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SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-503 
APOLLO 8 MISSION 

BY 

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

ABSTRACT 

Saturn V AS-503 (Apollo 8 Mission) was launched at 07:51 :00 Eastern 
Standard Time on December 21, 1968, from Kennedy Space Center, Complex 39, 
Pad A. The vehicle lifted off on schedule on a launch azimuth of 90 degrees 
east of north and rolled to a flight azimuth of 72.12 degrees east of north. 

The actual trajectory parameters of the AS-503 were close to nominal. The 
translunar injection targeting parameters were also very close to nominal. 
A combination of continuous LH2 vent, a LOX dump and APS ullage burn was 
successful in decreasing the S-IVB/IU/LTA-B velocity to insure that the 
expended stage pass the trailing edge of the moon and obtain sufficient 
energy to continue to a solar orbit. The S-IVB/IU/LTA-B entered a solar 
orbit with a period of 340.8 days. 

The nine principal and one secondary detailed test objectives of this 
mission were completely accomplished. All major systems performed within 
design limits and close to predicted values throughout flight. No mal­
functions or deviations occurred that adversely affected the flight or 
mission. 

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

Director, George C. Marshall Space Flight Center 
Huntsville, Alabama 35812 
Attention: Chairman, Saturn Flight Evaluation 

Working Group, R-AERO-F (Phone 453-0357) 

r.,l.-.. iIj .AU "t e LI'II"' ' .... '*'fIo,lJII!""#i .. ""I_ ... __ ...........-__ ... ~,~ ...... - .,,- .. c.· __ ... ~~,; •• 

._~." .. - ~ ~,,-

.1 
i 
I 

} 
"$' ~ 

; -.' .;~~ .... , 

. ;,.' 

~'-
. ..~ ;,:.; - : 

. .;" ~ 

MPR ... SAT-FE-69-1 

SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-503 
APOLLO 8 MISSION 

BY 

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

ABSTRACT 

Saturn V AS-503 (Apollo 8 Mission) was launched at 07:51:00 Eastern 
Standard Time on December 21,1968, from Kennedy Space Center, Complex 39, 
Pad A. The vehicle lifted off on schedule on a launch azimuth of 90 degrees 
east of north and rolled to a flight azimuth of 72.12 degrees east of north. 

The actual trajectory parameters of the AS-503 were close to nominal. The 
translunar injection targeting parameters were also very close to nominal. 
A combination of continuous LH2 vent, a LOX dump and APS ullage burn was 
successful in decreasing the S-IVB/IU/LTA-B velocity to insure that the 
expended stage pass the trailing edge of the moon and obtain sufficient 
energy to continue to a solar orbit. The S-IVB/IU/LTA-B entered a solar 
orbit with a period of 340.8 days. 

The nine principal and one secondary detailed test objectives of this 
mission were completely accomplished. All major systems performed within 
design limits and close to predicted values throughout flight. No mal­
functions or deviations occurred that adversely affected the flight or 
mission. 

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

Director, George C. Marshall Space Flight Center 
Huntsville, Alabama 35812 
Attention: Chairman, Saturn Flight Evaluation 

Working Group, R-AERO-F (Phone 453-0357) 



.,.; 
- p 

: ; .... 

. . " " 

-',,' ,. 
~.' .. 

, " .. :- .. :. ~ . ~ 

•• '" * ". 

. .: - ' . . . ' .. ,"'"" ..... :-.. ~ .. -.' . ,~- ...... , 

'; 
" 

TABLE OF CONTENTS 

Section Page 
TABLE OF CONTENTS iii 
LIST OF ILLUSTRATIONS xi i i 
LIST OF TABLES xxvii 
ACKNOWLEDGEMENT xxxii 
ABBREVIATIONS xxxiii 

" 

MISSION PLAN xxxvi 
FLIGHT TEST SUMMARY xxxviii 

1 INTRODUCTION 
1.1 Purpose 1 .. 1 

1.2 Scope 1-1 

2 EVENT TIMES 
2. 1 Summary of Events 2-1 
2.2 Sequence of Events 2-2 

3 LAUNCH OPERATIONS 
3 .. 1 Summary 3-1 
3.2 Prelaunch Milestones 3-1 
3.3 Countdown Events 3-4 

, 
3.4 Propellant Loading 3..,4 • I, 

i> 3.4. 1 RP-l Loading 3-4 
3.4.2 LOX Loading 3-4 
3.4.3 LH2 Loading 3-5 
3.4.4 Auxiliary Propulsion System 

Propellant Loading 3 .. 5 
3.4.5 S-IC Stage Propellant Load 3 .. 6 I ... 

3.4.6 I 

S-II Stage Propellant Load 3-6 I 

.! 3.4.7 S-IVB Stage Propellant Load 3 .. 6 

~.'; ~ 

iii 

;, .. ~. ~ .... _ .. ·."'"h ... · :_"~.' ~ .. ' .~_ ...... , ....... ~., 

'; 
" 

TABLE OF CONTENTS 

Section Page 
TABLE OF CONTENTS iii 
LIST OF ILLUSTRATIONS xi i i 
LIST OF TABLES xxvii 
ACKNOWLEDGEMENT xxxii 
ABBREVIATIONS xxxiii 

" 

MISSION PLAN xxxvi 
FLIGHT TEST SUMMARY xxxviii 

1 INTRODUCTION 
1.1 Purpose 1 .. 1 
1.2 Scope 1-1 

2 EVENT TIMES 
i 

2. 1 Summary of Events 2-1 
;1 
" ~ 
II 2.2 Sequence of Events 2-2 I 

3 LAUNCH OPERATIONS I , 

3 .. 1 Summary 3-1 
3.2 Prelaunch Milestones 3-1 
3.3 Countdown Events 3-4 
3.4 Propellant Loading 3..,4 
3.4. 1 RP-l Loading 3-4 
3.4.2 LOX Loading 3-4 
3.4.3 LH2 Loading 3-5 
3.4.4 Auxiliary Propulsion System 

Propellant Loading 3 .. 5 
3.4.5 S-IC Stage Propellant Load 3 .. 6 
3.4.6 S-II Stage Propellant Load 3-6 
3.4.7 S-IVB Stage Propellant Load 3 .. 6 

iii 



"-. -.-7"-.i----------¥~·--------~-------------------

'. 

Section 

4 

5 

." .. 
<; ·t~~:·1;f .. ~_"'· 

TABLE OF CONTENTS (CONTINUED) 

3.5 

3.6 

TRAJECTORY 

4.1 

4.2 
4.2. 1 

4.2.2 
4.2.3 

4.3 
4.3. 1 
4.3.2 
4.3.3 
4.3.4 
4.3.5 

S-II Insulation Purge and Leak 
Detection 

Ground Support Equipment 

Summary 

Tracking Data Utilization 
Tracking During the Ascent Phase 
of Flight 
Tracking During Orbital Flight 
Tracking During the Injection Phase 
of Flight 

Trajectory Evaluation 
Ascent Trajectory 
Parking Orbit Trajectory 
Injection Trajectory 
Post ILl Trajectory 

.S-!VB/IU Post Separation Trajectory 

S-IC PROPULSION 

5. 1 Summary 

5.2 S-IC Ignition Transient Performance 

5.3 S-IC Main Stage Performance 

5.4 S-IC Engine Shutdown Transient 
Performance 

5.5 

5.6 
5.6.1 
5.6.2 

5.7 

5.8 

5.9 
5.10 

S-IC Stage Propellant Management 

S-IC Pressurization Systems 
S-IC Fuel Pressurization System 
S~IC LOX Pressurization System 

S-IC P~eumatic Control Pressure System 
S-IC Purge System 

POGO Suppression System 

S-IC Camera Purge and Ejection System 

iv 

Page 

3-6 

3-8 

4-1 

4-2 

4-2 
4-2 

4-3 

4-3 
4-3 
4-7 
4-8 
4-9 
4,.9 

5-1 
5.;1 

5-3 

5-6 

5-7 

5-7 
5-7 
5-10 

5-13 

5-13 

5-15 

5-17 

Section 

4 

5 

TABLE OF CONTENTS (CONTINUED) 

3.5 

3.6 

TRAJECTORY 
4.1 
4.2 
4.2. 1 

4.2.2 
4.2.3 

4.3 
4.3. 1 
4.3.2 
4.3.3 
4.3.4 
4.3.5 

S-II Insulation Purge and Leak 
Detection 

Ground Support Equipment 

Summary 

Tracking Data Utilization 
Tracking During the Ascent Phase 
of Flight 
Tracking During Orbital Flight 
Tracking During the Injection Phase 
of Flight 
Trajectory Evaluation 
Ascent Trajectory 
Parking Orbit Trajectory 
Injection Trajectory 
Post ILl Trajectory 

.S-!VB/IU Post Separation Trajectory 

S-IC PROPULSION 
5. 1 Summary 

5.2 S-IC Ignition Transient Performance 
5.3 S-IC Main Stage Performance 
5.4 S-IC Engine Shutdown Transient 

Performance 
5.5 

5.6 
5.6.1 
5.6.2 

5.7 

5.8 

5.9 
5.10 

S-IC Stage Propellant Management 
S-IC Pressurization Systems 
S-IC Fuel Pressurization System 
S~IC LOX Pressurization System 

S-IC P~eumatic Control Pressure System 
S-IC Purge System 
POGO Suppression System 

S-IC Camera Purge and Ejection System 

iv 

Page 

3-6 

3-8 

4-1 
4-2 

4-2 
4-2 

4-3 
4-3 
4-3 
4-7 
4-8 
4-9 
4,.9 

5-1 
5.;1 

5-3 

5-6 

5-7 

5-7 
5-7 
5-10 

5-13 
5-13 

5-15 

5-17 



.. ~----------~--------~--------------~---~ jiltWi> 

>' 

, > 

·.·.1· 

TABLE OF CONTENTS (CONTINUED) 

Section 

6 S-II PROPULSION 
6.1 Summary 
6.2 S- II Chi 11 down and Buildup Transient 

Performance 
6.3 S-II Main Stage Performance 
6.4 S-II Stage Shutdown Transient 

Performance 
6.5 S-II Stage Propellant Management 
6.6 S-II Pressurization Systems 
6.6. 1 S-II Fuel Pressurization System 
6.6.2 S-II LOX Pressurization System 
6.7 S-II Pneumatic Control Pressure System 
6.8 S-II Helium Injection System 

6A STRUCTURAL RESPONSE TO S-1I ENGINE OSCILLATIONS 

7 

6A.l 
6A.2 
6A.3 
6A.4 

Summary 

5-11 Stage Structural Response 
Spacecraft Structural Response 
Response Thrust Calculations 

S-IVB PROPULSION 
7.1 Summary 

7.2 S-IVB Chilldown and Buildup Transient 
Performance for First Burn 

7.3 S-IVB Main Stage Performance for First 
Burn 

7.4 

7.5 

S-IVB Shutdown Transient Performance 
for First Burn 

! > 

S-IVB Parking Coast Phase Conditioning 

y 

Page 

6-1 

6-2 
6-6 

6-15 
6-16 
6-20 
6-20 
6-21 
6-25 
6-27 

6A-l 
6A-l 
6A-4 
6A-4 

7-1 

7-2 

7-2 

7-9 

7-10 

!' 

Section 

6 

TABLE OF CONTENTS (CONTINUED) 

S- II PROPULS ION 
6.1 Summary 
6.2 S-II Chilldown and Buildup Transient 

Performance 
6.3 
6.4 

6.5 
6.6 
6.6. 1 
6.6.2 
6.7 

6.8 

S-II Main Stage Performance 
S-II Stage Shutdown Transient 
Performance 
S-II Stage Propellant Management 
S-II Pressurization Systems 
S-II Fuel Pressurization System 
S-II LOX Pressurization System 
S-II Pneumatic Control Pressure System 
S-II Helium Injection System 

6A STRUCTURAL RESPONSE TO S-II ENGINE OSCILLATIONS 

7 

6A.l 
6A.2 

6A.3 
6A.4 

Summary 
5-11 Stage Structural Response 
Spacecraft Structural Response 
Response Thrust Calculations 

S-IVB PROPULSION 
7.1 Summary 
7.2 S-IVB Chilldown and Buildup Transient 

Performance for First Burn 
7.3 S-IVB Main Stage Performance for First 

Burn 
7.4 

7.5 

S-IVB Shutdown Transient Performance 
for First Burn 

! . 

S-IVB Parking Coast Phase Conditioning 

y 

Page 

6-1 

6-2 
6-6 

6-15 
6-16 

6-20 
6-20 
6-21 
6-25 

6-27 

6A-l 

6A-l 
6A-4 

6A-4 

7-1 

7-2 

7-2 

7-9 

7-10 

!' 



Section 

8 

, 
,~ 

7.6 

7.7 

7.8 

7.9 
7.10 
7.10.1 
7.10.2 
7.11 

7. 12 
7. 13 
7.13.1 
7.13.2 
7.13.3 
7.13.4 
7.13.5 
7.13.6 
7.13.7 

TABLE OF CONTENTS (CONTINUED) 

S-IVB Chilldown and Restart for 
Second Burn 
S-IVB Main Stage Performance for 
Second Burn 
S-IVB Shutdown Transient Performance 
for Second Burn 
S-IVB Stage Propellant Utilization 
S-IVB Pressurization System 
S-IVB LH2 Tank Pressurization System 
S-IVB LOX Pressurization System 
S-IVB Pneumatic Control System 
S-IVB Auxiliary Propulsion System 
S-IVB Orbital Safing Operation 
Fuel Tank Safing 
LOX Tank Dump and Safing 
Cold Helium Dump 
Ambient Helium Dump 
Stage Pneumatic Control Sphere SaTing 
Engine Start Sphere Safing 
Engine Control Sphere Safing 

HYDRAULIC SYSTEMS 
8. 1 Summary 
8.2' S-IC Hydraulic System 
8.3 S-II Hydraulic System 
8.4 S-IVB Hydraulic System (First Burn) 
8.5 S-IVB Hydraulic System (Coast Phase) 
8.6 S-IVB Hydraulic System (Second Burn) 
8.7 Translunar Injection Coast and 

Prope 11 ant Dump 

vi 

Page 

7-17 

7-27 

7 -31 
7-31 
7-36 
7-36 
7-38 
7-41 
7-44 
7-47 
7-47 
7-48 
7-50 
7-51 
7-51 
7-51 
7-53 

8-1 
8-1 
8-1 
8-4 
8-6 
8-6 

8-6 

" 

:'f( 
1 ~'1 

" 
I 
:,..' 

