summary of significant events for AS-509 is given in Table 2-2. The
predicted times for establishing actual minus predicted times in Table 2-2
were taken from 40M33627B, "Interface Control Document Definition of
Saturn SA-507 and Subs Flight Sequence Program" and from the "AS-509
Postlaunch Operational Trajectory," dated February 1, 1971.

2.2 VARIABLE TIME AND COMMAN™ 3 SWITCH SELECTOR EVENTS
Table 2-3 lists the switch selector events which were issued during the

flight, but were not programed for specific times. The water coolant
valve open and close switch selector commands were issued based on the
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condition of two thermal switches in the Environmental Control System
(ECS). The output of these switches was samoled once every 300 seconds
beginning nominally at 480 seconds, and a switch selector command was
issued to open or close the water valve. The valve was opened if the
temperature was too high and was closed if the temperature was too low.
Data indicate the water coolant valve responded properly to temperature
fluctuations.

Table 2-3 also contains the special sequence of switch selector events
which were programed to be initiated by telemetry station acouisition
and included the following calibration sequence:

FUNCTION STAGE TIME (SEC)
Telemetry Calibrator U Acquisition +60.0
In-Flight Calibrate ON
TM Calibrate ON S-1VB Acquisition +60.4
TM Calibrate OFF S-1ve Acquisition +61.4
Telemetry Calibrator IU Acquisition +65.0

In-Flight Calibrate OFF

s L
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Table 2-1. Time Base Summary

VEHICLE TIME
TIME BASE SECONDS SIGNAL START
(HR:MIN:SEC)
To -16.96 Guidance Reference Release
T 0.57 IU Umbilical Disconnect Sensed by
LvDC
Ty 135.27 Downrange Velocity 2500 m/s at
Ty +134.7 seconds as sensed by
LVDC
T3 164.11 S-1C OECO Sensed by LVDC
Ty 559.05 S-11 OECO Sensed by LVDC
Tg 700.79 S-IVE ECO (Velocity) Sensed by
LvpC
Te 8334.17 Restart Equation Solution
(02:18:54.17)
T7 9263.47 S-IVB ECO (Velocity) Sensed by
(02:34:23.47) LvDC
Tg 21,840.35 Initiated by Ground Command
(06:04:00.35)
§ 400
(o]
@
T 300}
g
-
a 200
z
>
(72
2
s 100
-
-
[=]
S o e
2 0 10,000 20,000 30,000 40,000
e RANGE TIME, SECONDS
) L 1 J
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RANGE TIME, HOURS:MINUTES :SECONDS
Figure 2-1. Ground Station Time to Vehicle Time Conversion
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Table 2-2. Significan: Event Times Summary

RANGE TIME TIME FROM BASE
ITEN EVENT DESCRIPTION ACTUAL ACT-PREC ACTUAL ACT-
SFC SEC SFC SEC
1 GUIDANCE REFERFNCE RELEASFE -17.¢ 0.1 ~-17.5 N2
(GRR)
2 S-1C ENGINE START SEQUENCF -8.9 0.0 ~9.5 0,0
COMMANDG (GROUNDY)
3 B-1C ENGINE NO.5 START -6.9% 0.l -7.1 0.1
& S-1C FNGINE NQ.1 START -6.3 C.0C -6.9 0.1
S B-IC ENGINF NO.3 START -6,2 f.1 -6.8 0.1
6 IS-IC ENGINE NQO.2 START -6.1 0.0 -6.7 0.1
T |S-1C ENGINE NO.4& START -5.9 0.l -6.5 0.1
8 JALL S-IC ENGINES THRUSYT Ox -1.6 ~0.1 -2.2 0.0
9 [RANGF 2FRO 0.0 -0.6
10 JALL HCLDONOWN ARMS RELEASED 0.2 0.0 -0.3 0.1
(FIRSY MOTION)
L1 jTO UMBILICAL DISCONNECT, START 0.6 0.0 0.0 0.0
OF TIME RASE 1 (T1)
12 |IBEGIN TOWFR CLEARANCE YAW 2.0 C.& lek 0.4
MANEUVER
13 [END Y AW MANEUVER 9.9 6,3 9.3 0.3
lQ!BEGlN PITCH AND ROLL MANEUVER 12.8 0.4 12.2 -0.4
15 |S~1C DUTBRNARD ENGINF CANY 20.5 -N.1 20.0 0.0
16 |END ROLL MANFUVER 28.0 -3.2 27 .4 -3.2
17]maCH 1 68,0 -1s2? 67.4 ~le2
18 |MAXTIMUN NYNAMIC PRESSURE 81.0 -4. 6 80.4 4.6
(max Q)
19]{S-1C CENTER ENGINE CUTOFF 135.14 -0.12 134,57 -N.0%
(CECM)
20[START OF VYIMF BASE 2 (T2) 135.3 0,0 0.0 0,0
21 {END PITCH MANFUVER (TILY 164.1 n.9 28.8 0.9
ARREST]
22|S-1C OUTBOA®D ENGINE CUTOFF 164,10 -0.94 28,813 -0, 87
(OFCOY
23| STARY OF TIME MASE 3 (T3) 164,.1 ~1.0 0.0 N.0
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Table 2-2.

Significant Event Times Summary (Continued)

RANGE TIME

TIME FROM BASE

1TF EVENT DESCRIPTION —PRED ACTUAL ACT-
SFC SEC SEC SEC

24 ETARY S-1I1 LH?2 TANK HIGH 164.2 ~tel 0.l 0.C
PRESSLRE VENT MODE

?5 B-11 LH? RECIRCULAYION PUMPS 166,72 ~l.0 0.2 0.C
0OFF

26 k-ll ULLAGE MOTOR IGNITION 164.6 -1.0 0.5 0.0

27 K-1C/7S-11 SEPARATION CCOMMAND 164.8 ~1.0 0.7 0.0
TO FIRE SEPARATION OFVICES
AND RETR0O MOTORS

28 K-11 ENGINF START SEQUENCF 165.5 -1.0 1.4 0.0
COMMAND (ESC)

29 B-11 ENGINF SOLENOID ACTIVAT- 165.5 -1.0 1.4 0.0
TON (AVFRAGF QOF FIVE)

30 S-11 IGNETION-STNV OPFN 166.5 -1.0 2.4 0.0

31 5~ 11 CHILLDOWN VALVFS CLOSF 168.4 -1.0 4.3 0.0

32 |s-11 maINSTAGE 168.5 -1.0 T 0.0

33 S-11 ULLAGE MNTOR AURN TIME 168.7 -1.0 4.6 n.0
TERWINATION (THRUST REACHES
75%)

34 [S-11 MIGH (5.5) FMR NO. 1 CON 171.¢ -1.0 6.9 0.0

35 [S-T1 HIGH (5.5) FMR NO. 2 ON 171.2 1.0 7.1 0.0

36 |S-I1 SFCOND PLANF SEPARATION 1964, 9 -1.7 30.7 0.0
COMMAND (JETTISON S~11 AFT
INTERSTAGE)

nLuncn ESCAPE TOWER (LET) 200.7 -n.7 6.6 0.2
JETTISON

38 |[ITERATIVE GUIDANCE MNDF (1Gm) 2¢5.9 AN | &t.n 1.0
PHASE 1 INIVIATED

39 |S=-11 LOX STFP PRESSURIZATYION 266,1 -1.0 100.0 0.0

40|S-11 CENTER ENGINF CUTDFF 463,09 -C.9¢ 798.98 -C. €2
tCFCOY

&1 [S-T1 LH2 STEP PRESSURIZAY [ON 64,1 -1.0 300.0 faC

42[S-11 LOW ENCINE MIXTURE RATID 4731 -1.5 109,60 -0.5
(EMR) SHIFT (ACTUAL)

43 |START OF ARTIFICTIAL TAU MNDE 474.C 2.8 19,9 3.7




Table 2-2, Significant Event Times Sumary (Continued)

RA TImF TIME FROM BASE
ITE FVENT DESCRIPTION ACTUAL ACT-PRED ACTUAL ACY-PRED|
SEC SEC SEC SEC

(1) LND OF ARTIFICIAL TAU MONE 465. 1 2.9 3zi.C 3.0

49 IS-11 OUTBOARD ENGINE CUTOFF 559. €S 2.15 394.94 3.09
(0ECO)

46 [S-11 ENGINF CUTOFF INTERRUPT, 559.1 2.2 0.0 0.0

STARY OF TIMF BASE & (T4)
(STARY COF IGM PHASE 3)

AT S-TV® ULLAGE MOTOR IGNITION 559.9 2.1 0,9 0.0
48 [S-T11/S-1vh SEPARATICN CCNMAND 560.0 2.1 1.0 0.0

TO FIRE SEPARATION NEVICES
AND RETRO MCTYORS

49 |s-1ve ENGINE START COMMAND 560. 1 2.1 1.1 0.0
(FIRST ESC)
S0 [FUEL CHILLDOWN PUMP OFF 561.2 2.1 2.2 0.0
S1|S-1VB IGNITION (STOV GPEN) S63.4 2.4 4.3 0.2
S2 |S~1VR MAINSTAGF 565.9 2.4 6.8 0.2
SIISTARY OF ARTIFICIAL TAU MODE 568,2 3.2 9,? 1.1
54 |S-1Ve ULLAGE CASE JETTISON s71.8 2.1 12.8 0.0
; SS|END OF ARTIFICIAL TAU MODE 579.4 6.0 20.6 3.9
i S6[BEGIN TERMINAL GUIDANCF 667.1 ~0.8 108.0 -3.0
X s7|enn 16 PHASE 3 693.2 -1.0 13401 -3.2
{ SB|BEGIN CHI FREEZE 693.2 -1.0 134.1 -3.2
i S9| S-1VA VELACITY CUTOFF 100.56 ~l.7 -0.22 -0.02
: COMMAND NO. 1 (FIRST €CO)
80| s-1ve veLociTy cutorF 700.66 -1.73 -0.12 -0.02
; COMMRAND NO., 2
: 61| S-1ve ENGINE CUTOFF INTERRUPT, | 700.8 ~1.7 0.0 0.0
: START OF TINE BASE 5 (T5)
; 62| S-T1ve APS ULLAGE ENGINE NN, 1 | T701.1 -1.7 0.3 0.0
: IGNTTION CONMAND
: 63[S-IVE APS ULLAGE FNGINE NO. 2 | T01.2 -1.7 0.4 0.¢
: IGNITION COMMAND
? 64 LOX TANK PRESSURTZATION OFF 7€1.9 -1.8 1.2 0.0
: 65| PARKING ORBIT INSERTION 71046 -1.7 9.8 0.0
66| AFCin HANEUVER TO LOCAL 12241 -n.3 21.3 1.3

HORI ZONT AL ATVITUDE
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Table 2-2. Significant Event Times Summary (Continued)

RANGE T [ME TIME_FROM BASE
T EVENT DESCRIPTION ACTUAL | ACT-PRED ACTUAL | ACT-P
SEC SEC SEC SEC
€7 Js-1VR CONTINUOUS VENT 759.7 -1.8 59.0 0.0
SYSTEM (CVS) ON
68 [s-1vB APS ULLAGE ENGINE NC. 1 187.8 -1.7 87.0 0.0
CUTOFF COMMAND
65 |S-TVR APS ULLAGE FNGINE NO. 2 787.8 -1.8 87.1 0.0
CUTOFF COMMAND
TO MFGIN ORRITAL NAVIGATION B02.3 0.2 101, 5 1.9
T1 |IBEGTN S-1VB RESTARY PREPARA- 33,2 0.3 0.0 0.0
TIONS, START OF TIME BASE 6
(Th1
72 [S-1Ve 02/H2 BURNER LH2 CN 8375.4 0.2 61,3 0.0
73|S-1VP 07/H2 RURNER EXCITERS ON | 8375.7 0.2 “1.6 0.9
T4 |S-IVR 02/42 RURNER LOX ON R376.1 0.2 42.0 0.0
(HELTUM HEATER ON)
75 |S-1vB Cvs OFF 8376.3 0.2 42 2 0.0
: 76 |S-1vA LH2 REPRESSURTZAT [ON 83n2,2 0.2 «8.1 0.0
: CONTROL VALVF ON
: 77|S-1ve LOX REPRESSURIZAT ION 8182.4 0.2 8,3 0.0
; CONTROL VALVE ON
: 78 |S-1ve aUX HYDRAULIC PuMP 8553.1 0.2 219.0 0.0
FLIGHT MCDE CN
7 79|S-IVB LOX CHILLNOWN PuUMP ON 8583.1 0.2 249.0 0. ¢
80| S-1V8 LH2 CHILLDOWN PUMP ON 8588, 1 0.2 256.0 0.0
81|S-1VP PREVALVES CLOSED 8593.1 0.2 259.0 0.0
82/ S-1ve MIXTURE PATIN CONTROL AT84. 2 6.2 450.1 0.0
VALVE OPEN
83]S~1vB APS ULLAGE ENGINF NO. 1| | 883c,S 0.3 ©96.3 0.0
IGNITION COMMAND
Me|S-TVR APS ULLAGE ENGINE wO. 2 | s83c.e 0.3 ©96.4 0.0
1GNIT TON COMMAND
85| S-1V8 02/H2 BURNER LH2 OFF an3l.0 0.3 «96.8 0.0
(HELTUM +EATCR OFF)
86| s-1ve 02712 BURNER LOX OFF 8835, 0.2 501.3 0.0
87| S-1v8 LH? CHILLDCWN pume CFF | 8903.5 0.2 569.4 0.0
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Table 2-2.

Significant Event Times Summary (Continued)

RANGE TIME TIME FROM BASFE
ITEM EVFNT DFSCRIPTION ACTUAL ACT-PRED ACTUAL ACT~
SEC SEC SEC SEC
8m K~1VA LOX CHILLDCWN PUMP OFF 89n3,7 n,2 569.6 c.0
89 F-IVS ENGINE RESTART CNMMAND 8904, 1 0.7 §70.0 0.0
(FUFL LEAD INITIAYICN)
(SECOND ESCH
90 IS-IVR APS ULLAGE FNGINE NC. 1 A917.1 0.2 573.0 0.0
CUTOFF COMMAND
9N E~IVE APS ULLAGE ENGINF NN, 2 a907.2 0.2 573,1 0.0
CUTOFF COMMAND
92 |S~IVR SECOND (IGNITION (STNV A312.4 C.5 578.2 0.2
OPEN)
93 [S-IVP MAINSTAGFE 8914.9 0.5 580,7 0.2
94 ENGINF MIXTURF RATIO (FMR) 9C69.6 0.7 T15.5 0.5
SHIFY
95 |S-1VB LH2 STEP PRESSURIZATION 9184.1 0.2 850.0 0.0
(SECOND RURA RELAY OFF)
S6 [REGIN TFRMINAL GUIDANCE 9236.1 =2.7 Mn1.9 -3.1
97 |8FGIN CHI FRFEIE 926C. 9 -4, 926.7 -5 3
98 S-TVR SECOND GUIDANCF CUTOFF 9263, 24 -5,00 -0.23 -0,03
COMMANE NO. t (SFCORD FCOY
99 |S-IVE SFCOND GUIDANCE CUTTFF 9263, 35 -4.99 -C.12 -0.02
COMMAND ND, 2
100 {S-1VA ENGINE CUTOFF INTFRAUPY, | 9263.5 4.9 0,0 0.0
STarT OF TINME RASF 7
101]S-1vh CvS ON 9263.9 ~5.0 0.5 0.0
1C2] TRANSLUNAR INJECTICN 9273.2 -5.0 9.8 0.0
1031S-1v8 CVS OFF 9614.3 ~%.0C 150.9 0.0
LO&]BEGIN ORBI TAL NAVIGATION 9414.8 -3.6 151.4 l.4
10S{BEGIN MANEUVER TO LOCAL 9415.1 -3.3 151.6 1.6
HORIZONTAL AVYTITUDE
106]BEGIN MANFUVER TN TRANSPNST- 101644 -4,.1 900.9 0. S
TION AND ODCKING ATTI VUDE
(YCEFD
107, CSH SEPARATINN “0969.6 181.0 1685.9 185.9
108| CSm COCx 17816.0 6447.6 8552. 4 6452, 4
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Table 2-2.

Significant Event Times

Summary (Continued)

RANGE TIME TIME FROM BASFE
1TE EVENT DFSCRIPTICN ACTUAL ACT-PRED ACTUAL ACT-
SEC SFC SEC SEC
109 |SC/LV FINAL SEPARATION 20814,4 6766.C t1s70.8 6770.6
110 |START OF TIME BASE 8 (Ta) 21840.5 6392, ¢, 0 0.C
111|S~IVR APS ULLAGE ENGIAE NO. 1 {21841,.7 63192,0 1.2 0.0
IGNITION COMMAND
112]S-1v8 APS ULLAGE ENGINE NN, 2 [21841.9 6392.0 1.4 0.0
IGNIT ION COMMAND
T113]S-1VvB APS ULLAGE ENGIND NC. 1 J21921.7 6392.0 81.2 0.C
CUTOFF COMMAND
1164[S-1VvA APS ULLAGE ENGINF NCe. 2 [21921.9 61392,0 Al.s 0.C
CUTOFF COMMAND
11S|INITIATF MANEUVFR TO LNX DUMP [27423,.C 6394,.4 582.5 2. %
ATTITUDE
116]S-1IvB CVS CN 2:840.5 6391.9 1C00.C n, ¢
I1T|BEGIN LOX DuUMP 23120.5 6391.9 1280.,0 0.0
118]|S-1vA CVS OFF 23140.5 6391.9 1300.0 0.0
119| END LOX DUMP 23168.5 6391.9 1328.0 0.0
120 H2 NONPROPULSIVE VENT (NPV) ON |23247.5 6391.9 1467.0 0.0
121 INITIATF MANEUVER TO ATTITUNE [31421.0 9792.6 9530.4 3400. 6
REQUIRED FOR FIMAL S-Iv8s
#PS BURN
122] S-1VvB APS ULLAGE ENGINF NO. 1 [|32399.0 RITN .6 10558 .4 2578.6
IGNITION COMMAND
123 S-IVB APS ULLAGE FENGINF NO. 2 [32399,2 8970 .6 105SR ¢ 2578.6
IGNITION COMMAND
124] S-IVR APS ULLAGE FNGINE NO. 1 |32651.0 8984 .6 10810.4 2592.8
CUTOFF COMMAND
125] S-1VvB APS ULLAGE ENGINF NC. 2 [|32651.? A984,.6 10810, 6 2592.6
CUTOFF COMMAND
126 S-TVA/TU LUNAR [MPACT 297,473%. 4 818,5 2754631 .8 -5576,7
R2:37:53.4 76:33:C1.8
(K :MIN:SEC) (HR WL SED)




Table 2-3. Variable Time and Command Switch Selector Events
RANGE TIME
FUNCTION STAGE TIME FROM REMARKS
(SEC) BASE (SEC)
Low (4.8) Engine Mixture S-11 472.9 | Ty + 308.8 [ LVDC Function
Ratio no. 1 ON
Low (4.8) Engine Mixture S-11 473.1 | T4 + 309.0 | LVDC Function
Ratio No. 2 ON )
Water Coolant Valve CLOSED| IU 780.7 | Tg + 79.9 | LVDC Function
Telemetry Calibrator IV 1075.0 | Tg + 374.2 | Acquisition by
In-Flight Calibrate OFF Canary Rev. 1
Telemetry Calibrator 1V 3198.0 T5 +2497.2 | Acquicition by
In-Flight Calibrate ON Carnarvon Rev. 1
TM Calibrate ON S-IVB | 3198.4 | T, +2497.6 | Acquisition by
i Carnarvon Rev. 1
TM Calibrate OFF S-IVB | 3199.4 ) Tg +2498.6 | Acquisition by
Carnarvon Rev. 1
Telemetry Caliorator U 3203.0 | Tg +2502.2 | Acquisition by
In-Flight Calibrate OFF Carnarvon Rev. 1
Telemetry Calibrator (] 3670.0 T5 4+2969.2 | Acquisition by
In-Flight Calibrate ON Honeysuckle Rev. 1
TM Calibrate ON S-1vB | 3670.4 | Tg +2969.6 | Acquisition by
Honeysuckle Rev. 1
T™ Calibrate OFF S-IVB | 3671.4 | Tg +2970.6 | Acquisition by
Honeysuckle Rev. 1
Telemetry Calibrator IV 3675.0 | Tg +2974.2 | Acquisition by
In-Flight Calibrate OFF Honeysuckle Rev. 1
Water Coolant Valve OPEN v 5580.4 | Tg +4879.7 | LVDC Function
Water Coolant Valve CLOSED| 1U 5880.5 | Ts +5179.7 | LVDC Function




Table 2-3. Variable Time and Command Switch Selector Events (Continued)

RANGE TIME
FUNCTION STAGE| TIME FROM REMARKS
(SEC) BASE (SEC)
Telemetry Calibrator U 6742.0 | Tg +6041.2 | Acquisition by
In-Flight Calibrate ON Canary Rev. 2
TM Calibrate ON S-1VB| 6742.4 | Tg +6041.6 | Acquisition by
Canary Rev. 2
TM Calibrate OFF S-1VB| €745.4 | T; +6044.6 | Acquisition by
Canary Rev. 2
Telemetry Calibrator v 6749.0 | Tg +6048.2 | Acquisition by
In-Flight Calibrate OFF Canary Rev. 2

Water Coolant Valve OPEN U 12,780.3 T, +3516.8 | LVDC Function
Start of Time Base 8 (T3) 21,840.5 | Tg + 0.0 | CCS Command

Water Coolant Valve OPEN IV 24,780.4 1 Tg +2939.8 | LVDC Function
Water Coolant Valve CLOSED |1V 25,080.5 | Tg +3239.9 | LVDC Function
Water Coolant Valve OPEN U 26,880.5 | Tg +5039.9 | LVDC Function
Water Coolant Valve CLOSED | IU 27,180.5 | Tg +5339.9 | LVDC Function
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SECTION 3
LAUNCH OPERATIONS

3.1 SUMMARY

The ground systems supporting the AS-509/Apollo 14 countdown and Taunch
performed satisfactorily. System componznt failures and malfunctiors
requiring corrective action were corrected during countdown without
causing unscheduled holds. Propellant tanking was accomplished satis-
factorily. The launch was scheduled for 15:23:00 Eastern Standard Time
(EST): however, there was a 40 minute 2 second hold at T-8 minutes

2 seconds due to weather conditions in the launch area. Launch occurred
at 16:03:02 EST on January 31, 1971 from pad 39A of the Kennedy Space
Center, Saturn complex. Damage to the pad, Launch Umbilical Tower (LUT)
and support equipment was considered minimal.

3.2 PRELAUNCH MILESTONES

A chronological summary of prelaunch milestones for the AS-509 launch is
contained in Table 3-1.

3.3 COUNTDOWN EVENTS

The AS-509/Apollo 14 terminal countdown was picked up at T-28 hours on
January 30, 1971 at 01:00:00 EST. Scheduled holds were initiated at

T-9 hours for a duration of 9 hours 23 minutes and at T-3 hours

30 minutes for a duration of 1 hour. An unscheduled hold of 40 minutes
2 seconds occurred at T-8 minutes 2 seconds due to high overcast

and rain. As a result of this hold the flight azimuth was changed from
72.067 degrees to 75.558 degrees. Launch occurred at 16:03:02 EST
January 31, 1971 from pad 39A of the Kennedy Space Center, Saturn Launch
Complex.

3.4 PROPELLANT LOADING

3.4.1 RP-1 Loading

The RP-1 system successfully supported countdown and launch without

incident. S-IC stage replenishment was accomplished at T-13 hours,

and level adjust and fill line inert at about T-1 hour. A replenish

operation was performed because lower than expected ambient temperature
reduced the S-IC load to a marginal level.
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Table 3-1.

AS-509/Apollo 14 Prelaunch Milestones

DATE

ACTIVITY OR EVENT

November 19, 1969
December 24, 1969
January 11, 1970
January 14, 1970
January 20, 1970
January 21, 1970
March 31, 1970
May 6, 1970

May 12, 1970

May 13, 1970

May 14, 1970

June 4, 1970

July 7, 1970

October 21, 1970
November 4, 1970
November 9, 1970
December 13, 1970
December 14, 1970
December 19, 1970
January 8, 1971
January 18, 1971
January 19, 1971
January 31, 1971
January 31, 1971

‘Instrument Unit-(IU) -509 Arrival - .

Command and Service Module (CSM) -110 Arrival
Lunar Module (LM) -8 Arrival

S-1C-9 Stage Arrival

S-IC Erection on Mobile Launcher (ML) -2
S-1VB-509 Stage Arrival

S-1I-9 Stage Arrival

Spacecraft/Lunar Module Adapter (SLA) -17 Arrival
S-1I Erection

S-1VB Erection

IU Erection

Launch Vehicle (LV) Electrical Systems Test

LV Propellant Dispersion/Malfunction Overall Test
(OAT) Complete

LV Service Arm OAT

Spacecraft (SC) Erection

Space Vehicle (SV)/ML Transter to Pad 39A
SV Electrical Mate

SV OAT No. 1 (Plugs In)

SV Flight Readiness Test (FRT) Completed
RP-1 Loading

Countdown Demonstration Test (CODT) Completed (Wet)
CDDT Completed (Dry)

SV Terminal Countdown Started

SV Launch

ad
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The mast cutoff valve (A18651) opened shortly after 1iftoff when Tail
Service Mast (TSM) power was secured allowing RP-1 piping in Mobile
Launcher (ML) room 4A to be contaminated by fill line residuals. ’his
condition has occurred after all launches to date. ECN 74408, effective
AS-510, will correct the problem by replaring the present mast cutoff
valve with one that remains in the last commanded position when power is
removed.

3.4.2 LOX Loading

The LOX system supported countdown and launch satisfactorily. The fill
sequence began with S-IVB fill command at 06:09 EST on January 31 and
was completed 2 hours 37 minutes later with all stage reolenish normal
at 08:46 EST.

The S-IVB LOX tank Propellant Utilization (PU) probe assembly was re-
placed prior to lTaunch countdown due to problems encountered during
Countdown Demonstration Test (CDDT). There was no performance degrada-
tion in LOX loading with the replacement probe.

S-IT LOX loading was normal and was performed on time in the primary
mode by the Propellant Tanking Computer System (PTCS). At T-4 hours,
during propulsion helium injection/accumulator test, the LOX tank over-
fill point sensor was indicating wet approximately 15 percent of each
minute. This occurrence created concern regarding a possible time
period violation of the propellant launch mission rule requirements.
After conducting a special 30-minute helium injection test, a real time
change to the Launch Mission Rule (LMR) requirements of 2.G percent to
2.7 percent was obtained (any single excursion above 2.7 percent is to
be disr2garded). In addition, the S-II LOX replenish flow was manually
controlled to insure that the LOX loading redline would be met. Manual
contro.ing of tne S-I1 LOX replenish flow provided the means of elimi-
nating excursions of the LOX flight mass so that the redline would rot
be exceeded at initiation of terminal sequence.

The S-IC LOX tank vent and relief valve was renlaced prior to launch as
a result of out-of-specification operation during CDDT. No problems
were observed with the replacement valve during prelaunch or flight
operations. Dicassembly and failure analysis of the removed valve indi-
cated the probiem to be lubricant in the solenoid valve which controls
operation of the vent valve. The cause of this problem appears to be
urrelated to a similar problem reported on AS-508 which was attributed
to binding in the valve, due to interferences caused by thermal gradients
and manufacturing to’erances "stack-up". The AS-509 problem is con-
sidered closed with removal of lubricated solenoid valves from AS-510
and subsequent vehicles and from the spares storercom. The AS-508
problem is still under study.
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3.4.3 LHp Loading

Tne LHp systen successfully supported countdown and launch. The fill
sequence began with start of S-II loading at 08:57 EST, January 31, 1971,
and was completed 84 minutes later when all stage replenish was estab-
1ished at 10:21 EST. S-II replenish was automatic untii terminated with
terminal countdown start at T-187 seconds. S-1VB replenish was automatic
until T-3 hours when a manual override was initiated to obtain data for
use in the event of a PU systeri failure. Automatic replenish was again
establisned and continued until T-1 hour 25 minutes. A manual overiide
was again initiated, this time at the request of S-IVB. Manual replenish
was then continued through terminal countdown start.

3.5 INSULATION

The performance of the S-II-9 stage insulation, including Ground Support
Equipment (GSE) purge and vacuum systems, was satisfactory in all respects.
The forward bulkhead uninsulated area and the J-ring area purge pressures
and flows were satisfactory. The common bulkhead was evacuated to approxi-
mately 0.5 psia, well below the redline value.

Total heat to the liquid hydrogen in flight is estimated as 65,000 Btu
which is well below the 209,000 Btu allowable.

Following CDDT a minimal number of defects were identified in the external
insulation system including four cork debonds, five coating blisters, and
four foam divots. Repairs were accomplished within the allotted schedule
time. All repairs could have been made if a 24-hour turnaround was
required, provided access to the stage was available.

Following CDDT, cracks and debonds were found in a limited area in the
ablative paint-type insulation on the inside of the interstage. Repairs
were made prior to launch. The cause of the defects has not been deter-
mined; however, test programs are continuing to determine both the cause
and corrective action.

During the launch countdown, observation by ovoerational television
indicated that the insulation performed in a satisfactory manner.

3.6 GROUND SUPPORT EQUIPMENT

3.6.1 Ground/Vehicle Interface

In general, performance of the ground service systems supporting all

stages of the launch vehicle was satisfactory. Overall damage to the
pad, LUT, and support equipment from the blast and flame impingement

was considered minimal. Detailed discussion of the GSE is contained
in KSC Apollo/Saturn V (AS-509) "Ground Support Evaluation Report."
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The PTCS satisfactorily supported countdown and launch operations. There
was no damage and only one problem noted. A printed circuit board in the
S-IVB LOX auto computer drawer was replaced.

The Data Transmission System (DTS) satisfactorily supported countdown
and launch. There was no damage and only one problem noted. The LH2
transfer line preconditioner vent valve secondary solenoid command did
not function when the Firing Room No. 2 switch was activated.

The Environmental Control System (ECS) perforted satisfactorily throughout
countdown and launch. Changeover from air to GNo purge was made at

05:03 EST, 20 minutes prior to the end of the T-9 hour hold. Purge GN?
flow was continued after launch until approximately 20 minutes in order

to obtain data on low pressure GNy Tine volume and ECS flow at reduced
supnly pressures. A1l launch vehicle and spacecraft specifications were
met. There were no system failures.

Tre holddown arms and Service Arm Control Switches (SACS) satisfactorily
supported countdown and launch. A1l holddown arms released pneumatically
wit1in a 4 millisecond period. The retraction and explosive release
laryard pull was accomplished in advance of ordnance actuation with a

36 millisecond margin. SACS primary switches closed within 6 milliseconds
of each other at 418 and 424 milliseconds after commit. The SACS secondary
switches were 16 milliseconds apart at 1.070 and 1.086 seconds after
commit.

Overall performance of the TSM was satisfactory. Mast retraction
times were nominal; 2.168 seconds for TSM 1-2, 2.496 seconds for

TSM 3-2, and 2.13) seconds for TSM 3-4, measured from umbilical plate
separation to mast retracted.

The Service Arms (S/A 1 through 8) satisfactorily supported launch and
caused no countdown holds or delays.

3.6.2 MSFC Furnished Ground Support Equipment

The S-1C mechanical GSE supported countdown and launch satisfactorily.
System damage was slight and only one miror problem was noted. During
application of S-IC hydraulics at about 7-22 hours a slight leak was
noted in the pump No. 1 upper servo cylinder supply line. The leak

was isolated to a faulty O-ring seal which was replaced per NCR 259691
when hydraulics were removed at about T-20 hours. The system then per-
formed satisfactorily through liftoff without further incident.

The S-1C GSE satisfactorily supported countdown and launch. There were
no failures or anomalies and only minor damage.

A1l ground power and battery equipment supported satisfactorily from the

start of precount through launch. ATl systems performed within accept-
able limits and there was no significant launch damage.
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At T-50 hours during S-IC flight battery activation, it was found that
four cell vent caps could not be installed with normal torque (2-3 in.-1b).
The cell caps were installed using 6 in.-1b of torque. The cell caps were
removed and the battery vent holes and caps were inspected. No damage was
found. The caps were reinstalled using the normal torgque value of

2-3 in.-1b. For additional assurance that no damage had occurred, the
voltages of the battery and the individual cells were monitored for

15 hours with all voits-e< normal. It was decided that the problem
experienced with the cell caps was not cause for rejection if the
batteries could pass all requirements of activation. The batteries

passed all other requirements, were used for flight and performed satis-
factorily. No corrective action is planned.

The hazardous gas detection system became active during countdown opera-
tions at 05:00 EST and satisfactorily supported GN2 changeover, LOX and
LH2 propellant loading operations, and the remainder of countdown. No
valid oxygen or hydrogen detections were recorded during countdown opera-
tions except for air intrusion into the S-IC aft area, which has been
observed on all launches.

Following installaticn of S-IVB stage batteries and application of stage
power at T-23 hours ¢<3 minutes, battery heating was noted which appeared
to be a failure of the primary heater thermal switch in forward battery
No. 2. Battery temperature indication reached 101.6°F which was higher
than ihe previous battery lab temperature indication of 94°F. Replace-
ment of the battery was accomplished at T-21 hours 7 minutes resulting
in 2 10 minute delay to the power transfer test; however, no hold was
required. The replacement battery exhibited a similar initial tempera-
ture response followed by normal temperature cycling. Subsequent
laboratory testing of the replaced battery demonstrated that the battery
was being controlled by the temperature controller in a normal manner,
and the battery was redesignated as a backup battery.

Duriny IU battery activation, it was found that cell No. 8 of the 6020
battery was installed with reversed polarity by the manufacturer. The
defective battery was replaced by a new battczry which corrected the
problem.

During battery activation, it was found that the vent valve on the 6D40
battery would not hold pressure at 10 psig. The vent valve should hoid :
pressure up to 10 psig, and vent at pressures greater than 10 psig. :
The defective valve was replaced with a new item and retested, cor-
recting the problem. :

At T-5 hours it was observed on the Digital Events Evalvator (DEE) -6
printout that UT and the Countdown Clock (CDC) time seconds trans-
mission was offset by 271 milliseconds. The CDC lagged the UT by

271 milliseconds. The first several Saturn V vehicles were launched
prior to a ~lock model that synchronized UT and CDC time and had
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similar offsets. It is suspected that this offset was caused by not per-
forming a complete count clock reinitialization after the timing units
were switched on the morning of January 31, 1971. A decision was made to
use "as is" for launch and the count proceeded.
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SECTION 4
TRAJECTORY

4.1 SUMMARY

The vehicle was launched on an azimuth 90 degrees east of north. A roll
maneuver was initiated at 12.8 seconds that placed the vehicle on a flight
azimuth of 75.558 degrees east of north. The reconstructed trajectory was
generated by merging the following four trajectory segments: the ascent
phase, the parking orbit phase, the injection phase, and the post Trans-
Tunar Injection (TLI) phase. The analysis for each phase was conducted
separately with appropriate end point constraints to provide trajectory
continuity. Available C-Band radar and Unified S-Band (USB) tracking
data plus telemetered guidance velocity data were used in the trajectory
reconstruction.

The trajectory parameters from launch to TLI were close to nominal. Earth
parking orbit insertion conditions were achieved 1.72 seconds earlier than
nominal at a heading angle 0.071 degree less than nominal. TLI was
achieved 4.99 seconds earlier than nominal. The trajectory parameters

at Command and Service Module (CSM) separation deviated from nominal since
the event occurred 181.0 seconds later than predicted.

4.2 TRAJECTORY EVALUATION
4.2.1 Ascent Phase

The ascent phase spans the interval from guidance reference ralease
through parking orbit insertion. The ascent trajectory was established

by using telemetered guidance velocities as generating parameters to fit
tracking data from five C-Band stations and two S-Band stations. Approxi-
mately 25 percent of the C-Band tracking data and 60 percent of the S-Band
tracking data were eliminated due to inconsistencies. An investigation

to explain the high percentage of S-Band data inconsistencies is being
conducted. The launch phase portion of the ascent phase, (1iftoff to
approximately 20 seconds), was established by constraining integrated
telemetered guidance accelerometer data to the best estimate trajectory.




Actual and nominal altitude, surface range, and crossrange for the ascent
phase are presented in Figure 4-1. Actual and nominal space-fixed velocity
and flight path angle during ascent are shown in Figure 4-2. Actual and
nominal comparisons of total inertial accelerations are shown in Figure 4-3,
The maximum acceleration during S-IC burn was 3.82 g.

Mach number and dynamic pressure are shown in Figure 4-4. These parameters
were calculated using meteorological data measured to an altitude of

59.0 kilometers (31.9 n mi). Above this altitude the measured data were
merged into the U.S. Standard Reference Atmosphere.

Actual and nominal values of parameters at significant trajectory event
times, cutoff events, and separation events are shown in Tables 4-1, 4-2,
and 4-3, respectively.