!i; 
r~~ 
Lr 

~ 
i 

J 

TABLE OF CONTENTS (CONTINUED) 

Section Page 

7.6 S-IVB Chilldown and Restart for 
Second Burn 7-17 

7.7 S-IVB Main Stage Performance for 
Second Burn 7-27 

7.8 S-IVB Shutdown Transient Performance 
for Second Burn 7 -31 

7.9 S-IVB Stage Propellant Utilization 7-31 
7.10 S-IVB Pressurization System 7-36 
7.10.1 S-IVB LH2 Tank Pressurization System 7-36 
7.10.2 S-IVB LOX Pressurization System 7-38 
7.11 S-IVB Pneumatic Control System 7-41 
7. 12 S-IVB Auxiliary Propulsion System 7-44 
7. 13 S-IVB Orbital Safing Operation 7-47 
7.13.1 Fuel Tank Safing 7-47 
7.13.2 LOX Tank Dump and Safing 7-48 
7.13.3 Cold Helium Dump 7-50 
7.13.4 Ambient Helium Dump 7-51 
7.13.5 Stage Pneumatic Control Sphere SaTing 7-51 
7.13.6 Engine Start Sphere Safing 7-51 
7.13.7 Engine Control Sphere Safing 7-53 

8 HYDRAULIC SYSTEMS 
8. 1 Summary 8-1 
8.2' S-IC Hydraulic System 8-1 
8.3 S-II Hydraulic System 8-1 00 

8.4 S-IVB Hydraulic System (First Burn) 8-4 :'f( 
1 ~'1 

(Coast Phase) 
'0 

8.5 S-IVB Hydraulic System 8-6 I 
:,..' 

8.6 S-IVB Hydraulic System (Second Burn) 8-6 !i; 

8.7 Translunar Injection 
r~~ 

Coast and Lr 

Prope 11 ant Dump 8-6 ~ 

vi 



,.* 

. 

" 

Section 
9 

10 

. ~ -. '. . 

.' " 

TABLE OF CONTENTS (CONTINUED) 

STRUCTURES 
9. 1 

9.2 
9.2.1 
9.2.2 
9.2.3' 
9.2.4 
9.3 
9.3. 1 
9.3.2 
9.3.3 
9.3.4 

Summary 
Total Vehicle Structures Evaluation 
Longitudinal Loads 
Bending Moments 
Vehicle Dynamic Characteristics 
S-IC Fin Dynamics 
Vibration Evaluation 
S-IC Stage and Engine Evaluation 
S-II Stage and Engine Evaluation 
S-IVB Stage and Engine Evaluation 
Instrument Unit Evaluation 

GUIDANCE AND NAVIGATION 
10.1 Summary 
10.1.1 Flight Program 
10.1.2 Instrument Unit Components 

Page 

9-1 
9-2 
9-2 
9·,2 
9-9 
9-13 
9-16 
9-16 
9-18 
9··28 
9-28 

'10-1 
10-1 
10-1 

10.2 
10.2. "I 
10.2.2 

Guidance and Navigation System Description 10-2 
Flight Program Description 10-2 
Instrument Unit System Description 10-6 

10.3 Guidance Comparisons 10-8 
10.4 Navigation and Guidance Scheme Evaluation 10-16 

v i i 

t· 

::l~ 

;:} 
" 

t· 

I~ 
tl 
1/ 

Ii: 
Vi 
l~ 

:1 
11 
t~; , 
~'J 

1 ~; 
I 

it 
f' j 
\; 
L ,. 
)~ 

i 
I: i r I , 

"J'" I 
" , 

Section 
9 

10 

.' " 

TABLE OF CONTENTS (CONTINUED) 

STRUCTURES 
9. 1 

9.2 
9.2.1 
9.2.2 
9.2.3' 
9.2.4 
9.3 
9.3. 1 
9.3.2 
9.3.3 
9.3.4 

Summary 
Total Vehicle Structures Evaluation 
Longitudinal Loads 
Bending Moments 
Vehicle Dynamic Characteristics 
S-IC Fin Dynamics 
Vibration Evaluation 
S-IC Stage and Engine Evaluation 
S-II Stage and Engine Evaluation 
S-IVB Stage and Engine Evaluation 
Instrument Unit Evaluation 

GUIDANCE AND NAVIGATION 
10.1 Summary 
10.1.1 Flight Program 
10.1.2 Instrument Unit Components 

Page 

9-1 
9-2 
9-2 
9··2 
9-9 
9-13 
9-16 
9-16 
9-18 
9··28 
9-28 

'10-1 
10-1 
10-1 

10.2 
10.2:1 
10.2.2 

Guidance and Navigation System Description 10-2 
Flight Program Description 10-2 
Instrument Unit System Description 10-6 

10.3 Guidance Comparisons 10-8 
10.4 Navigation and Guidance Scheme Evaluation 10-16 

vii 



,,IF 

Section 

11 

10.4.1 
10.4.2 
10.4.3 
10.5 
10.5.1 
10.5.2 
10.5.3 
10.5.4 
10.5.5 
10.5.6 
10.5.7 

" . 

. ' . 

TABLE OF CONTENTS (CONTINUED) 

Flight Program Performance 
Attitude Error Computations 
Program Sequencing 

Guidance System Component Evaluation 
LVDC Performance 
LVDA Performance 
Ladder Outputs 
Telemetry Outputs 
Discrete Outputs 
Switch Selector Functions 
ST-124M-3 Inertial Platform Performance 

CONTROL SYSTEM 
11 . 'I 
11.2 
11 .3 
n.3.1 
11.3.2 
11 .4 
11.4.1 
11.4.2 

11 .5 
11.5.1 

11.5.2 

11.5.3 

11.5.4 

11. 6 

11.6.1 

Summary 
Control System Description 
S-IC Control System Evaluation 
Liftoff Clearances 
S-IC Flight Dynamics 
S-II Control System Evaluation 
Atti tude Control Dynam; cs and Stabil; ty 
Liquid Propellant Dynamics and Their 
Effects on Flight Control 
S-IVB Control Systeol Evaluation 
Control System Evaluation During 
First Burn 
Control System Evaluation During 
Parking Orbit 
Control System Evaluation During 
Second Burn 
Control System Evaluation After 
Second Burn 
Instrument Unit Control Components 
Evaluat-ion 
Control-EDS Rate Gyros/Control Signal 
Processor Analysis 

viii 

Page 
10-16 
10-17 
10-,·17 

10-20 
10-20 
10-20 
10-20 
10-20 
10-20 
10-20 
10-20 

11-1 

11-2 
11-3 
11-3 
11-4 
11-16 
11-16 

11-20 
11-22 

11-22 

11-26 

11-26 

11-33 

11-50 

11-50 

Section 

11 

10.4.1 
10.4.2 
10.4.3 
10.5 
10.5.1 
10.5.2 
10.5.3 
10.5.4 
10.5.5 
10.5.6 
10.5.7 

TABLE OF CONTENTS (CONTINUED) 

Flight Program Performance 
Attitude Error Computations 
Program Sequencing 
Guidance System Component Evaluation 
LVDC Performance 
LVDA Performance 
Ladder Outputs 
Telemetry Outputs 
Discrete Outputs 
Switch Selector Functions 
ST-124M-3 Inertial Platform Performance 

CONTROL SYSTEM 
11 . 'I 
11.2 
11 .3 
n.3.1 
11.3.2 
11 .4 
11.4.1 
11.4.2 

11 .5 
11.5.1 

11.5.2 

11.5.3 

11.5.4 

11. 6 

11.6.1 

Summary 
Control System Description 
S-IC Control System Evaluation 
Liftoff Clearances 
S-IC Flight Dynamics 
S-II Control System Evaluation 
Atti tude Control Dynam; cs and Stabil; ty 
Liquid Propellant Dynamics and Their 
Effects on Flight Control 
S-IVB Control Systeol Evaluation 
Control System Evaluation During 
First Burn 
Control System Evaluation During 
Parking Orbit 
Control System Evaluation During 
Second Burn 
Control System Evaluation After 
Second Burn 
Instrument Unit Control Components 
Evaluat"ion 
Control-EDS Rate Gyros/Control Signal 
Processor Analysis 

viii 

Page 
10-16 
10-17 
10-,·17 

10-20 
10-20 
10-20 
10-20 
10-20 
10-20 
10-20 
10-20 

11-1 

11-2 
11-3 
11-3 
11-4 
11-16 
11-16 

11-20 
11-22 

11-22 

11-26 

11-26 

11-33 

11-50 

11-50 



. 1: 

I 
1 
I' 

! ' 
i' 

'-'f 

. "-, . 
" 

.," 

222i4iiiif'@ 

r ; 

Section 

12 

TABLE or CONTENTS (CONTINUED) 

11.6.2 

SEPARATION 
12. 1 
12.2 
12.2.1 
12.2.2 
12.2.3 
12.3 
12.4 
12.4.1 
12.4.2 
12.4.3 
12.5 

Flight Control Computer Analysis 

Summary 
S-IC/S-1I Separation Evaluation 
S-IC Retro Motor Performance 
S-11 Ullage Motor Performance 
S-IC/S-11 Separation Dynamics 
S-I1 Second Plane Separation .~va1uation 
S-II/S-1VB Separation Evaluation 
S-11 Retro Motor Performance 
S-IVB Ullage Motor Performance 
S-11/S-IVB Separation Dynamics 
S-IVB-1U-LM Test Article (LTA) Command 
Service Module (CSM) Separation 
Evaluation 

13 ELECTRICAL NETWORKS 

14 

13. 1 
13.2 
13.3 
13.4 
13.5 

Summary 
S-IC Stage Electrical System 
S-I1 Stage Electrical System 
S-1VB Stage Electrical System 
Instrument Unit Electrical System 

RANGE SAFETY AND COMMAND SYSTEMS 
14. 1 Summary 
14.2 Range Safety Command Systems 