000y 2604 120 T T T T
—— AT
Ty SiC koo 4
2500 1 200 4 1004 i s'"°§°°m
v Pt B2 —
2000{ 1601 ® j/
/ }/

SURFACE RANGE, km
R
ALTITUDE, km
8
CROSS RANGE, kn
g
&
"N
B

1000 { 80 © ,
. /
sy w1 2 / ﬂ/ CROSS RANGE
|
od o 1} k| | ¢
0 100 200 00 00 S00 600 700 00

RANGE TINE, SECOWDS

Figure 4-1. Ascent Trajectory Position Comparison

4-2



32 n 9000 l L“‘J‘:]

+

8d om0 - WOMINAL
INT§ Bike P
4 /\ $-1v8 FIRST ECO
24 4 7000 Vs
\ //
20 4 6000
§ | \ L
=) lO-g 5000 \ /]
EEE \
z : SPACE-FIXED VELOCITY
g |zJE 4000
T 7
o 3000 I ]

r‘LlHﬂ PATH ANGLE

04 1000 4

.J 0 A4 ud
0 100 200 300 400 500 600 700 %0
RANGE TINE, SECONDS

(o T R e N

iy

Figure 4-2. Ascent Trajectory Space-Fixed Velocity and Flight
Path Angle Comparisons

40

— MTUAL
35 - NOMINAL
‘ v S-IC CEC0
$-1¢ G6ECO
& S-11 CECD, 463.09
EMR SHIFT, 473.1
; 30 W S-11 0ECO
1 ¥ S-1V8 FIRST ECD
~ 25
- | %
518,
[~ z‘ —
2] g /
3 w
g g / /
A M
1 w# ”4,4{
! [
3
Jo o AN, <
0 100 as | 300 <00 500 600 700 800

RANGE TIME, SECONDS

Figure 4-3. Ascent Trajectory Acceleration Comparison

4-3




3.5 - 14 . : — v
MACH 1 | N
Ve —
] ! t | - | [ —=—=N
. * X ” | / i ; ! !
Lo /2 \ I i
: DYNAMIC PRESSURE - A R s
| | \; ! i !
2.5 1 10 + 4 ‘
N / N
8 N
= \
w 2.0 1 = 8 \
-4
2 £ \\
< = \
g 3 / \
g |
g 1.5 4 E 6 ( ¢
= {
- y A\
S 1{ \\
1.0 1 4 ‘ ’,,/
\
X
o , / MACH NUIBER; // \
/| N
s -~
o O.L-é'_‘ Vs i H , -
0 20 40 60 80 100 120 140 160

RANGE TIME, SECONDS
Figure 4-4. Dynamic Pressure and Mach Number Comparisons

4.2.2 Parking Orbit Phase

Orbital tracking was conducted by the NASA Manned Space Flight Network
(MSFN). Three C-Band stations and three S-Band stations furnished seven
data passes for use in determining the parking orbit trajectory.

The parking orbit trajectory was obtained by integrating a comprehensive
orbit model with corrected insertion conditions forward to 8810 seconds
(02:26:50). The insertion conditions, as determined by the Crbital
Correction Program (OCP), were obtained by a differential correction
procedure which adjusted the estimated insertion conditions to fit the
tracking data in accordance with the weights assigned to the data. The
venting model used was derived from telemetered guidance velocity data
from the ST-124M-3 guidance platform.



Table 4-1. Comparison of Significant Trajectory Events
EVENT PARAMETER ACTUAL NOMINAL ACT-NOM
First Motion Range Time, sec 0.2 3.2 0.0
Tota' Inertral Acceleration, m/g‘ 10.34 10.43 -0.09
(ft/s¢) (33.92) {34.22) (-0.20)
(g9 (1.05) (1.06) (-0.0%)
Mach ! Range Time. sec 6B.0 69.2 -1.2
Altitude, km 2.0 8.0 0.0
(n mi) (4.3) (4.3) (0.0}
Maximum Dyramic Pressure Range Time, sec 81.0 85.6 -4.6
Dynamic Pressure, N/cmzZ 3.14 3.19 -0.05
(16f/fFt%) (655.80) (666.25) (-10.45)
Altitude, km 12.3 13.6 -1.3
(n mi) (6.6) (7.3) (-0.7)
Maximum Total Inertial
Acceleratton: S-1¢2 Range Time, sec 164.18 16424 -0.06
Acceleration, m/sz 37.46 37.13 0.33
(fr/s?) (122.90) (121.82) (1.08)
(9) (3.82) (3.79) (0.03)
S-11 Range Time, sec 463.17 464.05 -0.88
Acceleration, m/s’ 17.71 17.81 -0.10
(ft/s) (58.10) (58.43) (-0.33)
{g) (1.81) (1.82) (-0.01)
S-1VB 1st Burn Range Time, sec 700.66 702.38 -1.72
Acceleration, m/s? 6.59 6.49 9.10
(ft/s2) (21.62) (21.29) (0.33)
{9) (0.67) (0.66) (0.01
S-1VB 2nd Burn Range Time, sec 9,263.34 9,268.33 -4.99
Accelerstion, m/s? 14.07 13.77 0.30
(Ft/s?) (46.16) (45.18) (0.98)
(g) {1.43) (1.40) (0.03)
Maximum Earth-Fixed
Velocity: S-IC Range Time, sec 164.59 165.55 -0.96
VYelocity, m/s 2,369.8 2,364.2 5.6
(ft/s) (7,774.9) (7,756.6) (18.3)
S-11 Range Time, sec 560.07 557.99 2.08
Velocity, m/s 6,575.9 6,570.4 5.8
{ft/s) (21,574.5) (21,556.4) (18.1)
S-1VB Ist Burn Range Tine, sec 710.56 712.28 -1.72
Velocity, m/s 7,382.8 7,383.3 -0.5
(ft/s) (24,221.8) (24,223.4) (-1.6)
S-1V8 2nd Burn Range Time, sec 9,263.67 9,268, 44 -4.17
VYelocity, m/s 10,422.3 10,413.9 8.4
(ft/s) (34,193.9) ](34,166.3) (27.6)

NOTE :

Range Times used are times of occurrence at the vehicle, see Figure 2-1%.
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Table 4-2. Comparison of Cutoff Events
PARAMETER ] ACTUAL l NOMINAL I ACT-nOM ActuALl NOMINAL I ACT-NOM
§-1C CECO (ENWGINE SOLENOID) S-1C OECO (ENGINE SOLENOID)
Range Time, sec 135.14 135.26 -0.12 |6!.10I 165.04 -0.94
Altitude, km 43.0 @2 0.9 67.3 §6.9 0.4
(n mi) (23.2) (22.7) (0.5) (26.3) (36.1) (0.2)
Surface Range, km 4.8 43.7 1.1 94 .7 94?7 0.0
(n mi) (24.2) (23.6) (0.6) (s1.1) (sy.1) (0.0)
Space-Fixed Velocity, m/s 1,915.2 1,892.6 22.6 2,734, 2,729.8 5.0
(ft/s) (6,283.5) (6,209.3) (74.2) (8,972.4)] (8,956.0) (16.4)
Flight Path Angle, deg 23.554 23.626 -0.072 19.58 19.504 0.080
Heading Angle, leq 79.228 79.164 0.064 18.46 718.390 0.078
Cross Range, km 0.4 0.1 0.3 0.7 0.3 0.4
{n mi} (0.2) {0.") i0.1) (0.4) (0.2) {0.2)
Cross Range Velocity, m/s 1.0 3.8 3.2 13.% 9.8 3.7
(frss) (23.0) (12.5) (10.5) (44.3) (32.2) (12.1)
$-11 CECO (ENGINE SOLENOIO} S-11 OECO (ENGINE SOLEWOID)
Range Time, sec 463.09 464.05 -0.96 559.05 $56.90 2.1%
Rititude, ka 181.7 180.6 1J ] 188.1 187.3 0.8
(n =) (98.1) (97.5) (0.6) (101.6) (.1 (0.5)
Surface Range, km 1,101.4 1,102.9 -1 3 1.650.0* 1,634.3 15.7
(n mt) (594.7) (595.5) {-0 (890.9) (882.5) (e.4)
Space-Fixed Velocity, m/s 6,655.4 5,669.4 -14 0 6,981.7 6,976.2 5.5
(ft’s)]{18,554.5) } (18,600.4} (-45.8) ] (22,905.8)] (22,887.8) (18.0)
Flight Path Angle, deg 0.829 0.851 -0.022 0.621 0.669 -0.048
Heading Angle, deg 82.809 82.876 -0.067 85.764 85.733 0.051
Cross Range, ka 14.9 14.6 0.3 28. 279 0.1
{n mt) (8.0) {(1.9) (0.1) {15.1) (15.1) {0.0)
Cross Range Velocily, m/s 106.3 we2.? -6.¢ 172.7 176.1 -3.4
{ft/s) (348.8) (365.8) (-21.0) (566.6) (577.8) (-11.2)
S-1¥8 VST GUIDANCE CUTOF SIGRAL S-1V8 2MD GUIOANCE CUTOFF SIGWAL
Range Time, sec 100.56 702.28 -1.72 9,263.24 9,268.23 -4.99
Altitude, o 190.9 190.9 0.0 3e.2 326.3 -8.1
(n at) (103.1) (103.1) (0.0) (121.8) (176.2) (-4.4)
Surface Range, tm 2,0048.4 2,614.4 -10.0
(n at) (1,406.3) (1,411.7) (-5.4)
Space-Fized Velocity, a/s 7,790.6 7.791.4 (-o.a‘ 10,832.9 10,826.1 6.8
{(ft/s) ](25.559.7) (25.562.3) {-2.6 (35.541.0)1(35,518.7) {22.3)
Flight Path Angle, deg -0.004 -0.000 ~-0.003 7.047 1.18) -0.136
Heading Anale, deg 91.285 91.3v7 -0.072 65.881 65.84) 0.038
Cross Range. km $8.7 59.8 -1t
(» at) (n.7) (32.3) (-0.6)
Cross Range Velocity, ®/s 264.5 267.1 -2.6
(ft/s) (867.8) (876.3) (-8.5)
Eccentricity 0.9712 0.9 0.000%
€30, oyl 2 azezemz| -, 768 2,799
(ress€) 18,760,227) | (-9, 790,385) | (30,128)
Incliinotion, deg 30.82¢ 30.m2 0.00%
Descending Node, deg 117.372 117.399 -0.027

NOTE: Range Times vsed are times of occurrence &t the vehicle,
C, is tvize the specific energy of orbit

¢ 2 _ 2

TR o

where ¥ = Inertial Veloctity
: = Gravitational Cems

tont

* Radius vector frem ceater of earth

see Figure 2-1,




Table 4-3. Comparison of Separation Events
PARAMETER ACTUAL NONINAL ACT-NOM
S-1C/S-11 SEPARATION

Range Time, sec 164.8 165.8 -1.0
Altitude, km 67.9 b 0.4
(n wmi) (36.7) [ I (0.3)
Surface Range, km 96.1 [T -0.1
nwi) (51.9) {51.9) (0.0)
Space-Fixed Velocity. m/s 2,744.6 2,733.7 4.9
(ft/s) (9,004.6) (6,988.5) (16.1)
Flight Path Angle, deg 19,494 19.404 0.090
Heading Angle, deg 78.467 78.390 0.077
Cross Range, &m 0.7 0.3 0.4
(n mi) (0.4) (0.2) (0.2)
Cross Range Velocity, m/s 13.6 9.9 3.7
(ft/s) (44.6) (32.5%) (2.
Geodetic Latitude, deg N 28.815 28.819 -0.004
Longitude, deg € -79.649 -79.649 (0.0)

S-11/S-1vB SEPARATION
Range Time, sec 560.0 $57.9 2.\
Altitude, ke 188.2 187.3 0.y
n af) (101.6) {101.1) (0.5)
Surface Range, kan 1,656.0 1,640.6 15.4
(n mi) (894.2) (885.9) (8.3)
Space-Fixed Velocity, m/s 6,985.2 6,979.8 5.4
{vt/:) (22,917.3) (22,899.6) (17.7)
Flight Path Anglc, deg 0.612 0.659 -0.047
Heading Angle, deg 85.818 85.769 0.049
Cross Range, km 28.2 28.0 0.2
(n mi) (15.2) (15.1) (0.1)
Cross Range Velocity, m/s 173.2 176.6 -3.4
(ft/s) (568.2) (579.4) (-1.2)
Geodetic Latitude, deg N 31.030 n.on? 0.013
Longitude, deg € -63.681 -63.842 0.161

S-1VB/CSM SEPARATION
Range Time, sec 10,949.4 10,768.4 181.0
Altitude, kam 7,943.8 6,964.23 979.5
(n mi) (4.289.3) (3,760.4) (528.9)
Space-Fixed Velocity, m/s 7,346.) 7.619.7 -2713.6
(ft/s) (24,101.9) (24,999.0) (-897.6)
Flight Path Angle, deg 46.812 44.89 1.921
Heading Angle, deg 65.393 64.187 1.236
Geodetic Latitude, deg N 19.21% 17.451% 1.764
Longitude, deg € -153.447 -156.588 3.4

WOTE: Range Times used are times of occurrence at the vehicle, see Flayre 2.1,
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The actual and nomina! parking orbit insertion parameters are presented
in Table 4-4. The ground track from insertion to S-IVB/CSM separation
is given in Figure 4-5.

The S-Band range rate and X-Angle ohservations from first pass, Corpus
Christi, Carnarvon, the Canary Isiands and second pass Carnarvon, were
not used in the OCP solutions because of inconsistencies with the C-Band
radars. All S-Band data from Goldstone and second pass Canary Islands
were deleted from the solution because of inconsistencies. “

4.2.3 Injection Phase

The injection pnase was generated by the integration of the telemetered
guidance accelerometer data. These accelerometer data were initialized
from a parking orbit state vector at 8810 seconds (0z:26:50) and were
constrained to a state vector at TLI obtained from the post-TLI
trajectory. The S-band tracking data available during the early nortion

Table 4-4. Parking Orbit Insertion Conditions

PARAMETER ACTUAL NOMINAL ACT-NOM
Range Time, sec 710.56 712.28 -1.72
Altitude, km 190.9 190.9 0.0
(n mi) (103.1) (103.1) (0.00
Space-Fixed Velocity, m/s 7.792.5 7,793.1 -0.6
P (ft/s) (25,565.9) (25,567.9) (-2.0)
Flight Path Angle, deg -0.003 -0.001 -0.002
Heading Angle, deg 91.656 91.727 -0.07M
Inclination, deg 31.120 31.114 0.006
Descending Node, deg 117.455 117.429 0.026
Eccentricity 0.0002 0.0000 0.0002
Apogee*, km 185.3 185.2 0.1
3 (n mi) (100.1) (100.0) (0.1)
Perigeev, km 183.2 185.0 -1.8
(n mi} (98.9) (99.9) (-1.0)
Period, win 88.18 88.19 -0.01
Geccdetic Latitude, deg N 31.24¢ 31.236 0.010
Longitude, deg £ -52.983 -§2.878 -0.105
NOTE: Range Times used are times of occurrance 3t the vehicle,
see TFigure 2-1.
*Based on a spherical earth of radius 6,378,165 km (3,443,934 n mi).
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Figure 4-5. Ground Track

of the injection phase were not used in the trajectory reconstruction
because the data were inconsistent with parking orbit and translunar
orbit tracking solutions.

Comparisons beiween the actual and nominal space-fixed velocity and
flight path angle are shcwn in Figure 4-6. The actual and nominal
total inertial acceleration comparisons are presented in figure 4-7.
The space-fixed velocity was greater than nominal with deviations
more noticeable towards the end of the time period. The actual and
nominal targeting parameters at S-IVB second quidance cutoff are pre-
sented in Table 4-2.

4.2.4 Post TL!I Phase

The post TLI trajectory spans the interval from translunar injaction to
S-1VB/CSM separation. Tracking data from one C-Band station {Merritt
Island) and three S-Band stations (Goldstone, Guam, and Hawaii) were
utilized in the reconstruction of this trajectory segment. The post TLI
trajectory reconstruction utilizes the same methodclogy as outlined in
paragraph 4.2.2. The actual and nominal translunar injection conditions
are compared in Table 4-5. The S-1VB/CSM separation conditions are pre-
sented in Table 4-3.
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Table 4-5. Translunar Injection Conditions

PARAMETER ACTUAL NOMINAL ACT-NOM

Range Time, sec 9,273.24 9,278.23 -4.99

Altitude, km 331.8 340.1 -8.3

(n mi) (179.2) (183.6) (-1.4)

Space-fFixed Velocity, m/s 10,824.7 10,818.1 6.6

(ft/s) (35,514.1) (35,492.5) (21.6)

Flight Path Angle, deg 7.481 7.633 -0.152

Heading Angle, deg 65.592 65.546 0.046

Inclination, deg 30.813 3c.s812 0.001
Descending Node, deo 117.358 117.400 -0.042 ki
Eccentricity 0.9722 0.9723 -0.0001
¢y, 2gs? -1,678,092 | -1,673,540 -4,552 :
(fe/s52) (-18,062,833) [-18,013,836) (-48,997) :

NOTE: Range Times used are times of occurrence
at the vehicle, see Figure 2-1,
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SECTION S
S-1C PROPULSION

5.1 SUMMARY

A1l S-IC propulsion systems performed satisfactorily. Stage site thrust
(averaged from time zero to Outboard Engine Cutoff {OECOJ) was 0.65 percent
higher than predictad. Total propellant consumption rate was 0.42 percent
higher than predicted with the consumed Mixture Ratio (MR) 0.94 percent
higher than predicted. Specific impulse was 0.23 percent higher than
predicted. Total propellant consumption from Holddown Arm (HDA) release

to OECO was low by 0.15 percent.

Center Engine Cutoff (CECO) was initiated by the Instrument Unit (IY) at
135.1 seconds as planned. Outboard engine cutoff, initiated by LOX low
level sensors, occurred at 164.10 seconds which was 0.94 second earlier
than predicted. The LOX residual at OECO was 42,570 1bm comparaed to the
predicted 42,257 1bm. The fuel residual at OECO was 32,312 1bm compared
to the predicted 31,630 lbm.

This was the first flight which incorporated a venturi in the LOX pressuri-
zation system to replace the GOX Flow Control Valve (GFCV). The system
performed satisfactorily and all performance requirements were met,
although the LOX ullage pressure drifted below the minimum predicted level
at 140 seconds.

S-IC hydraulic system performance was normal throughout the flight.
5.2 S-IC IGNITION TRANSIENT PERFORMANCE

The fuel pump inlet preignition pressure was 45.9 psia and within F-]
Engine Model Specification limits of 43.3 to 110 psia.

The LOX pump inlet preignition pressure and temperature were 81.7 psia
and -287.3°F and were within the F-1 Engine Model Specification limits,
as shown in Figure 5-1.

The planned 1-2-2 start was attained. Engine position starting order
was 5, i-3, and 2-4. By definition, two engines are considered to start
together i7 their combustion chamber pressures reach 100 psig in a
100-mi1lisecond time period. Thrust buildup rates were as expected,

as shown in Figure 5-2.
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5.3 S-IC MAINSTAGE PERFORMANCE

S-IC staqge propulsion performance was satisfactory. The stage site thrust
(averaged from time zero to OECO) was 0.65 percent higher than predicted.
Total propellant consumption rate was 0.42 percent higher than predicted
and the total consiumed mixture ratio was 0.94 percent higher than pre-
dicted. The specific impulse was 0.23 percent higher than predicted.
Total propellant consumption from HDA release to OECO was low by 0.15 per-
cent. See Figure 5-3.

The higher than predicted site performance was due to (1) lower than pre-
dicted fuel density, and (2) use of an updated LOX c2nsity subroutine in
the math model after the final prediction was computed. The lower fuel
density was due to a lower than nominal batch density and a higher than
predicted fuel temperature. The change in the LOX density subroutine
incorporated & change in the Bureau of Standards LOX Density Tables
(Standard used in S-IC Propulsion Analysis) which reflected a slightly
higher density.

For comparison of F-1 engine flight performance with predicted performance,
the flight performance has been analytically reduced to standard condi-
tions and compared to the predicted performance which is based on ground
firings and also reduced to standard conditions. These values are shown

in Table 5-1 and are at the 35 to 38-second time slice. The largest thrust
deviation from the predicted value was -13 K1bf for engine No. 2. Engines
No. 3, 4 and 5 had lower thrust than predicted by 4, 2 and 9 K1bf, respec-
tively. Engine No. 1 was high by 3 Kibf. Engines No. 2 and 4 were below
the engine acceptance test minimum of 1500 K1bf at 1497 K1bf and 1494 K1bf,
respectively. The average of all five engines was 1501 Kibf, but caused

no probleiss, especially since the average flight (site) thrust was on the
high side due to lower than expected fuel density. The F-1 engines for
AS-510 and subs have been reorficed since being static fired and their
performance levels targeted for 1,522 Kibf (F-1 ECP 612).

5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE

Thrust decay of the F-1 engines was normal. Cutoff impulse, measured
from cutoff signal to zero thrust was 682,522 1bf-s for the center engine
and 2,664,436 1bf-s for all outboard engines.

Center engine cutoff, initiated by a signal from the IU, was at 135.1
seconds as planned. Outboard engine cutoff, initiated by LOX low level
sensors, occurred at 164.10 seconds which was 0.94 second earlier than
the nominal predicted time of 165.04 seconds. This is a small difference
compared to the predicted 3-sigma limits of +5.61, and -4.08 seconds.
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Table >-1. S-IC Individval Standard Sea Level Engine Performance

AVERAGE
PARAME TER ENGINE PREDICTED RECR:IS‘R[SJE;ION DERQEL?N DEVIATION
PERCENT
Thrust, ] 1504 1507 0.199
103 bt é 1510 1497 -0.860
3 1506 1501 -0.266 -0.3N
M 1496 1494 -0.134
5 1514 1505 -0.594
Specific Impulse, | 264.7 264.7 0
1bf-s/1bm 2 264.2 263.9 -0.114
3 265.0 264.9 -0.038 -0.053
4 264.3 264.3 0
5 265.1 264.8 -0.113
Total Flowrate 1 5684 5692 c.141
1bm/s 2 s713 5672 -0.717
3 5677 5664 -0.228 -0.299
4 5661 5652 -0.159
5 5712 5684 -0.490
Mixture Ratio 1 2.2h6 2.262 -0.177
LOX/Fue? 2 2.276 2.270 -0.264
3 2.280 2.275 -0.219 -0.211
4 2.260 2.255 =0.221
5 2.24% 2.237 -0.178

NOTE: Performance levels were reduced to standard sea level and pump inlet
conditions. Data were taken from the 35 to 38-second time slice.

5.5 S-IC STAGE PROPELLANT MANAGEMENT

Outboard engine cutoif was initiated by the LOX Tow levei sensors as
pianned and resulted in residual :-opellants being very close to the pre-
dicted values. The residual LCx at OECO was 42,570 1bm compared to the
predicted value of 42,257 1bm. The fuel residual at OECO was 32,312 1bm
compared to the piedicted value of 31,630 1bm. A summary of the pro-
pellants remaining at major event times is presented in Table 5-2.
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Table 5-2. S-IC Stage Propellant Mass History

LEVEL SENSOR
PREDICTED, LBM DATA, LBM RECONSTRUCTED, LBM
EVENT

LOX FUEL LOX FUEL LOX FUEL
Ignition 3,306,116 | 1,438,188 - 1,428,561 |3,312,769 1,428,561
Command
Holddown 3,239,986 | 1,419,569 | 3,254,139 1,407,728 | 3,244,149 1,409,389
Arm Release
CECO 524,730 239,453 511,940 232,883 513,984 232,870
OECO 42,257 31,630 36,702 32,629 42,570 32,312
Separation 37,32 29,266 - - 37,507 29,867
Zero Thrust 37,017 28,714 - - 36,795 29,176

NOTE: Predicted and reconstructed values do not include pressurizatio. gas so they will
compare with level sensor data.

5.6 S-IC PRESSURIZATION SYSTEMS
5.6.1 S-IC Fuel Pressurization System

The fuel tank pressurization system performed satisfactorily keeping
ullage pressure within acceptable limits during flight. Helium Flow
Control Vaives (HFCV) 1 through 4 opered as planned and HFCV 5 was not
required.

The low flow prepressurization system was commanded on at -97 seconds.
The Tow flow system was cycled on & second time at -2.9 seconds. High
flow pressurization, accomplished by the onboard pressurization system,
performed as expected. Helium Flow Control Valve No. 1 was commanded on
at -2.7 seconds and was supplemented by the high flow prepressurization
system until umbilical disconnect.

Fuel tank ullage pressure was within the rredicted limits throughout
flight as shown in Figure 5-4. Helium Flow Control Valves 2, 3, and 4
were commanded open during flight by the switch selector within acceptable
limits. Yelium bottle pressure was 3125 ps‘a at -2.8 seconds and decayed
to 475 psia at OECO. Total helium flowrate and heat exchanger performance
were as expected.
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Fuel pump inlet pressure was maintained above the required minimum Net
Positive Suctfon Pressure (NPSP) during flight.

5.6.2 S-IC LOX Pressurization System

The LOX pressurization system performed satisfactorily and all performance
requirements were met. The ground prepressurization system maintained
ullage pressure within acceptable limits until launch commit. The on-
board pressurization system which included a venturi in place of the GOX
Flow Control Valve (GFCV) performed satisfactorily during flight.

The prepressurization system was initiated at -72 seconds. Ullage pressure
increased to the prepressurization switch band and flow was terminated at
-57.7 seconds. The low flow system was cycled on three additional times

at -42.5, -21.4 and -5.1 seconds. At -4.7 seconds the high flow system
was commanded on and maintained ullage pressure within acceptable limits
until launch commit.

This was the first flight with ECP 3003 incorporated which replaced the
GFCV with a venturi. Ullage pressure was maintained within the pre-
dicted limits until center engine cutoff. See Figure 5-5. Although
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ullage pressure decreased to slightly below the prediction after CECG, it
was still well above the pressure required to prevent flash boiling. The
maximum GOX flowrate to the tank after the initial transient was 4€.9 1bm/s
at CECO. The performance of the heat exchangers was as expected.

The LOX pump inlet pressure met the minimum required NPSP requirement
throughout flight.

During the Countdown Demonstration Test (CDDT), the S-IC LOX tank vernt
and relief valve exceeded operation specifications on closing time. The
vent and relief valve and its assaciated solenoid valve were removed and
replaced with new ores. No problem was encountered with the replacement
valvrs during prelaunch operations or during flight. See paragraph 3.4.2
for additional details.

5.7 S-IC PNEUMATIC CONTROL PRESSURE SYSTEM

The contrecl pressure system functioned satisfactorily throughout the S-IC
flight.
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Sphere pressure was 30C0 psia at l1iftoff and remained steady until CECO
when it decreased to 2877 psia. The decrease was due to center engine
prevalve actuation. There was a further decrease to 2506 psia after OECO.

5.8 S-1C PURGE SYSTEMS

Performance of the purge systems was satisfactory during the 164-second
flight.

The turbopump LOX seal storage sphere pressure of 3000 psia was within
the preignition limits of 2700 to 3300 psia. The pressure decayed to
2545 psia from 1iftoff to OECO.

5.9 S-IC POGO SUPPRESSION SYSTEM
The POGC suppression system performed satisfactorily during S-IC flight.

Qutboard LOX prevalve temperature measurements indicated that the pre-
valve cavities were filled with gas prior to liftoff as planned. The

four resistance thermometers behaved during the AS-509 flight similarly

to the AS-508 flight. In the outboard lines, the temperature measure-
ments were cold momentarily at liftoff indicating that LOX sloshed on

the probes. They remained warm (off scale high) through flight, indi-
cating helium was in tne prevalve. At cutoff, the increased pressure
forced LOX into the prevalves once more. The two thermometers in the
center engine prevalve were cold, indicating LOX in this valve as planned.

5.10 S-IC HYDRAULIC SYSTEM
The performance of the S-IC hydraulic system was satisfactory. All
servoactuator supply pressures were within required limits. The engine

control system return pressures were within predicted limits, and the
engine hydraulic control system valves operated as planned.
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SECTION 6
S-IT PROPULSION

6.1 SUMMARY

The S-1I propulsion system performed satisfactorily throughout the flight.
The S-1I Engine Start Command (ESC), as sensed at the engines, occurred
at 165.5 seconds. Center Engine Cutoff (CECO) occurred as planned at
463.09 seconds and Outboard Engine Cutoff (OECO) occurred at 559.05 sec-
onds giving an outboard engine operation time of 393.6 seconds or

3.2 seconds longer than predicted. The later than predicted OECO was

a result of a lower than predicted flowrate during the low Engine Mix-
ture Ratio (EMR) portion of the flight.

Total stage thrust at the standard time slice (61 seconds after S-11 ESC)
was 0.25 percent below predicted. Total propellant flowrate, including
pressurization flow, was 0.12 percent below predicted and stage specific
impulse was 0.19 percent below predicted at the standard time slice.
Stage propellant mixture ratio was 0.18 percent above predicted. Engine
thrust buildup and cutoff transients were normal.

A center engine LOX feedline accumulator was installed for the first time
on this flight as a POGO suppression device. The operation of the accumu-
lator system was effective in suppressing POGO type oscillations.

The propellant management system performance was satisfactory throughout
propellant loading and flight. However, during the helium injectton at
T-4 hours, the LOX Overfill Shutoff (OFSO) sensor indicated wet approxi-
mately 15 percent of each minute. At this time an investigation was made
to determine if a time period violation of the Launch Mission Rule (LMR)
might occur later during terminal sequence. The investigation indicated
that this would not be a probliem and propellant loading operations were
continued and progressed without incident. The new pneumatically actuated
engine Mixture Ratio Control Valves (MRCV) were used for the first time

in flight and operated satisfactorily.

The performance of the LH2 tank pressurization system was satisfactory
and within predicted limits. The LOX tank pressurization system operated
sufficiently to satisfy all mission objectives; however, the LOX ullage
pressure was below that predicted near the end of S-II flight. The low
LOX ullage pressure is attributed primarily to restricted flow through
the LOX tank pressurization regulator subsequent to LOX step pressuri-
zation at 264.1 seconds. The regulator is being replaced with an
orifice on AS-510 and subsequent S-II stages.
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Engine servicing operations, required to condition the engines, were
satisfactorily accomplished. Engine start tank conditions were marginal
at S-1I ESC because of lower start tank relief valve settings caused by
warmer than usual start tank temperatures. These warmer temperatures
were a result of the hold prior to launch. Revised hold option proce-
dures are under consideration for AS-510.

The recirculation, helium injection, and valve actuation systems per-
formed satisfactorily.

S-11 hydraulic system performance was normal throughout the flight.
6.2 3-1I CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE

The engine servicing operations required to condition the engines prior

to engine start were satisfactorily accomplished. Thrust chamber tempera-
tures were within predictad limits at both prelaunch and engine start.
Thrust chamber chillidown requirements were -200°F maximum at prelaunch
commit and -150°F maximum at engine start. Thrust chamber temperatures
ranged between -281 and -253°F at prelaunch commit and between -220 and
-199°F at engine start. Thrust chamber temperature warmup rates during
S-1C boost agreed closely with those experienced on previous flights.

Both temperature and pressure conditions of the J-2 engine start tanks
were within the required prelaunch and engine start boxes as shown in
Figure 6-1. Initial start tank pressurization normally occurs after
thrust chamber chill is initiated resulting in nominal start tank
temperatures at the time of vent valve closure of approximately -310°F.
During initial start tank pressurization the temperature increases from
30 to 40°F and would normally read approximately -270 to -260°F. How-
ever, as a result of initiating countdown hold option No. 2 prior to
thrust chamber chill, lockup temperatures were between -240 and -225°F
or about 40°F warmer than usual.

Total time elapsed between start tank pressurization and S-II engine
start including hold time, countdown time, and S-IC boost, was approxi-
mately 2550 seconds (00:42:30). During the hold, the start tank tempera-
ture increased approximately 85°F. Between pressurization and liftoff
the start tanks were verited (using ground emergency vents) at least five
times each in order to maintain start tank pressures below 1280 psia
(which corresponds to the lowest relief valve setting) to prevent actua-
tion of the relief valves. The actual relief valve settings vary
inversely with the start tank temperatures; therefore, as a result of
the initial pressurization occurring at a warmer temperature and the
subsequent start tank warmup during the hold, the relief valve settings
apparently were lower than 1280 psia. Engines No. 1, 2, and 4 start
tank vent and relief valves relieved after liftoff at least one time
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Figure 6-1. S-II Engine Start Tank Performance

prior to engine start. Engine No. 3 appeared to be relieving prior to
liftoff and through S-IC boost. Although this venting is not desirable,
it is considered by the ergine contractor to be expected with such an
increase in start tank ternerature.

Prior to the AS-509 launch a prediction had been generated regarding the
length of time available between start tank pressurization and exceeding
the temperature redline requirements. This prediction was based upon
data gathered during a special 30-minute hold test conducted on S-1I1-13
at Mississippi Test Facility (MTF) and extrapolated to represent maximum
Kennedy Space Center (KSC) capability. A maximum time of 4200 seconds
(01:10:00) was indicated between tank oressurization and liftoff. This,
of course, would equate to a "hold" duration of 3720 seconds (01:02:00)
since the final 480 seconds are required for the terminal count.

This prediction was not conservative in that it did not consider large
engine to engine temperature differences or the possibility that start

tank pressurization would occur prior to initiating thrust chamber chill.

Unfortunately, both of these eventualities took place during the engine

6-3
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conditioning period resulting in the warmest engine measuring -221°F as
opposed to the prediction base of -258°F. This resulted in a reduction
of the maxinum pressurized time from 42C0 seconds (01:10:00) to 2820 sec-
onds (00:47:00). 4ctual time between pressurization and liftoff was

2400 seconds (00:40:C0) so that a margin of 420 seconds was still avail-
abie.

Both aspects of tne J-2 engine start tank problem (limited hold duration
and reiief valve operation at warmer temperatures) will be resolved for
AS-510 countdown by changes to the existing hold optiens. A procedure
patterned after the new S-IVB procedure featuring a shortened start tank
chilldown recycle will be devised and tested during the AS-510 Countdown
Demonstration Test (CDDT). The intent of the new oroccdure will be tc
maintain cr increase hold capability, maintain present count pickup point
ac -480 seconds without requiring aavance warnings, and restrict hold
operation to areas c¢f the start tank pressure-temperature envelope that
preclude relief valve opc~ation at lTower pressures.

As presently envisioned these objectives will require changes to the
Launch Mission Rules both in the area of functional sequence and red-
tines.

A1l engine helium tank pressures were within the prelaunch and engine
start limits of 2800 to 3450 psia. Engine helium tank pressures ranged
between 3070 and 3035 psia prior to launch (at -19 seconds) and between
3170 and 3115 psia at S-IT ESC. Helium tanks were vented five times
during the hold period vsing the ground vent solenoids.

The LOX and i H2 recirculation systems used to chill the feed ducts,
turbonumps, and other engine components performed satisfactorily during
preiaunch and S-IC boost. Engine pump inlet temperatures and pressures
at engine start were well within the reguirements as shown in Figure 6-2.
The LOX pump discharge temperatures at S-I! ESC were approximately 15.1°F
subcocled, well below the 3°F subcooling requirement.

Prepressurization of the propellant tanks was accomplished satisfactorily.

Ullage pressures at S-1I ESC were 40.19 psia for LOX and 28.8 psia for
LH2.

S-11 ESC vas received at 165.5 seconds and the Start Tank Discharge Valve
(STDV) solenoid activation signal occurred 1.0 second later. The engine
thrust buildup was satisfactory and within the required thrust buildup
envelope. A1l engines re.ched their mainstage “zvels (pressure switch
pickup) within 2.87 seconds after S-IT ESC.

6.3 S-1I MAINSTAGE PERFORMANCE

The propulsion reconstruction anzlysis showed that ctage performance
during mainstage operation was satisfactory. A comparison of predicted

and reconstructed performance of thrust, specific irpulse, total flowrate ,
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and mixture ratio versus time is shown in Figure 6-3. Stage performance
during the hign EMR portion of flight (prior to CECO) was very close to
predicted. At the time of ESC +61 seconds, total stage thrust was
1,164,464 1bf which is 2931 1bf (0.25 percent) below the preflight pre-
diction. Total propellant flowrate, including pressurization flow, wes
2753.4 1bm/s, 0.12 percent below predicted. Stage specific impulse,
including the effect of pressurization gas flowrate, was 422.9 1bf-s/Tbm,
0.19 percent below predicted. Stage propellant mixture ratino was 0.18

percent above predicted.

Center engine cuteoff was 'nitiated at ESC +297.6 seconds as plannec and
reduced tcta'! stage thrust bv 236,932 1bf to a level of 924,939 1bf.

The EMR shift from high to low occurred 307.6 seconds after £SC; 0.5 sec-
onas cariier than predicted. The change of EMR resuited in further

stage thrust reduction and at ESC +380.3 seconds, the total stage .hrust
was 776,070 1bf; thus, a decrease in thrust of 148,869 1bf was indicated
between high and low EMR operation. S-II burn duration was 393.6 se¢zonds,
which was 3.2 seconds longer than predicted.

Individual J-2 engine performance data are preserted in Table 6-1 for the
ESC +61 second time slice. Good correlation between predicted and re-
constructed flight performance is indicated by the small deviations. The
performance levels shown in Table €-1 have not been adjusted to standard
J-2 altitude conditions and do not iaclude the effects of pressurization
flow.

Typical minor engine performance shifts occurred during the burn period
and are attributed to shifts in the Gas Generator {GG) oxidizer system
resistance (see Table 6-2).

6.4 S-II SHUTDOWN TRANSIENT PERFORMANCE

S-11 OECO was initiated by the stage LOX depletion cutc f system as
pianned. The LOX depletion cutoff system again included a 1.5 second
delay timer. As in previous flights (AS-S04 and subs), this resulted

in engine thrust decay (observec as a drop in thrust chamber pressure)
prior to receipt of the cutoff signal. The precutoff decay was somewhat
greater than experienced on AS-508 and was duc ‘o a higher EMR at OECD.
The high EMR was due to incorporation of the rew two-position MRCV which
cperates nominally at a low EMR of 4.8, where the old valve was set
nominaily at 4.5.

Again, the largest thrust chamber pressure decay was noted on engine

No. 1 with first indications of performance change visible at 0.68 second
prior to the cutoff sijnal. See Figure 6-4. Total pressure decay on
engine No. 1 was 230 psi while the other three outboard engines were
approximately 115 psi over this interval.
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Table 6-1. S-1I Engine Performance

PERCENT PERCENT
ENGINE INDIVIDUAL | AVERAGE
PARAMETER POSITION | PREDICTED| RECONSTRUCTED | DEVIATION | DEVIATION
Thrust, 1bf 1 230,660 229,897 -0.33
2 233,552 233,264 -0.12
3 233,446 233,146 -0.13 -0.25
4 232,739 231,11 -0.70
5 236,998 237,046 0.02
Specific Impulse, 1 423.8 423.3 -0.12
1bf-s/1bm 2 425.1 424.1 -0.24
3 425.6 424.8 -0.19 -0.13
4 424.3 424.1 -0.05
5 426.2 426.0 -0.05
Engine Flowrate, 1bm/s ) 544.2 543.1 -0.20
2 £49.5 550.0 0.10
3 548.6 548.8 0.03 -0.13
4 548.5 544.9 -0.65
5 556.1 556.4 0.06
Engine Mixture Ratio, 1 5.55 5.56 0.18
LOX/Fuel 2 5.53 5.57 0.72
3 5.54 5.56 0.36 0.43
4 5.56 5.60 0.72
L] 5.50 5.51 0.18
NOTE: Performance Levels at ESC +61 seconds. Values do not include effect
of pressurization flow.

At S-II OECO total thrust was down to 580,478 1bf. Stage thrust dropped
to 5 percent c© this level within 0.58 second. The stage cutoff impulse
through the 5 percent thrust level is estimated to be 120,576 1bf-s.

6.5 S-II PROPELLANT MANAGEMENT

Flight and ground loading performance of the propellant management :ystem
was nominal and all parameters were within expected limits. The S-II
stage employed an open-ioop Propellant Utilization (PU) system utilizing
fixed, open-loop commands from the Instrument Unit (IU) to drive the new
two-position pneumatically operated MRCV. Open-loop PU is also planned
for use on subsequent vehic’es.

The facility Propellant Tanking Control System (PTCS) and the propellant
management system properly controlled S-II loading and replenishment.
However, at the start of the first period of helium injection (-4 hours),
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Table 6-2. S-11 Engine Parformance Shifts

ENGINE PERFORMANCE SHIFT
POSITION (MAGNITUDE AND TIME OF OCCURRENCE) REMARKS
1 -1400 1bf run-to-run shift in Shi.t in Gas Generator (GG)
thrust from engine acceptance. ox1dizer system resistance.
4 -1300 1bf in-run thrust shift at Shift in GG oxidizer system
277 seconds. resistance.
4 +1500 1bf in-run thrust shift at Shift in GG oxidizer system
309 seconds. resistance.
NOTE: None of the shifts are considered to be unusual in either
magnitude or cause.

as part of the accumulator test, the LOX Overfill Shutoff (OFSO) sensor
indicated wet approximately 15 percer. of each minute. LOX replenish
fiow was then terminated, and an investigation made to determine if a
time period violation of the propellant Launch Mission Rule (LMR) might
ozcur. The investigation revealed that thic would not be a problem

and the LOX rep” :nish flow was resumed and continued without incident.
See paragraph 3.4.2 for additional! detai!s.

Open-loop control of engine mixture ratio during flight was successfully
accomplished with tne MRCV. At engine start command, helium pressure
drove the valves to the engine start position corresponding to the

4.8 EMR. The No. 1 high EMR (5.5) ccmmand was received at ESC +5.5 sec-
onds as planned. Heljum piressure was thereby relieved and the return
spring moved *he valves to the high EMR position providing a nominal EMR
of 5.50 for the first phase of the Programed Mixture Ratio (PMR).

Th: shift to low EMR, as seen at the engines, occurred at ESC +307.6 sec-
onds (0.5 second earlier than predicted). The average EMR at the low
step was 4.78 as cunpared to a predicted of 4.83. However, this was
within the 2-sigma $0.06 mixture ratio tolerance.

Outboard engine cutoff was initiated by the LOX tank propellant depletion
system (with a 7 ~-second OECO time delay) 2.2 seconds later than pre-
dicted due primarily to the lowered propellant flowrates at low EMR. The
open-loop PU error at OECO was approximately -375 ibm LH2 versus a 3-sigma
tolerance of 2500 1bm LH2. Based on flowmeter and point sensor system
data, propellant residuals in the tanks at OECO were 1213 1bm LOX and

2960 1bm LH> (versus 1802 1bm LOX and 3441 1bm LH2? predicted). These
lower than pr licted residuals resulted from the use of a 4.8 EMR at

DECO for the first time.
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Figure 6-4. S-II Outboard Engine Chamber Pressure Decay

Table 6-3 presents a comparison of propellant masses as measured by the
PU probes and engine flowmeters. The best estimate propellant mass is
based on integration of flowmeter data utilizing the pronellant residuals
determined from point sensor data. Best estimates of propellant rass
loaded correlates with the postlaunch computer reconstruction of the
flight. These mass values were 0.04 percent more than predicted for LOX
and 0.31 percent less than predicted for LH3.




Table 6-3. AS-509 Flight S-1I Propellant Mass History

ENGINE FLOM -
PREDICTED, LBM Py SYSTEM METER INTEGRATION
(TRAJECTORY) ANAL 7SIS, LBM {BEST ESTIMATE), LBM
EVENT LOX LH, ox I th, Lox LHy
Liftoff 835,531 159,427 834,43C 159,785 835,859 159,001
S-11 £SC 835,531 159,413 836,078 15¢,058 835,859 158,986
S-11 PU Valve Step Cmd 134,069 31,093 132,374 30,675 131,918 30,507
2% Point Sensor 16,046 4,298 16,231 4,288 16,046 4,298
S-1i CECO 1,802 3,44 2,319 2,875 1,213 2,960
S-11 Residual After 1,51% 3,326 Data Not Data Not 1,009 2,873
Thrust Decay Usable Usable
NOTE: Table is based on mass in tanks and sump only. Pro=zllant trapped external to tanks and
LOX sump is not included.

6.6 S-1I PRESSURIZATION SYSTEM
6.6.1 S-II Fuel Pressurization System

LHy tank ullage pressure, actual and predicted, is presented in Figure 6-5
for autosequence, S-IC boost, and S-1I boost. The LH2 vent valves were
closed at -93.1 seconds and the ullage volume pressurized at 35.0 psia

in 20.8 seconds. One makeup cycle was required at -51.6 seconds. The i
vent valves modulated during S-IC boost, controlling tank pressure; how-
ever, no main poppet operation of the vent valves was evident.

Differential pressure across the vent valve was kept below the low-mode ;
upper limit of 29.5 psi. Ullage pressure at engine start was 28.8 psia {
exceeding the minimum engine start requirement of 27 psia. The LH2 tank
vent valves were switched to the high vent mode 1.25 seconds prior to
S-11 engine start.

LH2 tank ullage pressure remained slightly below its predicted value
during S-I1 mainstage operation prior to step pressurization. The indi-
cated ullage pressure was comparable to the pressure in this interval
during the S-1I-9 static firing.

The LHp tank regulator was commanded open at 464.1 seconds and ullage
pressure increased te 32.05 psia. The vent valves started to vent at
491.9 seconds and continued to vent throughout the remainder of the S-1I
burn. Ullage pressure remained within the high mode vent range of

30.5 to 33.0 psia.
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Figure 6-5. S-II Fuel Tank Ullage Pressure

Figure 6-6 shows LH2 total inlet pressure, temperature and Net Positive
Suction Pressure (NPSP) for the J-2 engines. The parameters were close
to predicted values. Fuel pump inlet pressure was maintained above the
required minimum NPSP throughout the S-II burn period.

6.6.2 S-II LOX Pressurization System

Although the S-II LOX pressurization system operated sufficiently to
satisfy all mission objectives, the LOX tank ullagye pressure differed
from what was predicted (see Figure 6-7). The deviation was caused by
(1) the LOX pressurization regulator failing to open fully wher required,
and (2) the effect of saturated GOX pressurant from the J-2 engine heat

exchangers.

As seen in Figure 6-7, the LOX uilage pressure did not increase as
rapidly as predicted after the LOX step pressurization command. The
LOX pressure regulator potentiometer and cxidizer manifold pressure
me’ ;urements were used to conclude that the slow pressure rise was a
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Figure 6-7. S-II LOX Tank Ullage Pressure

result of the pressure regulator failing to go to its maximum opening
(see Figure 6-8"'. The conclusion is that the regulator step solenoig
did not complete its stroke upon removal of power; thus, the regulator
butterfly could not fully open. The cause has not been determined, but
its effect was that the mechanical advantage the bias portion of the
regulator has on the regulator power bellows was not completely nulli-
fied, thus a force due to pressure was still attempting to hold the
regulator butterfly at its minimum opening (see Figure 6-9).

Because the regulator was only partially open, it required less mass
(approximately 325 1bm less) at a warmer temperature to have the ullage
pressure near the predicted pressure level at EMR step. Upon shifting
to Tow EMR, tne regulator inlet pressure droppec below the minimum
required pressure (450 psia) necessary to keep the bias portion on the
regulator active. When the bias portion became inactive, the regulator
power bellows lost its force term tending to hold the butterfly closed
and permitted the butterfly to go to its maximum opening.
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Figure 6-8. S-II Oxidizer Manifold Pressure and Regulator
Potentiometer Profiles

The pressure decay after EMR step was amplified due to the GOX pressurant
entering the LOX ullage system at colder than predicted temperatures. If
the regulator had operated properly, the ullage pressure decay would have
been more than predicted (1.8 psi more) but not as much pressure decay as
was experienced.

In summary, the slow pressure rise after LOX step pressurization was the
result of the pressure regulator not opening fully. The lower than pre-
dicted ullage pressure after EMR step was the result of the low incoming
pressurant temperature in combination with ullage conditions generated
by the partially opened regulator.

The possibility of the regulator problem recurring on subsequent flights
has been eliminated with S-II stage ECP No. 6425, effective AS-510 and
subsequent, which replaces the LOX tank pressurization regulator with a
fixed orifice.
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Figure 6-9. S-II LOX Tank Pressurization Regulator

Though the ullage pressure was lower than predicted, it was sufficient to
meet NPSP requirements except for the final 0.5 second of ma.nstage

which is to be expected. At cutoff, the ullage pressure had decayed to
34.4 psia.

LOX engine inlet total pressure, tempe -ature and NPSP are presented in
Figure 6-10 fcr the S-II burn phase.

6.7 S-II PNEUMATIC CONTROL PRESSURE SYSTEM

The pneumatic control system functioned satisfactorily throughout the S-IC
and S-II boost periods. Bottle pressure was 301G psia at -30 seconds and

due to normal valve activities during S-II burn, decayed to approximately
2640 psia after S-I1I OECO.

Regulator outlet pressure during flight remained at a constant 710 psia,
except for the expected momentary pressure drops when the recirculation

or prevalves were actuated closed just after engine start, at CECO and
0ECO.
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6.8 S-I1 HELIUM INJECTION SYSTEM

The performance cf the helium injection system was satisfactory. The
supply bottle was pressurized to 3010 psia prior to liftoff and by ESC
the pressure was 1730 psia as compared to 700 psia at S-1I-8 ESC. The
pressure at ESC was higher for S-11-9 due to *he addition of anotker

1.5 ft3 supply bottle to the helium injecticn system for servicing the
center engine feedline accumulator. Helium injection average total flow-
rate curing supply bottle blowdown (-30 to 163 seconds) was 65 SCFM.

6.9 POGO SUPPRESSION SYSTEM

A center engine LOX feedline accumuiator was installed for the first
time on this flight as a POGO supp:ession device. Propulsion/structural
analysis indicates that the accumulator did suppress the S-II POGO
oscillations. See paragrapnh 8.2.3 for complete details. A schematic
cf the POGO suppression system is shown in Figure 6-11,
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Figure 6-11. S-II LOX Center Engine Feedline Accumulator and Helium
Injection System



The accumulator bleed system must maintain subcooled LOX 1n the accumulator
through S-1C boest and S-11 engine start. This requirement is accom-
plished by LOX flowing through a 3/4-inch line from the top of the accumu-
lator to the center engine LOX recirculation return line. There is also

a shutoff valve in this bleed line that is used to terminate the bleed

flow 1.0 second prior to S-1I engine start. Figure 6-12 chows the

required accumuiator temperature at S-II engine starr, the predicted
temperatures during S-IC boost, and the actual temperatures experienced
during the AS-509 flight. As can be seen, the maximum allowable tempera-
ture of -281.5°F at engine sta:t was more than adequately met (-294.5°F).

The accurmulator fill system is required to displace the LOX in the accumu-
lator with helium soon after engine start. The accumulator fill must be
completed in 5 to 7 seconds after its initiation and must be maintained
until CECO. This is accomplished by opening two parallel sclenoid valves
(one at engine start plus 4.1 seconds and the other engine start plus

4.3 seconds) and initiating a helium flow of 0.0045 to 0.0060 lbm/s from
two 1.5 ft3 bottles (pressurized to 2800 to 3100 psia prior to LOX helium
injection), through a regulator, and then into the accumuiator. This flow
is terminated at CECO by closing the two fill solenoids.
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Figure 6-12. S-II Center Engine LOX Feedline Accumulator
Bleed System Performance
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Figure 6-13 shows accumulator LOX level versus time during the fill
transient as determined from the time the three accumulator temperature
probes indicated dry. Based on these data, the accumulator was full of
helium 6.3 seconds after the start of fill, thus meeting tha 5 to 7 second
fill time requirement. After the accumulator was filled with helium (just
after engine start), it remaincd in that state until CECO when the helium
flow was terminated and LOX backed up into the accumulator due to the post-
CECO feedline pressure buildup. There was no sloshing or abnormal liquid
level behavior observed in the accumulator while the center engine was
operating. Figure 6-14 shows the performance of the helium supply portion
of the accumulator fill system.

6.10 S-II HYDRAULIC SYSTEM

S-1I hydraulic system performance was normal throughout the flight.
System supply and return pressures, reservoir volumes, and system fluid
terperatures were within predicted ranges. Ail servoactuators responded
to commands with good precision. The maximum engine deflection was
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approximately 1.4 degrees in pitch on engine No. 4 in resporse to the
separation and engine start transients. Actuator loads were well within
design limits. The maximum actuator load was approximataly 9,700 1bf for
the yaw actuator of engine No. 1 and occurred during initiation of Itera-

tive Guidance Mode (IGM).

There was no evidence of the engine No. 2 system accumulator lockup
valve leakage that was encountered during Flight Readiness Test (FRT)

and CDDT.

The engine No. 3 accumulator reservoir manifold assembly was replaced
prior to launch countdown due to reservoir piston seal leakage. The
replacement unit performed satisfactorily in countdown and flight.
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SECTION 7
S-1VB PROPULSION

7.1  SUMMARY

The J-2 engine operated satisfactorily throughout the operational phase
of first and second burn and had normal shutdowns. S-IVB first burntime
was 1.57.2 seconds which was 4.1 seconds less than predicted. Approxi-
ma: 2,4 seconds of the shorter burntime can be attributed to higher
S-.  performance. The remainder can be attributed to the S-IC and S-II
stage performance and the change in the flight azimuth. The engine
performance during first burn, as determined from standard altitude
reconstruction analysis, deviated from the predicted Start Tank Dis-
charge Valve (STDV) open +130-second time slice by 1.48 percent tor
thrust and 0.14 percent for specific impulse. The higher than predicted
performance can be attributed primarily to a decrease in gas generator
system resistance. The S-IVB stage first burn Engine Cutoff (ECO) was
initiated by the Launch Vehicle Digital Computer ?LVDC) at 700.56 seconds.

The Continuous Vent System (CVS) adequately regulated LH2 tank ullage
pressure at an average level of 19.2 psia during orbit, and the Oxygen/
Hydrogen (02/H2) burner satisfactorily achieved LH2 and LOX tank repres-
surization for restart. Engine restart conditions were within specified
limits. The restart at full open Propellant Utilization (PU) valve posi-
tion was successful.

S-1VB second burntime was 350.8 seconds which was 5.5 seconds less than
predicted. The engine performance during second burn, as determined from
the standard altitude reconstruction analysis, deviated from the pre-
dicted STDV +200-second time slice by 1.57 percent for thrust and

0.14 percent for specific impulse. The higher than predicted per “ormance
is attributed to the same reason as for first burn. Second burn ECO was
initiated by the LVDC at 9263.24 seconds (02:34:23.24).

A small shift in LOX chilldown flowrate and pump differential pressure
observed during boost has been determined to be due to vehicle-induced
longitudinal dynamics.

Subsequent to second burn, the stage propellant tanks and .helium spheres
were safed satisfactorily. Sufficient impulse was derived from LOX dump,
LH» CVS operation and Auxiliary Propulsion System (AFS) ullage burn to
acﬁieve a successful lunar impact within the planned target area.
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The APS pressurization system performed nominally throughout the flight
except for a helium leak in Module No. 1 from 5 to 7 hours. The average
leakage was about 70 Standard Cubic Inches/Minute (SCIM). The magnitude
and duration of this leak was not large enough to present any problems.

The S-IVB hydraulic system performance was satisfactory during the entire
mission.

7.2 S-1VB CHILLDOWN ANCD BUILDUP TRANSIENT PERFORMANCE FOR FIRST BURN

The thrust chamber temperature at launch was well below the maximum
allowable redline limit of -130°F. At S-IVB first burn Engine Start
Command (ESC), the temperature was -141°F, which was within the require-
ment of -189.6 +110°F.

The chilldown and loading of the engine Gaseous Hydrogen (GHy) start tank
and pneumatic control bott'e prior to liftoff was satisfactory.

A 40 minute hold for adverse weather conditions occurred during terminal
count. A countdown recycle was avoided by utilizing the start tank
rechill sequence which was developed during the AS-509 Countdown Demon-
stration Test (CODT). When the count was picked up (at -482 seconds) the
start tank vent and supply valves were opened, allowing cold flow through
the tank. Adequate chilldown was achieved in 93 seconds, and start

tank conditions were well within acceptable limits at 1iftoff. The engine
control sphere was vented three times during hold to maintain acceptable
pressure levels.

The engine control Sphare pressure ancd temperature at 1iftoff were 3040 psia
and -165°F. At first burn ESC the start tank conditions were within the
required region cof 1525 75 psia and -170 +30°F for start. The discharge
was completed and the refill initiated at first burn ESC +3.8 seconds.

The refill was satisfactory and in good agreement with the acceptance

test.

The propellant recirculation systems operation, which was continuous from
before liftoff un‘il just prior to first ECS, was satisfactory. Start and
run box requirements for both fuel and LOX were met, as shown in Figure 7-1.
At first ESC the LOX pump inlet temperature was -295.5°F and the LH2 pumd
inlet temperature was -421.8°F. A small downward shift in LOX chilldown
flowrate and pump delta P, observed from approximateiy 124 to 174 seconds
during boost, has been determined to be due to vehicle-induced longitudinal
dynamics. This response was noted during pump qualification vibration
testing and is not considered a problem.

The first burn start transient was satisfactory. The thrust buildup was

within the established 1imits. This buildup was similar to the thrust
buildups observed on AS-506 through AS-508. The Mixture Ratio Control (MRC)
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valve was in the closed position prior to first start and performance
indicates it remained closed during first burn. The total impulse from
STDV open to STDV open +2.5 seconds was 193,080 1bf-s for first start.

First burn fuel lead followed the predicted pattern and resulted in
satisfactory conditions as indicated by the thrust chamber temperatures
and the associated fuel injector temperatures.

7.3 S-1VB MAINSTAGE PERFORMANCE FOR FIRST BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A comparison of predicted

and actual performance of thrust, specific impulse, total flowrate, and

Mixture Ratio (MR) versus time is shown in Figure 7-2. Table 7-1 shows

the thrust, specific impulse. flowrates and MR deviations from the pre-

dicted at the STDV +130-secord time slice.

A mixture ratio control valve setting 2 legrees higher than predicted
would correspond to the observed thrust but not the observed mixture
ratio. Reconstructed propellant retic usage indicates that the MR
profile was very near tB Predicted. -Tlierefores Lhe 4 saher:-Tavfornance
at the predicted mixture ratio can be attributed primarily to a decrease
in gas generator system resistance.

The performance of the J-2 engine helium control system was satisfactory
during mainstage operation. The engine control bottle was connected to
the stage ambient repressurization bottles, therefore, there was little
pressure decay. Helium usage is estimated as 0.30 1bm during first burn.

7.4 S-1VB SHUTDOWN TRANSIENT PERFORMAMCE FOR FIRST BURN

S-1VB ECO was initiated at 700.56 seconds by a guidance velocity cutoff
commanrid which resulted in a 4.1-second less than predicted burntime.
Approximately 2.4 seconds of the shorter burntime can be attributed

to higher S-1VB performance. The remainder can be attributed to S-IC
and S-11 stage performance 2nd the change in flight azimuth.

The ECO transient was satisfactory. The total cutcff impulse to zero
percent of rated thrust was 44,300 1bf-s which was 17Z2v 1bf-s lower
than predicted. Cutoff occurred with the MRC valve in the 5.0 position.
7.5 S-IVB PARKING ORBIT COAST PHASE CONDITIONING

The LH2 CVS performed satisfactorily, maintaining the fuel tank ullage

pressure at an average level of 19.2 psia. This was well within the
18 to 21 psia band of the inflight specifi _ation.
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Table 7-1. S-1VB Steady-State Performance - First Burn
(STDV +130-Second Time Slice at Standard Altitude Conditions)

PERCENT
FLIGHT DEVIATION
PARAMETER PREDICTED | RECONSTRUCTION | DEVIATION | FROM PREDICTED
Thrust, 1bf 198,627 201,572 2945 1.483
Specific !mpulse,
1bf-s/1bm 426.5 427.1 0.6 0.141
LOX Flowrate,
1tm/s 386.78 392.14 5.36 1.386
Fuel Flowrate,
1bm/s 78.95 79.80 0.85 1.077

Engine Mixture

- Rgtio.
]Lxlruir - 4080 | . 4.914 0.0} .0.306

The continuous vent regulator was activated at 759.7 seconds and was
terminated at 8376.3 seconds. The CVS performance is shown in Figure 7-3.
The thrust between 5400 seconds and the end of CVS operation was above

the predicted 1evel because the orbital heat input was higher than
expected.

Calculations b2sed on estimated temperatures indicate that the mass
vented during parking orbit was 1935 1bm and that the boiloff mass was
2242 1bm.

7.6 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR SECOND BURN

Repressurizatior of the LOX and LH2 tanks was satisfactorily accomplished
by the Op/H2 burner. Helium heater "ON" command was initiated at

8376.1 seconds. The LH2 repressurization control vaives were opened at
burner "ON" +6.1 seconds and the fuel tank was repressurized from 19.2 to
30.5 psia in 186 seconds. There were 25.9 1bm of cold helium used to
repressurize the LH2 tank. The LOX repressurization control vaives were
operad at iurner "ON" 45.3 seconds and the LOX tank was repressurized from
35.8 to 39.8 psia in 152 seconds. There were 4.7 1bm of helium used to
repressurize the LOX tank. LH and LOX ullage pressures are shown in
Figure 7-4. The burner continued to operate for a total of 454.9 seconds
providing nominal propellant settling forces. The performance of the
AS-509 02/H2 burner was satisfactory as shown in Figure 7-5.
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The S-1IVE LOX recirculation system satisfactorily provided conditioned
oxidizer to the J-2 engine for restart. The LOX and fuel pump inlet
conditions are plotted in the start and run boxes in Figure 7-6. At
second ESC, the LOX and fuel pump inlet temperatures were -294.9°F and
-419.6°F, respectively. Fuel recirculation system performance was
adequate and conditions at the pump inlet we.e satistactory at second
STDV open. Second burn fuel lead generally followed the predicted
pattern and resulted in satisfactory conditions as indicated by thrust
chamber temperature and the associated fuel injector temperature. Since
J-2 start system performance was nominal during coast and restart, no
helium recharge was required from the LOX ambient repressurization
system (bottle No. 2). The start tank performed satisfactorily during
second burn blowdown and recharge sequence. The engine start tank was
recharged properly and maintained sufficient pressure during coast. The
engine coatrol sphere first burn gas usage was as predicted; the ambient
helium spheres recharged the control sphere to a nominal level for
restart.
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The second burn start transient was satisfactory. The thrust buildup was
within the limits set by the engine manufacturer and was similar to the
thrust buildup or AS-506 through AS-508. The MRC valve was in the proper
full open (4.5 MR) position prior to the second start. The total impuise
from STDV open to STDV open +2.5 seconds was 188,600 1bf-s.

The helium control system performed satisfactorily during second burn
mainstage. There was little pressure decay during the burn due to the
connection to the stage repressurization system. An estimated 1.1 1bm
of helium was consumed during second burn.

7.7 S-IVB MAIKSTAGE PERFORMANCE FCR SECOND BURN

The propulsion reconstruction analysis showed that the stage performarce
during mainstage operation was satisfactory.

The second burntime was also shorter than predicted. This can be primarily
attributed to the higher than predicted S-IVB performance.

A comparison of predicted and actual performance of thrust, specific
impulse, total flowrate, and mivture ratio versus time is shown in
Figure 7-7. Table 7-2 shows the thrust, specific impulse, flowrates,
and MR deviations from the predicted at the STDV +200-second time slice.
This time slice performance is the standardized altitude performance
which is comparable to the first burn slice at STDV 4130 seconds. The
200-secorid time slice thrust for second burn was 1.57 percent higher
than predicted. Specific impulse performance for second bum was

0.14 percent higher than predicted. The higher performance during second
burn s attributed to the same reason as for first burn. The MRC valve
position measurement GO017-401 can only be used as a gross measurement.
This measurement during second burm, was erratic after returning to the
closed position. However, engine performince simulations do not sub-
stantiate any MRC valve movement.

7.8 S-IVB SHUTDOWNM TRANSIENT PERFORMANCE FOR SECOND BURN

S-1VB second ECO was initiated at 9263.24 seconds by a guidance velocity
cutoff coamand for a burntime of 350.8 seconds. The burntime was
5.5 seconds less than predicted.

The ECO transient was satisfactory. The total cutoff impulse to zero
thrust was 45,629 1bf-s, which was 1291 1bf-s lower than predictad.
Cutoff occurred with the MRC valve in the full clcsed (5.0 MR) position.

7.9 S-IVE STAGE PROPELLANT MANAGEMENT

This was the first S-IVB stage to use the pneumaticaliy operated two-
posicion mixture ratio control valve. Since this valve ic no longer
tied into the PU electronics assembly, the propellant management analysis
discussion contained herein will dea! only with propellant loading and
consumption.
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Table 7-2. S-IVB Steady-State Performance - Second Burn
(STDV +200-Second Time Slice at Standard Altitude Conditions)

PERCENT
FLIGHT DEVIATION
PARAMETER PREDICTED |RECONSTRUCTION | DEVIATION | FROM PREDICTED
Thrust,
1bf 198,627 201,738 M 1.566
Specific Impulse,
1bf-s/Tbm 426.5 427.1 0.6 0.141
LOX rlowrate,
Tbm/s 386.78 392.47 5.69 1.471
Fuel Flowrate,
1bm/s 78.95 79.85 0.90 1.139
Engine Mixture
Ratio,
LOX/Fuel 4.899 4.915 0.016 0.327

During the CDDT, a problem in the LOX loading system necessitated replace-
ment of the LOX tank PU probe assembly. The replacement probe functicned
in a normal manner during prelaunch activities and during flight
(reference paragraph 3.4.2).

A comparison of propellant mass values at critical flight events. as
determined by various analyses, is presented in Table 7-3. The best
estimate full load propellant masses were 0.34 percent greater for LOX
and 0.11 percent greater for LHp than prudicted values. This deviation
was well within the required loading accuracy.

Extrapolation of propellant level sensor data to depletion, using the
propellant flowrates, indicated that a LOX depletion would have occurred
approximately 13.3 seconds after secornd burn velocity cutoff.

During first burn, the MRC valve was positioned at closed position for
start and remained there, as programed, for the duration of the burn.

The MRC valve was commanded to the 4.5 MR position 119.3 ceconds prior
to second ESC. However, the MRC valve did not actually move until it
received engine pneumatics at ESC +0.5 second. The MRC valve took less
than 250 milliseconds to reach the open (4.5 MR) position.
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Table 7-3. S-IVB Stage Propellant Mass History

PREDICTED PU INDICATED | PU VOLUMETRIC | FLOW INTEGRAL | BEST ESTIMATE
(CORRECTED)

IVENT UNITS [ COX Ty | LOK Thy | LOX thy | LOK iz | LOX h2
S-1C Liftoff | ibm 189,837 | 43,500 | 189,884 | 43,531 190,884 | 43,726 189,555 | 43,488} 190,473] 43,546
E;;\?:iim bm 189,831 43,499 {189,884 | 43,531 190.884 | 43,726 189,555 | 43.488] 190,473] 43,504
a;:,s'”" 1bm 135,583 | 32.413 | 136,375 | 32,483 | 137,090 | 32.588| 135,989 ] 32.557] 136.815] 32,605
f;m;’;‘”“ Tom 135,346 | 30,101 | 136,145 | 30,422 136,660 | 30,587] 135,753} 30,315| 136,561} 20,428
25@32? SR om 4,791| 2,353 5,664 2,658| 5,674 2,666 5,742 2.‘6481 5,812| 2,672

At second ESC +145.5 seconds, the valve was commanded to the closed posi-
tion (approximately 5.0 MR) and remained tnere throughout the remainder
of the flight.

7.10 S-IVB PRESSURIZATION SYSTEM
7.10.1 S-1IVB Fuel Pressurization System

The LH2 pressurization system met all of its operat.onal requirements.
The LH2 pressurization system indicated acceptable performance during
prepressurization, boost, first burn, coast phase, and second burn.

The LHp tank prepressurization command was received at -96.6 seconds and
the tank pressurized signal was received i2.8 seconds later. Following
the termination of prepressurization, the ullage pressure reached relief
conditions, approximately 31.6 psia, and remained at that level until
liftoff, as shown in Figure 7-8. A small ullage collapse occurred during
the first 25 seconds of boost. The ullage pressure returned to the relief
level by 70 seconds due to self pressurization.

During first burn, the average pressurization flowrate was approximately
0.70 1bm/s providing a total flow of 96.4 1bm. All during the burn the
ullage pressure was at the relief level, as predicted.

"he LHp tank was satisfactorily repressurized for restart by the 03/Hp
burner. The LH? ullage pressure was 31.0 psia at second burn ESC, as
shown in Figure 7-8. The average second burn pressurization flowrate
was 0.71 1bm/s until step pressurization when it increased to 1.38 lbm/s.
This provided a total flow of 300.9 1bm during second burn. Significant
venting during second burn occurred at second ESC +280 seconds when step
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pressurization was initiated. This behavior was as predicted. The LHj
ullage pressure during the second burn ECO and translunar coast is shown
in Figure 7-9. The delayed third programed vent cycle is discussed in

paragraph 7.13.1.

The LH2 pump inlet Net Positive Suction Pressure (NPSP) was calculated

from the pump interface temperature and total pressure. These values
indicated that the NPSP a% first burn ESC was 15.9 psi. At the minimum
point, the NPSP was 7.5 psi above the required value. Throughout the burn,
the NPSP had satisfactory agreement with the predicted values. The NPSP

at second burn ESC was 5.7 psi which was 1.2 psi above the required value.
Figures 7-10 and 7-11 summarize the fuel pump inlet conditions for first

and second burns.
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7.10.2 S-1VB LOX Pressurization System

LOX tank prepressurization was initiated at -16/ seconds and increased

the LOX tank ullage pressure from ambient to 40.2 psia within 23 seconds
as shown in Figure 7-12. Five makup cycles were required to maintain

the LOX tank ullage pressure before the ullage temperature stabilized.

At -96 seconds the LOX tank ullage pressure increased from 39.5 to

40.4 psia due to fuel tank prepressurization. The pressure then gradually
increased to 42 psia at liftoff.

During boost there was a normal rate of ullage pressure decay caused by
an acceleration effect and ullage collapse. No makeup cycles occurred
because of an inhibit until after Time Base 4 (T4). LOX tank ullage
pressure was 37.C psia just prior to ESC ard was increasing at ESC due

to a makeup cycle.

S-1VB FIRST ENGINE START COMMAND
S-1VB VELOCITY CUTOFF COMMAND

%LOX TANK PREPRESSURIZATION INITIATED
& CRYOGENIC REPRESSURIZATION INITIATED

S0

© ACTUALl +30
l&J =~ _\s ] - i‘— ’ u:
=2 P -~ [~ 4
a “kil- L / a
.&J - S _.._’ vy
n- 30 dhm E
S EXPECTED BAND -
3 g
E =

=
S 20 >
- (=)

e |

.blo
10 A
-1 0 ] 3 5 7 9
v RANGE- TIME, 1000 SECONDS
¥ | I A4
0:00:00 1:00:00 2:00:00

RANGE TIME, HOURS:MINUTES:SECONDS

Figure 7-12. S-IVB LOX Tank Ullage Pressure - First Burn and Earth
Parking Orbit

7-17



During first turn, five over-control cycles were initiated including the
programed over-control cycle initiated prior to ESC. The LOX tank pres-
surization flowrate variation was 0.24 to 0.29 1bm/s during under-control
system operation. This variation is normal and is caused by temperature
effects. Heat exchanger performance during first burn was satisfactory.

During orbital coast the LOX tank ullage pressure experienced a decay
similar to that experienced on the AS-507 flight. This decay was within
the predicted band, end was not a problem.

Repressurization of the LOX tank prior to second burn was required and
was satisfactorily accomplished by the burner. The tank ullage pressure
was 39.8 psia at second ESC and satisfied the engine start requirements.

Pressurization system performance during second burn was satisfactory.
There was one over-control cycle as compared to a predicted of from zero

to one. Helium flowrate varied between 0.31 to 0.39 1bm/s. Heat exchanger
performance was satisfactory.

The LOX NPSP calculated at the interface was 27.2 psi at first burn ESC.
The NPSP decreased after start and reached a minimum value of 24.2 psi
at i second after ESC. This was 11.4 psi above the required NPSP at
that time. The LOX pump static interface pressure during first burn
followed the cyclic trends of the LOX tank uvllage pressure.

The NPSP calculated at the engine interface was 22.5 psi at second burn
ESC. At all times during second burn, NPSP was above the required level.
Figures 7-13 and 7-14 summarize the LOX pump conditions for first and
second burns, respectively. The run reguirements for first and second
burns were satisfactorily met.

The cold helium supply was adequate to meet all flight requirements.
At first burn ESC the cold helium spheres contained 382 1bm of helium.
At the end of second burn, the helium mass had decreased to 161 1bm.
Figure 7-15 shows helium supply pressure history.

7.11 S-IVB PNEUMATIC CONTROL PRESSURE SYSTEM

The pneumatic control and purge system performed satisfactiorily during
all phases of the mission. The new series redundant regulation system,
which replaced the old pneumatic power control module, performed satis-
factorily with the regulator dischage nressure remaining in the center

of the 470 +12 psid band. The dynamic response of the new regulator

was superior to the previous regulator, with regulatcr discharge pressure
decrease transients occurring only at the prevalves close command (maxi-
mum flow periods).
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7.12 S-IVB AUXILIARY PROPULSION SYSTEM

The APS pressurization systems demonstrated nominal performance throughout
the flight with the exception of a helium leak in Module No. 1. The leak
started at approximately § hours and continued until approximately 7 hours
as shown i Figure 7-16. The average leak rate was about 70 SCIM during
this 2 hour period. The total helium leakage was approximately 0.05 1bm
which is 5 percent of the quantity loaded. Figure 7-16 shows the helium
bottle masses and temperatures for Module No. 1 and 2. As in flights
AS-504 and AS-505 when helium leaks were observed, the leak occurred in
the cold module wher the helium bottle <emperature began to decrease.

The leak rate for this flight was less than those previously experienced.
AS-504 had a leak rate of approximately 235 SCIM while AS-505 had a leak
rate of 180 SCIM. The allowable helium leak at liftoff is 60 psi/hr

which is equivalent to a 63 SCIM leakage. As in the AS-504 and AS-505
flights there is no way of determining where in the system the leak is
occurring. The magnitude and duration of this leak was not large enough
to present any problems.

Module No. 1 regulated outlet pressure was maintained between 192 and
201 psia and Module No. 2 regulated outlet pressure between 192 and
198 psia.

The APS ullage pressures in the propelliant uilage tank. ranged from
187 to 197 psia.

The oxidizer and fuel supply systems performed as expected during the
flight. The propellant temperatures measured in the propellani control
modules ranged from 538 to 563°F. The APS propellant usage was as
expected. Table 7-4 presents the APS propellant usage during specific
portions of the mission.

The performance of the attitude control thrusters and the ullage thrusters
was satisfactory throughout the mission. The thruster chamber pressures
ranged from 95 to 103 psia. The ullage thrusters successfully completed
the three sequenced burns of 86.7 seconds, 76.7 seconds and 80.0 seconds
as well as the ground commanded 252-second lunar impact burn. The

passive thermal control maneuver was successfully initiated at 42,086 sec-
onds (11:41:26).

7.13 S-1VB ORBITAL SAFING OPERATIONS
The S-IVE high pressure systems were safed following J-2 engine cutoff.
The thrust developed during the LOX dump was utilized to provide a

velocity change for the lunar impact maneuver. The manner and sequence
in which the safing was performed is presented in Figure 7-17.
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Figure 7-16. APS Helium Bottle Conditions (Sheet 2 of 2)

7.13.1 Fuel Tank Safing

The LH2 tank was satisfactorily safed by utilizing both the Nonpropulsive
Vent (NPV) and the CVS, as indicated in Figure 7-17. The LH2 tank ullage
pressure during safing is shown in Figure 7-9. At second ECO, the LH»
tank ullage pressure was 32.6 psia and after two programed vent cycles
had decayed to 6.8 psia. Due to extended docking operations, the third
programed vent cycle was delayed by 630C seconds, permitting the ullage
pressure to increase to the relief level, 32.2 psia, at 20,840 seconds
(05:47:20), as shown in Figure 7-9. After approximately 2000 seconds

of relief venting, the third vent cycle was initiated and the ullage
pressure decayed to O psia at 27,000 seconds (07:30:00).