14.3 Command and Communications System 

ix 

Page 
11-50 

12-1 
12-1 
12-1 
12-4 
12-4 
12-9 
12-9 
12-9 
12-12 
12-12 

12-12 

13-1 
13-1 
13-2 
13-9 
13-15 

14-1 
14-1 
14-2 

-:····c "--" :; -:::;.;:,····..:.:.::..:...~':~::-~".::':,· .. "-~·;I"~ b" !t-"" z' ; ~'.'.: t~,' ,,--- ; .. ~~~'-~ .. -.~-.+~ ';" .. ~ .• "~;: .;,,;.c:<~lt.-~!·<-' _V:t?rt,,']'j itr-TiI.Ii]:~_ 
~~~~=W~=n=r~*i~~'~-~~-=~=~~;-~--~-;~;i~.;~-~~--~-~--~;;~-:~ .. ~¥~~.~;~I~L·~~~_~·~ •• ~~I~U¥~·~~-~~~_ '~~.:~~~-~~~.·:F'~"~--"';S'~:'~~':~'·!~._.~_:' __ ~.~.¥=~._~~¥ _ •. :'¥. = .••.. ¥_-~__ •. _.=U. 

".' .., ... .,. -~. "-----.-. __ .. ~-'+. ~"'-"""7-'~~~'---''''.-- .. -.. ~.,~ .. -~ . ~- .. -~, ,~.-------.- H._ --'"~-"""""'7.'''--"'';"'-'-' __ - _ _ _.'. _ _. _ . __ .... ~:._ _-_-. _ _ _ _ ,__ _ .. _ _ . -. _ .. 

'L 

r ; 

TABLE or CONTENTS (CONTINUED) 

Section Page 
11.6.2 Flight Control Computer Analysis 11-50 

12 SEPARATION 
12. 1 Summary 12-1 
12.2 S-IC/S-1I Separation Evaluation 12-1 
12.2.1 S-IC Retro Motor Performance 12-1 
12.2.2 S-11 Ullage Motor Performance 12-4 
12.2.3 S-IC/S-11 Separation Dynamics 12-4 
12.3 S-I1 Second Plane Separation .~valuation 12-9 
12.4 S-II/S-1VB Separation Evaluation 12-9 
12.4.1 S-11 Retro Motor Performance 12-9 
12.4.2 S-IVB Ullage Motor Performance 12-12 
12.4.3 S-11/S-IVB Separation Dynamics 12-12 
12.5 S-IVB-1U-LM Test Article (LTA) Command 

Service Module (CSM) Separation 
Evaluation 12-12 

13 ELECTRICAL NETWORKS 
13. 1 Summary 13-1 
13.2 S-IC Stage Electrical System 13-1 
13.3 S-I1 Stage Electrical System 13-2 
13.4 S-1VB Stage Electrical System 13-9 
13.5 Instrument Unit Electrical System 13-15 

14 RANGE SAFETY AND COMMAND SYSTEMS 
14. 1 Summary 14-1 
14.2 Range Safety Command Systems 14-1 J~ 

" 14.3 Command and Communications System 14-2 " r; 
I, 

~ 
!~ 

t 

ix 



"W' -. 

Section 
15 

16 

17 

'. 

TABLE OF CONTENTS (CONTINUED) 

EMERGENCY DETECTION SYSTEM 
15. 1 Summary 
15.2 
15.3 
15.3.1 
15.3.2 
15.3.3 
15.3.4 
15.3.5 
15.3.6 

System Description 
System Evaluation 
General Performance 
Propulsion System Sensors 
Angular Overrates 
Angle-of-Attack 
Tank PY'essures 
EDS Sequential Events 

VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT 
16. 1 Summa ry 
16.2 

16.2.1 
16.2.2 
16.2.3 
16.3 
16.3.1 
16.3.2 
16.4 
16.4.1 
16.4.2 

Surface Pressures and Compartment 
Venting 
S- IC Stlge 
S- II Stage 
S-IVB Stage 
Base Pressures 
S-IC Base Pressures 
S-II Base Pressures 
Acoustic Environment 
External Acoustics 
Internal Acoustics 

VEHICLE THERMAL ENVIRONMENT 
17. 1 Summary 

17.2 S-IC Base Heating and Separation 
Environment 

17.2.1 S-IC Base Heating 
17.2.2 S-IC/S-II Separation Environment 

x 

Page 

15-1 
15-1 
15-2 
15-2 
15-2 
15-2 
15-2 
15-2 
15-4 

16-1 

16-1 
16-1 
16-3 
16-8 
16-8 
16-8 
16-12 
16-15 
16-15 
16-18 

17 -1 

17-1 
17-1 
17-9 ~ 

I 
I 

I 

Section 
15 

16 

17 

TABLE OF CONTENTS (CONTINUED) 

EMERGENCY DETECTION SYSTEM 
15. 1 Summary 
15.2 
15.3 
15.3.1 
15.3.2 
15.3.3 
15.3.4 
15.3.5 
15.3.6 

System Description 
System Evaluation 
General Performance 
Propulsion System Sensors 
Angular Overrates 
Angle-of-Attack 
Tank PY'essures 
EDS Sequential Events 

VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT 
16. 1 Summa ry 
16.2 

16.2.1 
16.2.2 
16.2.3 
16.3 
16.3.1 
16.3.2 
16.4 
16.4.1 
16.4.2 

Surface Pressures and Compartment 
Venting 
S- IC Stlge 
S- II Stage 
S-IVB Stage 
Base Pressures 
S-IC Base Pressures 
S-II Base Pressures 
Acoustic Environment 
External Acoustics 
Internal Acoustics 

VEHICLE THERMAL ENVIRONMENT 
17. 1 Summary 
17.2 S-IC Base Heating and Separation 

Environment 
17.2.1 S-IC Base Heating 
17.2.2 S-IC/S-II Separation Environment 

x 

Page 

15-1 
15-1 
15-2 
15-2 
15-2 
15-2 
15-2 
15-2 
15-4 

16-1 

16-1 
16-1 
16-3 
16-8 
16-8 
16-8 
16-12 
16-15 
16-15 
16-18 

17 -1 

17-1 
17-1 
17-9 



Iii-· .-

TABLE OF CONTENTS (CONTINUED) 

Section Page 
17.3 S-II Base Heating and Separation 

Environment 17-10 
17.4 S-IVB Engine Area Thermal Environment 17-15 
17.5 Vehicle Aeroheating Thermal Environment 17-15 

,- 17.5.1 S-IC Stage Aeroheating Environment 17-15 
17.5.2 S-II Stage Aeroheating Environment 17-28 

.. ;:.-. 17.5.3 S-IVB Stage Aeroheating Environment 17-33 
.,' 17.5.4 IU Aeroheating Environment 17-36 .:~ 

· , 17.6 Vehicle Orbi ta 1 Heating Environment 17-36 

· R: 18 ENVIRONMENTAL CONTROL SYSTEM 
'i. 18. 1 Summary 18-1 ~. 

t 18.2 S-IC Environmental Control 18-1 
f 

18.3 S-II Environmental Control 18-4 , .. ., ; 
.. : 
i: 
Ill' 18.4 S-IVB Environmental Control 18-6 f - ' .,- 18.5 IU Environmental Control 18-7 

," 
18.5.1 Thermal Conditioning System 18-7 

o , 18.5.2 Gas Bearing Supp'ly System 18-10 
i 

, .~. 
, '" .it;. 19 DATA SYSTEMS f'; 

19.1 Summary 19 ... 1 · :~,-
J 
'i , 
1 19.2 Vehicle Measurements Evaluation 19-1 .:1 '. i~ 

, ~, 

19.2.1 S-IC Stage Measurement Analysis 19-3 
,!! 

'r", , . 
• i .;" 

.~+~ f{ 
19.2.2 S-II Stage Measurement Analysis 19-4 j"~ ."...:." 

.~ , 
·f'· 19.2.3 S-IVB Stage Measurement Analysis 19-9 ~ ~ 

li " J,. 19.2.4 S-IU Stage Measurement Analysis 19-10 ~> rf ·'t: 
19.3 Airborne Telemetry Systems 19-10 l .; . 

19.3.1 S-1C Stage Telemetry System 19-10 ii . 
19.3.2 S-11 Stage Te lemetry System 19-11 ~ 19.3.3 S-1VB Stage Telemetry System 19-12 ~ 

! 

19.3.4 S-1U Stage Telemetry System 19-12 f 
., 

I , 

k I 
If 
~, 

'.+--

~ 
}, xi 
:_i' 
, '0 

.~ 

" r ',J, 
~.I ~ t:-

~ ~". : 
; 

f 
'L. f 

'-

Section 

18 

19 

17.3 

17.4 
17.5 
17.5.1 
17.5.2 
17.5.3 
17.5.4 
17.6 

TABLE OF CONTENTS (CONTINUED) 

S-II Base Heating and Separation 
Environment 
S-IVB Engine Area Thermal Environment 
Vehicle Aeroheating Thermal Environment 
S-IC Stage Aeroheating Environment 
S-II Stage Aeroheating Environment 
S-IVB Stage Aeroheating Environment 
IU Aeroheating Environment 
Vehicle Orbital Heating Environment 

ENVIRONMENTAL CONTROL SYSTEM 
18.1 Summary 
18.2 S-IC Environmental Control 
18.3 S-II Environmental Control 
18.4 
18.5 
18.5.1 
18.5.2 

S-IVB Environmental Control 
IU Environmental Control 
Thermal Conditioning System 
Gas Beari ng Supp'ly System 

DATA SYSTEMS 
19. 1 Summary 
19.2 
19.2.1 
19.2.2 
19.2.3 
19.2.4 
19.3 
19.3.1 
19.3.2 
19.3.3 
19.3.4 

Vehicle Measurements Evaluation 
S-IC Stage Measurement Analysis 
S-II Stage Measurement Analysis 
S-IVB Stage Measurement Analysis 
S-IU Stage Measurement Analysis 
Airborne Telemetry Systems 
S-IC Stage Telemetry System 
S-II Stage Telemetry System 
S-IVB Stage Telemetry System 
S-IU Stage Telemetry System 

xi 

Page 

17-10 

17-15 
17-15 
17-15 
17-28 
17-33 
17-36 
17-36 

18-1 
18-1 
18-4 
18-6 
18-7 
18-7 
18-10 

19 ... 1 

19-1 
19-3 
19-4 
19-9 
19-10 
19-10 
19-10 
19-11 
19-12 
19-12 



jiJ=- Of 

TABLE OF CONTENTS (CONTINUED) 

Section· Page 
19.4 Airborne Tape Recorders 19-13 
19.4.1 S-IC Stage Recorder 19-13 
19.4.2 S-II Stage Recorders 19-13 
19.4.3 S-IU Stage Recorder 19-13 
19.5 RF Systems Evaluation 19-14 
19.5.1 Telemetry Systems- RF Propagation 

Evaluation 19-15 
19.5.2 Tracking Systems RF Propagation 

Evaluation 19-17 
19.5.3 Command Systems RF Evaluation 19-19 
19.5.4 Television Propagation Evaluation 19-22 
19.6 Optical Ins trumenta t-j on 19-22 
19.6.1 Onboard Cameras 19-22 
19.6.2 Ground Engineering Cameras 19-24 

20 VEHICLE AERODYNAMIC CHARACTERISTICS 
20.1 Summary 20-1 
20.2 Vehicle Axial Force Characteristics 20-1 
20.3 Vehicle Static Stability 20-3 
20.4 Fin Pressure Loading 20-3 

21 MASS CHARACTERISTICS 
21.1 Summary 21-1 
21.2 Mass Evaluation 21-1 

22 MISSION OBJECTIVES ACCOMPLISHMtNT 22-1 

23 FAILURES, ANOMALIES ANG DEVIATIONS ,-
,-

23-1 \: 
i 

23-1 l. 

~ 

23.1 Summary 

23.2 System Failures and Anomalies 
f 

23-1 f~ 

t' 
23.3 System Deviations 

,-
I 
i 

t' 

t" 

q 
f" ~ 
i-

;'J 
:' 

TABLE OF CONTENTS (CONTINUED) 



• * 

J. 

~. 
t 

" 

. I 

'! 
I· 
~~ 

I~· 
> 
t~, 
I 

" 
I, 

f 

< 

. 
f; 

" 
f 
·t· 
'i-:' . 
',\.' 
I. 

~-,: 
l 
i ., 
! 

1 
'h 

~ :{ 
, ~ -~,~ 

., <,' .. 

, 
~.k: 

t 
·r , 

• 

Section 
24 

Appendix 

A 

B 

TABLE OF CONTENTS (CONTINUED) 

SPACECRAFT SUMMARY 

ATMOSPHERE 
A .1 Summary 
A.2 Genera 1 Atmospheric Conditions at 

Launch Ti mE! 
A.3 Surface Observations at Launch Time 
A.4 Upper Air Measurements 
A. 4. 1 l~i nd Speed 
A.4.2 Wind Direction 
A.4.3 Pitch Wind Component 
A.4.4 Yaw Wind Component 
A.4.5 Component Wind Shears 
A.4.6 Extreme Wind Data in the High Dynamic 

Pre~:,s ure Region 
A.5 Thermodynamic Data 
A.5.1 Temperature 
A.5.2 Atmospheric Pressure 
A.5.3 Atmospheric Density 
A.5.4 Optical Index of Refraction 
A.6 Comparison of Selected Atmospheric Data 

for a 11 Saturn Launches 

AS-503 VEHICLE DESCRIPTION 
B. 1 Summary 
B.2 S-IC Stage 
B. 2. 1 S-IC Configuration 
B.3 S-11 Stage 
8.3.1 S-II Configuration 

xiii 

Page 

24-1 

A-1 

A-1 
A-1 
A-l 
A-1 
A-1 
A-2 
A-2 
A-2 

A-2 
A-2 
A-2 
A-2 
A-2 
A-3 

A-3 

B-1 
B-1 
B-1 
B-6 
8-6 

J. 

~. 
t 

" 

I 

( 
~~ 

I~· 
> 
t~, 
I 

" 
I. 

f 

< 

· f; .. 
[ 

t· 
i' · j.. 
I. 

~-,: 
f' 
i , 
! 

t. 
~~1 

\. 
f. '~ · r-
, 
( 

• .~~ 

~~ ,. 
.: 
t 
~. , 

Section 
24 

Appendix 
A 

B 

TABLE OF CONTENTS (CONTINUED) 

SPACECRAFT SUMMARY 

ATMOSPHERE 
A .1 Summary 
A.2 Genera 1 Atmospheric Conditions at 

Launch TimE! 
A.3 Surface Observations at Launch Time 
A.4 Upper Air Measurements 
A. 4. 1 l~i nd Speed 
A.4.2 Wind Direction 
A.4.3 Pitch Wind Component 
A.4.4 Yaw Wind Component 
A.4.5 Component Wind Shears 
A.4.6 Extreme Wind Data in the High Dynamic 

Pre~:,s ure Region 
A.5 Thermodynamic Data 
A.5.1 Temperature 
A.5.2 Atmospheric Pressure 
A.5.3 Atmospheric Density 
A.5.4 Optical Index of Refraction 
A.6 Comparison of Selected Atmospheric Data 

for all Saturn Launches 

AS-503 VEHICLE DESCRIPTION 
B. 1 Summary 
B.2 S-IC Stage 
B. 2. 1 S-IC Configuration 
B.3 S-11 Stage 
8.3.1 S-II Configuration 

xiii 

Page 

24-1 

A-1 

A-1 
A-1 
A-l 
A-1 
A-1 
A-2 
A-2 
A-2 

A-2 
A-2 
A-2 
A-2 
A-2 
A-3 

A-3 

B-1 
B-1 
B-1 
B-6 
8-6 

I: 

~~ 
r'" 
,!' 

i\ ., 
;<-

~ 
1; 
L 

f: 
'" h 
j 



Section 
B.4 
B. 4.1 

B.5 
B.5.1 
B.6 
B. 6. 1 

TABLE OF CONTENTS (CONTINUED) 

. S-IVB Stage 
S-IVB Configuration 
Instrument Unit (IU) 
IU Configuration 
Spacecraft 
Spacecraft Configuration 

XlY 

Page 

B-9 
B-9 
B-13 
B-13 
B-16 
B-16 

1 
J 
I 
i 
I 
1 
t 

I 
I 

1 
f . 

J 
J 

J 

I 

Section 
B.4 
B. 4.1 

B.5 
B.5.1 
B.6 
B. 6. 1 

TABLE OF CONTENTS (CONTINUED) 

. S-IVB Stage 
S-IVB Configuration 
Instrument Unit (IU) 
IU Configuration 
Spacecraft 
Spacecraft Configuration 

xiV 

Page 

B-9 
B-9 
B-13 
B-13 
B-16 
B-16 

1 
J 
I 
i 
I 
1 
t 

I 
I 

1 
f . 

J 
J 

J 

I 



Figure 

2-1 

3-1 

4-1 

4-2 

4-3 

4-4 
4-5 

4-6 

4-7 
4-8 
4-9 
4-10 

4-11 

4-12 

4-13 

5-1 

5-2 
5-3 

5-4 
5 ... 5 

5-6 

5-7 
5-8 

LIST OF ILLUSTRATIONS 

AS-503 Transmission Delay Time 

S-II LH2 Tank Sidewall Insulation Closeouts 
Ascent Trajectory Position Comparison 
Ascent Trajectory Earth-Fixed Velocity 
Comparison 

Ascent Trajectory Space-Fixed Velocity 
Comparison 

Ascent Trajectory Acceleration Comparison 
Dynamic Pressure and Mach Number Versus 
Range Time 
Acceleration Due to Venting 
Ground Track 

Injection Phase Space-Fixed Velocity Comparison 
Injection Phase Acceleration Comparison 
Slingshot Maneuver Velocity Increment 
Resultant Slingshot Maneuver Conditions 
S-IVB/IU Velocity Relative to Earth Distance 
Projection of Spacecraft - S-IVB/IU Positions 
S-IC Start Box Requirements 
S-IC Engine Buildup Transient 
S-IC Steady State Operation 
S-IC Outboard Engine Cutoff Deviations 
S-IC Engine Shutdown Transient Performance 
S-IC Fuel Ullage Pressure 

S-IC Fuel Pump Inlet Pressure, Engine No. 1 
S-IC Helium Bottle Pressure for Fuel 
Pressurization 

Page 

2-2 
3-9 

4-7 

4-8 

4-9 
4-10 

4-11 

4-13 

4-13 

4-15 

4-15 

4-16 

4-16 

4-18 
4-19 

5-4 

5-5 
5-8 

5-8 

5-11 

5-11 

5-12 

Figure 

2-1 
3-1 
4-1 
4-2 

4-3 

4-4 
4-5 

4-6 
4-7 
4-8 
4-9 
4-10 
4-11 

4-12 
4-13 
5-1 
5-2 
5-3 
5-4 
5 ... 5 

5-6 
5-7 
5-8 

LIST OF ILLUSTRATIONS 

AS-503 Transmission Delay Time 
S-II LH2 Tank Sidewall Insulation Closeouts 
Ascent Trajectory Position Comparison 
Ascent Trajectory Earth-Fixed Velocity 
Comparison 
Ascent Trajectory Space-Fixed Velocity 
Comparison 
Ascent Trajectory Acceleration Comparison 
Dynamic Pressure and Mach Number Versus 
Range Time 
Acceleration Due to Venting 
Ground Track 
Injection Phase Space-Fixed Velocity Comparison 
Injection Phase Acceleration Comparison 
Slingshot Maneuver Velocity Increment 
Resultant Slingshot Maneuver Conditions 
S-IVB/IU Velocity Relative to Earth Distance 
Projection of Spacecraft - S-IVB/IU Positions 

S-IC Start Box Requirements 
S-IC Engine Buildup Transient 
S-IC Steady State Operation 
S-IC Outboard Engine Cutoff Deviations 
S-IC Engine Shutdown Transient Performance 
S-IC Fuel Ullage Pressure 
S-IC Fuel ?ump Inlet Pressure, Engine No.1 
S-IC Helium Bottle Pressure for Fuel 
Pressurization 

xv 

Page 

2-2 
3-9 

4-7 

4-8 

4-9 
4-10 

4-11 

4-13 
4-13 
4-15 
4-15 
4-16 
4-16 
4-18 
4-19 

5-4 
5-5 
5-8 

5-8 

5-11 

5-11 

5-12 

;. 



· . 

Figure 
5-9 

5-10 
5-11 
5-12 
5-13 
5-14 

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

6-8 

6-9 

6-10 
6-11 

6-12 

6-13 
6-14 
6-15 

6-16 

6A-l 

-
LIST OF ILLUSTRATIONS (CONTINUED) 

S-IC LOX Tank Ullage Pressure 
S-IC LOX Suction Duct Pressure, Engine No. 1 
S-IC LOX Suction Duct Pressur(~, Engine No.5 
S-IC Control Sphere Pressure 
S-IC POGO Suppression System 
S-IC Prevalve Liquid Level, Typical Outboard 
Engine 
S-II Thrust Chamber Jacket Temperature 
S-II Engine Start Tank Performance 
S-II Engine Pump Start Requirements 
S-II Engine Buildup Transients 
S-II Steady State Operation 
Engine No. 5 Pressure Parameter after EMR Step 
Engine No.5 LOX Inlet Pressure 
LOX NPSP History 
S-II Engine Shutdown Transient 
S-II Stage Thrust Decay 
S-II PU Valve Position 
S-II Fuel Tank Ullage Pressure 
S-II Fuel Pump Inlet Conditions 
S-II LOX Tank Ullage Pressure 
S-II LOX Pump Inlet Conditions 
S-II Pneumatic Control Pressure 
S-II Stage Engine No. 5 - Longitudinal 
Oscillation Time Histories 

xvi 

Page 
5-13 
5-14 
5-14 
5-15 
5-16 

5-16 
6-3 
6-4 
6-5 
6-7 
6-8 

6-13 
6-14 
6-15 
6-17 

6-17 
6-19 

6-21 

6-22 

6-23 

6-24 
6-26 

6.l\-2 

Figure 
5-9 
5-10 
5-11 
5-12 
5-13 
5-14 

6-1 
6-2 
6-3 
6-4 
6-5 

-
LIST OF ILLUSTRATIONS (CONTINUED) 

S-IC LOX Tank Ullage Pressure 
S-IC LOX Suction Duct Pressure, Engine No. 1 
S-IC LOX Suction Duct Pressur(~, Engine No.5 
S-IC Control Sphere Pressure 
S-IC POGO Suppression System 
S-IC Prevalve Liquid Level, Typical Outboard 
Engine 

S-II Thrust Chamber Jacket Temperature 
S-II Engine Start Tank Performance 
S-II Engine Pump Start Requirements 
S-II Engine Buildup Transients 
S-II Steady State Operation 

6-6 Engine No. 5 Pressure Parameter after EMR Step 
6-7 Engine No.5 LOX Inlet Pressure 
6-8 LOX NPSP History 
6-9 S-II Engine Shutdown Transient 
6-10 S-II Stage Thrust Decay 
6-11 S-II PU Valve Position 
6-12 S-II Fuel Tank Ullage Pressure 
6-13 S-II Fuel Pump Inlet Conditions 
6-14 S-II LOX Tank Ullage Pressure 
6-15 S-II LOX Pump Inlet Conditions 
6-16 S-II Pneumatic Control Pressure 

6A-l S-II Stage Engine NO.5 - Longitudinal 
Oscillation Time Histories 

xvi 

Page 
5-13 
5-14 
5-14 
5-15 
5-16 

5-16 
6-3 
6-4 
6-5 
6-7 
6-8 

6-13 
6-14 
6-15 
6-17 
6-17 
6-19 
6-21 
6-22 
6-23 

i 
l' 

6-24 
, 
" 1 

~ . 
6-26 t 

r 
Ii , 
h 
I' 

6.l\-2 
~ 

~ 

I 
~ 
'" it 

" l~ 
l;' 

i 
" I 
~ 

i 

I A' 

II 



__ .r--------~~----~----------------.---.. w,· 

fi gure 
6A-2 

6A-3 

6A-4 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-II Stage Engine No. 1 - Longitudinal 
Oscillation Time Histories 

S-II Stage Crossbeam and Center Engine 
Cr.amber Pressure Frequency 

S-II-3 and 5-11-4 Thrust Structure 
Comparison 

6A-5 Command Module Longitudinal Oscillation Time 
Histories 

7-1 S-IVB Start Box and Run Requirement - First Burn 
7-2 S-IVB Thrust Chamber Temperature - First Burn 
7-3 S-IVB Start Tank Performance - First Burn 
7-4 J-2 Engine Control and Stage Ambient Bottles 

Tie-In Schematic 
7-5 S-IVB Buildup Transient - First Burn 
7-6 S-IVB Steady State Performance - First Burn 
7-7 S-IVB Performance Shifts - First Burn and 

Second Burn 
7-8 Revised J-2 LOX ASI Line 
7-9 Revised J-2 LH2 ASI Line 
7-10 ASI Line Conditions - First BUrn and Second Burn 
7-11 S-IVBShutdown Transient Performance - First 

Burn 

7-12 02/H2 Burner Propellant Tanks Pressurization 
7-13 S-IVB Stage 02/H2 Burner 
7-14 S-IVB Ullage Conditions During Repressurization 

Using 02/H2 Burner 

xvii 

Page 

6A-3 

6A-5 

6A-6 

6A-7 
7-3 
7-4 
7-5 

7-6 
7-7 
7-9 

7-12 
7-13 
7-14 
7-15 i 

L 
r. 

7-16 ! 
" !; 
! 

7-18 
i' 
r· , ,. 

7-19 J-
~ . 

I' 
I' 
l 
I 

7-20 ~ . 

t , 
t 

figure 
6A-2 

6A-3 

6A-4 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-II Stage Engine No.1 - Longitudinal 
Oscillation Time Histories 

S-II Stage Crossbeam and Center Engine 
Cr.amber Pressure Frequency 

S-II-3 and 5-11-4 Thrust Structure 
Comparison 

6A-5 Command Module Longitudinal Oscillation Time 
Histories 

7-1 S-IVB Start Box and Run Requirement - First Burn 
7-2 S-IVB Thrust Chamber Temperature - First Burn 
7-3 S-IVB Start Tank Performance - First Burn 
7-4 J-2 Engine Control and Stage Ambient Bottles 

Tie-In Schematic 
7-5 S-IVB Buildup Transient - First Burn 
7-6 S-IVB Steady State Performance - First Burn 
7-7 S-IVB Performance Shifts - First Burn and 

Second Burn 
7-8 Revised J-2 LOX ASI Line 
7-9 Revised J-2 LH2 ASI Line 
7-10 ASI Line Conditions - First Burn and Second Burn 
7-11 S-IVBShutdown Transient Performance - First 

Burn 
7-12 02/H2 Burner Propellant Tanks Pressurization 
7-13 S-IVB Stage 02/H2 Burner 
7-14 S-IVB Ullage Conditions During Repressurization 

Using 02/H2 Burner 

xvii 

Page 

6A-3 

6A-5 

6A-6 

6A-7 
7-3 
7-4 
7-5 

7-6 
7-7 
7-9 

7-12 
7-13 
7-14 
7-15 i 

L 
[ 

7-16 
r 
v 
k 
! 

7-18 
i . 
r· , ,. 

7-19 
} 
~ . 

~ 
r 
l 
I 

7-20 I . 
t , 
t 



~. 
'1 

• 

'~. 
.~ 

>, 

., 
: i; 

, :'~ 
, : $. 

, 1 
!, 

, '1: 
; '. ~ 

,. "-

,.J 
., 

, !>" 
i. ~. 

t iic 

"" , . l, 
.. }' 

, ,. 
~ 

! ' 

Figure 
7-15 

7-16 

7-17 

7-18 

7-19 
7-20 
7-21 
7-22 
7-23 
7-24 

7-25 
7-26 

7-27 

7-28 
7-29 
7-30 

7-31 

7-32 
7-33 
7-34 

LIST OF ILLUSTRATIONS (CONTINUED) 

02/H2 Burner LOX and LH2 Pressurant Coil 
Pressure 

LOX and LH2 Pressurant Coil Temperatures and 
Cold Helium Pressure 

S-IVB 02/H2 Burner Thrust and Pressurant 
F10wrate 

S-IVB 02/H2 Burner Chamber Pressure and 
Temperature 

S-IVB Start Box and Run Requirements - Restart 
S-IfB J-2 Fuel Lead Restart - Second Burn 
S-IVB Start Tank Performance - Second Burn 
S-IVB Buildup Transients - Second Burn 
SwIVB Steady State Performance - Second Burn 
S-IVB Shutdown Transient Performance - Second 
Burn 
S-IVB PU System Non1inearities 
S-IVB LH2 Ullage Pressure - First Burn and 
Parking Orbit 
S-IVB LH2 Ullage Pressure Second Burn and 
Translunar Coast 
S-IVB Fuel Pump Inlet Conditions - First Burn 
S-IV8 Fuel Pump Inlet Conditions Second Burn 
S-IVB LOX Tank Ullage Pressure First Burn and 
Parking Orbit 
S-IVB LOX Tank Ullage Pressure Second Burn 
and Translunar Coast 
S-IVB LOX Pump Inlet Conditions - First Burn 
S-IVB LOX Pump Inlet Conditions - Second Burn 
S-IVB Cold Helium Supply History 

xviii 

Page 

7-21 

7-21 

7-22 

7-23 
7-25 
7-26 
7-27 
7-28 
7,,29 

7-33 
7-35 

7-36 

7-37 
7-38 
7-39 

7-40 

7-41 
7-42 
7-43 
7-44 

!. 
l' 

,. 
~: 

Figure 
7-15 

7-16 

7-17 

7-18 

7-19 
7-20 
7-21 
7-22 
7-23 
7-24 

7-25 
7-26 

7-27 

7-28 
7-29 
7-30 

7-31 

7-32 
7-33 
7-34 

LIST OF ILLUSTRATIONS (CONTINUED) 

02/H2 Burner LOX and LH2 Pressurant Coil 
Pressure 

LOX and LH2 Pressurant Coil Temperatures and 
Cold Helium Pressure 

S-IVB 02/H2 Burner Thrust and Pressurant 
F10wrate 

S-IVB 02/H2 Burner Chamber Pressure and 
Temperature 

S-IVB Start Box and Run Requirements - Restart 
S-IfB J-2 Fuel Lead Restart - Second Burn 
S-IVB Start Tank Performance - Second Burn 
S-IVB Buildup Transients - Second Burn 
SwIVB Steady State Performance - Second Burn 
S-IVB Shutdown Transient Performance - Second 
Burn 
S-IVB PU System Non1inearities 
S-IVB LH2 Ullage Pressure - First Burn and 
Parking Orbit 
S-IVB LH2 Ullage Pressure Second Burn and 
Translunar Coast 
S-IVB Fuel Pump Inlet Conditions - First Burn 
S-IV8 Fuel Pump Inlet Conditions - Second Burn 
S-IVB LOX Tank Ullage Pressure First Burn and 
Parking Orbit 
S-IVB LOX Tank Ullage Pressure Second Burn 
and Translunar Coast 