7.13.2 LOX Tank Dumping and Safing
Immediately foliowing second burn cutoff, a programed 150-second vent

reduced LOX tank ullage pressure from 39.8 psia to 18.0 psia, as shown
in Figure 7-18. Approximately 70 1bm of helium and 125 1bm of GOX were
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Table 7 4. S-IVB APS Propellant Consumption

MODULE AT POSITION I

MODULE AT POSITION III

TIME PERIOD OXIDIZER, FUEL. | OXIDIZER, FUEL,
LBM LBM LBM LBM
Initial Load 204.2 125.9 | 204.2 125.9
First Burn 0.7 0.5 0.7 0.5
(Roli Control)
ECY to End of First APS 13.4 10.4 13.4 10.4
Ullage Burn
End of First Ullage Burn to 10.4 3.9 6.9 2.6
I Start of Secend Ullage Burn

Second Ullage Burn 9.5 7.7 10.8 8.7
Second Burn 1.3 0.9 1.3 0.9
(Ro11 Controi)
ECO to 20,694 sec 15.6 9.4 15.7 9.6
From 20,694 to 23,572 <ec 18.9 12.8 18.9 13.8
This ircludes Evasive Ullage
Burn and LOX Dump
From 23,572 sec to Start 9.3 5.8 9.7 6.1
of Lunar lmpact Burn
Lunar Impact 31.0 25.7 3.4 27.8
Ullage Burn
End of Lunar Impact Burn 13.2 8.2 10.5 6.6
to 41,971 sec
Totz1 Usage 123.7 86.3 | 122.3 87.0

vented overboard. As indicatec in Figure 7-18 the ullage pressure then
rose graduaily, due to self-pressurization, to 23.2 psia at the initia-

tion of the Transposition, Docking and Ejection (TD&E) maneuver.

The LOX tank dump was initiated at 23,120.5 seconds (06:25:20.5) and

was satisfactorily accomplished.
was reached within 13 seconds.
The (OX residual at the start of dump was 5452 1bm.
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Figure 7-17. S-IVB LOX Dump and Orbital Safing Sequence

that 2542 1bm of LOX was dumped. During dump, the ullage pressure
decreased from 24.2 to 23.6 psia. LOX dump ended at 23,168.5 seconds
(06:26:08.5) as scheduled by closure of the Main Oxidizer Valve (MOV).

A steady-state LOX dump thrust of 700 1bf was attained. The total

impulse before MOV closure was 32,200 1bf-s, resulting in a calculated
velocity change of 28.0 ft/s. Figure 7-19 shows the LOX dump thrust,

LOX flowrate, oxidizer mass, and LOX ullage pressure during LOX dump.

The predicted curves presented for the LOX flowrate and dump thrust
correspond with the quantity of LOX dumped and the actual ullage pressure.

Seventy-two seconds following termination of LOX dump, the LOX NPV valve
was opened and remained open for the duration of the mission. LOX tank
ullage pressure decayed from 23.6 psia at 23,241 seconds (06:27:20) to
zero pressure at approximately -37,000 seconds (10:16:40), as shown in
Figure 7-18.

Sufficient impulse was derived from the LOX dump, LH2 CVS operation,
and APS ullage burn to achieve a successful lunar impact. For further
discussion of the lunar impact refer to Section 17.

7.73.3 Cold Helium Dump

A total of approximately 156 1bm of helium was dumped during the three
programec dumps, which occurred as shown in Figure 7-17.
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Figure 7-19. S-IVB LOX Dump Parameter Histories

7.13.4 Ambient Helium Dump
The two LOX ambient repressurization spheres were dumped through the LOX

ambient repress control module into the LOX tank NPV system for 40 seconds.
During this dump the pressure decayed from 2880 psia to 1230 psia.
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During the Ltio anbient repressurization helium dump approximately 42.0 1bm
of helium in LOX repressurization sphere No. 1 and the LHp repressuri-
zation spheres was dumped via the fuel tank. The 62-second dump began

at 12.864 seconds (03:34:24). The pressure decayed from 2950 psia to

320 psia.

7.13.5 Stage Pneumatic Control Sphere Safing

The stage pneumatic control spnere and LOX repressurization sphere No. 2
were safed by initiating the J-2 engine pump purge and flowing helium
through the engine pump seal cavities for 3600 seconds. This activity
began at 21,841 seconds (06:04:01) and satisfactorily reduced the pressure
in the spheres from 2020 psia to 1150 psia.

7.13.6 Engine Start Tank Safing

The engine start tank was safed during a period of approximately 150 sec-
onds beginning at 12,864 seconds (03:34:24). Safing was accomplished by
opening the tank vent valve. Pressure was decreased from 1245 psia to

20 psia with 3.7 1bm of hydrogen being vented.

7.13.7 Engine Control Sphere Safing

The safing of the engine control sphere began at 23,120 seconds (06:25:20).
The helium control solenoid was energized to vent helium through the engine
purge system. The initial pressure in the sphere was approximately 3400
psia. At this time gaseous helium from the ambient repressurization
spheres began flowing to the engine control spnere. Helium from the
control sphere and repressurization spheres continued to vent until

24,170 seconds (06:42:50). During this time, the pressure in the repres-
surization spheres had decayed from about 650 to 125 psia. The control
sphere pressure had decayed to 110 psia. Subsequent to the closing of

the control solenoid, the control spnere repressurized to 160 psia withouc
any noticeable decay in stage ambient repressurization sphere pressure.
During the safing period, a total of 13.6 1bm of helium was vented over-
board.

7.14 HYDRAULIC SYSTEN
The S-IVB hydrauiic system performance was satisfactory during the entire

mission (S-IC/S-11 boost, first and second burns of S-IVB, and orbital
coast).
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SECTION 8
STRUCTURES

8.1  SUMMARY

The structural loads experienced during the S-IC boost phase were well
below design values. The maximum bending moment was 116 x 106 1bf-in
at the S-IC LOX tank (45 percent of the design value). Thrust cutoff
transients experienced by AS-509 were similar to those of previous
flights. The maximum Jongitudinal dynamic responses at the Instrument
Unit (IU) were $0.25 g and +0.35 g at S-IC Center Engine Cutoff (CECO)
and Outboard Engine Cutoff (OECO), respectively. The magnitudes of the
thrust cutoff responses are considered normal.

During S-IC stage boost, 4 to 5 hertz oscillations were detected beginning
at approximately 100 seconds. The maximum amplitude measured at the IU
was +0.06 g. Oscillations in the 4 to 5 hertz range have been observed

on previous flights and are considered to be normal vehicle response to
flight environment. POGO did not occur during S-IC boost.

The S-II stage center engine LOX feedline accumulator successfully in-
hibited the 14 to 16 hertz POGO oscillations experienced on previous
flights. A peak response of t0.6 g was measured on engine No. 5 gimbal
pad during steady-state engine operation. As on previous flights, low
amplitude 11 hertz oscillations were experienced near the end of S-II
burn. Peak engine No. 1 gimbal pad response was #0.16 g. P0S0 did not
occur during S-II boost. The POGO 1imiting backup cutoff system per-
formed satisfactorily during prelaunch and flight operations. The system
did not produce any discrete outputs.

The structural loads experienced during the S-IVB stage burns were well
below design values. During first burn the S-IVB experienced low ampli-
tude, 16 to 20 hertz oscillations. The amplitudes measured on the gimbal
block were comparable to previous flights and well within the expected
range of values. Similarly, S-IVB second burn produced intermittent low
amplitude oscillations in the 12 to 14 hertz frequency range which peaked
near second burn cutoff.
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8.2 TOTAL VEHICLE STRUCTURES EVALUATION
8.2.1 Longitudinal Loads

The structural loads experienced during boost were well within design
values. The AS-509 vehicle 1iftoff occurred at a steady-state accel-
eration of 1.2 g. Maximum Tongitudinal dynamic response measured during
thrust buildup and release was $0.25 g in thke IU (Figure 8-1) and

$0.50 g at the Command Module (CM). Comparable values have been seen

on previous flights.

The longitudinal loads experienced at the time of maximum bending moment
(76 seconds) were as expected and are shown in Figure 8-2. The steady-
state longitudinal acceleration was 1.9 g as compared to 1.9 g and 2.0 g
on AS-508 and AS-507, respectively.

Figure 8-2 also shows that the maximum longitudinal loads imposed on the
S-IC stage thrust structure, fuel tank, and intertank area occurred at
S-IC CECO (135 seconds) at a longitudinal acceleration of 3.5 g. The
maximum longitudinal loads imposed on all vehicle structure above the
S-IC intertank area occurred at S-IC OECO (164 seconds) at an acceleration
of 3.8 g.

8.2.2 Bending Momerts

Lateral response of the vehicle at 1iftoff was comparable to those seen
on previous flights. The maximum response level seen at the CM was
approximately $+0.16 g (0.111 Grms) as compared to the AS-508 maximum
of $+0.17 g (0.118 Grms). The +0.16 g was 25 percent of the predicted
3-sigma value of +0.64 g. ‘

The inflight winds that existed during the maximum dynamic pressure pnase
of the flight peaked at 102.6 knots at 43,720 feet altitude. As shown

3
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Figure 8-1. Longitudinal Acceleration at IU During Thrust Buildup
and Launch
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Figure 8-2. Longitudinal Load at Time of Maximum Bending Moment,
CECO and OECO

in Figure 8-3, the maximum bending moment imposed on the vehicle was
116 x 106 1bf-in at an altitude of 33,465 feet. This moment loading
is approximately 45 percent of the design value.

8.2.3 Vehicle Dynamic Characteristics
8.2.3.1 Longitudinal Dynamic Characteristics

During S-IC stage boost, the significant vehicle response was the ex-
pected 4 to 5 hertz first longitudinal mode response. The low amplitude
oscillations began at approximately 100 seconds and continued until S-IC
CECO. The peak amplitude measured in the IU was +0.06 g as compared to
+0.04 g and +0.07 g on AS-508 and AS-507, respectively. The AS-509

IU response during S-IC burn is compared with previous flight data in
Figure 8-4. Spectral analysis of engine chamber pressure measurements
shows no detectable buildup of structural/propulsion coupled oscillations.
POGO did not occur during S-IC boost.
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Figure 8-3. Bending Moment Distribution at Time of
Maximum Bending Moment

The AS-509 S-IC CECO and OECO transient responses (Figure 8-5) were
similar to those of previous flights. The maximum longitudinal dynamics
at the IU resulting from S-IC CECO and OECO were +0.25 g and #0.35 g,
respectively. Corresponding values on AS-508 were $0.20 g at CECO and
+0.28 g at OECO.

The S-II 14 to 16 hertz POGO oscillations encountered on AS-508 were not
observed on AS-509. The AS-509 vehicle incorporated a center engine
accumulator in the LOX feedline of the S-1I stage to inhibit such
oscillations by "de-tuning" or uncoupling the structural and propulsion
responses. Figure 8-6 shows a comparison between the AS-508 levels and
the responses seen on AS-509. The peak gimbal pad response of approxi-
mately +33.7 g (reconstructed value) on AS-508 compares to a peak response
of 0.6 g on AS-509. The #0.6 g level is typical of the maximum response
throughout the steady-state regime when the center engine was opera-
tional. The effectiveness of the accumulatcr system in suppressing the
POGO oscillations generally exceeded expectation-.

The purpose of the accumulator is to reduce the fundamental feedline

frequency from about 26 hertz to about 3.5 to 4.0 hertz. This is to
uncouple the feedline response from the fundamental crossbeam response
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Figure 8-4. IU Accelerometer Response During S-IC Burn

at 16 hertz. Details of accumulator operation can be found in para-

graph 6.9. The response of the center engine gimbal pad during accumu-
lator fill was about +0.8 g as shown in Figure 8-7, well within the
expected value. During the fili of the accumulator, the center engine

LOX inlet pressure underwent a buildup that was sustained for a short

time interval. This buildup to a maximum of about 44 psi peak-to-peak
with a frequency of about 65 hertz is shown in Figure 8-7. This

phenomena was expected since it had been noted on severa. static firings.
The static firing of S-1I-15 displayed a similar trend with a pressure
buildup of about 37 psi peak-to-peak with a frequency content of about 80
hertz. Evidence of the 65 to 80 hertz frequency can be seen in the

center engine gimbal pad at a very low amplitude of less than #0.5 g.

This low level shows that there is no strong coupling between the pressure
pulses at the pump and structural response; likewise, there is no evidence
that these phenomena contributed to any engine performance degradation.

Near the end of S-II burn, AS-509 experienced the 11 hertz low amplitude
oscillations that have occurred on all previous flights. The peak
response at engine No. 1 gimbal pad was #0.16 g for AS-509 compared to
+0.17 g on AS-508. A similar comparison of other parameters shows that
the AS-509 levels were consistent with those ncted on previous flights.
A summary of the engine No. 1 gimbal pad responses for all flights is
shown in Table 8-1.

8-5



5]
I |
g RAVAVAVAVAVAVAN VAV VeV eV
w 2
]
g
0
134 135 136 137 138

RANGE TIME, SECONDS

X

DATA DROP OUT —

ACCELERATION, g
— ~N
3

0 N ~———

-1

1
164 165 166 167 168
RANGE TIME, SECONDS
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A flight crew report of a iow amplitude "POGO type" oscillation was made
at 520 seconds. The (I longitudinal responses in the 518 to 521-second
time period, when the report was made, had an amplitude of less than
+0.7 g at 9 to 9.5 hertz. During the period of maximum S-II 11 hertz
oscillations (541 to 543 seconds? the CM longitudinal responses remained
below +0.1 g at 10.5 hertz. The Tow level CM responses are considered
to be related to two different structural modes. At the time of the
crew report (520 seconds), the CM was responding to a fundamental CM
mode. This 9 to 9.5 hertz response is considered to be the normal
forced CM response to noise content in the outboard engines. The CM
response during the 11 hertz oscillation period (541 to 543 seconds)
occurred in the second longitudinal vehicle mode at 10.5 to 11.5 hertz.

Since there were no S-II POGO oscillations present on AS-509 to mask

other responses, it has been possible to identify certain modal trends
in the data which had been unclear in previous flights. One such trend
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Table 8-1. S-II Engine No. 1 Peak Response Summary for Post CECO 11
Hertz Oscillations (8 to 14 Hertz Bandpass Filter)
TENGE ACCELERATION TOX LLVELS
TIME AT PEAK LOX LEVEL AT PEAK | AT 1/3 AMPLITUDE
AMPL I TUDE PEAK FREQUENCY AMPL I TUDE INCHES OF LOX
FLIGHT (SECONDS)  |AMPLITUDE ()]  (HZ) _(INCHES OF LOX) “éTIﬁT | ST%P
501 NO MEASUREMENT OF ACCELERATION
/// //// / /77/7 / 777/, 7/ 177 / /7 ///
i %,ggg//%/};/y///ﬂa%////ﬂ 5
I A% R % 5 |
504 535 0.18 1.6 8 14 6
505 545 0.22 1.0 16 23 14
506 NO LOW FREQUENCY OSCILLATION INSTRUMENTATION
507 545 0.09 1.4 15 27 12
508 587 0.17 1.1 19 27 9
509 582 0.16 11.0 26 32 18

72

DATA QUESTIONABLE
AS-502 - 2 ENGINES OUT
AS-502 & AS-503 - LARGE
ATTENUATION AT 11 HZ ON
€7 ACCELERATION




LNX NPSP, psi

which is considered sigrificant is the probable definition of the funda-
mental mode of the outboard LOX feedline. Figure 8-8 shows a contourgram
of the amplitude/freauency density of the engine No. 1 LOX pump inlet
pressure. The solid line has been sketched on top of the contour to
indicate the frequenc’ time history trend of the outboard LOX line. Sonsi-
tivity of the line frequency to NPSP and EMR can be inferred by comparing
the trends of NPSP with the suggested fundamental feedline freguency
(Figure 8-8).

During S-IVB first bura, low frequency (16 to 20 hertz) longitudinal
oscillations similar to those observed on previous flights were again
evident on AS-509. The AS-509 amplitudes (+0.06 g at gimbal block) ware
well below the maximum measured cn AS-505 (+0.3 g) and within the expected
range of values.

The S-1VB second burn produced intermittent, low level, 10 to 14 hertz
oscillations similar to those experienced on all previous flights. The
oscillations, corresponding to the first longitudinal mode, began approxi-
mately 100 seconds prior to second cutoff. The oscillations peaked 10 to
40 seconds prior to cutoff with approximately +0.06 g seen at the gimbal
pad. This compares to a +0.07 g level measured on AS-508.

There was no significant change in vibration levels at around 2 minutes
intu second burn when the flight crew reported a "buzzing" wnich continued
until engine cutoff. Engine mixture ratio shift occurred about 2.5 minutes

5-11 CECO
S-11 £
¥ s-11 0ECO

3¢ i
W | AVBILAELE NPSP

3C1

FRENUENCY, Hz

RANGE TIME, SECONDS

figure 8-8, S-II Engine No. 1 LOX Pump Inlet Pressure Contourgram/NPSP
Comparison
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into second burn and resulted in increased acceleration but no signifi-
cant change in vibyation. This is not the nonpropuisive venting »roblem
experienced on AS-305.

8.3 POGO LIMITING BACKUP CUTOFF SYSTEM

AS-509 incorporated a vibration limit monitor system which would provide
for automatic engine shutdown if response levels exceeded predetermined
levels.

The backup cutoff system consists of three sensors, a two-out-of-three
voting logic, and an engine rutoff arming function. Cach sensor con-
sists of an accelerometer, filter, noise rejector, limit detector and
solid-state output switch. Each sensor provides three cutputs: an analog
signal proportioral to the filtered acceleration oscillation; a discrete
40 millisecond pulse which is current limited, and a discrete 40 millisecond
pulse that is not current limited. The analog signal and current limited
pulse are used as inputs to the *elemetry system. The unlimited pulse is
used to energize a relay in the voting logic. The voting circuit pre ts
a single circuit malfunction from providing an inadvertent engine cut

The arming function prevents engine cutoff until normal structural dynamic
vibrations due to separation and engine start have been attenuated.

The backup cutoff system did not produce discrete outputs during prelaunch
or flight operations. The analog outputs from each sensor were 2.8 g
neak during S-II engine start with the sinusoidal phase angle difference
petween the three units being less than +12 degrees. The coincidence
between discrete outputs would have been within +2 milliseconds if the
beam vibration had exceeded the preset limit of 13.6 +1 g peak.

The G switch performance is depicted in Figure 8-9. This is an overlay
of the response of the three G switches following engine start. The
amplitude and phase correlation between the three measurements was less
than 0.1 g in amplitude and 12 degrees in phase.
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SECTION 9
GUIDANCE AND NAVIGATION

9.1 SUMMARY

9.1.1 Performance of the Guidance and Navigation System as Imple-
mented ir the Flight Program

The guidance and navigation system performed satisfactorily in the
accomplishment of all mission objectives.

9.1.2 Guidance and Navigation System Ccimponents

The ST-124M-3 inertial platform, the Launch Vehicle Data Adapter (LVDA),
and the Launch Vehicle Digital Computer (LVDC) performance was satis-
factory. LVDA telemetry, however, indicated one hardware measurement
failure. The LVDA internal hardware monitor of the switch selector
register driver status did not indicate the correct state of the bit 5
driver. This is a measurement for telemetry only: performance of the
driver and all associated switch selector functions was unaffected and
satisfactory.

9.2 GUIDANCE COMPARISONS

The postflight auidance error analysis was based on comparisons of the
ST-124M-3 platform system measured velocities with the final postflight
trajectory established from external tracking data (see paragraph 4.2).
Velocity differences for boost-to-Earth Parking Orbit (EPO) are shown

in Figure 9-1. A positive difference indicates trajectory data greater
than the platform system measurement. The velocity differences at first
S-IVB Engine Cutoff (ECO) were 0.30 m/s (0.98 ft/s), -2.09 m/s

(-6.86 ft/s), and -0.82 m/s (-2.69 ft/s) for vertical, crossrange, and
downrange velocities, respectively. These differences are relatively
small and well within the accuracy of the data compared and the expected
hardware errors. Telemetry indicated no velocity shift as seen on
AS-508 during the AS-509 thrust buildup and liftoff.
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Figure 9-1. Trajectory and ST-124M-3 Platform Velocity Comparison
Boost-to-EPQ (Trajectory Minus Guidance)

The platform velocity comparisons for the second S-IVB burn mode are
shown in Figure 9-2. The curves represent the differences in velocity
accumulated from Time Base 6 (Tg) initiation. The crossrange velocity
differences are consistent with the boost-to-parking orbit dati. The
vertical and downrange velocity differences are not compatible with the
boost-to-parking orbit data and/or hardware errors. The second burn
trajectory was constructed by constraining the telemetered platform
velocity measurements to parking orbit and translunar orbit solutions.
The in-plane velocity differences indicate some inconsistency between
the two orbit solutions. Since both the vertical and downrange
differences have built up to about 1 m/s (3 ft/s) at ignition, the
trajectory state vector at ignition for the Translunar Injection (TLI)
solution appears more accurate than the EPO solution.

Platform velocity measurements at significant event times are shown in
Table 9-1 along with corresponding values from both the postflight and
Operational Trajectories (0T). The differences between the telemetered

and postflight trajectory data reflect some combination of small guidance
hardware errors and tracking errors. The differences between the
telemetered and 0T values reflect off-nominal performance and environmental
conditions. The values shown for the second S-IVB burn mode represent
component velocity changes from Tg. The characteristic velocity
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Figure 9-2. Trajectory and ST-124M-3 Platform Velocity Comparison
at S-1VB Second Burn (Trajectory Minus Guidance)

determined from the platform measured velocities during second burn was
close to nominal. At TLI, the guidance characteristic velocity was 0.05
m/s (0.16 ft/s) higher than the postflight trajectory and J.17 m/s

(0.56 ft/s) lower than the OT. However, the measured velocity increase
between cutoff signal and TLI was 0.44 m/s (1.44 ft/s) higher than the
0T. The velocity increase after first S-IVB cutoff was also higher

than the OT by 0.16 m/s (0.52 ft/s).

Comparisons of navigation (PACSS 13 Coordinate System) positions,
velocities, and flight path angle are shown for significant flight
event times in Table 9-2. Position and velocity component differences
between LVDC and OT values reflect off-nominal flight environment and
vehicle performance. Velocity cutoff was given with only -0.02 m/s
(-0.07 ft/s) deviation. At first guidance cutoff signal, the LVDC
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Table 9-1.

Inertial Platform Velocity Comparisons

(PACSS 12 Coordinate System)

T

EVENT DATA SOURCE VELOCITY - M/S (FT/S)
VERTICAL CROSSRANGE DOWN RANGE
(%) (v (2)
Guidance (LVDC) 2617.80 2.75 2216.20
(8588.58) (9.02) (7271.00)
S-IC Postflight Trajectory 2617.98 2.34 2215.63
(8589.17) (7.68) (7269.13)
0ECO
Operational Trajectory 2622.71 -1.44 2212.61
(8604.27) (-4.73) (7258.09)
Guidance (LVDC) 3466.65 -6.40 6825.15
(11,373.52) (-21.00) (22,392.22)
S-11 Postflight Trajectory 3467.20 -8.59 6824.57
(11,375.33) (-28.18) (22,390.32)
0ECO
Operational Trajectory 3475.09 -4.33 6818.74
(1,s01.21) (-14.21) (22,371.19)
Guidance (LVDC) 3229.02 -1.90 7603.04
{10,593.90) (-6.23) (24,944.36)
S-1vB Pestflight Trajectory 3229.32 -3.99 7602.22
FIRST ECO (10,594.88) (-13.09) (24,941.67)
Operational Trajectory 3234.54 -2.22 7602.36
(10,612.01) (-7.61) (24,942.13)
Guidance (LVDC) 3228.25 -1.90 7604.65
(10,591.37) (-6.23) {24,949.64)
PARKING ORBIT Postflight Trajectory 3328.73 -3.94 7603.94
INSERTION (10,592.95) (-12.93) (24,947.31)
Operational Trajectory 3233.91 -2.31 7603.85
(10,609.94) (-7.58) (24,947.01)
Guidance (LVDC) 2662.07 77.70 -1670.41
(8733.83) (254.92) (-5480.35)
S-1ve Postflight Trajectory 2661 .31 72.90 -1671.23
SECOND £CO* (8731.33) (233.17) (-5483.04)
Operational Trajectory 2659.77 77.69 -1675.30
(8726.27) (254.88) (-5496.40)
Guidance (LVDC) 2665.55 77.90 -1671.90
(8745.24) (255.58) (-5485.24)
TRANSLUNAR Postflight Traiectory 2664.02 75.01 -1672.59
INJECTION * (8740.22) (239.53) (-5487.50)
Operational Trajectory 2662.81 77.85 -1676.60
(8736.25) (255.40) (-5500.67)

*Values represent velocity change from Time Base 6.
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Table 9-2. Guidance Comparisons (PACSS 13)
POSTTIONS VELOCTTIES FLIGHT PATH
DATA METERS (FT) M/S (FT/S) ANGLE (DEG)
EVENT SOURCE n T .
X Y 1 R X, Y, 1, v, Y
Gui dance 6,438,364.6 35,900.5 163,667.3 6,440,545 1 850.17 99.55 2597.91 2735 23| t3.a7
{LvDC) (21,123,283.4) | (117.783.8) (536,966.2) | (21,130,397.3) (2789.27) (313.88) (8523.33) | (seralis
$-1¢ Postflight 6,438,311.2 35,8992 163,614.6 6,440,489.9 850.42 99.21 2557.32 273851 g et
9€CO Trajectory | (21,123,068.2) [ (117,779.5) (53,793.3) | (21,130,216.2) (2750.09) (312.37) (8521.39) | (&372.37
Operational 6,437,910.7 35,621.2 164,033.7 6,440,098.6 845.18 95.82 2593 .86 2729.75) 1950
Trajectory {21,121,754.2) (116,867.3) (538,168.1) (21,128,932.3) (2773.G3) . 313.08) \8511.16) {895c .33}
Guidance 6,278,525.2 67,951.5 1,901,747.2 6,560,574.6 -1952.14 65.23 6703.01 t362. e Coodd
{Lvoc) (20,598,836.0) | (222,938.0)] (6,239,328.1) | (21,524,194.9) | (-6408.66) (218.17) (21,993.47) | (22,908 +:
§-11 Postflight 6.278,632.6 67,467.3)  1,901,501.5 6,560,601 .1 -1951.60 63.19 6763.09 el .| oot
0ECO Trajectory | (20,599,188.3) | (221.349.8)| (6,238,522.0) | (21,524,281 .8) | (-s402.89) (20732} (21,991.77) | (22.705.54)
Operations} 6,282,761.6 67,618.1 1,884,926.3 6,559,772.2 -1927.04 67.93 6704.47 6976.24 3.67
Trajectory | (20,612,734.7) | (221,834.0)| (6,184.181.5) | (21,521.562.3) | (-6322.66) (222.85) (21.996.73) | (22,388.36)
Guldance 5,901,671.6 76,585.4]  2,870,880.3 6,563,348 7 380885 57 0F 700591 7791.82]-0. 7,38
(Lvoe) (19,362,439.6) | (251,264.4)| {9,418,898.6) | (21,533,296.3) |(-11,183.89) (187.20) (22,985.27) | (25,562.4 ")
s-1ve Postflight 5,901,855.5 75,818.9]  2,870,560.8 6,563,365.5 -3408.58 55.25 700519 7790.65|-9. 51437
First ECO | Trajectory | (19,363,043.0) [ (248,749.7){ (9,417,850.4) | (21,533,351.4) |(-11,183.01) (181.27) (22,962.91) | (25,559.88)
Operationa) 5,896,982.2 76,650.8 2,880,434.8 6,563,320.6 -3429.31 56.94 7000. 34 7791.44 J.00
Trajectory {19,347,054,2) (251,479.1) | (9,450,245.2) (21,533,204.0) |(-11,221.48) (186.82) (22,967.20) |(25,3€2.45)
Guidance 5,867.147.9 17,1514  2,040,772.3 5,553,386.6 .3892.65 36.15 696650 7793.1%]-C.0un75
(Lvoe) (19.249,172.9) | (253.121.4)] (9.648,203.1) | (21,533,289.4) |(-11,858.83) (184.22) (22.855.97) | (25,%8.21)
Parking Postflioht 5,867,349.8 76,367.4]  2,940,424.6 6,563,362.6 3492 .16 54.35 696595 7792.47}-0.00304
orbit Trajectory | (19,249,835.3) | (250,549.2)| (9,647,062.3) | (21,533,341.9) |(-11.457.22) (178.31} (22.854.17) | (25,565.85)
Insertion | ,o0rational 5,862,358, 1 77,215.5)  2.950,247.7 6,563,319.8 -3503.86 55.99 £960.72 7793.%6 9.0
Trajectory | (19,233,458.2) | (253,331, e) (9,679,290.1) | (21,832,201.0) |(-11,495.60) (183.59) (22,837.00) | (25,567.78)
Gul dance -6,539,546.9 -41,90 -591,473.9 6,566,378.2 707.30 129.30 ~7762.95 7795.68] 0.012)
{Lvoc) (-21,455,206.4) |(-137, 468 2) (-1,940,531.2) | (21,543,222.4) (2300.85) |(-424.21) |(-25,469.00) §(25,576.25)
Time Postflight -6,534,469.5 -42,333.0 -615,946.4 6,563,571.9 733.02 -127.23 -7761.75 7797.33| -0.00"1
base 6 Trajectory |(-21,438,548.2) [(-138,953.4)] (-2,020,821.2) (21,534,028.5) (2404.92) (-417.42) (=25,465.06) {(25,581.79)
Operational -6,538,938.7 -61,899.8 -599,964.8 6,565.722.6 700.49 -129.3) -7763.67 7796.28] 6.0
Trajectory |(-21,453,211.0) |i-137,466.5)] (-1,938,860.9) | (21,541,084.6) (2298.20) |(-428.25) | (-25,471.36) | (25.578.35)
Guidance -2,050,021.8 | -114,186.9] -6,373,565.0 6.696,115.2 9831.26 53.84 -4544.83 | 10,831.07] &.974z
(Lvoc) (-6.725,793.3) [(-374,628.9)(-20,910,646.3) | (21,958.881.9) | (32,254.79) (176.64)  {(-14,910.86) | (35,535.01)
s-1v8 Postflight -2,020,042.1 -114,630.4]  -6,380,841.7 6,693,941.3 9847.95 51.43 -4512.87 | 10.832.86| 7.0473
Second £CO| Trajectory | (-6,627,434.7) |(-376,083.0)|(-20,934,520.0) | (21,961.749.7) | (32,309.55) (168.73) | (-14,806.00) [ (35,540.58)
Operational | -2,004,243.7 | -114,043.8| -6,394,262.2 6,701,983.9 9844.02 54.56 -a505.27 | 10,326,103 7.8
Trajectory | (-6,575.602.7) |(-374,159.4)(-20,978,550.5) | (21,9e8,136.2) | (32.296.65) (179.00)  |(-14,781.07) | (35.578.80)
Guidance -1,951,544.0 -113,639.8 -6,418,505.2 6,709,689.3 9861.28 55.46 -4461.58 10,823.75] 7.42% |
(LvDC) (-6,402,703.4) |(-372,834.0) |(-21,058,416,0) (22,013,416.3) | (32,353.28) {181,96) (-14,637.73) | (35,515.99)
Translunar| Postfiight -1,923,461.7 -115,343.0 -6,424,840.9 6,707,577.0 9876.83 52.38 -4429.32 10,824.67] 7.4814
Injection | Trajectory | {-6,310,569.9) |(-378,421.9)](-21,078,874.3) | (22,006.486.2) | (32,404.30) (173.82)  |(-14,531.29) | (35.514.51)
Operational -1,905,643.1 | -113,489.5 | .6,428,903.8 6,715,939.0 9872.93 56.15 -4821.79 | 10,818.95 7.83
Trajectory | (-6,252,109.9) |(-372,340,9)|(-21,125,012.5) | (22,033,920.6) | (32.391.%0) (188.22)  |(-14,507.19) | (35,492.29)




radius vector was 28 meters (92 ft) greater than the OT prediction. The
LVDC and postflight trajectory data are in good agreement for the boost-
to-parking orbit burn mode. The differences are well within the
accuracies of the hardware measurements and/or trajectory data. Vent
thrust was lower than the LVDC programed thrust from orbital navigation
(ECO +100 seconds) to approximately 2500 seconds (00:41:40). Figure

9-3 presents the continuous vent thrust profiles used in the LVDC along
with a postflight reconstruction and updated nominal. The low initial
vent thrust also has been observed on both AS-507 and AS-508 flights.
The low initial vent thrust together with the state vector differences
at EPO caused oscillatory buildup in velocity component differences
between the LVDC and postflight trajectory during parking orbit. Table
9-3 presents a breakdown of the factors contributing to the position and
velocity errors at Tg. At Tg, the differences in geocentric radius and
total velocity were -2802 meters (-9194 ft) and 1.69 m/s (5.54 ft/s),
respectively. Tabie 9-4 presents the state vector differences at TLI
between the LVDC and both the postflight trajectory and OT. The LVDC
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Figure 9-3. LH2 Continuous Vent Thrust During Parking Orbit



Table 9-3. Contributing Factors To Space Fixad
Component Differences (OMPT-LVDC)

OIFFERENCE SOURCE POSITIUN, KM (103 FT) VELOCITY, M/S (FT/S)

XS Ys A X05 YOS FON

Parking Orbit Insertion
Differences Caused By:

1. ST-1241-3 Error« 0.20 -0.83 -0.35 0.54 -2.12 -0.88
(C.66) (-2.72) (-1.15) (v.77) (-6.96) (-2.89)
2. Gravity Difference 6.0 0.04 0.03 -0.02 0.25 0.14
(-0.03) (0.13) {0.10) (-0.07) (0.82) (0.46)
3. Trackirg 0.16 0.01 -0.32 0.3 0.08 0.37
(0.52) (0.03) (-1.05) (1.02) (0.26) (1.21)

Total Difference
Parking Orbit Insertion 0.35 -0.78 -0.64 0.833 -1.79 -0.37
(OMPT-LVDC) (1.15) (-2.56) (-2.10) (2.73) (-5.87) (-1.21)

Resulting Vector
Difference at Tg 2.87 -0.13 -11.48 14.09 1.97 -0.34

(9.42) (-G.43) (-37.66) (86.23) (6.46) (-1.12)
Venting 2.09 -0.21 -12.18 16.07 0.03 1.0
(6.86) (-0.69) (-39.96) (52.72) (0.10) (3.31)
Tracking 0.01 -0.37 -0.82 1.60 0.06 0.38
(0.03) (-1.21) (-2.76) {5.25) (0.20) (1.25)
Total Difference (Te) 1.97 -0.4% -24.50 31.76 2.06 1.05
(OMPT-LVDC) (16.31) (-1.48) (-80.38) (104.20) (6.76) (3.44)

NOTE: Hundredths position is for reference only and does not reflect
accuracy to that place.

*Computed from Recovered Error Coefficients.

telemetry indicated a radius vector 6250 meters (20,504 ft) lower than
the OT and 2112 meters (6930 ft) higher than the postflight trajectory.
Total velocity was 5.70 m/s (18.70 ft/s) higher than the OT and 0.92 m/s
(3.02 ft/s) lower than the postflight trajectory. Table 9.5 shows the
guidance system accuracy of achieving targeted end conditions. The
performance of the guidance system was satisfactory.

9.3 NAVIGATION AND GUIDANCE SCHEME EVALUATION

The available data indicate that the events scheduled at preset times
occurred within acceptable tolerances. All flight program routines,
including variable launch azimuth, time tilt, iterative guidance,
navigation, and minor loop functions were accomplished properly.



Table 9-4. State Vector Differences at Translunar Injection

OPERATIONAL POSTFLIGHT

PARAMFTER TRAJECTORY TRAJECTORY
MINUS LVDC MINUS LVDC

AXS, meters 45,901 28,082
(ft) (150,594) (92,133)

AYS, meters 150 -1,703
(ft) (493) (-5,588)

AZS, meters -20,299 -6,236
(ft) (-66,596) (-20,458)

AR, meters 6,250 -2,112
(ft) (20,504) (-6,930)

Aks, m/s 11.65 15.55
(ft/s) (38.22) (51.02)

AQS, m/s 0.69 -2.48
(ft/s) (2.26) (-8.14)

Ais, m/s 39.79 32.26
(ft/s) (130.54) (105.84)

MV, m/s -5.70 0.92
(ft/s) (-18.70) (3.02)

9.3.1 Variable Launch Azimuth

Due to the unscheduled hold in the countdown at approximately -482
seconds, the variable launch azimuth function of the flight program was
required to perform over a time variation greater than for any previous
vehicle. The shift of range zero time from the nominal value of 20:23:00
Universal Time (UT) to 21:03:02 UT resulted in a change of the flight
azimuth from 72.067 degrees nominal to 75.5579 degrees. The performance
of the flight program in achieving the targeted parameters was more
accurate than any previous Saturn/Apollo launch.