S-IVB LOX Pump Inlet Conditions - First Burn 
S-IVB LOX Pump Inlet Conditions - Second Burn 
S-IVB Cold Helium Supply History 

xviii 

Page 

7-21 

7-21 

7-22 

7-23 
7-25 
7-26 
7-27 
7-28 
7,,29 

7-33 
7-35 

7-36 

7-37 
7-38 
7-39 

7-40 

7-41 
7-42 
7-43 
7-44 



Figure 

7-35 
7-36 
7-37 
7-38 

7-39 
7-40 

8-1 
8-2 
8-3 
8-4 

8-5 
8-6 

8-7 
8-8 

9-1 

9-2 
9-3 

9-4 

9-5 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IVB Pneumatic Control Performance 
S-IVB APS ~1ass History - Module. No.2 
S-IVB APS Mass History - Module No. 1 
S-IVB Orbital Safing and Propellant Dump 
Sequence 
S-IVB LOX Dump Parameter Histories 
S-IVB Start Bottle and Engine Control Bottle 
Safing 
S-IC Hydraulic System Performance 
S-II Hydraulic System Performance 
S-IVB Hydraulic System Performance - First Burn 
S-IVB Hydraulic System Performance Orbital 
Coast 
S-IVB Hydraulic System Performance - Second Burn 
S-IVB Hydraulic System Performance During 
Trans1unar Coast 

S-IVB Hydraulic System Pressures During LOX Dump 
S-IVB Hydraulic System Performance During LOX 
Dump 
Longitudinal Structural Dynamic Response Due to 

Page 

7-45 
7-49 
7-50 

7-51 
7-52 

7-54 
8-2 
8-3 

8-5 

8-7 
8-8 

8-9 
8-10 

8-11 

Thrust Buildup and Release 9-3 
Release Rod Force Displacement Curves 9-4 
Longitudinal Loads at Maximum Bending Moment, 
Inboard Engine Cutoff, and Outboard Engine Cutoff 9-5 
Longitudinal Structural Dynamic Response Due to 
Outboard Engine Cutoff 
Lateral Loads and Structural Dynamic Re$ponse 
During Thrust Buildup and Release 

xix 

9-6 

9-7 

, ' 

". I . 

.' 

Figure 

7-35 

7-36 

7-37 

7-38 

7-39 

7-40 

8-1 

8-2 

8-3 

8-4 

8-5 

8-6 

8-7 
8-8 

9-1 

9-2 

9-3 

9-4 

9-5 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IVB Pneumatic Control Performance 
S-IVB APS ~1ass History - Module. No.2 
S-IVB APS Mass History - Module No. 1 
S-IVB Orbital Safing and Propellant Dump 
Sequence 
S-IVB LOX Dump Parameter Histories 
S-IVB Start Bottle and Engine Control Bottle 
Safing 
S-IC Hydraulic System Performance 
S-II Hydraulic System Performance 
S-IVB Hydraulic System Performance - First Burn 
S-IVB Hydraulic System Performance - Orbital 
Coast 
S-IVB Hydraulic System Performance - Second Burn 
S-IVB Hydraulic System Performance During 
Trans1unar Coast 
S-IVB Hydraulic System Pressures During LOX Dump 
S-IVB Hydraulic System Performance During LOX 
Dump 
Longitudinal Structural Dynamic Response Due to 

Page 

7-45 

7-49 

7-50 

7-51 

7-52 

7-54 

8-2 
8-3 

8-5 

8-7 

8-8 

8-9 
8-10 

8-11 

Thrust Buildup and Release 9-3 

Release Rod Force Displacement Curves 9-4 
Longitudinal Loads at Maximum Bending Moment, 
Inboard Engine Cutoff, and Outboard Engine Cutoff 9-5 

Longitudinal Structural Dynamic Response Due to 
Outboard Engine Cutoff 9-6 

Lateral Loads and Structural Dynamic Re$ponse 
During Thrust Buildup and Release 9-7 

xix 

, ' 

.' 



'; , . , 
:~ 
". ~ 

, . , 

Figure 

9-6 

9-7 

9-8 

9-10 

9-11 

9-12 
9-13 

9-14 

9-15 

9-16 

9-17 
9-18 

9-19 

9-20 
10-1 

10-2 

10-3 

10-4 

10-5 

11-1 

11-2 

'1:.!'"' 

LIST OF ILLUSTRATIONS (CONTINUE0) 

Maxi mum Bend; ng Moment Ne:ii" i'1(~x Q 

First Longitudinal Modal Frequencies and 
Amplitudes During S-IC Pmve;t"'ed Fligl-It 
Longitudinal Mode Shapes During S-IC Powered 
Flight 
Lateral Modal Frequencies and Amplitudes 
During S-IC Powered Flight 
S·-IC Fi n Vi brati on Response and Bend-j nq and 
Torsional Modal Frequencies 
S-IC Stage Structure Vibration Envelopes 
S-IC Stage Engine Vibration EnvelJ~es 
S-IC Stage Components Vibration Envelopes 
S-IC Vibration and Strain Measurement locations 
S-II Stage Structure Vibration Envelopes 
S-II Stage Engine Vibratinn Envelopes 
5-11 Stage Component Vibration Envelopes 
S-IVB Stage Vibration Envelopes 
S-IVB Stage Engine Vibration Envelopes 
rnstrument Unit Vibration Envelopes 
Navigation, Guidance, and Control System 
Block Diagram 
Platform Gimbal Configuration 
Tracking and ST~124M-3 Platform Velocity 
Comparison (Trajectory Minus Guidance) 
Attitude Errors During IGM Flight 
Saturn V Inertial Gimbal Vibrations 

L iftoffVert i ca 1 Notion andSlo\'/ Release Forces 
Liftoff Lateral Motion {Pos1tion III} 

xx 

Page 

9-8 

9-10 

9-11 

9-15 

9-18 

9-1 SI 

9-20 

9-25 
9-26 

9-29 

9-30 

9-35 

iO-7 

10-9 

10-10 

10-19 
10-22 

11-5 

11-7 

i 
J 

1 

I , 
, 
~ 

i 
I 

'; , . , 
:~ 
". ~ 

, . , 

" 

Figure 

9-6 

9-7 

9-8 

9-10 

9-11 

9-12 
9-13 

9-14 

9-15 

9-16 

9-17 
9-18 

9-19 

9-20 
10-1 

10-2 

10-3 

10-4 

10-5 

11-1 

11-2 

LIST OF ILLUSTRATIONS (CONTINUE0) 

Maxi mum Bend; ng Moment Ne:ii" i'1(~x Q 

First Longitudinal Modal Frequencies and 
Amplitudes During S-IC Powered Flig~t 

Longitudinal Mode Shapes During S-IC Powered 
Flight 
Lateral Modal Frequencies and Amplitudes 
During S-IC Powered Flight 
S·-IC Fi n Vi brati on Response and Bend'j nq and 
Torsional Modal Frequencies 
S-IC Stage Structure Vibration Envelopes 
S-IC Stage Engine Vibration EnvelJ~es 
S-IC Stage Components Vibration Envelopes 
S-IC Vibration and Strain Measurement locations 
S-II Stage Structure Vibration Envelopes 
S-II Stage Engine Vibratinn Envelopes 
5-11 Stage Component Vibration Envelopes 
S-IVB Stage Vibration Envelopes 
S-IVB Stage Engine Vibration Envelopes 
rnstrument Unit Vibration Envelopes 
Navigation, Guidance, and Control System 
Block Diagram 
Platform Gimbal Configuration 
Tracking and ST~124M-3 Platform Velocity 
Comparison (Trajectory Minus Guidance) 
Attitude Errors During IGM Flight 
Saturn V Inertial Gimbal Vibrations 

L iftoffVert i ca 1 Notion andSlo\'/ Release Forces 
Liftoff Lateral Motion {Pos1tion III} 

xx 

Page 

9-8 

9-10 

9-11 

9-15 

9-18 

9-1 ~\ 

9-20 

9-25 
9-26 

9-29 

9-30 

9-35 

iO-7 

10-9 

10-10 

10-19 
10-22 

11-5 

11-7 

i 
J 

1 



i'. 

CE 

, . 

Figure 

11-3 

11-4 
11-5 
11-6 
11-7 

11-8 
11-9 

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

11-14 
11-15 
11-16' 
11-17 

11-18 

11-19 

11-20 
11-21 
11-22 

LIST OF {l~~STRATIONS (CONTINUED) 

S-IC Plume Angular Variation; Center Engine 
Trajectory and Fin Tip A Trajectory 
Pitch Plane Dynamics During S-1C Burn 
Yaw Plane Dynamics During S-1C Burn 
Roll Plane Dynamics During S-1CBurn 
Free Stream Angle-of-Attack and Pitch and Yaw 
Plane Wind Velocity During S-1C Burn 
Normal Acceleration During S-1C Powered Flight 
S-IC Engine Deflection Response to Propellant 
Slosh 
Pitch Plane Dynamics Dunng S-II Burn 
Yaw Plane Dynamics During S-I1 Burn 
Ro 11 Pl ane Dynami cs Duri ng S- II Burn 
S-1I Engine Deflection Response to Propellant 
Slosh 

Pitch Plane Dynamics During S-1VB First Burn 
Yaw Plane Dynamics During S-1VB First Burn 
Roll Plane Dynamics During S-IVB First Burn 
Pitch Attitude Control Dur1ng Maneuver to 
Local Horizontal Following S-1VB First Burn 
Yaw Attitude Control During Maneuver to Local 
Horizontal Following S-1VB First Burn 
Roll Attitude Control During Maneuver to Local 
Horizontal Following S-1VE First Burn 
Pitch Plane Dynamics During S-IVB Second Burn 
Yaw Plane Dynamics During S-1VB Second Burn 
Roll Plane Dynamics During S-IVBSecond Burn 

xxi 

,~ ~ , ~.,"'-

~ r. '~ ~.'- ... ~ ~ , 

Page 

11-8 
11-10 
11-11 
11-12 

11-13 
11-14 

11-15 
. 11-17 

11-18 
11-19 

11 ~21 

11-23 
11-24 
11-25 

11-27 

11-28 

11-29 

11-30 

11-31 

11 ~32 

t 

, . 

Figure 

11-3 

11-4 
11-5 
11-6 
11-7 

11-8 
11-9 

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

11-14 
11-15 
11-16' 
11-17 

11-18 

11-19 

11-20 
11-21 
11-22 

LIST OF {l~~STRATIONS (CONTINUED) 

Page 

S-IC Plume Angular Variation; Center Engine 
Trajectory and Fin Tip A Trajectory 11-8 
Pitch Plane Dynamics During S-1C Burn 11-10 
Yaw Plane Dynamics During S-1C Burn 11-11 
Roll Plane Dynamics During S-1CBurn 11-12 
Free Stream Angle-of-Attack and Pitch and Yaw 
Plane Wind Velocity During S-1C Burn 11-13 
Normal Acceleration During S-1C Powered Flight 11-14 
S-IC Engine Deflection Response to Propellant 
Slosh 11-15 
Pitch Plane Dynamics Dunng S-II Burn . 11-17 
Yaw Plane Dynamics During S-I1 Burn 11-18 
Roll Plane Dynamics During S-II Burn 11-19 
S-1I Engine Deflection Response to Propellant 
Slosh 11~2l 

Pitch Plane Dynamics During S-1VB First Burn 11-23 
Yaw Plane Dynamics During S-1VB First Burn 11-24 
Roll Plane Dynamics During S-IVB First Burn 11-25 
Pitch Attitude Control Dur1ng Maneuver to 
Local Horizontal Following S-1VB First Burn 11-27 
Yaw Attitude Control During Maneuver to Local 
Horizontal Following S-1VB First Burn 11-28 
Roll Attitude Control During Maneuver to Local 
Horizontal Following S-1VE First Burn 11-29 
Pitch Plane Dynamics During S-IVB Second Burn 11-30 
Yaw Plane Dynamics During S-IVB Second Burn 11-31 
Roll Pl ane Dynamics Duri ng S- IVBSecond Burn 11 ~32 

xxi 



_w' 

LIST OF ILLUSTRATIONS (CONTINUED) 

Figure Page 

11-23 Pitch Attitude Control During Maneuver to Local 
Horizontal Following S-IVB Second Burn 11-34 

11-24 Yaw Attitude Control During Maneuver to Local 
Horizontal Following S-IVB Second Burn 11-35 

11-25 Roll Attitude Control During Maneuver to Local 
Horizontal Following S-IVB Second Burn 11-36 

11-26 Pitch Attitude Control During Maneuver to 
CSMjS-IVB Separation Attitude 11-38 

11-27 Yaw Attitude Control During Maneuver to 
CSMjS-IVB Separation Attitude 11-39 

'11-28 Roll Attitude Control During Maneuver to 
CSMjS-IVB Separation Attitude 11-40 

11-29 Pitch Attitude Control During CSMjS-IVB . ' 

Separation .11-41 
11-30 Yaw Attitude Control During CSMjS-IVB 

Separation 11-42 
11-31 Roll Attitude Control During CSMjS-IVB 

Separation 1,.-43 
11-32 Pitch Attitude Control During Propellant 

Removal 11-44 
11-33 Yaw Attitude Control During Propellant 

Removal 11-45 
11-34 Roll Attitude Control During Propellant 

f: Removal 11-46 
~ 
~i 11-35 Pitch Attitude Control During APS Ullage ;t; 
§ 

Burn for Slingshot 11-47 ',j 
~ 
~ 

11-36 Yaw Attitude Control During APS Ullage ~ 
'1 
'f Burn for Slingshot 11-48 

I 11-37 Roll Attitude Control During APS Ullage I ., 
Burn for Slingshot 11-49 I , 

I I 
~ 

! 
~ ~ ~ 
~ 

xxii I 
~ 

",' I 
~ 

, ' 

Figure 

11-23 

11-24 

11-25 

11-26 

11-27 

'11-28 

11-29 

11-30 

11-31 

11-32 

11-33 

11-34 

11-35 

11-36 

11-37 

.' 

LIST OF ILLUSTRATIONS (CONTINUED) 

Page 

Pitch Attitude Control During Maneuver to Local 
Horizontal Following S-IVB Second Burn 11-34 
Yaw Attitude Control During Maneuver to Local 
Horizontal Following S-IVB Second Burn 11-35 
Roll Attitude Control During Maneuver to Local 
Horizontal Following S-IVB Second Burn 11-36 
Pitch Attitude Control During Maneuver to 
CSMjS-IVB Separation Attitude 11-38 
Yaw Attitude Control During Maneuver to 
CSMjS-IVB Separation Attitude 11-39 
Roll Attitude Control During Maneuver to 
CSMjS-IVB Separation Attitude 11-40 
~itch Atti~ude Control During CSMjS-IVB 
Separation 
Yaw Attitude Control During CSMjS-IVB 
Separation 
Roll Attitude Control During CSMjS-IVB 
Separation 
Pitch Attitude Control During Propellant 
Removal 
Yaw Attitude Control During Propellant 
Removal 
Roll Attitude Control During Propellant 
Removal 
Pitch Attitude Control During APS Ullage 
Burn for Slingshot 
Yaw Attitude Control During APS Ullage 
Burn for Slingshot 
Roll Attitude Control During APS Ullage 
Burn for Slingshot 

xxii 

.11-41 

11-42 

1,.-43 

11-44 

11-45 

11-46 

11-47 

11-48 

11-49 



-p- ¥-

Figure 

12-1 

12-2 
12-3 

12-4 

12-5 

12-6 

12-7 
12-8 
'12-9 

12-10 
13-1 

13-2 

13-3 
13-4 

13-5 

13--6 
13-7 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IC Retro'Motor Thrust 
S-II Ullage Motor Thrust 
S-IC/S-II Relative Velocity and Separation 
Distance During First Plane Separation 
S-IC Pitch and YRW Angular Dynamics Following 
S-IC/S-Il Separation 
S-II Angular Dispersions During S-IC/S-II 
First Plane Separation 
Interstage/S-II Relative Velocity and Separation 
Distance During Second Plane Separation 
5-11 Retro Motor Thrust 
S~II/S-IVB Longitudinal Acceleration 
S-II and S-IVB Angular Dispersions During 
S-II/S-IV8 Separation 
S-IVB-IU-LTA After Separation 
S-IC Stage Battery No. 1 Voltage and Current, 
Bus 11)10 
S-IC Stage Battery No.2 Voltage and Current, 
Bus 1020 
S-II Stage Main DC Bus Voltage and Current 
S-II Stage Instrumentation Bus Voltage and 
Current 
S-II Stage Recirculation DC Bus Voltage and 
Current 
S-II Stage Ignition DC Voltage and Current 
S-II Stage Temperature Bridge Power 
Supplies Voltage 

xxiii 

Page 

12-4 
12-6 

12-7 

12-8 

12-8 

12-10 
12-11 
12-13 

12-14 
12-15 

13-3 

13-3 
13-5 

i' 
f: 

13-5 .' 
t, 
- ~-

";;' 

i~ 
-" 

13-6 ~ ';,: 
~{~ . 

13-6 11 
i~ 
:~ 

13-8 

~ I 

l " 
i 

L~ 

i 

~ " 

Figure 

12-1 

12-2 
12-3 

12-4 

12-5 

12-6 

12-7 
12-8 
'12-9 

12-10 
13-1 

13-2 

13-3 
13-4 

13-5 

13--6 
13-7 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IC Retro'Motor Thrust 
S-II Ullage Motor Thrust 
S-IC/S-II Relative Velocity and Separation 
Distance During First Plane Separation 
S-IC Pitch and YRW Angular Dynamics Following 
S-IC/S-Il Separation 
S-II Angular Dispersions During S-IC/S-II 
First Plane Separation 
Interstage/S-II Relative Velocity and Separation 
Distance During Second Plane Separation 
5-11 Retro Motor Thrust 
S~II/S-IVB Longitudinal Acceleration 
S-II and S-IVB Angular Dispersions During 
S-II/S-IV8 Separation 
S-IVB-IU-LTA After Separation 
S-IC Stage Battery No. 1 Voltage and Current, 
Bus 11)10 
S-IC Stage Battery No.2 Voltage and Current, 
Bus 1020 
S-II Stage Main DC Bus Voltage and Current 
S-II Stage Instrumentation Bus Voltage and 
Current 
S-II Stage Recirculation DC Bus Voltage and 
Current 
S-II Stage Ignition DC Voltage and Current 
S-II Stage Temperature Bridge Power 
Supplies Voltage 

xxii; 

Page 

12-4 
12-6 

12-7 

12-8 

12-8 

12-10 
12-11 
12-13 

12-14 
12-15 

13-3 

13-3 
13-5 

i' 
fl 

13-5 .' 
i, 
, ~, 

";;' 

i~ ," 

13-6 ~ ';,: 
~{~ . 

13-6 11 
i~ 
:~ 

13-8 

~ I 

l " 
i 

L~ 

i 



,.. .. 

Figure 

13-8 

13-9 

13-10 

13- 11 

13-12 

13-13 

13-14 

13-15 

13-16 

16-1 

16-2 
16-3 
16-4 
16-5 

16-6 
16-7 
16-8 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IVB Stage Bridge Power Supply Mounting 
Chassis, Typical 
S-IVB Stage Fwd Battery No.1 Voltage, 
Current, and Temperature 
S-IVB Stage Fwd Battery No. 2 Voltage, 
Current, and Temperature 
S-IVB Stage Aft Battery No. 1 Voltage, 
Current, and Temperature 
S-IVB Stage Aft Battery No.2 Voltage, 
Current, and Temperature 
IU Battery 6010 Voltage, Current, and 
Temperature 
IU Battery 6020 Voltage, Current and 
Temperature 
IU Battery 6030 Voltage, Current, and 
Temperature 

IU Battery 6040 Voltage, Current, and 
Temperature 

S-IC Engine Fairing Compartment Pressure 
Differential 
S-1C Engine Fairing Pressure Loading 
S-1C Compartment Pressure Differential 
S-IC Compartment Pressure Loading 
S-11 Compartment Pressure Loading 
S-JVB Compartment Pressure Differential 

/ 

S-IC Base Pressure Differentials 
S-IC Base Heat Shield Pressure Loading 

xxiv 

Page 

and 
13-9 

13-10 

13-11 

13-12 

13-13 

13-17 

13-18 

13-19 

13-20 

16-2 
16-4 
16-6 
16-7 
16-9 

16-10 
16-11 
16-12 

Figure 

13-8 

13-9 

13-10 

13- 11 

13-12 

13-13 

13-14 

13-15 

13-16 

16-1 

16-2 
16-3 
16-4 
16-5 

16-6 
16-7 
16-8 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IVB Stage Bridge Power Supply Mounting 
Chassis, Typical 
S-IVB Stage Fwd Battery No.1 Voltage, 
Current, and Temperature 
S-IVB Stage Fwd Battery No. 2 Voltage, 
Current, and Temperature 
S-IVB Stage Aft Battery No. 1 Voltage, 
Current, and Temperature 
S-IVB Stage Aft Battery No.2 Voltage, 
Current, and Temperature 
IU Battery 6010 Voltage, Current, and 
Temperature 
IU Battery 6020 Voltage, Current and 
Temperature 
IU Battery 6030 Voltage, Current, and 
Temperature 

IU Battery 6040 Voltage, Current, and 
Temperature 

S-IC Engine Fairing Compartment Pressure 
Differential 
S-1C Engine Fairing Pressure Loading 
S-1C Compartment Pressure Differential 
S-IC Compartment Pressure Loading 
S-11 Compartment Pressure Loading 
S-JVB Compartment Pressure Differential 

/ 

S-IC Base Pressure Differentials 
S-IC Base Heat Shield Pressure Loading 

xxiv 

Page 

and 
13-9 

13-10 

13-11 

13-12 

13-13 

13-17 

13-18 

13-19 

13-20 

16-2 
16-4 
16-6 
16-7 
16-9 

16-10 
16-11 
16-12 



, ~. ~ ,. ~~ ... ~ 

~:" 

Figure 

16-9 

16-10 
16-11 

16-12 

16-13 

16-14 

16-15 
16-16 

16-17 

16-18 
17-1 
17-2 
17-3 
17-4 
17-5 

17-6 

17-7 
17-8 

17-9 

ow " 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-II Base Heat Shield Forward Face and Thrust 
Cone Pressures 
S-II Heat Shield Aft Face Pressures 
Vehicle External Overall Sound Pressure Level 
at Liftoff 
Vehicle External Sound Pressure Spectral 
Densities at Liftoff 
Vehicle External Overall Fluctuating Pressure 
Level 
Vehicle External Fluctuating Pressure Spectral 
Densities at Maximum Aerodynamic Noise 
S-IC Heat Shield Panels Acoustic Environment 
S-IC Internal Acoustic Environment 

S-II Compartment Overall Ar.oustic Levels 
S-IVB Forward and Aft Skirt Acoustic Levels 
S-IC Base Heat Shield Thermal Environment 
F-1 Engine Thermal Environment 
Base of Fin D Total Heating Rate 
S-IC Heat Shield Forward Surface Temperature 
S-IC Heat Shield Bondline Temperature 
S-IC Heat Shield, M-3l Temperature 
S-IC Base Heat Shield Measurement Locations 
S-IC Temperature Under Insulation, Inboard 
Side Engine No. 1 

S-IC AFT Face of Base Heat Shield Inf1ight 
TV Coverage 

xxv 

Page 

16-13 

16-14 

16-15 

16-16 

16-19 

16-21 

16-23 
16-23 

16-24 

16-25 

17-3 
17-3 
17-4 

17-5 

17-5 

17-6 

17-7 

17-8 

17-8 

Figure 

16-9 

16-10 
16-11 

16-12 

16-13 

16-14 

16-15 
16-16 

16-17 

16-18 
17-1 
17-2 
17-3 
17-4 
17-5 

17-6 

17-7 
17-8 

17-9 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-II Base Heat Shield Forward Face and Thrust 
Cone Pressures 
S-II Heat Shield Aft Face Pressures 
Vehicle External Overall Sound Pressure Level 
at Liftoff 
Vehicle External Sound Pressure Spectral 
Densities at Liftoff 
Vehicle External Overall Fluctuating Pressure 
Level 
Vehicle External Fluctuating Pressure Spectral 
Densities at Maximum Aerodynamic Noise 
S-IC Heat Shield Panels Acoustic Environment 
S-IC Internal Acoustic Environment 

S-II Compartment Overall Ar.oustic Levels 
S-IVB Forward and Aft Skirt Acoustic Levels 
S-IC Base Heat Shield Thermal Environment 
F-1 Engine Thermal Environment 
Base of Fin D Total Heating Rate 
S-IC Heat Shield Forward Surface Temperature 
S-IC Heat Shield Bondline Temperature 
S-IC Heat Shield, M-3l Temperature 
S-IC Base Heat Shield Measurement Locations 
S-IC Temperature Under Insulation, Inboard 
Side Engine No. 1 

S-IC AFT Face of Base Heat Shield Inf1ight 
TV Coverage 

xxv 

Page 

16-13 

16-14 

16-15 

16-16 

16-19 

16-21 

16-23 
16-23 

16-24 

16-25 

17-3 
17-3 
17-4 

17-5 

17-5 

17-6 

17-7 

17-8 

17-8 



" 

Figure 

17-10 

17-11 

17 - 12 

17-13 

17-14 
17-15 

17-16 
17-17 
17-18 

17-19 

17-20 

'17-21 

17-22 
17-23 
17-24 
17-25 
17-26 

17-27 
17-28 
17-29 
17-30 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IC Upper Compartment Ambient Air Temperature 
During S-IC/S-II Stage Separation 
S-IC Forward Skirt Skin Temperature after 
S-IC/S-11 Stage Separation 
S-IC LOX Tank Forward Dome Temperature During 
S-IC/S-1I Stage Separation 
S-II Heat Shield Base Region Heating Rates 
S-I1 Thrust Cone Heat~,g Rate 
S-I1 Base Gas Temperature 

S-II Heat Shield Aft Face Temperatures 
S-II Heat Shield Forward Face Temperatures 
S-JC Forward Skirt Aerodynamic Heating Near 
Finline D 

S-IC Forward Skirt Aerodynamic Heating Near 
Finline B 

S-IC Forward Skirt Aerodynamic Heating Near 
Finlines A and D 

S-IC Intertank Aerodynamic Heating, Forward 
S-IC Intertank Aerodynamic Heating, Aft 
S-IC Engine Fairing (Fin B) Aerodynamic Heating 
S-IC Engine Fairing (Fin D) Aerodynamic Heating 
S-IC Fin B Aerodynamic Heating 
S-IC Fin D Aerodynamic Heating 
Forward Point of Separated Flow 
S-IC Forward Skirt Skin Temperature 

S-IC Forward Skirt Thermocouple Plate 
S-IC LOX Tank Skin Temperature 

xxvi 

... , ............ 

17-9 

17-10 

17-11 
17-12 
17-13 
17-14 

17 -16 
17-17 

17-18 

17-18 

17-19 
17 -21 
17-21 
17-22 
17 .422 

17-23 
17-23 
17-24 
17-25 

17-25 
17-26 

Figure 

17-10 

17-11 

17 - 12 

17-13 

17-14 
17-15 

17-16 
17-17 
17-18 

17-19 

17-20 

'17-21 

17-22 
17-23 
17-24 
17-25 
17-26 

17-27 
17-28 
17-29 
17-30 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IC Upper Compartment Ambient Air Temperature 