The time delta between true UT and UT received by the LVDC was approxi-
mately 250 milliseconds. The flight program sensed a UT which yielded
an elapsed time from window opening (TD) of 2440.9414 seconds, while the
correct TD was approximately 2440.6914 seconds. A comparison of the
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Table 9-5. AS-509 Guidance System Accuracy
EVENT PARAMETCR TARGETED GUIDANCE | GUIDANCE ACHIEVED
ACHIEVED MINUS TARGETED

Parking Orbit Inclination, deg 31.114279 31.114285 0.000006
%::;;ﬁ;?" Descending Node, deg 117.43194 117.43231 0.00037
Point Radius, m 6,563,366.0 6,563,354.6 -11.4
Velocity, m/s 7793.0429 7793.0449 0.0020

Path Angle, deg 0.0 -0.000511 0.000511

Translunar Inclination, deg 30.812924 20.813160 0.000236
{gﬂggﬁg?" Descending Node, deg 117.40299 117.40258 -0.00041
Foint Twice Specific _Orbital -1,665,728.0 -1,665,685.3 482.7

Energy, m¢/s
Eccentricity 0.97243580 0.97243651 | 0.00000071
Argument of Perigee, deg -124.19118 -124.19213 -0.0009%

results of botk TD's is shown for targeting parameters below:

TD

Az (pirads)
Az (deg)

i

A

C3a

CO0S oga

Na

ca

€a

ACTUAL

2440.9414
0.4197662
75.5579
31.114276
117.2319]
-1,665,727
0.9957228
-0.6353672
-0.1480349
0.9724502

CORRECTED

2440.6914
0.4197642
75.5575
31.114407
117.43252
-1,665,728
0.9957228
-0.6353672
-0.1480349
0.9724502

DIFFERENCE

(ACTUAL-CORREZTED)

0.250C
0.0000020
0.0004
-0.000131
~0.00061
-1

0
0
0
0

The differences are not enough to affect parking orbit noticeably
and the effect was negligible-tn-nonexistent at TLI.
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9.3.2 First Boost Pericd

A1l first stage maneuvers were performed within predicted tolerances.

The 1.25 degree yaw maneuver was initiated at Ty +1.388 seconds and
terminated at Ty +9.326 seconds. Pitch and roll guidance was initiated at
T1 +12.244 seconds and the roll maneuver was completed ai Ty +27.430
seconds. The pitch time tilt polynomial was arrested at Ty +163.518
seconds.

Iterative Guidance Mode (IGM) performance for first boost was nominal.
The pitch and yaw rate-limited steering commands are illustrated in
Figure 9-4. Phase I IGM began properly at T3 +40.6 seconds and was
implemented at T3 +41.802 seconds. Implementation of IGM was
accompanied by a +6.877 degree change in pitch command and a -0.452
degree change in yaw command. The time to go in Phase I IGM (T1I)
reached zero at approximately T3 +307.4 seconds. The first S-II engine
mixture ratio shift switch selector command was issued at T3 +308.743
seconds followed by Phase II IGM implementation in the artificial Tau
mode at Ty +309.926 seconds. Real Tau 2 computation was implemented
at T3 +328.960 seconds with a change in Tau 2 of 18.50 seconds.

The Chi freeze was initiated at the start of T4 and released at

T4 +9.195 seconds with the implementation of Phase III IGM. The com-
manded pitch change at Phase III IGM start was -0.036 degree and the
commanded yaw change was +0.042 degree. The real Tau 3 computation was
implemented at T4 +20.37 seconds with a -21.9¢ second change in Tau 3.

Terminal guidance was initiated at T4 +108.017 seconds and the high

speed cutoff loop was entered at T4 +134.106 seconds. Ten passes

through the high speed loop were made before S-IVB cutoff. The velocity
at the time of the S-IVB velocity cutoff command was 7791.42 m/s
'25,562.40 ft/s). Table 9-6 shows the parking orbit insertion parameters.

9.3.3 Earth Parking Orbit

At the start of Tg a Chi freeze was initiated using the gimbal angle
readings on the first pass to establish the commanded angles (Chi's)
for the freeze. The local reference maneuver scheduled for T5 +20
seconds was initiated within the one computation cycle tolerance at
Ts +21.302 seconds.

The initiation of orbital navigation occurred at Tg +101.533 seconds
which was within the one computation cycle tolerance from the scheduled
start at Tg +100 seconds. Orbital navigation was terminated and boost
navigation resumed at approximately Tg -9 seconds. The exact time of
boost navigation resumption could not be determined because of missing
telemetry data, but entry to boost navigation before Tg start was
confirmed.
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Table 9-6. Parking Orbit Insertion Parameters

OPERATJONAL ' POSTFLIGHT
PARAMETER TRAJECTORY TRAJECTORY GUTDANCE oMPT LvVDC

(oT) (oMPT) (LvbC) MINU. OT MINUS OT
Space-Fixed 7793.058 7792.470 7793.190 -0.587 0.133
Velocity, m/s (ft/s) (25,567.7) (25,5€5.8) (25,568.2) (-3.9) (0.8)
Geocentric Radius, 6,563,320 6,563,362 6,563,345 4z 25
meters (ft) [21,533,158) (21,533,297) ](21,533,282) (¥39) (84)
Flight Path Angle, -0.000787 -0.003050 -0.000746 -0.002264 0.000041
deg
Descending Node, 117.429981 117.455978 117.429870 0.025996 -0.000111
deg
Inclination, deg 31.114436 31.120518 31.114338 0.006082 -0.000098
Eccentricity 0.000014 0.00Ci57 0.000037 u.000143 0.000023

9.3.4 Second Boost Period

Sequencing of restart preparations by the flight program was accom-
plished as predicted. Transfer ellipse targeting was computed and
telemetered just prior to initiation of second burn IGM.

IGM for the S-IVB second burn was implemented at Tg +584.941 seconds

with a change of -5.637 degrees in pitch attitude command and a change of
0.244 degree in yaw attitude command. The pitch and yaw Chi values are
illustrated in Figure 9-5. The post mixture ratio shift IGM phase was
implemented at Tg +717.020 seconds following the engine mixture ratio
shift. Real Tau 3 computations were implemented at Tg +746.418 seconds
with a -63.51-second change in Tau 3.

Terminal guidance steering was initiated at Tg +901.893 seconds and

the high speed loop was entered at Tg +926.731 seconds. Three passes
through the high speed loop were made with the velocity cutoff command
occurring at the start of the fourth pass. The velocity at the time

of S-IVB cutoff command was 10,231.021 m/s (35.534.85 ft/s). Table 9-7
shows the TLI parameters.

9.3.5 Post TLI Period
The local horizontal mareuver was initiated at T7 +151.594 seconds.
The Transposition Docking and Ejection (TD&E) raneuver was initiated

at T7 +900.869 seconds. The minor loop Chi's had all reached commanded
values by T7 +1129.7 seconds. The vehicle had reached the commanded
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Table 9-7.

Translunar Injection Parameters

ADERATICNAL]  PCSTFLIGHT
PARAMETER TRAJECTCRY | TRAJECTORY GUTDANCE vt LVDC

(o IOMPT) LVDC) INUS 0T | MINUS OT

Space-Fixed Velocity, | 10,818.042 | 10,824.66¢ 10,523,753 6.625 | 5.709

mis. (fFt/s) (35.492.2) | 135.513.9) (38,510.9) (21.7) (18.7)

Geocentric kadius, €,715.938 | 6,707 7 6,709,688 -836 6250

reters (ft) (22.033.874) | (22.006,4s2) | (22.013.367)  |(-27 "32) (-20.507)

Cescerding hrir, 117.200650 | 117.359111 117.202217  [-0.041739 0.001367
deg

Incliration, deg 30.812696 |  30.813560 30.813378 | 0.000873 0.000682

Eccentririty 0.972307 0.372246 0.972521  |-0.000061 0.000214

Css mz/iz 21,673,578 | 41,678,167 -1,660,602 -4589 12,976

(f12/52) (-18,014,244) K-38,063,639) [(-17,874.571)  |(-43,395) (139,673)

attitude by Ty +1259.9 seconds.

navigation occurred at Ty +151.371 seconds.

At 10,955.861 seconds (03:02:35.861) (T
from the H0060-603 measurement (LVDC/LV
in paragraph 15.3.3.

available beyond that time.

discrete telemetry but no ravigation or guidance information is available.

9.4
9.4.1

The implementation of post-TLI orbital

B +1692.389 seconds), telemetry
A

telemetry) ceased as discussed
No further details of flight program performance are

Certain key events can be monitored by

LVDC and LVDA Performance

GUIDANCE SYSTEM COMPCNENT EVALUATION

The LVDC and LVDA and all constituent circuits and modules performed

nominally with the exception of one hardware monitor measurement.
telemetered status of the monitor did not reflect the true state of the

associated hardware, switch selector register bit 5.

The

The LVDC flight program steps in commanding a switch selector function
include the following:

a. Execute a switch seiector stage select and address ccmmand for
a given switch selector function to set the LVDA switch seiector

register.

b. Effect 2 time delay to ensure that at least one of the four LVDA
Data Output Multiplexer (DOM) storage channels will accept data.
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c. Execute a Process Input/Output (PI0O) command to read the status of
the LVDA Switch Selector Register and Discrete Qutput Register
driver outputs (SSDO word) which are stored in DOM for telemetry via
measurement HC060-603.

For each switch selector function conmand that required a logical one
output from switch selector regisier bit 5, the SSDO word indicated
that bit 5 was a logical zero. For each case, the switch selector
function and switch selector feedback outputs were correct. Therefore,
the failure mechanism did not affect the SS5 driver output function.

A review of cystem test data indicates that the failure was present at
liftoff and occurred prior to or during IU-509 systems test. Further
investigation revealed that the LVDA component level tests as presently
configured will not detect the observed failure. Recommendation of
changes to the LVDA component level tests and to systems test data
evaluation are in progress.

The multiplexer latch and multiplexer serializer logic circuits and

the telemetry storage select and delay iine logic circuits tkrough
which the SS5 driver output status signal flows are common with other
data signal flow. The only c¢ircuits which are unique tc the 555 driver
output monitor are Discrete Input, Type A (DIA) circuit, AND circuit,
and interconnecting networks from the SS5 driver to the multiplexer
latch input (DM7A). The failure mechanism, therefore, is constrained
to these circuits.

For the observed indications, any mechanism which could produce the
equivalent effect of a voltage, < 2.5 vdc, at point A of the circuit
in Figure 9-6 is a possible cause of the failure which existed between

points B and C.

9.4.2 ST-124M-3 Stabilized Platform Subsystem

The ST-124M-3 Stabilized Platform Subsystem (ST-124M-3 SPS) operated
within desired 1imits through the first 13,900 seconds (03:51:40) of
flight as depicted in available data. Although the vibration levels
at liftoff were slightly higher than those on IU-508, no accelerometer

anomalies were in evidence.

Proper servo loop response was evident at liftoff. Pickoff deflections
at Command and Service Module (CSM) separation were lower than on IU-508.
Pickoff deflections were:

AS-509 AS-508
X gyro 0.67°p-P 1.6°P
Y gyro 0.17°p-p 0.32°P-p
Z gyro 0.41°P-P 1.36°P-P
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Figure 9-6.

As on previous vehicles, oscillations of 0.25°P-P at approximately

5 hertz were in evidence on the Z* gyro pickoff before and after S-IC
CECO. Also, spurts of 2.5 hertz at 0 1°P-P were noted on the Z** gyro
pickoff just prior to S-II CECO.

The accelerometer servo loops operated properly even though the vibration
levels at liftoff were slightly higher than those on IU-508 where a
velocity aromaly occurred. As on previous vehicles, the E0009-603
measurement showed a slightly higher burst of vibration at 3.3 seconds.
This is the time period where the velocity anomalies occurred on 1U-5G6
and IU-508. As can be seen on Figure 9-7, the Y (crossrange) accelero-
meter pickoff perturbation was small in this time period.

At CSM separation the accelerometer gyro pickoff deflections were
comparable to that of IU-508:

AS-509 AS-508
X 0.95°P-P 1.0°P-P
Y 2.5°P-P 2.9°P-P
Y4 2.5°P-P 2.2°P-P

* On AS-508, this was erroneously reported as being on the X gyro pickoff.
**0n AS-508, this was erroneously reported as being on the Y gyro pickoff.
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SECTION 10
CONTROL AND SEPARATION

10.1 SUMMARY

The AS-509 control system, which was essentially the same as the AS-508,
performed satisfactorily. The Flight Control Computer (FCC), Thrust
Vector Control (TVC) System, and Auxiliary Propulsion System (APS)
satisfied all requirements for vehicle attitude control during the
flight. Bending and slosh dynamics were adequately stabilized. The
prelaunch programed yaw, roll, and pitch maneuvers were properly executed
during S-IC boost.

During the maximum dynamic pressure region of flight, the launch vehicle
experienced winds that were less than 95-percentile January winds. The
maximum average pitch and yaw engine deflections were in the maximum
dynamic pressure region.

S-IC/S-1II first and second plane separations were accomplished with no
significant attitude deviations. Related data indicate that the S-IC
retromotors performed as expected. At Iterative Guidance Mode (IGM)
initiation, a pitchup transient occurred similar to that seen on previous
flights. The S-II retromotors and S-IVB ullage motors performed as
expected and provided a normal S-II/S-IVB separation.

Satisfactory control of the vehicle was maintained during first and second
S-IVB burns and during coast in Earth Parking Orbit (EPO?. During the
Command and Service Module (CSM) separation from the S-IVB/Instrument

Unit (IU) and during the Transposition, Docking, and Ejection (TD&E)
maneuver, the control system maintained the vehicle in a fixed inertial
attitude to provide a stable docking platform. Following TD&E, S-IVB/IU
attitude control was maintained during the evasive maneuver, the maneuver
to lunar impact attitude, and the LOX dump and APS burn.

10.2 S-IC CONTROL SYSTEM EVALUATION

The AS-509 control system performed satisfactorily during S-IC powered
flight. The vehicle flew through winds which were less than 95 percentile
for January in the maximum dynamic pressure region of flight. Less than
10 percent of the available engine deflection was used throughout the
flight (based on average engine gimbal angle). The S-IC outboard engines
canted as planned.
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A11 dynamics were within vehicle capability. In the region of high
dynamic pressure, the maximum angles of attack were approximately
2.6 degrees in pitch and 3.9 degrees in yaw. The maximum average
pitch and yaw engine deflections were -0.4 degree and 0.5 degree,
respectively, in the maximum dynamic pressure region. EBoth deflec-
tions were due to wind shears. The absence of any divergent bending
or slosh dynamics showed that these modes were adequately stabilized.

Vehicle attitude errors required to trim out the effects of thrust
unbalance, thrust misalignment, and control system misalignments were
within predicted envelopes. Vehicle dynamics prior to S-IC/S-1I first
plane separation were within staging requirements.

Maximum controi parameters during S-IC burn are listed in Table 10-1.
Pitch and yaw attitude error time histories are shown in Figure 10-1.
Dynamics in the region between 1iftoff and 40 seconds resulted pri-
marily from guidance commands. In the regiun between 40 and 110 seconds,
maximum dynamics were caused by the pitch tilt program, wind magnitude,
and wind shears. Dynamics from 110 seconds to separation were caused

by high altitude winds, separated air flow aerodynamics, center engine
shutdown, and tilt arrest. The transient at Center Engine Cutoff (CECO)
indicates that the center engine cant was 0.23 degree in pitch and

0.15 degree in yaw.

The attitude crrors between liftoff and 20 seconds indicate that the
equivalent thrust vector misalignments prior to outboard engine cant
were -0.02, 0.0, and -0.02 degree in pitch, yaw, and roll, respectively.

Table 10-1. Maximum Control Parameters During S-IC Flight

PITCH PLANE YAW PLANE RILL PLANE
RANGE RANGE RANGE
PARAMETER AMPL ITUDE TIME AMPLITUDE TIME AMFLITUDE TIME
(SEC) (SEC) (SEC)
Attitude Error, deg 0.91 95.0 -1.26 4.0 -0.80 4.0
Angular Rate, deg/s -1.0 83.6 -0.52 80.0 1.2 15.90
Average Gimbal -0.39 . 84.5 2.51 76.5
Angle, deg
Angle-of-Attack, deg 2.57 76.8 3.90 ’6.8
Angle-of-Attack
Dynamic Fressure 2
Product, deg-N/cm 7.97 77.0 12,1 77.0
(deg-1bf/ft2) (1660) (2530)
Normal
Acceleration, m/sl -0.34 90.0 0.69 75.5
(ft/s2) (-1.12) (2.26)
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These errcrs are required to trim out the effects of thrust unbalance,
offset Center-of-Gravity (CG), thrust vector misalignment, and control

system misalignments.

The equivalent thrust vector misalignments after

outboard engine cant were 0.03, 0.01, and 0.01 degree in pitch, yaw, and

roll, respectively.

The predicted and measured misalignments, slow release forces, winds,
and thrust-to-weight ratio are shown in Table 10-2.

Table 10-2. AS-509 Liftoff Misalignment Summary
PREFLIGHT PREDICTED LAUNCH
PARAMETER

PITCH YAW ROLL PITCH YAW ROLL
Thrust Misalignment, +0.34 ] +0.34 } +0.34 -0.02 0.0 -0.02
deg*
Center Engine Cant, - - - 0.23 0.15 -
deg
Servo Amp Offset, 0.1 0.1 10.1 - - -
deg/eng
Vehicle Stacking & +0.29 ] £0.29 ] 0.0 -0.05] 0.05]-0.02
Pad Misalignment,
deg
Attitude Error at - - -0.11 .01 0.01
Holddown Arm
Release, deg

Peak Soft Release
Force Per Rod,
N(1bf)

Wind

Thrust to Weight
Ratio

415,900 (93,500)

19.55 m/s (38 knots)
at 161.5 meters
(530 feet)

1.177

:

Data Not Available

.5 m/s**(16.5 knots)
t 161.5 meters
(530 feet)

1.213%

engine cant.

*Thrust misalignment of 0.34 degree encompasses the center
A positive polarity was used to determine
minimum fin tip/umbilical tower clearance.

A negative polarity

was used to determine vehicle/GSE clearances.

**One minute average about T-0.
Determined by simulating vehicle rise history recorded by
camera during launch.
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Because of the DP1-AQ0 multiplexer data loss reported in paragraph
15.3.2, pitch and yaw angle-of-attack measurements are not available.
Figure 10-2 shows the simulated pitch, yaw, and total angles of
attack compared to those calculated from postflight trajectory
parameters. A total angle-of-attack measurement was available from
spacecraft telemetry. This measurement is shown in Figure 10-3.

The peak angle-of-attack measured at the Q-Ball during the high
dynamic pressure region of flight was 4.76 degrees.

10.3 S-II CONTROL SYSTEM EVALUATIOHN

The S-I1 stage attitude contrcl system performance was satisfactory.

The maximum values of pitch and yaw control parameters occurred in
response to IGH Phase 1 initiation. The maximum values of roll control
parameters occurred in response to S-I1C/S-1I separation disturbances.

The response at other times was within expectations. The maximum control
parameter values for the period of S-~II burn are shown in Table 10-3.

Betwe.n the events of S-IC Outboard Engine Cutoff (OECO) and initiation
of IGM, the attitude commands were held constant. Significant events
occurring during that interval were S-IC/S-II separation, S-II stage
J-2 engine start, second plane .eparation, and Launch Escape Tcwer
(LET) jettison. The attitude control dynamics throughout this interval
indicated stable operation as shown in Figure 10-4. Steady state atti-
tudes were achieved within 20 seconds of S-IC/S-1I separation.

At IGM initiation the FCC received TVC commands to pitch the vehicle up
and then down. The transient magnitudes experienced were similar to
previous flights.

At S-1I CECO the guidance routines reacted properly to the decrease in
total thrust. The attitude commands that resulted were similar to
nominal CECO conditions except that the magnitudes were somewhat higher
(See Figure 10-4). Differences between the two can be accounted for
largely by engine location misalignments, thrust vector misalignments,
and uncertainties in engine thrust buildup characteristics.

10.4 S-IVB CONTROL SYSTEM EVALUATION

The S-IVB TVC system provided satisfactory pitch and yaw control during
powered flight. The APS provided satisfactory roll control during first
and second burns.

During S-IVB first and second burns, control system transients were
experienced at S-II/S-IVB separation, guidance initiation, Engine Mixture
Ratio (EMR) shift, terminal guidance mode, and S-IVB Engine Cutoff (ECO).
These transients were expected and were well within the capabilities of
the control system.
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Table 10-3. Maximum Control Parameters During S-II Burn

PITCH PLANE YAW PLANE ROLL PLANE
RANGE RANGE RANGE
TIME TIME TIME
PARAMETER AMPLITUDE | (SEC) | AMPLITUDE | (SEC) | AMPLITUDE | (SEC)
Attitude Error, deg -2.0 209.0| 0.5 207.5 | -2.0 168.0
Angular Rate, deg/s 1.1 211.0] -0.2 209.0| 2.0 168.7
Average Gimbal Angle.| -0.9 207.5]1 0.3 207.5|-0.6 167.5
deg
W S-1C/5-11 SEPARATION COMMAND W 5-11 CECO
& S-11 SECOND PLANE SEPARATION 7 1GM PHASE 2 INITIATED,
COMMAND S=I1 LOW EMR SHIFT —MEASURED
W 1aM PHASE 1 INITIATED W s-11 0£CO = —==SIMULATED
2
b l
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Figure 10-4. Pitch and Yaw Plane Attitude Errors During S-II Burn
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10.4.1 Control System Evaluation During First Burn

The S-IVB first burn pitch and yaw attitude errors are presented in
Figure 10-5. The maximum attitude errors and rates occurred at IGM
initiation. A summary cof the first burn maximum values of critical
flight control parameters is presented in Table 10-4.

The pitch and yaw effective thrust vector misalignments during first
burn were 0.30 and -0.27 degree, respectively. As experienced on previous

flights, a steady-state roll torque of 36.8 N-m (27.2 1bf-ft), counter-
clockwise looking forward, required roll APS firings during first burn.
The steady-stcte roll torque experienced on previous flights has ranged

hetween 61.4 N-m (45.3 1bf-ft) counterclockwise and 54.2 N-m (40.0 1bf-ft)

clockwise.

7 S-1vB FIRST ESC W BEGIN CHI FREEZE
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Figure 10-5. Pitch and Yaw Attitude Errors During S-IVB First Burn
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Table 10-4. Maximum Control Parameters During S-IVB First Burn

PITCH PLANE YRW PLANE ROLL PLANE
PARAMETER AMPLITUDE | RANGE TIME | AMPLITUDE | RANGE TIME | AMPLITUDE | RANGEt TIME
[SE7) (SEC) (SEC)
Attitude Errov, deg 2.34 570.1 -1.22 564.4 -0.77 568.8
Angular Rate, deg. s -1.0% 571.3 0.47 567.0 0.45 $60.2
Maximum Gimbal 1.36 569.7 -1.2 564.3 I - -
Angle, deg l

Propellant sloshing during first burn was observed on data obtained from
the Propellant Utilization (PU) mass probe sensors. The propellant slosh
did not have any noticeable effect on the operation of the attituvde control
system.

10.4.2 Control System Evaluation During Parking Orbit

The APS provided satisfactory orientation and stabilization during parking
orbit. Following S-IVB first ECO, the vehicie was maneuvered to the
inplane local horizontal and th: orbitai pitch rate was established. The
pitch attitude error for parking orbit is shown in Figure 10-6.

10.4.3 Control System Evaluation During Second Burn

The S-IVB second burn pitch and yaw attitude errors are presented in

Figure 10-7. The maximum attitude errors and rates occurred at IGM initia-
tion. A summary of the second burn maximum values of critical fiight con-
trol parameters is presented in Tab'e 10-5. Control system attitude errcr
transients resulted from pitch and yaw attitude commands at the termination
of the artificial Tau guidance mode (EMR shift plus 30 seconds).

The pitch and yaw effective thrust vectcr micalignments during second
burn were approximately 0.43 and -0.29 degree, respectively. The steady-
state roll torque during second burn ranged from 36.6 N-m (27.0 1bf-ft),
counterclockwise looking forward, at the low EMR to 29.6 N-m (21.8 1bf-ft)
>t the 5.0:1.0 EMR.
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Propellant sloshing during second burn was observed on data obtained
from the PU mass probe sensors. The propellant slosh did not have any
noticeable effect on the operation of the attitude control system.

10.4.4 Cortrol System Evaluation After S-IVB Second Burn

The APS provided satisfactory orientation and stabilization from Trans-
lunar Injection (TLI) through the S-IVB/IU Passive Thermal Control
Maneuver ("Barbecue Maneuver"). Each of the planned maneuvers was per-
formed satisfactorily although the maneuvers after spacecraft separation
were delayed due to the delay in spacecraft docking. Effects of the
delay in docking on attitude control is discussed below. Effects of
telemetry data loss on evaluation of attitude control is also discussed
below.

Significant periods of interest related to translunar coast attitude
control were the maneuver to the inplane local horizontal following
second ECO, the maneuver to the TD&c attitude, spacecraft separation,
spacecraft docking, Lunar Module (LM) ejection, the maneuver to the
evasive ullage burn attitude, the maneuver to the LOX dump attitude,

the maneuver to the lunar impact ullage burn attitude, and the "Barbecue
HManeuver." The pitch attitude error for events during which telemetry
data were available is shown in Figure 10-8.

Foilowing S-IVB second ECO, control response to the maneuver to the

inplane local horizontal and ihe maneuver to the separation TD&E
attitude was nominal.

10-11



W S-1VB SECOND ESC & BEGIN WMRMINAL GUIDANCE
7 1GM PHASE 4 INITIATED, 8919.1 7 BEGIN CHI FAKEZE
W EMR SHIFT W S-1VB SECOND

\

e ety
Ve \
\\

) — w
o o« o

H ATTITUDE
R (POSITIVE
UP), deg

s~

[ X%
=52 -1.8
aw=z -l.

-3.0

-
(Y,

o
(Y-}

o
w

rL.

8900 9000 9100 9200 9300
RANGE TIME, SECONDS

1 t
o (=]
-] [

YAW ATTITUDC
ERROR (POSITIVE
NOSE RIGHT), deg

'
-—
(Ca)

\VA"/4 ] 4 | L AL i
2:28:20 2:30:00 2:31:40 2:33:20 2:35:00

RANGE TIME, HOURS:MINUTES:SECONUS
Figure 10-7. Pitch and Yaw Attitude Errcrs During S-IVB Second Burn

Spacecraft separation, which occurred at 10,949.4 seconds (C3:02:29.4),
appeared normal, as indicated by the relatively small disturbances
induced on the S-1VB.

At 10,955.9 seconds (03:02:35.9) the loss of H0060-603 data (as discussed
in paragraph 15.3.3) prevented the further monitoring of vehicle attitude
angles and guidance commands. Vehicle orientation and stabilization was
monitcred by vehicle attitude errors, vehicle angular rates, and space-
craft observation.
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Table 10-5. Maximum Control Parameters During S-1VB Second Burn

PITCH PLANE YAW PLANE ; ROLL PLANE
PARAMETER AMPL 1 TUDL RANGE TIME | AMPLITUDE | RANGE TIME | AMPLITUDE | RANGE TIME
(Stc) (SEC) (SEC)
Attitude Error, deg 2.4 8923.7 -0.85 8911.3 0.75 8989.5
Angular Rate, deg/s -1.4 8926.0 0.35 8924.0 0.16 8990.0
Maximum Gimbal 1.34 8923.2 -0.76 8913.2 - -
Angle, deg |

Nominal APS engine firings were noted during three docking attempts;
}1,690 segonds (03:14:50), 12,220 seconds (03:23:40), and 16,340 seconds
04:32:20).

S-IVB VHF telemetry data were available to 13,655 seconds (03:47:35).
The lack of available data after this time resulted in the loss of atti-
tude error data, angular rate data, and APS chamber pressure data. The
APS control relay operation continued to be telemetered via the DP1-BO
multiplexer.

The reaction to spacecraft docking, which occurred at 17,816 seconds
(04:56:56), appeared to be normal. Yaw-roll disturbanz2s were slightly
larger than those experienced on previous flights. LM ejection occurred
at 20,834.4 seconds (05:47:14.4) with nominal disturbances.

At 21,330 seconds (05:55:30), a maneuver was initiated to attain the
desired attitude for the evasive ullage burn. This involved maneuvering
from the TD&E yaw attitude of -40.9 degrees to +40.0 degrees. At

21,842 seconds (06:04:02), the APS ullage engines were commanded on

for 80 seconds to provide the necessary separation distance between

the S-IVB/IU and the spacecraft.

The maneuver to the LOX dump attitude was performed at 22,423 seconds

(06:13:43) and appeared to be nominal. LOX dump occurred at 23,120 seconds
(06:25:20) and lasted for 48 seconds.
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At 31,421 seconds (08:43:41), a ground command was sent to perform a
maneuver to the desired attitude for the APS ullage burn for lunar target
impact. This was a two-axis maneuver and resulted in a pitch maneuver

of -3.0 degrees and a yaw attitude maneuver of -4.0 degrees. At 32,399 sec-
onds (08:59:59), the APS ullage engines were commanded on for 252 seconds

to provide sV for lunar target impact.

At 42,082 seconds (11:41:2Z), the S-IVB was commanded via Digital Command
System (DCS) to maneuver in the negative pitch and positive yaw directions
and establish corresponding rates of 0.3 deg/s. Following initiation of
the maneuver, a DCS command was issued at 42,116 seconds (11:41:56) to
inhibit the FCC leaving the S-IVB/IU in a "Barbecue" or tumble mode until
Tunar impact.

APS propellant consumption for attitude control and propellant settling
prior to the APS burn for lunar target impact was slightly higher than

the mean predicted requirements. The total propellant (fuel and oxidizer)
used prior to the ullage burn for lunar impact AV was 59.8 kilograms
(131.9 1bm) and 59.1 kilograms (130.0 1bm) for Modules 1 and 2, respec-
tively. This was 40.0 and 39.5 percent of the total available in each
module (approximately 150.0 kilogram [330.1 1bm]). APS propellant con-
sumption is tabulated in Section 7, Table 7-4.

10.5 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION

The Flight Program Minor Loop implemented all guidance commands, providing
satisfactory attitude error outputs through the Launch Vehicle Data Adapter
(LVDA) to the FCC. HNo Minor Loop Error Telemetry occurred during the
mission. The FCC and control rate gyros functioned predictably and satis-
factorily throughout the mission.

10.6 SEPARATION

S-1C/S-11 separation and associated sequencing war accomplished as planned.
S-1C end conditions at separation fell within estimated limits, and well
within the staging limits. The AS-509 measured longitudinal acceleration
of the S-IC dropped stage was similar to previcus vehicles. Pitch and yaw
rate measurements showed no disturbances, indicating normal staging.

Seconc plane separation occurred as predicted. There were no vehicle
attitude disturbances attributed to the second plane separation. Cal-
culations indicate that the separation dynamics were similar to previous
flights.

S-11/S-1VB separation was normal with nominal S-II retromotor and S-IVB
ullage motor performance. Vehicle dynamics were well within staging
Timits.

Vehicle dynamics were normal during CSM separation and the TD&E maneuver.

The vehicle maintained a stable docking platform during the several docking
attempts.
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SECTION 11
ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM

11.1  SUMMARY

The AS-509 launch vehicle electrical systems and Emergency Detection
System (EDS) performed satisfactorily throughout all phases of flight.
Operation of the batteries, powe= supplies, inverters, Exploding Bridge
Wire (EBW) firing units and switch selectors was nomal.

11.2 S-IC STAGE ELECTRICAL SYSTEM

The S-IC stage alectrical system performance was satisfactory. Battery
voltages were within performance limits of 26.5 to 32.0 vdc during powered
flight. The battery currents were near predicted and below the maximum
limits of 50 amperes for each battery. Battery power consumption was
within the rated capacity of each battery, as shown in Table 11-1.

The two measuring power supplies were within the 5 +0.05 vdc limit during
powered flight.

Table 11-1. S-IC Stage Battery Power Consumption

POWER CONSUMPTION*
RATED PERCEN™
BUS CAPACITY OF
BATTERY DESIGNATION | (AMP-MIN) AMP-MIN | CAPACITY
Operational 1010 500 28.5 5.7
Instrumentation 1020 500 84.5 16.9

* Battery power consumptions were calculated from power transfer
until S-IC/S-II separation.
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A1l switch selector channels functioned as commanded by the Instrument
Unit (1) and were within required tine limits.

The separation and retromotor EBW firing units were armed and triggered
as programed. C(harging time and voltage characteristics were within
performance limits,

The range safety cormand system EBW firing units were in the required
state-of-readiness if vehicle destruct had been necessary.

11.3 S-11 STAGE ELECTRICAL SYSTEM

The S-11 stage electrical system performed satisfactorily. Battery
voltages remained within specified limits through the prelaunch and flight
periods. Bus currents also remained within required and predicted limits.
Main bus current averaged 37 amperes during S-IC boost and varied from

48 to 53 amperes during S-1I boost. Instrumentation bus current averaged
21 amperes during S-1C and S-11 boost. Recirculation bus current averaged
90 amperes during S-IC boost. Ignition bus current averaged 30 amperes
during tne $-I1 ignition sequence. Battery power consumption was within
the rated capacity of each battery, as shown in Table i1-2.

The five temperature bridge power supplies, the three instrumentation
power supplies, and the five LH2 inverters all performed within acceptable
limits.

A1l switch selector channels functioned as commanded by the IU and were
within required time limits.

Table 11-2. S-II Stage Battery Power Consumption

RATED POWER CONSUMPTION*] TEMPERATURE(°F)
PERCERT OF

BUS CAPACITY
BATTERY DESIGNATION | (AMP-HR) | AMP-HR|CAPACITY MAX MIN
Main 20N 35 14.58 a.7 94.0] 87.0
Instrumentation 2b21 35 9.86 28.2 86.0| 82.0
Recirculation No. 1 2051 30 12.23 40.8 87.0] 81.0
Recirculation No. 2 2051 30 12.27 40.9 84.0] 78.0
2061

*Battery power cousumptions were calculated from activation until
S-11/5-1V8 separation and include 6.1 AMP-HR consumed during the
battery activation procedure.
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Performance of the EBW circuitry for the separation systems was satisfac-
tory. Firing units charge and discharge responses were within predicted
time and voltage limits. The range safety command system EBW firing units
were in the required state-of-readiness if vehicle destruct had been

necessary.
11.4 S-IVB STAGE ELECTRICAL SYSTEM

The S-IVB stage electrical system performance was satisfactory. The
battery voltages, currents, and temperatures remained within the normal
range beyond the required battery lifetime. Forward No. 2 battery depleted
at 30,560 seconds (08:29:20) arter supplying 111.2 percent of the rated
capacity. Battery voltage and currents are shown in Figures 11-1 through
11-4. Battery power consumption and capacity for each battery are shown

in Table 11-3.

The three 5-vdc and seven 20-vdc excitation modules all performed within
acceptable limits. The LOX and LHy chilldown inverters performed satisfac-
torily.

A1l switch selector channels functioned as commanded by the IU and were
within required time limits.

Performance of the EBW circuitry for the separation system was satisfactory.
Firing units charge and discharge responses were within predicted time

and voltage limits. The range safety command system EBW firing units were
in the required state-of-readiness if vehicle destruct had been necessary.

11.5 INSTRUMENT UNIT ELECTRICAL SYSTEM

The evaluation of the IU electrical system on AS-509 was accomplished using
CP-1 telemetry data, since the normally used DP1-AD data were lost as
discussed in paragraph 15.3.2. Analysis of these data indicates that the
electrical system functioned normally. Available data extend through
13,655 seconds (03:47:35) of the flight. A1l battery voltages increased
gradually from liftoff, but remained within the required limits. Battery
currents remained within the predicted range. Loss of the DP1-AQ data
precluded evaluation of the 6D10, 6D30 and 6D40 battery temperatures.
However, the 6020 batterv temperature measurement indicated a stable
temperature condition. .vailable battery voltage, current, and temperature
plots are shown in Figures 11-5 through 11-8. Battery power consumption
and capacity for each battery are shown in Table 11-4.

Based on analysis of CP-1 data, all indications are that the 56-vdc
power supply functioned within predicted limits.
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Table 11-3. S-IVB Stage Battery Power Consumption
RATED POWER CONSUMPTION_
CAPACITY PERCENT OF
BATTERY (AMP-HR) AMP-HR* CAPACITY
Forward No. 1 300,0 150.26 50.1
Forward No. 2 24.75 27.53%+* 111.2
Aft No. 1 300.0 147.02 49.0
Aft No. 2 75.0 40.12 53.5
*Actual usage to 43,000 seconds (11:56:<J) is based on flight data.
**The battery voltage fell below the defined depletion level of 26.0
volts at 30,560 seconds (08:29:20). Calculations of actual power
consumption was terminated at this time.

The 5-vdc measuring power supply appeared to function properly based on
the CP-1 data available for analysis. A pertubation of the 5-volt bus
at liftoff was noted during the DP-1 link 1nvestigation, but it is not
presently believed that a problem exists in the 5-vdc measuring power

supply.

Available data indicate that all switch selector channels functioned as
commanded by the Launch Vehicle Digital Computer (LVDC) and were within
required time limits.

11.6 SATURN V EMERGENCY DETECTION SYSTEM (EDS)

The performance of the AS-509 EDS was normal and no abort limits were
exceeded. A1l switch selector events associated with EDS for which data
are availahle were issued at the nominal times. The discrete indications
for EDS events also functioned normally. The performance of all thrust

0K pressure switches and associated voting logic, which monitors engine
status, was nominal insofar as EDS operation was concermed. S-II and S-IV8
tank ullage pressures remained within the abort limits and displays to the
crew were nomal.

The maximum angle-of-attack dynamic pressure sensed by the Q-ball was
1.28 psid at 75.6 seconds. This pressure was only 40 percent of the EDS
abort limit of 3.2 psid.

As noted in Section 10, none of the rate gyros gave any indication of
angular overrate in the pitch, yaw or roll axis. The maximum angular
rates were well below the abort limits.



Table 11-4. 11U Battery Power Consumption

RATED POWER CONSUMPTION

CAPACITY PERCENT OF
BATTERY (AMP-HR) AMP-HR* CAPACITY
6010 350 69.2 19.8
6020 350 338.8** 96.8**
6030 350 80.6 23.0
6040 350 121.6 34.7

*Actual usage to 13,655 seconds (03:47:35) is based on flight data.