During S-IC/S-II Stage Separation 
S-IC Forward Skirt Skin Temperature after 
S-IC/S-11 Stage Separation 
S-IC LOX Tank Forward Dome Temperature During 
S-IC/S-1I Stage Separation 
S-II Heat Shield Base Region Heating Rates 
S-I1 Thrust Cone Heat~,g Rate 
S-I1 Base Gas Temperature 

S-II Heat Shield Aft Face Temperatures 
S-II Heat Shield Forward Face Temperatures 
S-JC Forward Skirt Aerodynamic Heating Near 
Finline D 

S-IC Forward Skirt Aerodynamic Heating Near 
Finline B 

S-IC Forward Skirt Aerodynamic Heating Near 
Finlines A and D 

S-IC Intertank Aerodynamic Heating, Forward 
S-IC Intertank Aerodynamic Heating, Aft 
S-IC Engine Fairing (Fin B) Aerodynamic Heating 
S-IC Engine Fairing (Fin D) Aerodynamic Heating 
S-IC Fin B Aerodynamic Heating 
S-IC Fin D Aerodynamic Heating 
Forward Point of Separated Flow 
S-IC Forward Skirt Skin Temperature 

S-IC Forward Skirt Thermocouple Plate 
S-IC LOX Tank Skin Temperature 

xxvi 

17-9 

17-10 

17-11 
17-12 
17-13 
17-14 

17 -16 
17-17 

17-18 

17-18 

17-19 
17 -21 
17-21 
17-22 
17 .422 

17-23 
17-23 
17-24 
17-25 

17-25 
17-26 



_Wi. 

r 

LIST OF ILLUSTRATIONS (CONTINUED) 

Figure Page 

17-31 S-IC Intertank Skin Temperature 17-26 
17-32 S-IC Fuel Tank Skin Temperature 17-27 
17-33 S-IC Thrust Structure Skin Temperature 17-27 
17-34 S-IC Forward Fairing Skin Temperature 17-29 
17-35 S-IC Aft Fairing Skin Temperaturt 17-29 
17-36 S-IC Fin Wedge Section Skin Temperature 17-30 
17-37 S-IC Fin Aft Face Structural Temperature 17-30 
17-38 S-II Aft Interstage Aeroheating Environment 17-31 
17-39 S-II Aft Interstage Aeroheating -Environment, 

Ullage Motor Fairing 17-32 
17-40 S-II LH2 Feedline Aft Fairing Heating Rates 17-33 ; 

17-41 S-II LH2 Feedline Forward Fairing Heating Rates 17-34 
17-42 S-II Body Structural Temperature 17-34 
17-43 S-II Aft Interstage Structural Temperature 17-35 
17-44 S-II LH2 Feedline Fairing Structural Temperature 17-35 
17-45 IU Inner Skin Temperatures for Ascent 17-36 
17-46 IU Inner Skin Temperature, Earth Orbit 17 ·-37 
18-1 S-IC Forward Compartment Canister Temperature 18-2 
18-2 S-IC Forward Compartment Ambient Temperature 18-3 
18-3 S-IC Aft Compartment Temperature Range 18-5 
18-4 IU Environmental Control System Schematic Diagram 18-8 
18-5 Thermal Conditioning System Methanol/Water 

Control Temperature 18-9 
18-6 IU Sublimatot Performance During Ascent 18-10 
18-7 Thermal Conditioning System GN2 Pressure 18-11 

xxvii 

Figure 

17-31 
17-32 
17-33 
17-34 
17-35 
17-36 
17-37 
17-38 
17-39 

17-40 
17-41 
17-42 
17-43 
17-44 
17-45 
17-46 
18-1 
18-2 
18-3 
18-4 
18-5 

18-6 
18-7 

LIST OF ILLUSTRATIONS (CONTINUED) 

S-IC Intertank Skin Temperature 
S-IC Fuel Tank Skin Temperature 
S-IC Thrust Structure Skin Temperature 
S-IC Forward Fairing Skin Temperature 
S-IC Aft Fairing Skin Temperaturt 
S-IC Fin Wedge Section Skin Temperature 
S-IC Fin Aft Face Structural Temperature 
S-II Aft Interstage Aeroheating Environment 
S-II Aft Interstage Aeroheating -Environment, 
Ullage Motor Fairing 
S-II LH2 Feedline Aft Fairing Heating Rates 

Page 

17-26 
17-27 
17-27 
17-29 
17-29 
17-30 
17-30 
17-31 

17-32 
17-33 

S-I1 LH2 Feedline Forward Fairing Heating Rates 17-34 
S-II Body Structural Temperature 17-34 
S-II Aft Interstage Structural Temperature 17-35 
S-II LH2 Feedline Fairing Structural Temperature 17-35 
IU Inner Skin Temperatures for Ascent 17-36 
IU Inner Skin Temperature, Earth Orbit 17-37 
S-IC Forward Compartment Canister Temperature 
S-IC Forward Compartment Ambient Temperature 
S-IC Aft Compartment Temperature Range 
IU Environmental Control System Schematic Diagram 
Thermal Conditioning System Methanol/Water 
Control Temperature 
IU Sublimatot Performance During Ascent 
Thermal Conditioning System GN2 Pressure 

xxvii 

18-2 
18-3 
18-5 
18-8 

18-9 
18-10 
18-11 



.,.» 

'.*, 

" .. ~"'l', 
i 

> i :,j 

" 

,¥ 
.;~' 

... '. 

LIST OF ILLUSTRATIONS (CONTINUED) 

Fi gure Page 

18-8 Selected Component Temperatures 18-12 
18-9 Pressure Differential Across Gas Bearings 18-13 
18-10 Gas Bearing System GN2 Pressure 18-13 
20-1 Average Base Differential Pressure 20-2 
20-2 Forebody Axi a 1 Force Coeffi ci ent 20··3 
20-3 S-IC Fin Pressure Differential 20-4 
21-1 Total Vehicle Mass, Center of Gravity, and Mass 

Moment of Inertia During S-IC Stage Powered 
Flight 21-17 

21-2 Total Veh i c 1 e Mass, Center of Gra vi ty, and Mass 
Mom~nt of Inertia During S-II Stage Powered 

21-3 

A-l 
A-2 
A-3 

A-4 
A-5 

A-6 

A-7 

B-1 
B-2 

Flight 21-18 
. Total Vehicle Mass, Center of Gravity, and Mass 

Moment of Inertia During S-IVB Sta§e Powered 
Flight 21-19 
Scalar Wind Speed at Launch Time of AS-503 A-ll 
Wind Direction at Launch Time of AS-503 A-12 
Pitch Wind Speed Component (Wx) at Launch Time 
of AS-503 A-13 
Yaw Wind Speed Component at Launch Time of AS-503 A-14 
Pitch (Sx) and Yaw (Sz) Component Wind Shears at 
Launch Time of AS-503 A-15 
Relative Deviation of AS-503 Temperature and 
Derisity From PAFB (63) Reference Atmosphere 
Relative Deviation of Pressure and Absolute 
Deviation of the Index of Refraction from the 
PAFB (63) Reference Atmosphere, AS-503 
Saturn V Apollo Flight Configuration 
S-IC Stage Configuration 

xxviii 

A-16 

A-17 
13-2 

B-3 

"' E 
~~ 

Ii 
l~ 
1 

~r 
~ 
li 
~ 
~ 
~ 
l~' 
~r 

:! 
t J !1 

~ 
:j 

1 
~ 
if 

~ 
~ 
~: 

LIST OF ILLUSTRATIONS (CONTINUED) 

Fi gure Page 

18-8 Selected Component Temperatures 18-12 
18-9 Pressure Differential Across Gas Bearings 18-13 
18-10 Gas Bearing System GN2 Pressure 18-13 
20-1 Average Base Differential Pressure 20-2 
20-2 Forebody Axi a 1 Force Coeffi ci ent 20··3 
20-3 S-IC Fin Pressure Differential 20-4 
21-1 Total Vehicle Mass, Center of Gravity, and Mass 

Moment of Inertia During S-IC Stage Powered 
Flight 21-17 

21-2 Total Veh i c 1 e Mass, Center of Gra vi ty, and Mass 
Mom~nt of Inertia During S-II Stage Powered 

21-3 

A-l 
A-2 
A-3 

A-4 
A-5 

A-6 

A-7 

B-1 
B-2 

Flight 21-18 
. Total Vehicle Mass, Center of Gravity, and Mass 

Moment of Inertia During S-IVB Sta§e Powered 
Flight 21-19 
Scalar Wind Speed at Launch Time of AS-503 A-ll 
Wind Direction at Launch Time of AS-503 A-12 
Pitch Wind Speed Component (Wx) at Launch Time 
of AS-503 A-13 
Yaw Wind Speed Component at Launch Time of AS-503 A-14 
Pitch (Sx) and Yaw (Sz) Component Wind Shears at 
Launch Time of AS-503 A-15 
Relative Deviation of AS-503 Temperature and 
Derisity From PAFB (63) Reference Atmosphere A-16 
Relative Deviation of Pressure and Absolute 
Deviation of the Index of Refraction from the 
PAFB (63) Reference Atmosphere, AS-503 A-17 
Saturn V Apollo Flight Configuration e~2 

S-IC Stage Configuration B-3 

xxviii 



, .. 

.' 

.. 

., 
~ 

':. 

, 
; 

:. 

., 
, 

, 

, , 
I , 

, , 

, 

Figure 

B-3 

B-4 
B-5 
B-6 

"~l--

LIST OF ILLUSTRATIONS (CONTINUED) 

S-II Stage Configuration 
S-IVB Stage Configuration 
Instrument Unit Configuration 
Apollo Space Vehicle 

xxix 

Page 

B-7 
B-10 
B-14 
B-17 

I 
1 

" . 
"I" , 
j 

\ 
lj 

1 
il 
1 

" .: 
I 
I 

I 
1 

LIST OF ILLUSTRATIONS (CONTINUED) 

Figure Page 

B-3 S-II Stage Configuration B-7 
B-4 S-IVB Stage Configuration B-1O 
B-5 Instrument Unit Configuration B-14 
B-6 Apollo Space Vehicle B-17 

xxix 



Table 

2-1 
2-2 
2-3 
2-4 
3-1 
3-2 
3-3 
3-4 
4-1 

4-2 
4-3 
4-4 
4-5 
4-6 

4-7 
4-8 

4-9 

4-10 
5-1 
5-2 
5-3 

5-4 
5-5 

LIST OF TABLES 

Page 

Time Base Summary 2-3 
Significant Event Times Summary 2-5 
Sequence of Switch Selector Events 2-12 
Variable Time and Commanded Switch Selector Events 2-27 
AS-503 Milestones 3-2 
S-IC Stage Propellant Mass at Ignition Command 3-7 
S-II Stage Propellant Mass at S-IC Ignition Command 3-7 
S-IVB Stage Propellant Mass at S-IC Ignition Command 3-7 
Sumrl1ary of AS-503 Orbital C-Band Tracking Data 
Available 4-2 
Compari s on of S i gni fi cant Trajectory Events 
Comparison of Cutoff Events 
Comparison of Separation Events 
Stage Impact Location 
Parking Orbit Insertion Conditions 
Translunar Injection Conditions 
Comparison of Slingshot Maneuver 
Lunar Closest Approach Parameters 
Heliocentric Orbit Parameters 
S-IC Stage Engine Startup Event Times 
S-IC Engine Performance Deviations 
Comparison of S-IC Stage Flight Reconstruction Data 
with Trajectory Simulation Results 
S-IC Cutoff Impulse 
S-IC Stage Propellant Mass History 

xxx 

4-4 
4-5 
4-6 

4-12 
4-14 

4-14 
4-17 
4-17 
4-18 

5-4 
5-6 

5-7 
5-9 

5-9 

Table 

2-1 
2-2 
2-3 
2-4 
3-1 
3-2 
3-3 
3-4 
4-1 

4-2 
4-3 
4-4 
4-5 
4-6 

4-7 
4-8 

4-9 

4-10 
5-1 
5-2 
5-3 

5-4 
5-5 

LIST OF TABLES 

Page 

Time Base Summary 2-3 
Significant Event Times Summary 2-5 
Sequence of Switch Selector Events 2-12 
Variable Time and Commanded Switch Selector Events 2-27 
AS-503 Milestones 3-2 
S-IC Stage Propellant Mass at Ignition Command 3-7 
S-II Stage Propellant Mass at S-IC Ignition Command 3-7 
S-IVB Stage Propellant Mass at S-IC Ignition Command 3-7 
Sumrl1ary of AS-503 Orbital C-Band Tracking Data 
Available 4-2 
Compari s on of S i gni fi cant Trajectory Events 
Comparison of Cutoff Events 
Comparison of Separation Events 
Stage Impact Location 
Parking Orbit Insertion Conditions 
Translunar Injection Conditions 
Comparison of Slingshot Maneuver 
Lunar Closest Approach Parameters 
Heliocentric Orbit Parameters 
S-IC Stage Engine Startup Event Times 
S-IC Engine Performance Deviations 
Comparison of S-IC Stage Flight Reconstruction Data 
with Trajectory Simulation Results 
S-IC Cutoff Impulse 
S-IC Stage Propellant Mass History 

xxx 

4-4 
4-5 
4-6 

4-12 
4-14 
4-14 

4-17 
4-17 

4-18 

5-4 
5-6 

5-7 
5-9 

5-9 



Table 

5-6 
6-1 
6-2 

6-3 

6-4 

6-5 
6A-l 

7-1 
7-2 

7-3 

7-4 

7-5 
7-6 

7-7 

7-8 

7-9 
7-10 
7-11 
7-12 
7-13 

" .. ' 

LIST OF TABLES (CONTINUED) 

Page 

S-IC Residuals at Outboard Engine Cutoff 5-10 
S-II Engine Start Sequence Events 6-6 
S- I I Engi ne Perfo rmance Dev; a ti ons (ESC +61 Seconds) 6-10 
S-II Flight Reconstruction Comparison with 
Simulation Trajectory Match Results 6-11 
S-II Cutoff Impulse 6-18 
S-II Propellant Mass History 
Calculated Longitudinal Structural Response and 
Thrust Oscillations Using AS-503 Measured Data 
S-IVB Engine Start Sequence Events - First Burn 
S-IVB Steady State Performance - First Burn 