**The CCS transponder which was powered by the 6D20 battery was
operating at S-IVB/IU lunar impact which occurred at 297,473.4
seconds (82:37:53.4). Power consumption until S-IVB/IU lunar
impact was calculated based on nominal operation.

11-7
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SECTION 12
VEHICLE PRESSURE ENVIRONMENT

12.1 SUMMARY

The S-1IC base heat shield was instrumented with two differential prassure
measurements. The AS-509 flight data have trends and magnitudes similar
to those seen on previous flights.

The AS-5(09 S-1I base pressure environments are consistent with the trends
and magnitudes seen on previous flights.

12.2 BASE PRESSURES
12.2.1 S-IC Base Pressures

The S-IC base heat shield was instrumented with two differential (internal
minus external) pressure measurements. The AS-509 flight data,

Figure 12-1, show good agreement with previous flight data with similar
trends and magnitudes. The maximum differential pressure of approximately
0.17 psid occurred at an altitude of approximately 5.4 n mi.

12.2.2 S-11 Base Pressures

The S-11 stage base heat shield forward face pressures are presented in
Figure 12-2 together with the postflight analytical val! es and the data
band from previous flights. The AS-505 data compare favorably with
previous flight data prior to interstage separation, but were slightly
lower following separation than on previous flights.

The AS-509 thrust cone static pressure data presented ir Figure 12-3
appear to be biased by approximately 0.15 psia, based on the pressure
prior to J-2 ignition when compared to transducers DO15G-206 (Figure 12-2)
and D0158-206 (Figure 12-4). After interstage separation, the transducer
records a constant negative value which again indicates that the trans-
ducer is biased. Under the assumption that the data is biased by

0.15 psia, good agreement is obtained between flight data, postflight
analysis, and previous flight data prior to interstage separation.
Following separation the AS-509 pressures would be slightly higher than
on previous flights.

12-1
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The heat shield aft face pressures observed on AS-509 were comparable to
those measured on previous flights except during the period 100 seconds
prior to Center Engine Cutoff ?CECO). During this period the AS-509
pressures were slightly higher than on previous flights. The flight data
trends are consistent with those observec during previous flights and the
steady-state engine control positions for the AS-509 flight.
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SECTION 13

VEHICLE THERMAL ENVIRONMENT

13.1 SUMMARY

The AS-509 S-IC base region thermal environments exhibited trends and
magnitudes similar to those seen on previous flights.

The base thermal environments on the S-II stage were similar to those
measured on previous flights and were well below design limits. The
total heating rate measurement indicated higher magnitudes prior to
Center Engine Cutoff (CECO) than on previous flights, which was con-
sistent with the closer inboard gimbaled position of the engines on
AS-509.

Aerodynaric heating environments and S-IVB base thermal environments
were not measured on AS-509. '

13.2 S-IC BASE HEATING

Thermal environments in the base region of the AS-509 S-iC stage were
recorded by two total calorimeters and two gas temperature probes which
were located on the base heat shield. The sensing surfaces of the total
calorimeters were moun:ed flush with the heat shield surface. The base
gas temperature sensing surfaces were mounted at distances aft of the
heat shield surface of 0.25 inch (C0050-106) and 2.50 inches (C0052-106).
Data from these instruments are compared with AS-508 flight data and are
presented in Figures 13-1 and 13-2. The AS-509 data exhibit similar
trends and magnitudes as previous flights. The maximum recorded total
heating -ate was approximately 26 watt/cm2 and occurred at 19 kilometers.
The maximum gas temperature was approximately 1150°K, recorded 2.5 inches
aft of the heat shield at an zltitude of 25 kilometers. In general, CECO
on AS-509 produced a spike in the thermal environment data with a magni-
tude and duration similar to previous flight data.

Ambient gas temperatures under the engine cocoons (measurements C0242-101

through C0242-105) were within the band of previous flight data and with-
in the predicted band. These temperatures are shown in Figure 13-3.

13-1
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Figure 13-3. S-IC Ambient Gas Temperature Under Engine Cocoon
13.3 S-I1 BASE HEATING

Figure 13-4 presents the AS-509 total heating rate throughout S-II burn,
as recorded by transducer C0722-206 on the aft face of the base heat
shield. The postflight analytical curve for this transducer and the
previous flight data band are also shown for comparison. The analytical
heat rate represents the thecretical response of the transducer to the
total thermal environment reflected by thermal math models. Key flight
parameters relating to engine performance, engine position and reference
temperatures are used in the postflight analysis. The math models are
based on both theoretical and empirical postulates. The AS-509 flight
data prior to CECO was higher than that recorced during all previous
flights. This is consistent with the steady-state J-2 engine control
positions which were determined to be closer inboard prior to CECO than
on previous flights. The postflight analysis heating rates are presented
in the form of a band to account for the uncertainty in engine position
due to structural compliance and engine misalignment. The flight
measured heating rates are well within the maximum design allowable

values.
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Figure 13-4. S-II Heat Shield Aft Heat Rate

Figure 13-5 shows the AS-509 flight data and postflight analysis of the
heat shield recovery temperature transducer C0731-206. The analytical
temperature curve represents a calculated transducer reaaing based on
math mnodels using key flight parameters. The gas recovery temperature

is an analytically derived value computed from the flight measurement
data. Note that the flight values are the probe temperatures and not the
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gas recovery temperatures. As shown in Figure 13-5, the AS-509 flight
gas recovery temperature values were on the low side of the previous
flight data envelupe. This is contrary to the expected trend, since the
steady-state engine deflection pattern indicates that the engines were
gimbaled closer inboard prior to CECO than on previous flights. How-
ever, as indicated by the previous flights data envelope, a considerable
probe temperature variation exists between different flights which
cannot be explained by the variation of the parameters considered in the
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analysis alone. Also, since the initial temperature is below the probe
range, it is not possible to determine if the probe temperature is
biased, which might possibly account for the apparent discrepancy between
the measured high total heat flux and low gas recovery temperature.

Figure 13-6 shows the AS-509 flight data and postflight analysis of the
heat shield aft radiation heat rate. The analytical radiation heat rate
represents the heat rate at the transducer location and is derived from a
math model. Good agreement is obtained between flight and the postflight
analytical values which do not include engine position effects. Compari-
son with the previous flight data envelope shows that the AS-509 data
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Figure 13-6. S-II Heat Shield Aft Radiation Heat Rate
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were on the low side which is contrary to the expected trend based on
the AS-509 cln<er inboard steady-state engine control positions.

There were no structural temperature measurements on the base heat shield
and only three thrust cone forward surface temperature measurerients in
the base region. To evaluate the structural temperatures on tie aft
surface of the heat shield, a postflight analysis was performed using
maximum AS-509 postflight analysis base heating rates. The maximum
postflight analysis temperature was 743°K which compares favorably

with previous flights, anc was well below the maximum design temperatures
of 1066°K {no engine out) and 1116°K (one control engine out). The
effectiveness of the heat shield and flexible curtains was evidenced

by the relatively low temperatures recorded on the thrust cone forward
surface. The maximum measured temperature on the thrust cone forward
surface was 269°K. The measured temperatures were well below design

values.
13.4 VEHICLE AEROHEATING THERMAL ENVIRONMENT

Aerodynamic heating environments were not measured on the AS-509 S-IC
stage. Due t» the similarity in the trajectory, the aerodynamic heating
environments are believed to be approximately the same as previous

flight environments. Flow separation on the AS-509 vehicle was observed
from ground optical data (Melbourne Beach) to occur at approximately 110
seconds. The forward point of flow separation versus flight time is
presented in Figure 13-7. The effects of CECO during the AS-509 flight
were similar to previous flights. At higher altitudes the measured loca-
tion of the forward point of flow separation is questionable due to loss
of resolution in the ground optical data.
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SECTION 14
ENVIRONMENTAL CONTROL SYSTEMS

14.1 SUMMARY

The S-IC stage forward compartment ambient temperatures were maintaired
above the minimum performance 1imit during AS-509 countdown. The S-IC
stage aft compartment environmental conditioning system performed satis-
factorily.

The S-1I thermal control and compartment conditioning system apparently
performed satisfactorily since the ambient temperatures external to the
containers were ncrmal, and there were no problems with the equipment in
the containers.

The Instrument Unit (JU) Environmental Control System (ECS) performed
satisfactorily for the duration of its mission. Coolant temperatures,
pressures, and fiowrates were maintained within the required limits.

14.2 S-IC ENViRONMENTAL CONTROL

The S-1C stage forward skirt ECS has three phases of operation during
prelaunch operations. when onboard electrical systems are energized,
but prior to cryogenic loading, conditioned air is used to maintain the
desired environment. When cryogenic loading begins, warmed GN2 is
substituted for the conditioned air. The third phase uses a warmer

GN2 flow tc offset the cooling effects caused by S-II stage J-2 engine
thrust chamber chiildown. A1l three phases functioned sat1sfactori]y
as evidenced by ambient temperature readings.

The most severe prelaunch forward compartmerit thermal envirunment
(-63.2°F at C0206-120) occurred during J-2 engine chilldown and was
above the minimum performance limit of -90°F. During AS-509 flight
the Towest forward compartment temperature measured was -133.2°F at
instrument leccation C0206-120.

Afier the initiation of LOX loading, the temperature in the vicinity of
the battery (12K10) decreased to 59°F which is within the new battery
qualification limits of 35 to 95°F per ECP 578. The temperature increased
to 68°F at liftoff. Just prior to liftoff, the cother ambient temperatures

L T
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ranged from 66.7°F at instrument location C0203-115 to 81.1°F at instru-
ment location (0205-115. During flight the lowest aft compartment tempera-
ture recorded was 53.6°F at instrument location C0203-115.

14.3 S-I1I ENVIRONMENTAL CONTROL

The engine compartment conditioning system mairtained the ambient tempera-
ture and thrust cone surface temperatures withir design ranges throughout
the launch countdown. The system also maintained an inert atmosphere
within the compartment as evidenced by the absence ot H2 or 02 indications
on the hazardous gas monitor.

No equipmant container temperature measurements were taken. However,
since the ambient measurements external to the containers were satis-
factory and there were no problems with the equipment in the containers,
it is assumed that the thermal control system performed adequately.

14.4 IU ENVIRONMENTAL CONTROL
14.4.1 Thermal Conditioning System

Performance of the IU Thermal Conditioning System TCS) was satisfactory
throughout flight. The temperature of the coolant supplied to the cold-
plates and internally cooled components was continuously maintained within
the required 45 to 68°F temperature band. The TCS with the new coolant
Cronite Flo-Cool 100 performed as predicted.

Figure 14-1 shows the TCS coolant control temperature (C0015-601) out to
14,000 seconds (03:53:20). The range of measurement C0015-601 does not
allow reading the minimum coolant temperature; however, extrapolation
of the data indicates that the coolant temperature did not drop below
the specification limit.
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The water valve opened initially at 183 seconds allowing water to flow to
the sublimator. Significant cooling was evident at approximately

240 seconds when the coolant temperature, monitored at the temperature
control point, began to decrease rapidly. At the first thermal switch
sampling of 433 seconds, the coolant temperature was above the switch
activation point. The switch activated at 493 seconds, just 10 seconds
late for the water valve to close, causing the valve to remain open until
the second sampling at 781 seconds. The coolant control temperature and
sublimator heat rejection rate for the initial startup is shown in

Fioure 14-2. Switch selector event times revealed that thermal cycling
of the water valve was still taking place at 27,180 seconds {07:33:00),
indicating normal system performance at that time.
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Hydraulic performance of the TCS with the new coolant was as expected.
Available flowrates and pressures are presented in Figure 14-3. The
TCS GNp sphere pressure decay which is indicative of the GNp usage rate
was nominal as shown in Figure 14-4.

Available component temperatures remained with’n the expected temperature
ranges as shown in Figure 14-5. As expected, the compconent temperatures
averaged slightly higher on AS-509 than on previous Saturn V flights due
to the lower heat dissipation ability of the new coolant (Oronite Flo-
Cool 100).
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14.4.2 ST-124M-3 Gas Bearing System (GBS)

The GBS performance was nominal. The S7-124M-3 internal ambient pressure
(D0012-603) and gas bearing inlet pressure (D0011-6C3) are shown in
Figure 14-6.

The GBS GN, supply sphere pressure decay was as exvected for the nominal
case as s'iown in Figure 14-7.
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SECTION 15
DATA SYSTEMS

15.1  SUMMARY

A1l elements of the data system performed satisfactorily throughout
flight except the Instrument Unit (IU) telemetry system. The DP1-AQ

270 multiplexer data and the 410K multiplexer data were lost at 0.409 sec-
ond and at 10,955.861 seconds (03:02:35.861), respectively. In addition,
the DP-1 telemetry RF output measurement changed abruptly several times
during the flight.

The vehicle measurement reliability was 95.5 percent. Telemetry per-
formance was normal except for the noted problems. Radiofrequency (RF)
propagation was generally good, though the usual problems due to flame
effects and staging were experienced. Usable VHF data were received
until 18,360 seconds (05:06:00). The Secure Range Safety Command
Systems (SRSCS) on the S-IC, S-II and S-IVB stages were ready to per-
form their functions properly, on ccmmand, if flight conditions during
the launch phase had required destruct. The system properly safed the
S-1VB on a command transmitted from Bermuda (BDA) at 710.2 seconds. The
performance of the Command and Communication System (CCS) was excellent.
Usable CCS telemetry data were received to 53,039 seconds (14:43:59)

at which time the telemetry subcarrier was inhibited. Carnarvon (CRO),
Goldstone (GDS), Hawaii (HAW), Honeysuckle (HSK), and Merritt Island
Launch Area (MILA) were receiving CCS carrier signal at S-IVB/IU lunar
impact at 297,473.4 seconds (82:37:53.4). Good tracking data were
received from the %-Band radar, with POA indicating final Loss of

Signal (LOS) at 28,950 seconds (08:02:30).

The 65 ground engineering cameras provided gond data during the launch.
15.2 VEHICLE MEASUREMENTS EVALUATION

The AS-50% launch vehicle had 1382 measurements scheduled for flight;
three measurements were waived prior to start of the automatic countdown
sequence leaving 1379 measurements active for flight. Of the waived
measurements, one provided some valid data during the flight. Sixty-two
measurements failed during flight resulting in an overall measurement
system reliability of 95.5 percent. Fifty-nine of these failed measure-
ments and one of the ten partially failed measvrements were caused by
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IU telemetry system problems discussed in paragraphs 15.3.2 and 15.3.3.
These measurement failures affected the postflight evaluation of the
applicable vehicle systems.

A summary of measurement reliability is presented in Table 15-1 for the
total vehicle and for each stage. The waived measurements, totally failed
measurements, partially failed measurements, and questionable measurements
are listed by stage in Tables 15-2, 15-3 and 15-4.

15.3 AIRBORNE VHF TELEMETRY SYSTEMS EVALUATION
15.3.1 Performance Summary

Performance of the eight VHF telemetry links was generally satisfactory,
as indicated in Table 15-5. However, three significant problems occurred
in the IU telemetry system. First, all analog data routed through the
DP1-A0 270 multiplexer was lost at 0.409 second. Second, the H0060-603
computer word routed through the 410K multiplexer locked in an all zero
state at 10,955.861 seconds (03:02:35.861). Finally, the DP-1 telemetry
RF output measurement, J0029-602, changed abruptly several times during
thg i;ight. These problems are discussed in paragraphs 15.3.2, 15.3.3

an .3.4.

The S-IC, S-II and S-IVB telemetry syscems and the balance of the IU

telemetry system operation were normal throughout flight. A1l inflight
calibrations occurred as programed and were within specifications. Data

Table 15-1. AS-509 Measurement Summarv

MEASUREMENT S-IC S-11 S-1v8 INSTRUMENT TOTAL
CATEGORY STAGE STAGE STAGE UNIT VEHICLE

Scheduled 287 598 2N 226 1382

Waiwved 1 1 1 0 3
Failures 0 1 2 59 62

Partial

Failures 5 1 3 1 10

Questionable 0 1 0 0 1

Reliability

Percent 100.0 99.8 99.3 73.4 95.5
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Table 15-2. AS-509 Flight Measurements Waived Prior to Flight

MEASUREMENT

LOMBER MEASUREMENT TITLE NATURE OF FAILURE REMARKS
—
S-1C STAGE
" T
D0119-103 Engire Gimbal System Filter Manifold Qut-of- tolerance during' Probable cause: Silicon oil
Oifferential Pressure performance of V-27153 leakage in transducer. Invalid
(MTOY) data throughout flight.
S-11 STAGE
€0001-202 EZ LOx Pump Discharge Tamperature Measurement indicated At 81 seconds the measurement
approximately 4°F returned to agreement with other
warmer than other measurements .

equivalent measurements

S-1V8 STAGE
C0059-406 Temperature, LOX Tank Ullage Gas. Indicated higher than first observed during CODT LOX
100 Percent nominal temperature loadina, [ndicated trend

information. Malfunction probably|
caused by excesstve contact
resistance of an in-line
electrical commector.

degradation and dropouts were experienced at various times during boost,
as on previous flights, due to the attenuation of RF signals. Signal
attenuation was caused by main engine flame effects, S-IC/S-II staging,
S-II ignition and S-II second plane separation. The magnitude of these
effects was comparable to that experienced on previous flights. Loss

of these data, however, posed no problem since losses were of such short
duration as to have little or no impact on flight analysis. Usable VHF
telemetry data were received to 18,360 seconds (05:06.00). A summary of
available VHF telemetry coverage showing Acquisition of Signal (AOS) and
LOS for each station is shown in Figure 15-1.

15.3.2 Loss of DP1-A0 Analog Data

A1l analog data routed through the DP1-AQ0 270 multiplexer (S/N 461) were
Tost at 0.409 second and for the remainder of the flight. This resulted
in the loss of 59 out of 101 IU DP1-A0 PCM measurements. The remaining
42 measurements were redundantly routed through the CP1-A0 telemetry
link.

A11 data channels showed an abrupt change followed by a transient,

as shown in Figure 15-2. The data tended to level out at 14.3 percent
of full scale until 4.63 seconds when it decayed to 11.6 percent

of full scale within 250 milliseconds.
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Table 15-3. AS-509 Measurement Malfunctions

L]
TIiME OF
[ —— DURATION
MEASURERE MEASURERERT TITLL “AT'RE OF FEILURE FAILUE T oarisFaCTORY REMARKS
NUMELR (RANGE OPERATION
114 )
TOTAL MEASUREMENT FAILURES. S-11 STAGE
€0003-2n2 €2 Fuel Turbine Inlet Measurement went to top 168 seconds | 168 seconds | Measurement failed at
Temperature or range 168 seconds but did not
! provide useful data
| prior to failture since
| it monitors S-11 engine
No. 2 performance.
Probably caused by open
circuit in sensor.
TOTAL MEASUREMENT FALLURLS, S-1VB STAGE
C0199-401 Temperature - Thrust Indicated higher than 8904 seconds | Throughout | Probably the result of
Chamber Jacket nominal temperature flight inadequate semsor-to-
except Jacket thermal contact.
during
S-1v8
second burn
00050-403 Prescure - Engine Pump Data suppression 587 seconds 0 to 587 Malfenction was
Pyurge Regulator seconds ; apparently cavsed by en
701 secol electricel short circuit
to end of of the 5 wit swply
data between the bus
isolation module snd the
trons ducer
potentiameter.
i
TOTAL MEASUREMENY FATLURES, 1V
©0006-601 emp, Sublimator Water Signal lewel went to 0.4 second 0t 0.4 Possible 270 snitiplener
Inlet 14.3 percent sec- .l failture.
0057900 llw. Q-Ball Int.
C0062-603 emp, Acoel Sig Cond H
K
C0063-603 oy, ST-128M Electronic ;
x i
3
C0064-601 enp, Battery Mo. | :
Intermal (6010) 5
C0%e6-601 ewp, Battery No. ) :
aternal {6D30)
C0067-603 eap, 250 VA (nverter i
C0068-601 enp, Battery No. ¢
aterna) (EDAO)
00001 -900 35 - Delta P Pich,
n
#0003-900 - Gelts P Yaw, Q-Bal1 3
4
090z2-601 niet Pressure Coolaat
i
20035-900 tor Sen, Q-2ail 1
3
4
00043-601 » Sublfemter Vater
00068603 « ATG Cosk Diftger
alet Be. | Press Gage
' 02-601 o Rt Subliaeter
% Coslamt
GODD3-601 ttien Coslont Control
H000Y- 102 lee Corvent, Ptich Stgmal lewe) wnt 04 second |0 to 0.4 Pegsible 20 multiplomr
tudter .3 percmnt second fsllure.
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Table 15-3.

AS-509 Measurament Malfunctions (Continued)

Yalwe Corrent, Yau
Actastor
Yolwe Corvent, Yau
Actuster
Yalw Corvent, Yar

Actwtor

Ypltage, ¢.8 0
Platfora Encitation

VYoltage, 4.8 G
Serve A Swply

Output I Gyve Sevwe
Owpnt I Gyre Serw
Svipat ¥ Gyve Serwe
-0t mimr loaput
Stgne! (00DM53S)
C-lund Interrugation
POF {SAM35)
C-Beng Magetver 1
Mpllm)"
C-Bend Intervegett
o ter e
Static Fhase Erver
o M

S Ap Wpliz Corvent

Sumatien Careunts
m-u-a..

Sunstion Acar! Corvents
{SN-1m-3

litege, %% KT Syply
Witage, 230 W Sewmrter
Tase 6

el tow! aat &

™ =

i
i T F DURATI O
MEASURENENT MEASUREMENT TITLE I WATURE OF FEILURE fATLURE SATISFAZTORY REMARYS
NFBER i (RANGE
H OPERATION
i TI™)
TOTAL WEASUREMENT FAILURES, [U (CONTINUED)
001103 Valve Current, Pitch Stgnal lewe! went to 0.4 secomd 0toC.4 Possible 270 myltiplemer
Actuator 14.3 percent second fallore.
HOOD1- 104 Valwe Current, Pitoh
Actwetor
¥000! - 202 Valwe Curvent, Pitch
Actustor
MO0D1 - 203 Valwe Curvent, Pitch
Actustor
#001-204 Yolwe Current, Pitch
Actustor
#0002- 101 Valwe Current, Yaw
Actustor
NO002- VG2 Valve Current, Yaw
Actustor
“002- 103 Valwe Current, Yar
Actwetor
MODD2- 104 Valwe Corvent, Yau
Actuster
Volw Covvent, Yau
Actustor
Valwe Corvent, Yau
Actunter

b4

Passtbie 27 switiplensr
follare.
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Table 15-3. AS-509 Measurement Malfunctiors (Continued)

MEASUREHENT : "SE g{ DURAT|ON
- MEASUREMENT TITLE LATURE OF FATLURE v SATISFACTORY PEMARKS
NgER {RANGL
TIME) OPERATION
e—
TOTAL MEASUREMENT FAILURES, TV (CONTINUED
M0028-603 Data Adapter +20 Volt Signal level went to 0.4 second 0 to 0.4 Possible 270 myltiplexer|
Supply 14.3 percent second faitlure.
M0025-603 Oata Adepter ¢12 VYolt
Supply
MO026-603 Deta Adapter +6 Volt
Supply (LYDC)
'
M0027-603 Uats Adapter -3 Volt
Supply
M0028-603 Data Adapter -20 Volt
Supply
M0029-60) Date Adapter ¢6 volt
Supply (LVDC)
RO008-602 Ang Vel, Yaw EDS
Growp 1 (Ref) R
M0012-602 Ang Vel, Roll E0S
Grow 2 (Ref)
RO013-602 Ang Vel, Pitch EDS
Growp 3 (Ref)
0033-602 EDS Monitor Ang Vel
Roll Growp
R0034-602 €0S Monitor Ang Vel
Roll Grow 2
R0035-602 EDS Monitor Ang Vel Signal level went to 0.4 second 0 to 0.4 Possible 270 switiplexen
Roll Grow 3 14.3 percent second failure.
PARTIAL MEASUREMENT FAILURES, S-1C STAGE
AU001-116 Acceleration, Long. Rectification error at It 13 152 ds| Seme ph seen
liftoff seconds on previpus flights.
C0003- 104 Temperature, Turbine Failed off scale high 108 seconds 108 seconds| Probable transducer
Mani fold, Engine No. & failure (Rocketdyne).
C0003-105 Tesperature, Turbine Failzi off scale high 120 to 136 149 seconds| Probable transducer
Manifold, Engine No. S seconds fallure (Rocketdyne).
FOOM4- 102 Flow Rate, LOX Hest Dropped to zero 112 seconds 112 seconds] Probable signal
Exchanger Inlet, OC conditioner fatllure.
0013-118 LOX Level Cutoff Number 31 Indicated dry for one 99.5 seconds | 165 seconds| Probable transducer
sample felse trigger.
PANTIAL MEASUREMENT FAILURES, S-I1 STASE
COBA9-206 07 Pressure Magulator Measurement went to 364 seconds | 364 seconds Measurem:nt provided
Outlet Temperature bottom of range good data until 364
seconds. Probably
caused by cpen circuit
L_ tn sensor.
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Table 15-3. AS-509 Measurement Malfunctions (Continued)
TIME OF
MEASUREMENT : DURAT, ON
e MEASUREMENT TITLE “ATURE OF FAILURE {agt [SMTISFACTON ¢ REMARKS
TIME) OPERATION
PARTIAL MEASUREMENT #AILURES, S-1VB STAGE
D0236-403 Press-Ambient He Pneu Indicated 200 psia lower 13,300 0 to 13,300 | Probable mechanical
Sphere than backup measurement seconds seconds degradation of the
transducer pressure
sensing ejement.

Mmo012-411 freq-PU In-/Cony Frequency tndicacion 19,930 0 to 19,930 Protable failure of the

decreased abruptly to seconds seconds signal conditioning

off-scale-low circultry.
NDOSS-411 Misc-T/M RF Syst Refl Pwr | Higher than normal data Preliftoff Dats usable | Possible system

level during calibration shift.

entire
flight
PARTIAL MEASUREMENT FAILURES, Iu
HD060-603 Guidance Camputer Al bits went to zero 10,955 0 to 10,956 ' Possibie 410 multiplexer
Operation seconds seconds failure.
Table 15-4. AS-509 Questionatle Flight Measurements
MR EnENT MEASUPEMENT TITLE REASON OUESTIONED REMARKS
S-11 STAGE

D0258- 206 LOX Tank Ullage Pressure Measurement was 2 psia CDOT data looked 0.K, but there

jzation.

higher than red.undant
system (D0257-206)
prior to tank pressur-
It was 2 psia
lower than redundant
measurement after
pressurization.

appeared to be an equivalent
trend with a delta pressure of

0.5 psia.
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Table 15-5.

AS-509 Launch Vehicle Telemetry Links

—r

FREQUENCY FLIGHT PERIOG
LINK iz PADULATION | STEGE | (RANGE TIME, SEC) PERFORMANCE SUMMARY
RF- 256.2 /M s-1¢ | 9 to 209 SATISFACTORY
AP-1 264, 3 perEn | s-1c | o to 200 DATA DROPOUTS
Range Time (sec) Duration (sec)
13€.8 (intermittent) 2.9
164.9 1
168.0 2.3
BF-1 2015 Fr/Fm s-11 | 0 to 784 SATISFACTORY
BF-2 234.0 P/ P s-11 | 0te 738 DATA DROPOUTS
3 1 248.6 powen | s11 | 0o 784 Range Time (sec) ~ Duration (sec)
101.5 1.0
164.0 1
196.0 0.6
205.0 1.5
cP-1 258.5 PCM/FMY S-IVE | Flight Duration SATISFACTORY
DATA DROPOUTS
Range Time (sec) Duration (sec)
164.9 1.1
DF-1 250.7 FM/FM Iy Flight Duration SATISFACTORY
DATA DROPOUTS
Range Time (sec) Duration (sec)
164.9 1.1
DP-1 245.3 PCH/F U Flight Duration UNSATISFACTORY
0P-18 2282.5 PCM/FH v Flight Duration DATA DROPOUTS
(ccs) Range Time (sec) Duration (sec)

0.4 (ZP-1, DP-1B: See paragraph
15.3.2

Ad 270
Multiriexer)
164.9 (I -1) 1
165.0 (DP-1B) 5
196.0 (DP-1B) 6
10955.9 (DP-1, DP-1B: See pa
410 Multiplexer) 15.3

A
.0
.0
ragraph

3
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Figure 15-1. VHF Telemetry Coverage Summary



At 0.40 second CP1-A0 word 29 containing the IU 5 volt master measuring
supply voltage (6D81) went to the maximuni vzlue that the PCM/DDAS assembly
could code (1023 digital counts or all ones). This was a change of

120 +5 millivolts and indicates that the voltage was probably nigher but
coulid not be coded by the PCM/DDAS assembly. However, there was only a
slight change in measurement M0001-602 (5 counts or a 31 millivolt change
in the 5 volt level) at this same time, although they are measurements of
the same voltage. There was also a slight change in at ieast two other
measurements (D0011-603 and D0012-603) that used this same 5 volt master
measuring supply. A reason has not yet been established as to why these
measurements did not show a more significant increase in value. This
disturbance in the 5 volt level lasted 4 seconds, which corresponds to

the same time frame for the transient in the DP1-AQ0 data. This 5 volt
master measuring supply is common to both the CP1-A0 and DP1-AQ 270 multi-
plexers. There was nd noticeable change at the problem time in the 6D30
battery current or the 6D31 bus voltage which supplies power to the

DP1-A0 270 multiplexer. However, the nominal 270 multiplexer current
drain is only 0.1 ampere and cannot be identified in the 6D30 current
measurement data.

Every time the DP1-A0 270 multiplexer was scheduled to calibrate, there
was a disturbance in the bit pattern of the data stream. Engineering
tests have shown that this is characteristic of trying to calibrate a
"dead box" (power off).

Failure testing is continuing in an attempt to duplicate the complete
failure characteristic using an engineering 270 multiplexer.

15.3.3 Loss of HOC60-603 Guidance Computer Word

Data transmitted through the 410K multiplexer (S/N 442) was lost at
10,955.861 seconds (03:02:35.861), resulting in the loss of ail guidance
computer data (H0060-603). This failure occurred between channel 11
frame 10 and channel 23 frame 10 (between 10,955.858 and 10,955.861 sec-
onds [03:02:35.858 and 03:02:35.861]) with the data going to all zeros.
The computer word ending in channel 11 frame 10 was a valid computer
word. Therefore, the problem occurred in less than 3.336 milliseconds.
ATl com?uter words for at least 14 seconds prior to this problem area
were valid.
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Figure 15-2. DP1-A0 270 Multiplexer Analog Data

The 410K multiplexer is supplied by the 6D30 battery. There was a dis-
cernible excursion in the 6D31 bus voltage and the 6D30 battery current
at the time of the failure as can be seen in Figures 15-3 and 15-4.

The voltage dropped from 28.74 to 28.65 volts while the current rose
from 20.72 to 22.52 amperes. This disturbanrce lasted for 1.162 seconds
and then the voltage abruptly increased and the current decreased. When
the current decreased, it leveled out at an average of 0.2 ampere lower
than the current prior to the problem. The voltage increased to an
average of 0.01 volt higher than the voltage prior to the problem. The
IBM acceptance test for the 416K multiplexer (S/N 442), showed a current
drain of approximately 0.18 ampere. This tends to indicate that the
410K multiplexer ceased to draw current. The first effect seen in the
failure sequence was the abrupt loss of data and a sudden increase in
current and dacrease in battery voltage. The second effect observed

was an abrupt return of current to a lower value and tends to indicate
involvement of the 410K multiplexer power supply. A simulation of these
events using engineering hardware is being attempted.

15.3.4 DP-1 Telemetry RF Output Power Fluctuations
The DP-1 telemetry RF power output measurement, J0029-602, was slightly
below the desired level of 15 watts at liftoff and exhibited abrupt

changes or level shifts during the flight. These shifts were not
significant enough to cause any telemetry data interruptions.
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VOLTAGE, vdc

CURRENT, amps

WLOST HO060-603 DATA

28.70 \V V/
28.65 /\
28.60
10,954.4 10,955.4 10,956.4 10,957.4 10,958.4
RANGE TIME, SECONDS
N Y. N N
3:02:35 3:02:36 3:02:37 3:02:38
RANGE TIME, HOURS :MINUTES:SECONDS
Figure 15-3. 6D31 Bus Voltage
23 W L0ST HO060-603 DATA
’ ,\\/\/'(AV
50 POINT AVERAGE
[ BEFORE DATA LOSS A }.*3°n'£%"$} T:vsgggc
21 1 ’
k- V / A
/ ~7 F nl_x--.. —
20
10,954.4 10,955.4 10,956.4 10,957.4 10,958.4
RANGE TIME, SECONDS
i WL . 1
3:02:35 3:02:36 3:02:37 3:02:38

RANGE TIME, HOURS :MINUTES :SECONDS
Figure 15-4. 6D30 Battery Current
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Evaluation of the DP-1 and DF-1 signal strength data indicates that the
problem may have been caused by an intermittent fault in the antenna
system which is common to both the DP-1 and DF-1 telemetry links.

Tests are being conducted on engineering antenna subsystems in an
attempt to duplicate the observed phenomena.

Prior to launch the DP-1 transmitter was replaced two different times
to correct unrelated problems.

15.4 C-BAND RADAR SYSTEM EVALUATION

The C-Band radar performed satisfactorily during flight, although several
of the ground stations experienced problems with their equipment which
caused some loss of signal. MILA transTerred to skin track from 23 to

33 seconds, then resumed beacon track. This action may have been pre-
cipitated by phase front disturbances which have been experienced on
previous flights. These phase front disturbances are caused by a sudden
antenna null or a distorted beacon return and result in erroneous antennd
pointing information. The existence of this phenomenon could not be
verified since signal strength strip charts were not available.

The BDA FPQ-6 rauar experienced two dropouts of less than 60 seconds
each at 13,294 seconds (03:41:34) and 13,792 seconds (03:49:52). These
dropouts were caused by ground station computer problems.

The MILA/TPQ-18 radar experienced two dropouts because of transmitter
overload. One dropout occurred at 19,140 seconds (05:19:00) and lasted
for 60 scconds. The second dropout occurred at 23,580 seconds (06:33:00)
and lasted for 3 minutes.

A 5-minute dropout was experienced by the BDA/FPQ-6 radar, beginning at
23,760 seccnds (06:36:00), possibly because of unfavorable look angles.
Another dropout was experienced by the BDA/FPQ-6 radar at 25,540 seconds
(07:05:40) and lasted for 2 minutes. The ground station transmitter
overloaded and caused this loss.

Patrick Air Force Base (PAFB) used only skin track during their contact
time.

BDA indicated final LOS at 28,950 seconds (08:02:30). A summary of
available C-Band radar coverage showing A0S and LOS for each station
is shown in Figure 15-5.

15.5 SECURE RANGE SAFETY COMMAND SYSTEMS EVALUATION
Telemetered data indicated that the command antennas, receivers/decoders,

Explcding Bridge Wire (EBW) networks, and destruct controllers on each
powered stage functioned properly during flight. They were ir the
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Figure 15-5. C-Band Radar Coverage Summary
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required state-of-readiness if flight conditions during the launch had
required vehicle destruct. Since no arm/cutoff or destruct commands
were required, all data except receiver signal strength remained
unchanged during the flight. Power to the S-IVB stage range safety
command systems was cutoff at 710.2 seconds by ground command from
BDA, thereby deactivating (safing) the systems.

15.6 COMMAND AND COMMUNICATION SYSTEM EVALUATION

The performance of the CCS was excellent. No onboard equipment mal-
functions occurred. Ground stations were able to acquire and maintain
two-way lock with the CCS until S-IVB/IU lunar impact.

The RF portion of the CCS performed satisfactorily during boost, earth
orbit, and translunar coast, with minor exceptions. Downlink data
dropouts occurred during S-1C/S-II staging and at S-II second plane
separation. Other downlink dropouts were caused by vehicle antenna
nulls, multipath effects and station handover. None of these dropouts
caused any significant loss of data.

Uplink dropouts during the flight are unknown due to the loss of the
uplink CCS AGC measurement, J0076-603, caused by the DP1-AQ telemetry
system problem.

The last CCS telemetry data were received at 53,039 seconds (14:43:59)
when the telemetry subcarrier was inhibited by a scheduled switch
selector command. CRO, GDS, HAW, HSK and MILA indicated LOS at S-IVB/IU
lunar impact at 297,473.4 seconds (82:37:53.4). A summary of CCS
coverage giving A0S and LOS for each station is shown in Figure 15-6.

The performance of the command sect on of the CCS was satisfactory.

A11 ground commands transmitted with valid command subcarrier lock

were accepted by the onboard equipment on the first transmission.

One command was attempted when the subcarrier was not in-lock and

was, therefore, not accepted. Seven conmands were retransmitted. How-
ever, the repetition of thesz commands were caused by ground station
problems. The most significant ground station problem occurred at HSK
beginning at 40,961 seconds (11:22:41). Five HSK commands were repeated
because the Message Acceptance Pulse (MAP) waiting peried of 750 milli-
seconds was too short for the transmission range at that time. On
future flights a change in the MAP waiting period to 1 second after

TLI +6 hours should resolve this problem. The CCS command history is
shown in Table 15-6.

15.7 GROUND ENGINEERING CAMERAS
In general, ground camera coverage was good. Sixty-five items were

received .rom KSC and evaluated. Two cameras jammed before acquiring
requested data. Three cameras had bad timing, one camera was out of
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Table 15-6. Command and Communication System Command History, AS-509

RANGE TIME TRANSMITTING NUMBER OF WORDS
SECONDS 'HRS:MINS:SEC STATION COMMAND TRANSMITTED REMARKS
21,277 05:54:37 GDS Terminate 1 Accepted
21,330 05:55:30 GDS Execute Maneuver B 1 Accepted
21,839 06:03:59 GDS lnitiate Timebase 8 1 Accepted
23,443 06:30:43 GDS Switch to Low Gain 2 Accepted*
N, 08:43:41 GDS Lunar Impact Attitude 7 Accepted

Correction

40,961 11:22:41 HSK Switch to Omni 4 Accepted***
41,14 11:25:14 HSK Switch to Low Gain 4 Accepted***
41,796 11:36:36 HSK LV Spin Up 4 Accepted***
41,855 11:37:35 HSK Terminate 4 Not Accepted**
41,902 11:38:22 HSK Terminate 4 Accepted***
41,966 11:39:26 HSK Terminate 4 Accepted***
42,082 1n:41:22 HSK LV Spin Up 7 Accepted****
42,100 11:41:40 HSK FCC Power Off A 3 Accepted*+**
2,14 11:41:54 HSK FCC Power Off B 3 Acceptedrot
42,151 11:42:31 HSK Switch to Omni 1 Accepted****

*Command was transmitted twice because the ground station failed to canture the
Computer Reset Pulse (CRP).

**Command was retransmitted due to lack of verification pulses after first trans-
mission. Command was not accepted since the command subcarrier was not in Yock
at this time.

r**Commands were accepted by the IU on the first transmission. However, all these
commands were retransmitted because the Message Acceptance Pulse (MAP) waiting
period was too short.

s***Commands were sent in the MAP override mode (command words are sequentially
transmitted without waiting for a MAP). This was done to get around the short
I MAP waiting period problem.

focus, one camera had fogged film, and one camera had a short run. As
a result of these eight failures, system efficiency was 88 percent.
Only one tracking item (Melbourne Beach) was included in the 65 items
because of low cloud coverage.
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SECTION 16
MASS CHARACTERISTICS

16.1 SUMMARY

Total vehicle mass, determined from postfiight analysis, was within
0.80 percent of prediction from ground ignition through S-IVB stage
final shutdown. This small variation indicates that hardware weights,
propellant loads, and propellant utilization were close to predicted
values during flight.

16.2 MASS EVALUATION

Postflight mass characteristics are compared with final predicted mass
characteristics (MSFC Memorandum S&E-ASTN-SAE-70-83) and the
operational trajectory (MSFC Memorandum S&E-AERQ-MFT-26-71).

The postflight mass characteristics were determined from an analysis of
all available actual and reconstructed data from S-IC ignition through
S-IVB second burn cutoff. Dry weights of the launch vehicle are based
on actual stage weighings and evaluation of the weight and balance log
books (MSFC Form 998). Propellant loading and utilization was evaluated
from propulsion system performance reconstructions. Spacecraft data
were obtained from the Manned Spacecraft Center (MSC).

Differences in drv weights of the inert stages and the loaded spacecraft
were all within 0.47 percent of predicted, which was weli within acceptable
limits.

During S-IC burn phase, the total vehicle mass was less than predicted
by 1313.6 kilograms (2896 1bm) (0.03 percent) at ignition, and greater
than predicted by 574.2 kilograms (1266 1bm) (0.07 percent) at S-IC/S-1I
separation. These differences are attributed to: (1) less than pre-
dicted S-IC dry weight and propellant loading at ignition; (2) greater
than predicted upper stage mass; (3) shorter than predicted S-IC burn
resulting in higher residuals. S-IC burn phase total vehicle mass is
shown in Tables 16-1 and 16-2.

During S-II burn phase, the total vehicle mass was greater tihan pre-
dicted by 214.5 kilograms (473 1bm) (0.03 percent) at ignition, and less
than predicted by 208.2 kilograms (459 1bm) (0.09 percent) at S-1I1/S-IVB
separation. These differences are due primarily to a greater than
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predicted upper stage mass and a longer than expected S-II burn. Total
vehicle mass for the S-II burn phase is shown in Tables 16-3 and 16-4.

Tota: vehicle mass during both S-IVB burn phases, as shown in Tables 16-5
through 16-8, was within 0.8 percent of the predicted values. A dif-
ference of 244 kilograms (538 ibm) (N.15 percent) from predicted at first
burn ignition was due largely to a greater than predicted propellant
loading. The difference at completion of second burn was 509 kilograms
(1122 1bm) (0.80 percent) resulting from a shorter than expected burn.

A summary of mass utilization and loss, both actual and predicted, from
S-IC stage ignition through spacecraft separation is presented in

Table 16-9. A comparison of actual and predicted mass, center of
gravity. and moment of inertia is shown in Table 16-10.
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Table 16-1.

0UTS0ARD
ENGINE CUTOFF

CENTER
ENGINE CUTOFF

GPOUND [GNiTION HOLDDOWN

Total Vehicle Mass-- 5> IC Burn Phase--Kilograms

—rvm-

§=1C/5~-11
SEFARATION

EVENTS ARM RELTASE

PRED ac? PRED ACT PRED ACY PREV (141 PREV
RANGE T ME==~SEC ~6e60 8. 50 Qe20 Ve2U 13%.26 13%.14 16500 164el0 165.8V
DRY STAGE 130407, 130321e 130407 130321 130607 130321« 130607+ 130321« 130e07. 130321.
LOX IN TANK 1476533 14B81490a 1647777 1€49604s 2i6173« 2313006 1l162. 79 loals 840,
LOX BELOW TANK 21096, 21156 218%5 21910, 210840, L1839y 18008, 18329, 15905 16171,
LOX ULLAGE GAS 1R9. 191. 216, PELTS 2Tad, 29317, 3316, 35¢0. 3323, 3547,
FUEL IN TANK 648038, 643667. 0637909 £33288s 102618, 10VU0B1. R386. 2696, 7316, 586,
FUSL BELOwW TANK [EIEN «317. 5996, H0C™ 5496 4000, 5958« “962. 5958, 5962,
FUEL ULLAGE GAS 2. T2 3. 77, 208, 263, 24l. 3024 26l 302.
N2 PURGE GAS 36 3t 36 36 9 19 1% 19 19« 19
MELIUM [N BOTTLE 288, 288, 288. 286, 112. 98. 79 59, T8, 98,
FROST 635, 635, 635. 635. 3eu. 34U, 36 360, 360, 360,
RETROROCKET PRUF 1026, 1u26. 1026 1026, 1026, 126, 1026, 1026, 1026, lude.
OTHER 239. 106, 239, 106 239« 106, 23%, 10%. 239 104,
TOTAL STAGE ¢2BaB3T, 22R33509e 2446Gdie 2243539. Gt.ile 474332, 169,88¢ 169660s 16590ie 166461,
TOTAL S=-1Crss=~J1 IS LRLL N 5170 5189, 5170. 5189, 5170. 9170 5156 5437,
VOTAL S=il STAGE 4BR0. T, wBBOlés «BUDZ27. 4BBOl4s &HTBUG. &HE7T93, “87793. @37806. #8794,
TOT S=]1/5=1vB IS 1656, 3655, 3696« 3655 1650, 3655 3656 3655 36% . 3605,
TOTAL $=ivB STAGE 117691e 11B268e¢ 117991s 118268 117900. 11817¢. 117900 118178+ 41790s 118i7de
TOTAL INSTRU UNIT 2037, 2063, 2037, 2083, 2037 2063, é037. PITE 2037, 20e3,
TOTAL SPACECRAFT 50640, S5ueQse S0uave 50e0ea S0sel, S0el4. 504au. 50606. S06e0e 50@Qus
TOTAL UPPERSTAGE 667343, 667558, 667363, 657%58. 667031, 667260, ©667031ls 66/266s 6OLIIHe 66Tcl3,
TOTAL VFmICLE 29%2168Ce 2950866¢ 2543765« 291i0V7. 1leB763, 1161578 636219« 8309J6e¢ 832700e¢ 833474,

Table 16-2. Total Vehicle Mass--S-IC Burn Phase--Pounds Mass
GROUND IG:ITION HOLDDOWN CENTER OUTBOARD ’ $=1C/5=11
EVENTS ARW RELEASE ENGINE CUTOFF ENGINE CUTFF SEPARATION

PRLD act PRED ACT PRED act PRED ACT PRED act
RANGE T{wE==SEC =-6460C =65V ve 20 V.20 135%.2° 13%14 18506 léés ]V 165480 164,80
DRY SYAGE 207500e 287310e 2687%C0. 287310. 287500 287310¢ 28750Js 287310s 287500« 207310,
LOX IN TANK 3259607, 3266126 191802 31956)1s ®7658le @05637. 2563 2160. 2297, le56.
05 BELOw TANK “8509, 466083 «Bll&. 48318, “8leS, “glel. 19694, 40410, 35085, 5053,
LOX ULLAGE GAS « 8. 422 «77, 938, 060 675, 731%. 1761« 1328 1176
FUEL [N TanK 1628679 lel9043e 1406350 1396161e &2623%. 2-/0b&g. 1849, 19187, 16130 16722,
FUEL PELOW TANK 9509. 9518 i3219. 13228 13219. 13d¢Be 13136, 13165, 13136, 13ied,
FUEL ULLAGE GAS Tle 160 1. 170, «%9. %60, 932, 686, 536, 568.
N2 PURGE oG4S 80, 80. a0. a0, .3, “3, wde L ¥ “3e “do
MEL LM 1N BOTTLE 30 €37, 636, 827, 2e8. d17. 17%. 131, 174, 129,
FROST 140G 1aC0e 1600 1400. 150, 50, 750, AT 190. 750,
RETROROCKET PROP 2264 2266 22b6. 2264, i20e. i26%. 2706 2206, 2264 2264,
OTHER 529 230 528 230 vim. i30. 528, 230, 528+ €30.
TOTAL STAGE 5C37206e 5U3383%. 42%2%1ds «940]1%8. 3lewd?. 3657%). IGES kb,
TOTAL S=1C/S=11 1§ llesl, 11000 Jlesl, 1100, llew. lisvus llas), llevue 11308, 11427,
TOTAL S=1i STAGE 1075917, 1075889 LUT5917+ 107388Y. 1UT5429, JUTS6Ule 1079629 lUT56U1a 1UT5629e 1UTS4-],
10T S=11/8=1vB 1§ 8061, 8060, adsl. 8ub0. 8.l evbu. Bubl. BUbJ. 8061, 806U,
TOTAL S=1vB STAGE 260126a 260738e 260126. 260728. &99Y¢6. 203938 259¥i6. 200538 77 s9264 260538,
TOTAL INSTRU UNIT erre 4505, “e9g. &20%. YL P ©3(S, Cuyia abub. LYY ) 4505,
TOTAL SPACECRAFT 11,203e  11i12¢> 111208, 111122e 11i2U8s 14il2¢e Lliicude L1il22+ 411203 dild22.
TOTAL UPPERSTAGE 147126400 1471701ke 14712400 1471706e 1470952, 16710260 1670592+ 1671020a 16706790 1670953,
TOTAL VEMICLE 650866by HO05E6Be 6423 Do, G41TETL. 25329590. 2%5106749. 1B435AY. 1845Ub3e 1836230. 1837697,
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Table 16-3.

Total Vehicle Mass--S-11 Burn

Phase--Kilograms

s=1C IGNiTIO~ s=11 s=ii S-1 S=11/5=1ve
EVENTS 16N TION MAINSTAGE ENGINE CUTOFF SEPARATION

PRED ACT HRED ACT PRED ACT PRED ACT PRED ACT
RANGE TIvE-=SEC 6460 -6e 50 167,50 166450 169.50 16B.50 556490  95Y.05  £5749U0  S6U.00
$=1C/S5~11 SvaLL [$ 615, 6lé. 0. 0. [ 0.
$=]C/5~11 LARGE § 3997 3945 3957 3545, 3957 3965,
$=1C/8~11 PROPELANT el6. 612, 312 309. Ce Os
TOTAL S=.C/S=11 1§ 5i89. 5170 “«270. 4255, 1957, 3965,
DRY STaGE 35402, 35434, 35602 35434, 35404 25638, 35404 3543a, 35602 354 3e,
LOX IN TANK 376990, 379139 378990, 379139, 378534, 378683 8l7. 950, 679, LTER
LOX BELOW TANK 737, 737, 736. 737, 830, 800, 787, 787, €7, 787,
LOX ULLAGE GAS 169, 69, 148, 169, 1%4. 1%l FeL IR FELXRS 2256, 2d¢h8,
FUEL IN TANK 72316, 72124 72300, 72115, 72094, 719004 i%6U. 13«2, 1505 1<88.
FUEL BELOw TANK 104, 106, 110 11l 127, 127, §ede ldde 123 1¢3d.
FUEL ULLAGE GAS 58, L]0 Se. 584 58. 59, 595. 595 599 599,
INSULATION PURGE GAS 17. 17 Qe (-0} e Qe
FROST 206. 206, Oe Oe O Oe
START TanK 13, 13¢ 13. 13. de e ds i & 2.
OTHER 3au, kLT 3. 36, ELYY ELY 36, 36, kLY 36,
TOTAL S=11 STAGE 80027, 498014e &B87806. &B7793, &B7208. «87193, 1572, sllig. 41389, «0v36.
10T S=11/5=1vB 1S 3658 3595 36%6. 365%. 3ebb. 3655, 3656 3655 365%6. 3855,
TOTAL S5=1vD STACE 117991 1.626€6« 117900+ 11B17Be¢ 117900¢ L16i78s 117v00s 118178+ 117096e 118173,
TovaL v 2037, 2043, 2047, 2063, 2u3T. Sue3. 2037, 2usde 2037, 2063
TOTAL SPACECRAFY £04a60e SValse S066U. 50606 . S04«le 50404 8367, «6309 66367, «b3IV9.
TOTAL UPPER STAGE 176125 174372e¢ 17603%. 174281+ 176035. 17e28le 16996lc 1701806 169939 1T70iNe.
TOTAL VEHICLE 687363, 6675584 obblile 666330, 665199, 0606562i¢ 211519 211305, &1132%. 21lidle

Table 16-4. Total Vehicle Mass--S-II Burn Phase--Pounds Mass
$=1C IGNITION =11 S=11 s=11 S~liss=-lve
EVENTS IGNITION VA INSTAGE ENGINE CUTOFF SEPARATY JON

PRED ACY PRED aCT PREV ACY PREL ACT PRED ACT
RANGE TIME~~SEC ~be 80 -6e 50 167.50 166450 16950 168450  5%BePU 559405 557490  S6LeW0
$3=IC/S8=11 SwaLL IS 13%6. 13%&. Oe Q. Ve Ve
$=1C/5=11 LARGE IS 8725, 8699, 872%. 0699, 8725, eey9,
$=1C/8=]1 PROPELLANT 1:50. 13el, 689, 683. [ O
TOTAL $~I1C/S$~11 IS 1le&l, 11400, EIY LY 932, 872%. 8699,
DRY STAGE 78050. Tel2v. 7805v. 78120, 78UV, T8i30. 78ubU. Teldve 700%0. T8ia0.
LOK N TANK 435%3)]., 683%85%. #355%3]. 835E%9. E3&525. 06853, 1804, 1213. 1899, vil.
LOX BELOW TANK 1625 162%« 1626 1626, 1766 1766 1736 1736 173¢. 1736,
LOX ULLAGE GAS 329. 329 329. 429. 333, 333. “955,. “9h5, “971. “9Tie
FUEL IN Tanx 159627, 159001« 159613. 156986+ 15896le L5851, 3enl. 29¢0. 33.6. 2837,
FUEL BFLOW TANK 231, 231 266, 269, 287, 282, 272 LT2e 27¢e Parn
FUCL ULLAGE GAS 120. 128, 1¢9. 129. 130. 130. 1313, 1313, 1321 ladi.
INSULATION PURGE GAS 3., 18. 0. Oe Oe O
FROST €50, 450« Ce Ge G Ve
START TANK 30. 30. 30. 30. Se 5. Se Se Se Se
O uER 76, Tte Te. Te. Te. To. Te. Te. T6. ..
TOTAL S~11 STAGE 1075917, 1075088%. 1075429, 1075400 10763107, 1076078, 9165]. 90650, Vi2e9. Y0469,
107 S=~11/5~1vB 1§ 8061, e060. BO6l. 8060, 8uble. Suev. Bubl. BUb0e 8061 8uto.
TOTAL $S~1vB STAGE 260126 2+0738. 259926. 26053B. 239920. 200538, 259Y26. 260530, 2%992l. 260533,
TOTAL TV “652, «505. 2. «505. 492, «50%5. w9, «505. “692. “505.
TOTAL SPACECRAF 11'20%. 111122« 11120%. 111122« 111203« 111122« 102178« 10209%: 102178« 102v9%.
TOTAL UPPER STAGE 3NINB2, 380625, 383682, 3B6225. 3IBI6BL. IBe2iS. 37es57. 375198. 3/6652. 375193,
TOYAL VEMICLE 16471260, 1471716, 166852%. 1669008. 14665164 188700 66308 465068. «b5902. wbdbe2,
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Table 16-5.

Total Vehicle Mass--S-1IVB First Burn Phase--Kilograms

§=1C I1GNITION s=1vs S=1v8 S=lve S=lve
EVENTS I6NITION MAINSTAGE ENGINE CUTOFF END DECAY
PRED ACT PRED ACT PRED ACT PREDL ALt PRED ACT

RANGE TIwE==SEC =6e 60 =be 50 561400 56344 56350 $65. 90 Tudsd® Tove b TO2e 3 TO0uelO
DRY STAGE 11«07, 14393, il1384, 14330 11304, 11330. 41322, 1ide9 1i2&3e l1let®,
LOX IN Tanx 8%59e2, 86230 85936, 86230. 85816, B6l10le B13iv. 64 Thbe  6129de 61850,
LOX BELOw TANL l66. lee: leb. leee 1800 180. 180e it 0 1ud. 1860,
LOX ULLAGE GAS 17 23 20e 23 23 26, i0%. Y7 10%e 17,
FUEL IN TANK 19709, 19730 19704, 19726 19657, i967«. leb7%, je70d. le665. 1753,
FUEL BELOW TANK 2l 21e F{-x 26e 26 r{-1 be ibs FLY) ite
FUEL ULLAGE GAS 20 17e 2u. 19 20 20 63, ol. be. 6l
VLLAGE ROCKET PROP %3, S53e 9 Be

APS PROPELLANT 285 269 29%. 299, 285« 299+ 283 298, 283. 298
MELIU™ IN BOTTLES 201, 206 20ie 206 200. 205 IY TS i62. 1756 1624
FRCST 136, 130, “%, “5 “Ye “Se “5e «5,. L3 1Y “5e
START TANK GAS 2. 2. 2. 2e Ce Ve 3. 2e 3 e
OTHER 2% 28 2% FLY) 2% d%e 2% FLY 2% LI
TOTAL S=IVvB STAGE 117991  J1€267e 11733. 118109 117666s 117933, 88233 CHITY 88195, 98770,
TOTAL U 2037, 2063, 2037, 2063, 2037, €043e FOER d063. 2037, Pl
TOTAL SPACECRAFY “p367, 46309, wh36T, ©630%. “b367, «$309e 463aT. “6309s  “bIeT. “630,
TOTAL UPPERSTAGE €836, «8352. «R3Bes ©B3%2. “B3B4. LN35¢e  4B3B6s  4B835¢.  4830ks 483324
ToTaL VENICLE 166375. 166620« 166210 160662 166udle 1662Bbe 136617¢ 137161e 136560e 43Tid3e

Table 16-6.

Total Vehicle Mass--S-IVB First Burn Phase--Pounds Mass

S=IC IGNITION S=]ve Se=lve S=lvg S=1ve
EVENTS tGNnITION MAINSTAGE ENGINE CUTOFF END DECAY
PRED ACTY PRED ACT PRED ACY PRED ACT PRED ACT

RANGE YimE-~SEC =be60 =64 50 %61le 00 563env 56350 565490 70229 T00+56 70250 T00.00
ORY $TAGE 2%1%2. 25030. 25099, 26979, 2509y, 26979, 24966 26064, 269bke 26806,
OXIN TANK 189670s 190106 169eb6. 190106s 1€9189. 1EP62le 135186e 1306JU. 135126e 136357,
LOX BELOW TANK 367, 367, 367, 367 397, 397. 397, 397, 397, 397.
&OK ULLAGE GAS 3%, Sle “ba Sl 524 $3. 23)e 170. 232 i70.
FUuEL IN ANk 3652, «3698, e306], 43600, ©3337, «337%. 32355, 32567, 32332, 32525,
FUEL BELOW TANK “Be LY 50 S8e 58, 58 S€e $6e 58. 58
FUEL ULLAGE GAS S 2. 5. L1 XY “be obe iele 13%5. 163, 13%.
VLLAGE ROCKET PROP 118, 118. & 19

APS PROPELLANT 6304 661, 304 66l ©30. 66l L 657, 626 57,
MELIUm™ IN BOTTLES “ad, “9%e hb, %5, 83, “%3. 397. 4«03, Ivé. €07,
FROSY 300. 300. 100+ 100 100. 100 100s 100. 100e 100.
STARY TANK GAS Se Se Se Se le le Te Se 7. Se
OTHER $6e 55« 5. 5%e St 5% S6e 55 S6e 5%
TOTAL S=~IVB STAGE 2601206e 260736e 259778+ 260386¢ 259610« 25999ve  19452i¢ 195789. 1VesdBe 195706,
TotaL v “h92e «S0%e 492, «505e “ey2, «50% “6e92s “50%e 920 4505,
TOTAL SPACECRAFY 102178« 102095« 102178¢ 10209%s 104.76¢ 10209%« 102178¢ 102093« 102178« 3102u9%.
TOTAL UPPERSTAGE 106670 106600« 106670, 1086600« 106670¢ 100600« 106670¢ 106600s 10667Ce 108600«
TOTAL VEMICLE 366 796s 367336 3066bb. 36698b. IGOLNU. 366399, 30119)e 302309, 301108. 302308,
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Table 16-7. Total Vehicle Mass--S-IVB Second Burn Phase--Kilograms

S~ivR s=lve S=jvi s=lve SPACECRAFT
EVENTS 1GNITION Al NSTAQL Lol & CUTQFF ENU DECAY SEPARATION
PREL aCT PRED ACT PREC ACT PRED ACT PRED [Yai
RANGE TME==SEC R9]11eP0 BYL2e60 89]4sbl BYlesY) Y26Bal® Yebiadé YI0Hse) Y6350 J4UBBesU 20850600
DRY STAGE 11323. 11269 11323, 11265 11343 11269. 11323, liceYe 11323. licu9e
WOX In TaNK 61225 61772« 611034 61650 1993, 2656, 1965 26d¥ s 1876 4360.
LOX BELOW TANK l6bse l16be 180 190 180 18Ue 16U 160e ibbe dbbe
LOX ULLAGE GAS 1724 123 172, 120, 26l 20%e bl {4 X% 2ble «VSe
FUEL IN TANK 13627, 1377%,. 13579, 13730, lU&Ue 118%e 103le PR Y 99l 113%,.
FUEL BELOw TANK 26. 26, 26, 26 ibe 26e 26 éba 2le il
FUEL ULLAGE OAS 199, 149 160, 150, 279 283 ras 283 479 b3
APS PROPELLANT 236. Phbe 236, dbba rEL 2 %le FELYY 26la 21ve <éle
WELIUM IN BCTTLES la3, 170, 163, i70. 79. PR 9. lide 79. 4d3.
FROST 5 - “u5e «be «be &t “5e 5 «Se “be
START TaANK Ga$ 2. 2. Q. Qe 3 e 3e 2e e 20
OTHER 25 e é5e FL ) 2%« 24e <5e 24e F2 M
TOTAL S$=]VB STAGE 87156 87768, B699 7. B76l%. 1593, 16036, L5456 i5997. i529%6. 1583%.
TOTAL U 2037, 204 e 2037 08 3e 2U3Te b e 2v3le 20634 FOKREY dvede
TOTAL SPACECRAFT epl3eT. ©6309. 6367, 6309 4b3eTe “«6309. “p3ale «630¥. [ 313 625
TOTAL UPPERSTAGE “B3B6. ©B352. «93Re, “83%2e LLEL T “B8352 LY F1-TNS «9535de 2663 2669
TOTAL VHICLE 135539, 13612l 13938l 135967, 630 /8. bk 387, 638%le 66350 17958 18509,

Table 16-8. Total Vehicle Mass--S-IVB Second Burn Phase--Pounds Mass

S=lve S=lve s~]ve S=ive SPACECRAFY
EVENTS IGNITION AAINSTAGE ENGINE CUTUFF END DECAY SEPARATION
PRED acT PRED ACT PRED ACY PREV (14 PRED acY
RANGE TIME~=SEC 8911490 8912.40 E9lechd BYi6e90 $268.2% YiBIed® 9208040 9263.50 16U60.60 20850200
DRY STAGE 26906, 26bbb, 26966, deliebe 26906, 26Bau,. 26906, 268bh, 269806, 268be,
LOX IN TaNK 134979, 1361364¢ 134710s  1359)6. ©396, 5¢15. ©336. 5357, “138e 5159
LOXK BELOW TANK 367, 357, 397, 397. 397, 397, 397, 397, 367 367,
LOK ULLAGE GAS 380. 765 38l. 2664 576, “Sle 576 ©52e S76. «52.
FUEL IN Tanx [ TI7S 3IL3T0. 29937, 30270, 229%. 2616, 2276, 2590 2105 2%50%.
FUEL BELOW TaNK 58, S8 S8 Se. S8 H'N 4. 98 “8. “8.
FUEL ULLAGE GAS 352« 330 353, 332. $l6e 626 [FT 620 616. 62be
APS PROPELLANT S21e Sa3. 521. Sede 517. 9233, 17, 533, “05. S0l.
MELIUM IN BOTTLES 316, 3176, 3lb. 37%5. 176 252 17%. 251, 176. €%l
FROSY 100. 100 100, 100 100e 100e 100 100, 100. i00e
START TANK GAS Se Se le de Te 5e Te Se Te Se
OTHMER S6e Sbe 56e 5% 56 55e S6e 95« vée S%e
TOTAL S=1Vv8 STAGE 192143« 193497, 191796« 193157 36157, 353900 36u76. 315268, 33719 3e9l2e
TOTAL U “u92, “bude “u9se «505 “weS2 «%05. hby2e «S5yb. Prrs LHUbe
TOTAL SPACECRAFT 102178 102095« 10<178e 10¢09%¢ 1U2iTbe LludU¥5s  LUgdTBe  ivew¥de i300e i oGe
TOTAL UPPERSTAGE 106670« 1006U0e  106670e 106600« 106L70Ue  Jubbuve 10667Ve 10LBUUS 5872 ELTEN
TOTAL VvMICLE 29B813. 300097+ ¢9Babb. ¢9YT97. J40B847. 161950 laUT66be  l4)BBB.  3YS9l. “u797,
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Table 16-9.

MASS HISTORY

S=IC STAGEs TOTAL
S=1C/8=11 1S TO AL
S=]! STAGEs TOTAL
S=11/5~=1vB 1Sy TOTAL
$S=]v8 STAGE. TOTAL
INSTRUMENT UNIT
SPACECRAFTs TOTAL

1ST FLT STG AT IGN
THRUST BUILDUP

1ST FLT STG AT HDAR
FROST
MAINSTAGE
NZ PURGE GAS
THRUST DECAY~IE
ENG EXPENDED PROP
S=I1 INSUL PURGE
S=11 FROST
S=]VvB FROST
THRUST DECAY=OE

18T FLT STG AT OECO
THRUST DECAY=OE
$=1C/8=11 ulLL RKT

18T FLT STG AT SEP

STG AT SEPARATION —

$=]C/S=11 SMALL 1S
§=1C/S=11 ULL RKT

IND FLT STG AT sSC
FUEL LEAD
$=I1C/S~11 ULL RKT

END FLT STG AT IGN
THRUST BUILDUP
START TANK
S=1C/S=11 uULL RKT

aNC FLT 5.6 AT Ms
MAINSTAGT
LES
$=1C/S=11 LARGE 15
TD & ENG PROP

2ND FLT STG AT COS
THRUST DECAY
S=]JVB ULL RKT PROP

eND FLT STG AT SEP
STG AT SEPARATION
$~11,5~1vB IS DRY
S=11/S~1VB PROP
S=1VB AFT FRAmME
S=]VB ULL RKT PROP
$~lve DET PKG

IRD FLT STG AT SSC

Flight Sequence Mass Summary

PREDICTED

KG LBM™
2284836¢ 5037204,
51689, llael,
©88027« 1075917,
3656, 8061.
117991 2601260
2037 “692¢
50440 111203,
2952179« 6508444,
=304]14, ~864690.
2913765, 6423754,
«29, =650,
=2075910¢ =457660].
=16 =37,
-821. =-1811.
=189 =418
-17 «38,
=204, -6450.
=-90. =200,
Oe Qe
836219 1843549,
=3280 72454
'33' -73.
832899 1836230.
=165901s =36575].
=615« =1356.
-83. -~184.
666299, 1468939,
Qe Qe
~187. -l
606111le 1468525,
=587 =1296.
=11 =25
=312 ~669.
665199, 1466514,
~665%7]1. =982317.
=4093. ~9025«
-3957. -8725«
-62¢ -138.
211513, “«66308.
~-18l. =401l
-2 =5
211329, ©65902.
61389 =91249.
-3175- '7001'
=480, =1060.
=21e ~48e
~le -3a
=le -3,
166258, 366537,
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ACTUAL

KG LM
2283308s 5033635,
5170 11400,
“©880]4e 1075889,
3655 8060.
116268, 260738,
2063 505,
50406, l1ll22.
2950866 6505548,
~39769. -87677.
2911096+ 6417871
=294, -650.
=2072527¢ 4569142,
=16 =37,
-849e ~1873,
=189 -4]1l8e
=17, =38,
=204 =450,
=90 =200«
Oe Qe
836906« 1845063,
-3398. ~T693,
=33, =73,
€724 7¢e 1837497,
=166261le =366b&4,
=6lé. =13%4,
=83, =184,
666515¢ 14694]15.
Qe Oe
~1l84,. %07
666330 1469008,
=568+ =1297.
=1le 25
=309 -683.
665420, 1467002,
~446012. =983289.
~40%96e ~-9027e
~3945. ~-8699.
=6de ~ =138.
21130%5. “6586b.
=18l =60l
-2 -5
21llidl. 4656462,
~60936. =90249,
-3i72. -6995.
483, =1065.
~21e =48
=le -3
=1l -3,
166504, 367079



Table 16-9.

MASS HISTORY

3RD FLT STG 18T s8¢
ULLAGE ROCKET PRCP
FUEL LEAD

3RD FLY STG 15T IGN
ULLAGE ROCKET PROP
START TANK
THRUST BUILOUP

3RD FLT STG 1ST m§
ULLAGE ROCKET CASE
MAINSTAGE
APS

3RD FLT STG 1ST COS
THRUST DECAY

3RD FLY STG 1ST ETD
ENGINE PROP
FUEL TANK LOSS
LOX TANK LOSS
APS
START TANK
02/+2 BURNER

3RD FLT STG 2ND SSC
FLEL LEAD

3RD FLTY STG 2nND IGN
START TANK
THRUST 8UILDUP

3D FLT STG 2ND ™S
MAINSTAGE
APS

3RD FLT STG 2ND COS
THRUST DECAY

3RD FLT STG eND ETD
JETTISON SLA
csm
S=]vB STAGE LOSS

STRT TRANS/DOCK
(&1

END TRANS/DOCK
sm
(W
S=1vB STAGE LOSS

LAU VEHM AT S/C SEP
$§/C NOT SEPARAPTED
v

$=1VB STAGE
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PREDICTED

KG LBmMm
166258, 366537,
=39. =88.
Qe Qe
166218, 366448,
-9 =22
=-le whe
=155 =362
166051 366080,
=61 =135,
=29370. =64750.
=le —bo
136617. 301191,
=37 =824
136580. 301108.
=18 =404
-942e =-2078.
=lbs =31l
=47 =105.
=0 -2.
=T =16
125549, 298835,
-9 =22
135539. 298813,
=le -he
=155 ~363.
135381. 2984660
=71501e =15T634s
-le -he
63878, 160827,
=36 =81l
6384l 10746,
=1171. -2583.
~29290. ~6645T75,
97 =214,
332¢1. 73376,
29290. 6645756
62572« 1379649,
29290, ~64575.
=152586. ~33640.
~6&e -l62.
179%8. 39591
=525« -1380.
=2037. %492,
=15294. ~-33710,

Flight Sequence Mass Summary (Continued)

ACTUAL

KG LBM
16650644 367079,
—-“2e 93
Os Ve
166462, 366986,
-8 =19
=1le. -be
=165 =364,
166286, 366599
=6le ~135.
=29062 =6640T1e
=-1le ke
137161. 302389,
=37, =83
137123 302306,
=18 =40
=877, ~1935,
=37, =83
~51e =llée
Oe Ce
-Te =16
1361304 300117,
-9 =20¢
136121. 300097.
~le -boe
=152« =336,
135967, 299757,
-71575- -1577970
ke =1l0e
64387 141950
=37 =82
64350, 16416868.
1171 -256<
=29233. =b6siB,
-9Te =2lbe
330848, Tab24.
29233 bhbhbBe
63081 139072,
=29233. 54648,
-1527%9. =33685.
=bbo -1&2e
1850%. «QT197,
625 =1380.
=2063, =4505,
=-15835, =34912.
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Table 16-10. Mass Characteristics Comparison

MASS LONGS TUD INAL RADIAL ROLL MOMENT PITCH MOMENT YAW MOMENT
CeGe (X STAS) CeGe OF INERTIA OF INERTIA OF INERTIA
EVENT -—- R et S A R
KILO 0/0 METERS METERS KG=M< 0/0 KG=MZ o/0 KG=-M2 ©0/0
POUNDS OEVe INCHMES DELTA INCHES DELTA X10-=6 DEVe X10=6 DEVe KiU=6 ODEVe
130408, 94326 040394
PRED 287500, 36742 263609 20506 16¢508 Lbet3s
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Table 16-10. Mass Characteristics Comparison (Continued)
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Table 16-10.

Mass Characteristics Comparison (Continued)
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Table 16-10.

Mass Characteristics Comparison (Continued)
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SECTION 17
LUNAR IMPACT

17.1 SUMMARY

A1l aspects of the S-IVB/Instrument Unit (IU) Lunar Impact objective were
accomplished successfully except the precise determination of the impact
point. The final impact solution is expected to satisfy the mission
objective. At 297,472.17 seconds (82:37:52.17) (actual time of occur-
rence at the moon), the S-IVB/IU impacted the lunar surface at approxi-
mately 8.07 degrees south latitude and 26.04 degrees west longitude,
which is approximately 294 kilometers (159 n mi) from the target of

1.596 degrees south latitude and 33.25 degrees west longitude. Impact
velocity was 2543 m/s (8343 ft/s). The mission objectives were to maneu-
ver the S-IVB/IU such that it would have at least a 50 percent probability
of impacting the lunar surface within 350 kilometers (189 n mi) of the
target, and to determine the actual impact point within 5 kilometers

(2.7 nmi), and the time of impact within 1 second.

17.2 TIME BASE 8 MANEUVERS

Following Command and Service Module (CSM)/Lunar Module (LM) ejection,
the S-IVB/IU was maneuvered to an inertially fixed attitude as required
for the evasive burn. Time base 8 (Tg) was initiated 6392 seconds later
than nominal at 21,840 seconds (06:04:00) vehicle time. The delay in
initiating Tg was directly due to the problems experienced with the CSM/
LM docking. The Auxiliary Propulsion System (APS) ullage engines were then
burned for 80 seconds to provide a near nominal sPacecraft/launch vehicle
separation velocity. At 22,423 seconds (06:13:43) vehicle time, the
stage maneuvered to the Continuous Vent System (CVS)/LX dump attitude.
The initial lunar targeting velocity change was then accomplished by
means of a 300-second duration CVS vent and a 48-second duration LOX
dump. The velocity change resulting from the CVS vent was larger than
nominal due to the increased pressure resulting from the delay in the

Tg event. The velocity change resulting from the LOX dump was near
nominal.

The final lunar impact targeting maneuver was accomp!ished by a commanded

252-second APS burn at a commanded local horizontal attitude of 222 de-
grees pitch and -14 degrees yaw. This APS burm, premission planned for
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23,374.2 seconds (06:29:34.2), was initiated late at 32,399 seconds
(08:59:53) vehicle time as a result of the delay in Tg initiation and

to allow time for adequate ground tracking. The burn provided an actual
velocity change which was near the required value that was determined in
real time. The attitude and duration for this final APS burn were deter-
mined in real time by the Lunar Impact Team at the Huntsville Operations
Support Center (HOSC) based on the APS vector provided by the Mission
Control Center (MCC). Loss of the IU DP1-A0 data and IU guidance com-
puter data (See paragraph 15.3) created uncertainties as to actual IU sys-
tems status and prevented real time use of telemetered attitude and delta
velocity data. However the remaining telemetered data available plus
crew observations were sufficient for conduct of the lunar impact opera-
tions in an effective manner,

Table 17-1 shows the actual and nominal maneuver duration times, velocity
increments along the S-IVB/IU longitudinal body axis, and maneuver atti-
tudes for the various lunar targeting events during Tg. Figure 17-1
shows the velocity change profile during Tg.

Due to the late initiation of Tg the lunar impact commands were given
at a point further from earth than ever before. The communications
aspect of the late commands is discussed in paragraph 15.6.

17.3 TRAJECTORY EVALUATION

Figure 17-2 shows the radius and space-fixed velocity (earth centered)
profiles from the APS lunar impact burn to lunar impact. Table 17-2
shows the actual and nominal geocentric orbit parameters following the
final impact maneuver. The orbit parameters are based on two-body cal-
culations.

17.4 LUNAR IMPACT CONDITION

Figure 17-3 shows various impact points relative to the target and
seismeneter locations. The impact parameters and miss distances are
presented in Table 17-3. The distance from the impact point to the
target is 294 kilometers (59 n mi) which is within the 350-kilometer
(189 n mi) mission objective. The distance from the impact point to the
seismometer is 175 kilometers (94 n mi).

A summary of impact times recorded by the various tracking sites is
shown in Table 17-4. The average of the recorded times was used as the
best available time of impact, and is considered accurate to within
0.05 second.
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Figure 17-1. Accumulated Longitudinal Velocity Change
During Time Base 8

17.5 TRACKING

Approximately 80 hours of S-IVB/IU tracking data, from Translunar In-
jection (TLI) to lunar impact, were obtained. Figure 17-4 shows the data
considered by Goddard Space Flight Center (GSFC) in the orbit and impact
location determinations. Table 17-5 lists the tracking sites, their con-
figuration sizes, and abbreviations used.

An S-IVB/IU tumble rate of approximately 10 revolutions per hour caused

the range-rate data to have relatively high non-Gaussian noise. This
noise has hindered an accurate determination of the impact point to date.
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The final solution of the actual impact point is expected to be accurate
to within 0.10 degree in latitude and 0.05 degree in longitude wnic'i is
w1th;n a region having dimensions of approximately 3.4 kilometers (1.8
nmj.

Table 17-1. Luncr Targeting Maneuvers

PARAMETER [ ACTUAL J NOMINAL ] ACT -NOM

START OF TINME BASE 8
Range Time hr:min:sec 06:04:00 04:17:28 01:46:32
(se ) (21.840) (15,448) {6,392)

APS EVASIVE BURN

Initiation, sec from Tgy 1 1 0
Duration, sec 80 80 0
Velocity Increment, m/s 2.90 2.98 -0.08
(ft/s) (9.51) (9.78) (-0.27)

Local Horizontal Attitude
pitch, deg 189 176 13
yaw, deg 40 40 0

CVS VENT

Initiation, sec from TB 1,000 1,000 0
Duration, sec 300 300 0
Velocity Increment, m/s 2.30 0.44 1.86
(ft/s) (7.55) (V.44) (6.11)

Local Horizontal Attitude
pitch, deg 225 2258 0
yaw, deg -10 -10 0

LOX Dump

Initiation, sec from Tg 1,280 1,280 0
Duration, sec 48 48 0
Velocity Increment, wm/s 8.82 8.30 0.52
(ft/s) (28.98) (27.23) (1.71)

Local Horizontal Attitude
pitch, deg 225 225 0
yaw, deg -10 -10 4]

APS LUNAR IMPACY BURN*

Initiation, sec from Tg 10,558 10,560 -2
Duration, sec 252 252 0
Velocity Increment, m/s 10.27 10.42 -0.15
(ft/s) (33.79) (34.19) (-0.50)

Local Horizontal Attitude
pitch, deg 222 222 0
yaw, deg -14 -14 0

NOTE: Range times used are times of occurrence at the vehicle,
reference Figure 2.1,

*Nowinals for APS LUNAR IMPACT BURN calculated in real time
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Figure 17-2. Lunar Impact Trajectory Radius and Space-Fixed
Velocity Profiles
Tabie 17-2. Geocentric Orbit Parameters Following
APS Lunar Impact Burn
PARAMETER ACTUAL NOMINAL ACT-NOM

Semimajor Axis, km 216,820 217,729 -909
(n mi) (117,073) (117,564) (-491)
Eccentricity 0.970 0.970 0.000
C3*  kmi/s? -1.838 -1.831 -0.007
(n mi¢/s?) (-0.536) (-0.534) | (-0.002)
Perigee Radius, km 6484 6455 29
i (n mi) (3501) (3485) (16)

* iwice the specific energy
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Figure 17-3. Comparison of Lunar Impact Points
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Table 17-3. S-iVB/IU Lunar Impact Parameters
PARAMETER AT IMPACT ACTUAL NOMINAL ACT-NOM
Stage Mass, kg ~13,987 1.,987 0
(1bm) (~30.836) (30,836) (o)
Moon Centered Space-Fixed 2543 2544 -1
Velocity, m/s (ft/s) (8343) (8346) (-3)
Impact Angle Measured from 21.8 14.7 7.1
Vertical, deg
Incoming Heading Angle 75.7 85.8 -10.1
Measured From North to
West, deg
Tumble Rate, deg/s ~1.00 ~0.35 0.65
Selenographic West Longitude, 26.04 33.25 -7.21
deg
Selenographic South Latitude, 8.07 1.60 6.47
deg
Impact Time, HR:MIN:SEC" 82:37:52.17 |82:24:14.61} 00:13:37.6
Distance to Target, km 294 0 294
(n mi) {159) (0) (159)
Distance to Seismometer, km 17¢ 304 -129
(n mi) (94) (164) (-70)

* Actual Time (Signal Delay Time =

1.270 seconds)

Table 17-4. Summary of Lunar Impact Times
RECORDED IMPACT TIME, HR:MIN:SEC
TRACKING STATION GREENWICH MEAN TIME RANGE TIME
FEBRUARY &, 1971
Hawaii 7:40:55.43 82:37:53.43
Goldstone 7:40:55.43 82:37:53.43
Merritt Island 7:40:55.44 82:37:53.44
Carnarvon 7:40:55.44 82:37:53.44
Honeysuckle 7:40:55.44 82:37:53.44
Average 7:40:55.436 82:37:53.436
NOTE : Signal Delay Time = 1.270 seconds
Actual Impact Time = 82:37:52.17
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Figure 17-4. Summary of CCS Tracking Data Used
for Post TLI Orbit

Table 17-5. S-IVB/IU CCS Tracking Network

COCAT NN CONFIGURATION ABBREVIATION
Madrid, Spain Main Site - 85 Ft. Dish MADS
Madrid, Spain Wing Site - 85 Ft. Dish MADN
Canberre, Australia Main Site - 85 Ft. Dish HSK8
Tidbinbilla, Australia Wing Site - 85 Ft. Dish HSKW
Goldstone, California Main Site - 85 Ft. Dish GDS8
Goldstone, California Wing Site - 85 Ft. Dish GDSW
Merritt Island, Florida 30 Ft. Dish MIL3
Ascersion Island 30 Ft. Dish ACN3
Carnarvon, Australia 30 Ft. Dish CRO3
Kauai, Hawaii 30 Ft. Dish HAW3
Goddard Experimental 30 Ft. Dish ETC3
Test Center
Greenbelt, Maryland ‘
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SECTION 18
SPACECRAFT SUMMARY

The highly successful Apollo 14 mission, manned by Alan B. Shepard, Jr.,
Mission Commander; Stuart A. Roosa, Command Module (CM) Pilot; and

Edgar D. Mitchell, Lunar Module (LM) Pilot; was launched from Kennedy
Space Center, Florida, at 16:03:02 Eastern Standard Time (21:03:02
Universal Time) on January 31, 1971. The launch was delayed about 40
minutes because of restrictive weather conditions in the launch area.
Activities during earth orbit checkout and translunar injection were
similar to those of previous lunar landing missions. During transposi-
tion and docking, following translunar injection, six attempts were re-
quired to achieve a docking. Television was used during translunar coast
to observe the probe and drogue inspection, and all operations indicated
a normal functioning system. Except for a special check of ascent
battery No. 5 in the lunar module, the remainder of the translunar coast
period proceeded in accordance with the flight plan. Two midcourse
corrections were performed at about 3u.5 hours and at about 77 hours.
These corrections achieved the non-free-return trajectory, the desired
closest approach distance to the lunar surface, and placed the space-
craft operations back on the nominal flight plan time betore lunar orbit
insertion.

The spacecraft was inserted into lunar orbit at 82 hours, with the descent
orbit insertion maneuver performed two revolutions later. The descent
orbit insertion maneuver placed the combined spacecraft in a 58.8 by 9.6
mile orbit. The Tunar module was entered at approximately 101.25 tours
for activation and checkout in preparation for descent to the lunar
surface.

The two “nacecraft were undocked at 103.75 hours. Prior to powered
descent an abort signal was set in the computer as the result of a mal-
function, but a routine was manually loaded in the computer that inhibited
the recognition of an abort discrete. The powered descent maneuver was
initiated at 108 hours. A ranging scale problem, which would have pre-
vented acquisition by the landing radar, was corrected by reinitializing
the landing radar system. Landing in the Fra Mauro highlands occurred

at 108:15:11. The landing coordinates were 3 degrees 39 minutes

56 seconds south latitude, and 17 degrees 28 minutes 42 seconds west

longi tude.
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Preparations were begun for the first extravehicular activity 2 hours
after landing. A lunar module communications problem delayed cabin
depressurization absut 40 minutes. The Commcnder began his egress and
descent to the lunar surface at about 113.5 hours. As the Commander
descended to the surface, he deployed the modularized equipment stowage
assembly for transmission of color television pictures. The LM Pilot
egressed at about 113.75 hours. The S-band antenna was erected and
activated, the American flag was displayed, the Apollo lunar surface
experiments package was deployed and various documented rock samples
were taken during the 4.75-hour extravehicular period. The mobile
equipment transporter was used during this period for carrying equip-
ment and rock samples.

Preparations for the second extravehicular activity were begun following
a 6.5-hour rest period. The goal of the second extravehicular period
was to traverse to the top of Cone Crater. Time constraints prevented
reaching the top, but the objectives associated with reaching the crater
and gaining the desired sam~les were achieved. On the return traverse
from the Cone Crater area, the antenna on the Apollo lunar surface
experiment package central station was realigned and various documented
rock and soil samples were collected. The second extravehicular period
lasted almost 4.5 hours for a total extravehicular time of about

9.5 hours. During the extravehicular periods, at least 103 pounds of
Tunar rocks and soil were collected.

The ascent stage lifted off at about 141.75 hours and the vehicle was
placed in 52.1 by 9.2-mile orbit. Rendezvous and docking operations

were normal. However, during the final braking phase, the abort guidance
system failed. The ascent stage was jettisoned and guided to impact
approximately 36 miles west of the descent stage.

Transearth injection occurred during the 34th lunar orbit revolution

at about 148.5 hours. During transearth coast, one midcourse correction
was made with the reaction control system, and a special oxygen flow-
rate test was performed. Good quality television coverage was provided
while the four inflight demonstrations were being performed.

The entry sequer.ce was normal and the command module landed in the
Pacific Ocean at 216:01:57. The landing coordinates, as determined
from the onboard computer, were 27 degrees 2 minutes 24 seconds south
latitude, and 172 degrees 41 minutes 24 seconds west longitude.
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SECTION 19
APOLLO 14 INFLIGHT DEMONSTRATIONS

19.1 SUMMARY

Three inflight demonstrations designed to demonstrate the effects of a
zero g environment were proposed by Marshall Space Flight Center (MSFC)
and flown on Apollo 14. These were an Electrophoretic Separation Demon-
stration, a Composites Casting Demonstration and a Heat Flow and Convec-
tion Demonstration. Preliminary assessment of the data indicate that all
three demonstrations were successful. The degree of success will be
determined when final data are received and evaluated.

19.2 ELECTROPHORETIC SEPARATION DEMONSTRATION

The Electrophoretic Separation Demonstration, a chemical separation process
based on the motion of particles in a fluid due to the force of an electric
field, was flown on Apollo 14 to show the advantages of the almost weight-
less environment. On earth, electrophoresis has to contend with sedimenta-
tion and thermal convective mixing which limits its usefulness for high
molecular weignt materials and large volume samples. This demonstration

is expected to show that electrophoresis in space will not be limited by
molecular weight and volume.

The instrument is a 4 by 5 by 6-inch box, weighing 5 pounds and requiring
27 watts of 115 volt, 400 cycle power for one hour. A viewing window

is provided so that the action in the test tubes can be photographed
employing a series of twelve 70mm Haselblad shots spaced 5 to 10 minutes
apart. The electrical system includes white and ultraviolet fluorescent
lights, pump motor, and 320 vdc rectified power for the electrophoresis
electrodes in the ends of the tubes. The fluid system includes a peristal-
tic pump, filter, gas phase separator and tubing to flush the electrodes.
The flowing fluid is separated from the passive fluid in the test tubes by
dialysis membranes, although a dilute boric acid solution is used through-
out.

The samples include: (1) a red and blue mixed dye which is easy to see
and measure; (2) hemoglobin, a component of red blood cells with a
molecular weight of 64,500; and (3) Deoxyribonucleic Acid (DNA), the
carrier of genetic information in chromosomes, with a molecular weight
several hundred times that of hemoglobin. The latter two samples are of
current interest in biological research.
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The objectives of the demonstration are to prove the gas phase purge
system, the reduction in settling of high molecular weight material, and
the sharper resolution of boundaries due to the lack of convective mixing.
The unit was shown on the televised broadcast from space with the power
and white light on. It was not activated at that time because it could

be used only once, but it was operated later as planned. Detailed measure-
ments will be made from the photographs. The primary assessment of the
above experiment so far indicates the following:

a. The red-blue dye separation on Apolio 14 was better than that seen on
earth. Development of the high-red contrast film will quantify the
resulis. There were good measurements of mobility and resolution, and
an indication of the lack of convective mixing.

b. The apparatus worked well, and the MSFC contributed phase separator
sche.e to keep the bubbies off the electrode did well.

¢. So far, no conclusions can be drawn regarding sedimentation or other
action of the high molecular weight materials, hemoglobin, and DNA.
The reprint photos will help answer this, and when the apparatus is
returned, analysis of the residues will give the final answer.

In conclusion, enough data have been analyzed to consider the effort
worthwhile, but the final results are not yet known. Some film color
adjustment techniques will have to be used to allow extracting all the
data which will finally be needed.

19.3 COMPOSITES CASTING DEMONSTRATION

The objective of the Composites Casting Demonstration is to demonstrate
the potential for preparing unique metal-matrix composites in a weight-
less environment. The absence of buoyancy and thermal convection per-
mits processing with a 1iquid matrix and should result in more uniform
dispersions of the reinforcing particles or fibers thus yielding a
unique composite material superior to those produced on earth using
solid state processes.

The demonstration was performed using a low melting point (162°F)
indium-bismuth eutectic alloy, paraffin, and sodium acetate as model
matrices. Dispersants included copper coated tungsten and boron
carbide spheres, beryllium copper fibers, tungsten microspheres,

and combinations of these with argon gas bubbles.

Composites formed by combinations of these materials do not represent
practical systems, but will serve to demonstrate the effects of processing
in a negligible gravity environment. The composites casting demonstration
represents a variety of combinations including particle and fiber
reinforced composites, liquid phase sintering of powder metal compacts,
reinforced foams, immiscible mixtures, and solidification experiments.

19-2
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The demonstration apparatus consists of 18 hermetically sealed capsules
containing the ingredients for preparing the composite material, a
heater, and a storage box, which is also used for cooling the specimens.
See Table 19-1 for specimen 1ist and abbreviated procedures.

Primary data will be obtained from postflight evaluation of the specimens.
TV coverage or photography during demonstration was optional. Voice re-
cording of specimen numbers and start and stop times for heating and
cooling was required so that telemetry data from the Command Module (CM)
could be evaluated postflight to determine g levels, temperatures, etc.,
during time of demonstration. '

Specimens No. 1 through 12 with the exception of No. 3 were processed
during the translunar and the transearth coasting phases of the mission.
The remaining seven specimens were not processed because there was
insufficient time. There were no problems with the equipment or the
procedures.

Evaluation of the flight specimens will commence after they have been
released from quarantine. Meanwhile evaluation procedures are being
finalized and the control samples are being prepared for evaluation.

Primary indications are that the demonstration was successful.
19.4 HEAT FLOW AND CONVECTION DEMONSTRATION

The Heat Flow and Convection Demonstration that was performed for the
Space Manufacturing Program on Apollo 14 is designed to obtain data on
the types and amounts of convection that occur in the near weightless
environment of space flight. Although normal convection will be mostly
suppressed in near weightlessness, convective fluid flows can occur in
space by mechanisms other than gravity, such as by surface tension
gradients, and, in some cases, the residual accelerations present
during space flight cause low level fluid flow. The demonstration con-
tains four independent cells of special design that detect convection
directly or detect convective effects through measurement of heat flow-
rates in the fluids. The data are recorded on the onboard 16mm data
acquisition camera. The temperatures are visibly displayed (and recorded
on the camera) by the use of color sensitive, liquid-crystal thermal
strips.

The crew reported that the demonstration was completed and also the unit
was operated during a TV transmission on February 7, 1971. The radial
cell and the two zone cells were successfully illustrated during the
transmission. The Flow Patt cell was operated and Benard cells (caused
by surface tension gradients) were clearly visible in the thin layer.
Some difficulty was encountered by the astronauts in getting the fluid
(Krytox) to spread properly across the cell bottom.
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The primary data (16mm film) was examined and found to be of excellent
quality both in focus and color. The film shows a slight yellow tint.
The two radial tests and the two zone tests were performed and the data
appear excellent. The unit was jarred on occasion during these runs
and these effects will have to be accounted for in analyzing gravity
effects. There were 4987 frames taken {out of 5000 available) during
flight. This means that about 200,000 data points were recorded.

The last flow pattern run shows Benard cells in the fillet. The

cells are very clearly defined and will be analyzed. The theoretical
equations will have to be approximated for a wedge geometry (fillet)
rather than a flat plate geometry. The original film, which is somewhat
yellow, was compared to the work prints. A work print highlighting

the blue is being prepared for a comparative analysis. The first work
print is being read on a Telereadex for input into a computer at MSFC.

Preliminary analysis of the data indicates that this demonstration was
successful.
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Table 19-1. Specimen List and Abbreviated Procedure
SPECIMEN
NO. CONTENTS PROCEDURE
1 30% W Spheres - 70% InBi Heat 10 minutes.
2 30% B4C - 65% InBi ~ 5% Argon 2:0'1‘°§05:‘;:5£es S
3 30% B4C - 70% InBi
] SiC Whiskers - InBi - Argon Gas Heat 10 minutes.
5 |BeCu Fibers - InBi - Argon Gas ke O e -
6 50% Paraffin - 50% Sodium Acetate
7 75% InBi - 25% Argon Gas
8 W Spheres - InBi - Argon Gas
9 40% Paraffin - 402 Sodium Acetate -
20% Argon
10 W Spheres - InBi
1 BeCu Fibers - Paraffin - Argon Gas
12 40% Paraffin - 40% Sodium Acetate -
20% Wms
13 BeCu Fibers - InBi
14 BeCu Fibers - Paraffin
15 InBi Controlled Eutectic Heat 13 minutes minimum.
16 InBi Remelt - Heat 8 minutes go?ogos:::ﬁies ninimum.
17 InBi Solidification
18 InBi Spherical Casting Heat 13 minutes minimum.

Do not remove heater from
box for 120 minutes minim

_ﬁ

InBi = Indium Bismuth Eutectic Alloy
W Spheres =

Coprer Coated Tungsten Spheres

B4C = Copper Coated Boron Carbide Spheres

BeCu = Beryllium Copper Wires

SiC = Copper Coated Silicon Carbide Whiskers

Wms = Tungsten Microspheres
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APPENDIX A
ATMOSPHERE

A.1 SUMMARY

This appendix presents a summary of the atmospheric environment a® launch
time of the AS-509. The format of these data is similar to that prasented
on previous launches of Saturn vehicles to permit comparisons. Surface
and upper levels winds, and thermodynamic data near launch time are given.

A.2 GENERA. ATMOSPHERIC CONDITIONS AT LAUNCH TIME

At launch time a2 cold front extended through northern Florida. See
Figure A-1. Scattered rain shower activity existed to the south of this
front throughout the morning of launch, but the showers did not reach the
launch area until just before the scheduled launch time. A band of
cumulus congestus clouds with showers developed about 30 minutes before
scheduled launch time along a line extending from Orlando towa~d northern
Merritt Island Launch Area (MILA). This necessitated a 40 minute hold
until the showers had moved a sufficient distance from the launch pad.
Although it was raining prior to launch, there was no rain at the pad

at the time of launch. The vehicle did travel through the cloud decks.

Surface winds in the Cape Kennedy area were fairly light and westerly,
as shown in Table A-1.

Wind flow aloft is shown in Figure A-2 (500 millibar level). The maximum
wind belt was located north of Florida giving less intense westerly wind
flow over the Cape Kennedy, Florida area.

AR.3 SURFACE OBSERVATIONS AT LAUNCH TIME

At launch time total sky cover was 8/10 with 7/10 cumulus at 1.2 kilometers
(4000 ft), and 2/10 altocumulus at 2.4 kilometers (8000 ft). Aircraft
observations indicated the depths of the layers in the vicinity of the

pad to be about 0.6 to 1.2 kilometers (2000 to 4000 ft) thick. A1l

surface observations at launch time are summarized in Table A-1. Solar
radiation data are given in Table A-2.
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Figure A-1. Surface Weather Map Approximately 9 Hours Before
Launch of AS-509

Table A-1. Surface Observations at AS-509 Launch Time

N
1M | PRES- Ton | oo | visie , HEIGHT HIND
AFTER | SURE | PERATURE |POINT| BILITY | AMOUNT |SKY COVER | OF BASE | SPEED
LOCATI0m 1-0 | now o K| i (TBTvs) | e | etk | ws | IR
(mn) | (ps1A) | (°F) {*F){ {STAT M1) (FEET) | (xmors) | (
MILA (SSB) 0 | 10102 2948 [202.¢] 16 7 [Cumulus 121geel 206|260
Kennedy Space (aes) | (71.9) Ner.o) (10) (4.00- )%} (5.0;
Center. Florida 2 |alte- 2438
Cumulus (8.000)
Cape Kennedy 1| 10.095 [ 208.7 [zss.0] -- .- -- S R E
Rawinsonde (i4.68) | 177.9) )s1.6) (13.¢)
Measurements
Pad 39A Lightpole 0 -- .- -- -- .- -- -- §.Qwww] 25Cuwe
N 18.3 m (9.7)wwe
(60.0 ft)*
LUT Pad 398 9 - - - - - -
161.5m (530 fe)e “6?5)5:: 75t

* Above natural grade.
** Estimated.
*** 1 minute average about T-0.
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Figure A-2. 500 Millibar Map Approximately 9 Hours Before
Launch of AS-509

A.4 UPPER AIR MEASUREMENTS

Data were used from three of the upper air wind systems to compile the

final meteorological tape. Table A-3 summarizes the wind data systems

used. Only the Rawinsonde and the Loki Dart meteorclegical rocket data
were used in the upper level atmospheric thermodynamic analyses.
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Table A-2. Solar Radiation at AS-509 Launch Time, Launch Pad 39A
HOUR TOTAL NORMAL DIFFUSE
DATE ENDING HORIZONTAL INCIDENT SKY
EST G-CAL/CMZ MIN G-CAL/CM2 MIN|G-CAL/CMZ MIN
January 31, 1971 07.00 0.09 0.00 0.00
08.00 0.05 0.93 0.05
09.00 0.19 0.11 0.15
10.40 0.3 0.08 0.27
11.09 0.64 0.35 0.42
12.00 0.75 0.85 0.18
13.00 0.73 0.64 0.29
14.00 0.86 1.06 0.19
15.00 0.57 0.41 0.35
16.00 0.10 0.01 0.10
17.00 0.08 0.00 0.08
18.00 0.04 0.00 0.04
19.00 0.00 0.00 0.00

Table A-3. Systems Used to Measure Upper Air Wind Data for AS-509
RELEASE TIME PORTION OF DATA USED
START END
TIME
TYPE OF DATA | 1rve | AFTER — —
() | T-0 | ALTrTuoe | petee| AuTrTuoe | AT
(MIN) M M
1) 1-0 - 1-0
: Ny | (FT) (MIN)
FPS-16 Jimsphere | 2121 | 18 175 18 | 15,000 69
(574) (49,213)
Rawinsonde amma | n 15,250 61 24,000 90
(50,033) (78,740)
Loki Dart 2309 | 126 59,000 | 126 | 25,000 | 150
1193,569) (82,021)
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A.4.1 Wind Speed

The wind speed was 5.0 m/s (9.7 knots) at the surface, and increased to

a peak of 52.77 m/s (102.6 knots) at 13.33 kilometers (43,720 ft). The
winds began decreasing above this altitude, reaching a minimum of 7.0 m/s
(13.6 knots) at 31.35 kiiometers (102,850 ft) altitude. Above this
altitude the wind speed continued to increase, as shown in Figure A-3.

A.4.2 Wina Direction

At launch time the surface wind direction was 255 degrees. The wind
direction stayed apprcximately westerly with increasing altitude to

59.0 kilometers (193,570 ft). Figure A-4 shows a complete wind direction
versus altitude profile.

A.4.3 Pitch Wind Component

The pitch wind velocity component (component parallel to the horizontal
prcjection of the flight path) at the surface was a tail wind of 5.0 m/s
(9.7 knots). The pitch component remained a tail wind with altitude,
resulting in a maximum tail wind of 52.77 m/s (102.6 knots) observed at
13.33 kilometers /43,720 ft) altitude. See Figure A-5.

A.4.4 Yaw Wind Component

The yaw wind velocity component (component normal to the horizontal
projection of the flight path) at the surface was a wind from the right
of 0.05 m/s (0.1 knot). The peak yaw wind velocity in the high dynamic
pressure region was a wind from the left of 24.9 m/s (48.5 knots) at
10.20 kilometers (33,460 ft). See Figure A-6.

A.4.5 Component Wind Shears

The largest component wind shear (ah = 1000 m) in the altitude range of
8 to 16 kilometers (26,247 to 52,493 ft) was a yaw shear of 0.0251 sec~!
at 11.85 kilometers (38,880 ft). The largest pitch wind shear, in the
Tower levels, was 0.0201 sec-! at 13.33 kilometers (43,720 ft). See
Figure A-7.

A.4.6 Extreme Wind Data in the High Dynamic Region
A summary of the maximum wind speeds and wind components is given in

Table A-4. A summary of the extreme wind shear values is given in
Table A-5.
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Table A-4. Maximum Wind Speed in High Dynamic Pressure Region for
Apollo/Saturn 501 through Apollo/Saturn 509 Vehicles
MAXIMUM WIND MAXIMUM WIND COMPONENTS
VEHICLE

NUMBER SPEED DIR ALT PITCH (W) ALT YAW (W) ALT
M/S (DEG) KM M/S KM M/S KM

(KNOTS) (FT) (KNOTS) (FT) | (KNOTS) (FT)
AS-501 26.0 2173 11.50 24.3 11,50 12.9 9.00
(50.5) (37,700) | (47.2) (37,700) | (25.1) |(29,500)
AS-502 27.1 255 12.00 27.1 12.00 12.9 15.75
(52.7) (42,600) | (52.7) (42,600) [ (25.1) | (51,700)
AS-503 34.8 284 15.22 31.2 15.10 22.6 15.80
(¢7.6) (49,900) | (60.6) (49,500) | (43.9) |(51,800)
AS-504 76.2 264 11.73 74.5 11.70 21.7 11.43
(148.1) (38,480) | (144.8) (38,390) | (42.2) |(37,500)
AS-505 42.5 270 14.18 40.8 13.80 18.7 14.85
(92.6) (46,520) | (79.3) {(45,280)| (36.3) | (48,720)
AS-506 9.6 297 11.40 7.6 11.18 7.1 12.05
(18.7) (37,800) | (14.8) (36,680)| (13.8) |(39,530)
AS-507 47.6 245 14,23 47.2 14,23 19.5 13.65
(92.5) (46,670) | (91.7) (46,670) | (37.9) | (44,780)
AS-508 55.6 252 13.58 55.6 13.58] 15.0 12.98
(108.1) (44,540) | (108.1) (44,540)1 (29.1) (42,570)
AS-509 5.8 255 13.33 52.8 13.33 24.9 10.20
(102.6) (43,720) (102.6) (43,720) | (48.5) (33,460)
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Table A-5. Extreme Wind Shear Values in the High Dynamic Pressure
Region for Apollo/Saturn 501 through Apollo/Saturn 509 Vehicles

(ah = 1000 m)
PITCH PLANE YAW PLANE
VEHICLE
NUMBER SHEAR ALT[:PDE SHEAR ALT;LPDE
(SEC-1) K (sec-1)
(FT) (FT)
AS-~501 0.0066 10.00 0.0067 10.00
(32,800) (32,800)
AS-502 0.0125 14.90 0.0084 13.28
(48,900) (43,500)
AS-503 0.0103 16.00 0.0157 15.78
(52,500) (51,800)
AS-504 0.0248 15.15 0.0254 14.68
(49,700) (48,160)
AS-505 0.0203 15.30 0.0125 15.53
(50,200) (50,950)
AS-506 0.0077 14.78 0.0056 10.30
148,490) (33,790)
AS-507 0.0183 14.25 0.0178 14.58
(46,750) (47,820)
AS-508 0.0166 15.43 0.0178 13.98
(50,610) (45,850)
AS-509 0.0201 13.33 0.0251 11.85
(43,720) (38,880)




A.5 THERMODYNAMIC DATA

Comparisons of the thermodynamic data taken at AS-509 launch time with
the annual Patrick Reference Atmosphere, 1963 (PRA-63) for temperature,
pressure, density, and Optical Index of Refraction are shown in Figures
A-8 and A-9 and discussed in the following paragraphs.

A.5.1 Temperature

Atmospheric temperature differences were small, being less than 5 percent
deviation from the PRA-63. Surface air temperature was slightly warmer
than the PRA-63. Above the surface, temperature deviations oscillated
about the PRA-63 values with altitude. See Figure A-8.

A.5.2 Atmospheric Pressure
Atmospheric pressure deviations were less than the PRA-63 pressure values
from the surface to 59.0 kilometers (193,570 ft) altitude. A1l pressure

values versus altitude were within 7 percent of the PRA-63 values as shown
in Figure A-8.

A.5.3 Atmospheric Density

Atmospheric density deviations were small, being within 9 percent of the
PRA-63 for all altitudes. See Figura A-9.

A.5.4 Optical Index of Refraction

At the surface, the Optical Index of Refraction was 7.22 x 10-6 units
lower than the corresponding value of the PRA-63. The deviation became
less negative with altitude, and it approximates the PRA-63 at high
altitudes as is shown in Figure A-9.

A.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN V LAUNCHES

A summary of the atmospheric data for each Saturn V Taunch is shown
in Table A-6.
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Table A-6. Selected Atmospheric Observations for Apollo/Saturn 5Q1 through
Apollo/Saturn 509 Vehicle Launches at Kennedy Space Center, Florida
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APPENDIX B
AS-509 SIGNIFICANT CONFIGURATION CHANGES

B.1 INTRODUCTION

AS-509, ninth flight of the Saturn V series, was the seventh manned
Apolic Saturn V vehicle. The AS-509 launch vehicle configuratio. was
essentiaily the same as the AS-508 with significant exceptions shoiwn
ir Tables B-1 through B-4.

The Apollo 14 spacecraft structure and components were essentially
unchanged from the Apollo 13 configuration. Howzver, some changes
were made as a result of problems encountered on Apollo 13. A iist
of the most significant of these changes is showa in Table B-5.

The basic launch vehicle description is presented in Appendix B of the
Saturn V Launch Vehicle Flight Evaluation Report, AS-504, Apollo 9
Mission, MPR-SAT-FE-69-4.

Table B-1. S-IC Significant Configuration Changes

SYSTEN CUNGE REASON
Propulsion Orifices n cov helium bubbling Existing flowrate marginal
system «c:; . ¢ - creased flowrate. to prevent geysering during
LOX drain.
Two butte: © . .3..: tn LOX fi1) and Valves contained a seal tnat
drain lines ssn ac-¢ with stec] spacers. was not LOX compatihie. Also

valves are not usec during
launch because of possible
umbilical retractor problems.

GOX Flow Control Valve replaced with fost and weight saving.

flow venturi. Eliminatior of potential
problem if valve were to fail
closed during flight.

Electrical Loading system electronic unit: aiijned To prevent out-of-lock signal
so that 100 percent probe capacitance from degrading Propellant
has an output of 19.4 volts instead Tanking Computer System
of 20 volts. cperations.

Two of four fuel depletion cutoff sensors Eliminate critical single
relocated, voting logic circuitry auded, point failure modes.

and redundant power inputs provided to
sensors and voting circuitry.

[nvironmental Control| Aft compartment Environmental Control Ensure 2ft compartment tempera-
ang Electrical System orifices returned to S-IC-7 tures are within acceptable
configuration and batteries requaiitied Timits.

to lower temperitrre.

GSE Pneumatic console LOX dome purge To eiimirate regulator
regulators and G\ priwary regulator failures and undesirable
modi fied. pressure characteristics

within the LOX dome purge system.
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Table B-2.

S-TI Significant Configuration Changes

SYSTEM

CHANGE.

REASON

Propulssor

Adfition of a PN suppression system
cerwtsting of a heliym f1)led accumulator
.o the 10X feedline of the center engine.

frgine servo-ariven MU valve replaced
with an electropneumatic-operated, two
position FU valve.

fdded 0.3 second time delay to LM,
terletyon cutoff sensor. :

Installatron of a system {6 limit
sw1tch) to monitor center enqgine bram
vibration {POGD) levels and inmitiate
center engine cutcff whenever
dangerous levels occur.

To prevent the POGO oscillations
that have occurred on previous
flights.

To improve valve positioning
reliability.

Reduce propellant residuals
and increase payload capability.

To provide a backup to the
POGO suppression system and
limit the dynhamic load on the
center engine beam.

Insulaticn Yod:fication of insulation in the To support a 23 hour "scrub"
LHy feedline areas to minimize cork and "turn-arcoind” capability
insulation debonding and wet layup on irsulation inspection and
blistering. repair.

G3E The LHy level control system n the To reduce the probabiltty
A7-71 heat exchanger has been of a failure durina launch
simplified. countdown.

Table B-3. S-IVB Significant Configuration Changes
SYSTEM CHANGE REASON

Propellant Utilization

Pneumatic Control

Instrumentation

Electrical

Variable position PU valve replaced
with two position (4.5 and 5.0 EMR)
valve.

Elimination of the LOX derletion
cutoff functior.

Utiiize rewly designed pneumatic
power control module.

Modification of oxidizer and fuel
flowmete:=s.

Add redundant battery heater
control thermostat to switch
heater power “on" at 50°F, and
"off" at 70°F.

Parallel relay modules for switch
selector compatibility.

Sequence change which positions the
l repressurization system mode select
"on" (ambient mode) until Time

Base £ plus 5 seconds.

Increased flizht retiability by
removing PU Electronics Assembly
contrcl over EMR valve.

Eliminates single voint
failure which could cause
premature engine Shutdown.

Provide regulator with
improved reaulation characteristics.

Rework flowmeter coils
to insure compatability with
turbines.

Failure of heater control
sensor couid cause launch delay
or less of secondary mission

i” batteries should exceed
redline requirements.

Reduce outpbut loads of switch
selector to conforr to I1CD
reguirement.

Eliminates sirgle point failure
which could cause the cold
helium soheres to "blcw down™
through the LOX rerress system
and possibly overpressurize

the LOX tank.
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Table B-4.

IU Significant Configuration Changes

SYSTE™

CHANGE

REASON

Environmental Contro)
Sys tem

Networks

1 Instrumentation and
Communications

Flignt Program

Material used for thermal radiation
shroud has been modified to incorpo-
rate a stronger nylon core and a
nev. Tedlar back-up film.

The Methanol/Water (M/W) coolant used
in the Environmental Contrcl System
has been changed to Oronite Flo-
Cool 100.

Added capability to inhibit Command
and Communication System (CCS) 1.024
MHz .

Added capability to turn the Flignt
Control Computer (FCC) off before
1oss of the second IU battery.

Add redundant power to 1U switch
selector, mission critical discretes
to LVDA, FCC Switch Points, Space-
craft control of Saturm and FCC
S-11 burn mode. Provide voting
circuit for FCC S-11 burn mode.

Three platform acceler meter
measurements were added to the Df -1
telemetry link:

H17-603 Z accelerometer

H21-603 X accelerometer

H25-603 Y accelerometer

Time Base 6c (TB6c) can now be
initiated by the detection of any
two of the four no thrust indications
as well as the TLI inhibit discrete.

Time Base 6d added. (Initiated
by DCS cormand.)

Increased reliability of
shroud.

Oronite Flo-Cool 100 elimi-
nates operational problems
associated with M/W coolant.

Signal interference on AS-508
resulted from IU/CCS and
LN"/USB having same nominal
center frequencies.

Unexpected velocity change
on AS-508 which resulted from
IU battery decay which caused
erroneous control system
response,

Increase probability of
completing the prime mission
in casc of 6D10 or 6D30
battery failure.

Accommodation for these
measurements became available
when the following S-IVB
measurements were deleted
from the DF-1 link:

Als-428

D1-401

XD3-403

£99-4N

£100-411

To allow the program to return
to TBS from TBE if S-1Vv8
mainstage thrust is not
achieved.

fliminates issuance of high
density generalized switch
selector commands in an S-IV8
chilldown sequence failure
contingency.
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Table B-5.

Spacecraft Significant Configuration Changes

SYSTEM

CHANGE

REASON

Electric Power
Systems

SM Cryogenic
Oxygen Tanks

A third cryogenic oyxgen storage tank
was installed in sector 1 of the
Service Module (SM) to be used
simultaneously with tanks 1 and 2
located in sector 4.

An isolation valve was installed between

SM cryogenic oxygen tanks 2 and 3.

Auxiliary 400 ampere-hour battery
installed on the SN aft dulkhead
in sector 4.

1. Destratification fans eliminated.

2. Quantity gauging probe material
chan?ed from eluminum to stainless
steel.

3. Heater changed from two parallel-
connected elements Lo three
parallel-connected elements with
separate control of one element.

4. Filter reiocated from the tank
discharge to an external line.

S. Heater thermal switches were
removed.

6. Internal wiring insulated with
magnesium oride and sheathed
with stainless steel.

7o provide an additional oxygen
supply for the fuel cells.

Prevents oxygen flowing from tank 3
to the fyel cells in the event of 2
leak in any of the cells, but allows
flow to the Environmental Contro!
Sys tem,

To provide source of electrical
power in the event of a cryogenic
subsystem failure.

To reduce potential ignition
sources in the high pressure
system.
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