(ESC +80 Second Time Slice at Standard Altitude 
Conditions) 
Comparison of S-IVB Stage Flight Reconstruction 
Data with Performance Simulation Results -
First Burn 
S-IVB Simulation Burn Time Deviations - First 8urn 
S-IVB Cutoff Impulse - First Burn 
S-IVB Engine Start Sequence - Second Burn 
S-IVB Steady State Performance - Second Burn 
(ESC +80 Second Time Slice at Standard Altitude 
Conditions) 
Comparison of S-IVB Stage FliQht Reconstruction 
Data with Performance Simulation Results -
Second Burn 
S-IVB Simulation Burn Time Deviations - Second Burn 
S-IVB Cutoff Impulse - Second Burn 
S-IVB Stage Propellant Mass History 
S-IVB Pneumatic Helium Bottle Mass 
S-IVB APS Helium'Bottl~ Mass 

xxxi 

6-20 

6A-8 

7-8 

7-10 

7-11 
7-11 

7-16 
7-24 

7-30 

7 -31 
7-32 

7-33 

7-34 
7-46 

7-47 

i _ 
I 

I 
I 
i 

J 

Table 

5-6 
6-1 
6-2 

6-3 

6-4 

6-5 
6A-l 

7-1 
7-2 

7-3 

7-4 

7-5 
7-6 

7-7 

7-8 

7-9 
7-10 
7-11 
7-12 
7-13 

LIST OF TABLES (CONTINUED) 

Page 

S-IC Residuals at Outboard Engine Cutoff 5-10 
S-II Engine Start Sequence Events 6-6 
S- I I Engi ne Perfo rmance Dev; a ti ons (ESC +61 Seconds) 6-10 
S-II Flight Reconstruction Comparison with 
Simulation Trajectory Match Results 6-11 
S-II Cutoff Impulse 6-18 
S-II Propellant Mass History 
Calculated Longitudinal Structural Response and 
Thrust Oscillations Using AS-503 Measured Data 
S-IVB Engine Start Sequence Events - First Burn 
S-IVB Steady State Performance - First Burn 
(ESC +80 Second Time Slice at Standard Altitude 
Conditions) 
Comparison of S-IVB Stage Flight Reconstruction 
Data with Performance Simulation Results -
First Burn 
S-IVB Simulation Burn Time Deviations - First 8urn 
S-IVB Cutoff Impulse - First Burn 
S-IVB Engine Start Sequence - Second Burn 
S-IVB Steady State Performance - Second Burn 
(ESC +80 Second Time Slice at Standard Altitude 
Conditions) 
Comparison of S-IVB Stage FliQht Reconstruction 
Data with Performance Simulation Results -
Second Burn 
S-IVB Simulation Burn Time Deviations - Second Burn 
S-IVB Cutoff Impulse - Second Burn 
S-IVB Stage Propellant Mass History 
S-IVB Pneumatic Helium Bottle Mass 
S-IVB APS Helium'Bottl~ Mass 

xxxi 

6-20 

6A-8 

7-8 

7-10 

7-11 
7-11 

7-16 
7-24 

7-30 

7 -31 
7-32 

7-33 

7-34 
7-46 

7-47 

i _ 
I 



Table 

7-14 
7-15 

8-1 
9-1 

9-2 

9-3 

9-4 

9-5 

10-1 
-10-2 

10-3 

10-4 
10-5 

11-1 

11-2 

11-3 

11-4 

11-5 

11-6 

12-1 

12-2 

12-3 

12-4 

13 .. 1 

13-2 

13-3 

.- -; 

LIST OF TABLES (CONTINUED) 

S-IVB APS Propellant Consumption 
S-IVB Pneumatic Control Sphere Conditions During 
Dump 
S-IVB Hydraulic System Pressures 
Saturn V First Longitudinal Mode Response Comparison 
During S-IC Powered Flight 
AS-503 S-IC Stage Propellant Line Frequencies 
S-IC Stage Vibration Summary 
S-II Stage Vibration Summary 
S-IVB Vibration Summary 
Inertial Platform Velocity Comparisons 
Guidance-Comparisons 
Start and Stop Times for IGM Guidance Commands 
S-IVB First Burn Guidance Cutoff Conditions 

Guidance Comparisons Elliptical Orbit Parameters 
at S-IVB Second- Cutoff 
Summary of Liftoff Clearances 
AS-503 Misalignment Summary 
Maximum Control Parameters During S-IC Boost Flight 
Maximum Control Parameters During S-Il Boost Flight 
Maximum Control Parameters During S~IVB First Burn 
Maximum Control Parameters During S-IVB Second Burn 
Separation Event Times 
S-IC Retro Motor Performance 
S-II Ullage Motor Performance 
AS-503 S-II Retro Motor Performance 
S-IC Stage Battery Power Consumption 
S-II Stage Battery Power Consumption 
S-IVB Stage Battery Power Consumption 

xxxii 

.------,~.- --"+-+.;.;,~~~.--,...-.... ~.;,........~-:-~~ .~"" . 

Page 

7-48 

7-53 
8-4 

9-12 

9-12 

9-'17 

9-22 

9-31 

10-12 

10-14 

10-16 

1 0-18 

1 0-18 

11-4 

11-6 

11-9 

11-20 

11-22 

11-33 

12-2 

12-3 

12-5 
12-11 

13-4 
13-4 

13-14 

- .", 

" 

Table 

7-14 
7-15 

8-1 
9-1 

9-2 

9-3 

9-4 

9-5 

10-1 
-10-2 

10-3 

10-4 
10-5 

11-1 

11-2 

11-3 

11-4 

11-5 

11-6 

12-1 

12-2 

12-3 

12-4 

13 .. 1 

13-2 

13-3 

LIST OF TABLES (CONTINUED) 

S-IVB APS Propellant Consumption 
S-IVB Pneumatic Control Sphere Conditions During 
Dump 
S-IVB Hydraulic System Pressures 
Saturn V First Longitudinal Mode Response Comparison 
During S-IC Powered Flight 
AS-503 S-IC Stage Propellant Line Frequencies 
S-IC Stage Vibration Summary 
S-II Stage Vibration Summary 
S-IVB Vibration Summary 
Inertial Platform Velocity Comparisons 
Guidance-Comparisons 
Start and Stop Times for IGM Guidance Commands 
S-IVB First Burn Guidance Cutoff Conditions 

Guidance Comparisons Elliptical Orbit Parameters 
at S-IVB Second- Cutoff 
Summary of Liftoff Clearances 
AS-503 Misalignment Summary 
Maximum Control Parameters During S-IC Boost Flight 
Maximum Control Parameters During S-Il Boost Flight 
Maximum Control Parameters During S~IVB First Burn 
Maximum Control Parameters During S-IVB Second Burn 
Separation Event Times 
S-IC Retro Motor Performance 
S-II Ullage Motor Performance 
AS-503 S-II Retro Motor Performance 
S-IC Stage Battery Power Consumption 
S-II Stage Battery Power Consumption 
S-IVB Stage Battery Power Consumption 

xxxii 

Page 

7-48 

7-53 
8-4 

9-12 

9-12 

9-'17 

9-22 

9-31 

10-12 

10-14 

10-16 

10-18 

10-18 

11-4 

11-6 

11-9 

11-20 

11-22 

11-33 

12-2 

12-3 

12-5 
12-11 

13-4 
13-4 

13-14 

" 



• 

Table 

13-4 
14-1 

15-1 
15-2 
15-3 

16-1 

19-1 

19-2 
19-3 
19-4 

19-5 
19-6 
19-7 
19-8 
19-9 
19-10 
19-11 
19-12 
21-1 
21-2 
21-3 
21-4-

21 .. 5 

21-6 

LIST OF TABLES (CONTINUED) 

IU Battery Power Consumption 
Command and Coml'fllmi cati ons System Command Hi story, 
AS-503 

Performance Summary of Thrust OK Pre$sure Switches 
Maximum Angular Rates 
EDS Related Event Times 
S-II Acoustic Noise Levels Comparison of AS-503 with 
AS-50l and AS-502 Data 
AS~50~ Flight Measurement Summary 
AS-503 Flight Measurements Waived Prior to Launch 
AS-503 Fl~Qht Measureme~ts Malfunction£ 
AS-503 Flight Measurements with Improper Range 

AS-503 Questionable Flight Measurements 
AS-503 Launch Vehicle Telemetry Links 
Tape Recorder Summary 
Final RF LOS, VHF Telemetry 
Last Usable VHF Telemetry Data 
VHF Telemetry Systems RF Summary 
C··Band Tracking System RF Summary 
CCS RF Summary 
Total Vehicle Mass, S-IC Burn Phase, 
Total Vehicle Mass, S-IC Burn Phase, 
Total Vehicle Mass, S-II Burn Phase, 
Total Vehicle Mass, S-II Burn Phase, 
Total Vehicle Mass, S-I VB Fi rs t Burn 
Kil ograms 
Total Vehicle Mass, S-IVB First Burn 
Pounds Mass 

xxxiii 

Kil ograms 
Pounds Mass 
Ki10qrams 
Pounds Mass 
Phase, 

Phase, 

-.~- -.,~ .. " '......,. .. . 
~~'~'':''~'';;:::;'' ~_._ .. - -.-.~--.-.-.~., ----. _ .. _;-------" -..... '"-.--------~ ... ~ .'--"-~ 

<. 

Page 

13 .. 16 

14-3 
15-3 
15-4 

15-4 

16-24 

19-3 
19-4 

19-5 

19-8 

19-9 

19-11 
19-14 
19-16 
19-16 

19-18 

19~20 

19-23 

21-3 
21-4 
21-5 
21-6 

21-7 

21-8 

Tabl e 

13-4 
14-1 

15-1 

15-2 
15-3 

16-1 

19-1 

19-2 
19-3 
19-4 

19-5 
19-6 
19-7 
19-8 
19-9 
19-10 
19-11 
19-12 
21-1 
21-2 
21-3 
21-4-

21 .. 5 

21-6 

LIST OF TABLES (CONTINUED) 

IU Battery Power Consumption 
Command and Coml'fllmi cati ons System Command Hi story, 
AS-503 
Performance Summary of Thrust OK Pre$sure Switches 
Maximum Angular Rates 
EDS Related Event Times 
S-II Acoustic Noise Levels Comparison of AS-503 with 
AS-50l and AS-502 Data 
AS~503 Flight Measurement Summary 
AS-503 Flight Measurements Waived Prior to Launch 
AS-503 Fl~Qht Measureme~ts Malfunction£ 
AS-503 Flight Measurements with Improper Range 

AS-503 Questionable Flight Measurements 
AS-503 Launch Vehicle Telemetry Links 
Tape Recorder Summary 
Final RF LOS, VHF Telemetry 
Last Usable VHF Telemetry Data 
VHF Telemetry Systems RF Summary 
C··Band Tracking System RF Summary 
CCS RF Summary 
Total Vehicle Mass, S-IC Burn Phase, 
Total Vehicle Mass, S-IC Burn Phase, 
Total Vehicle Mass, S-II Burn Phase, 
Total Vehicle Mass, S-II Burn Phase, 
Total Vehicle Mass, S-I VB Fi rs t Burn 
Kil ograms 
Total Vehicle Mass, S-IVB First Burn 
Pounds Mass 

xxxiii 

Kil ograms 
Pounds Mass 
Ki10qrams 
Pounds Mass 
Phase, 

Phase, 

Page 

13 .. 16 

14-3 
15-3 
15-4 

15-4 

16-24 

19-3 
19-4 

19-5 

19-8 

19-9 

19-11 

19-14 
19-16 
19-16 

19-18 

19~20 

19-23 

21-3 
21-4 
21-5 
21-6 

21-7 

21-8 



. . ~" 

, ,..-, 
" 

11< ;\ 
~~1 .? 
~; 

'~ ". 

.l 

.. 
s; 

• ,::!' 

. ; 

Table 

21-7 

21-8 

21-9 
21-10 
22-1 
23-1 
23-2 
23-3 
A-l 
A-2 

A-3 
A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

LIST OF TABLES (CONTINUED) 

Total Vehicle Mass, S-IVB Second Burn Phase, 
Kilograms 
Total Vehicle Mass, S-IVB Second Burn Phase, 
Pounds Mass 
Flight Sequence Mass Summary 
Mass Characteristics Comparison 
Mission Objectives Accomplishment Summary 
Summary of Failures and Anomalies 
Hardware Criticality Categories for Flight Hardware 
Summary of Deviations 
Surface Observations at AS-503 Launch Time 
Solar Radiation at AS-503 Launch Time, Launch 
Pad 39A 
Systems Used to Measure Upper Air Wind Data 
Maximum Wind Speed in High Dynamic Pressure Region 
for Saturn 1 Through Saturn 10 Vehicles 
Maximum Wind Speed in High Dynamic Pressure Region 
for Apollo/Saturn 201 Throuqh Apollo/Saturn 205 
Vehicles 
Maximum Wind Speed in High Dynamic Pressure Region 
for Apollo/Saturn 501 Through Apollo/Saturn 503 
Vehicles 
Extreme Wind Shear Values in the High Dynamic 
Pressure Region for Saturn 1 Through Saturn 10 
Vehicles 
Extreme Wi nd Shea r Va 1 ues in the Hi gh Dynami c 
Pressure Region for Apollo/Saturn 201 Through 
Apollo/Saturn 205 Vehicles 
Extreme Wind Shear Values in the High Dynamic 
Pressure Region for Apollo/Saturn 501 Through 
Apollo/Saturn 503 Vehicles 

. , 
xxxiv 

Page 

21-9 

21-10 
21-11 
21-13 
22-2 
23-2 
23-3 
23-4 
A-3 

A-4 
A-4 

A-5 

A-6 

A-6 

A-7 

A-8 

A-8 

. . ~" 

, ,..-, 
" 

11< ;\ 
~~1 .? 
~; 

~ .'. 

.l 

.. 
s; 

• ,::!' 

Table 

21-7 

21-8 

21-9 
21-10 
22-1 
23-1 
23-2 
23-3 
A-l 
A-2 

A-3 
A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

LIST OF TABLES (CONTINUED) 

Total Vehicle Mass, S-IVB Second Burn Phase, 
Kilograms 
Total Vehicle Mass, S-IVB Second Burn Phase, 
Pounds Mass 
Flight Sequence Mass Summary 
Mass Characteristics Comparison 
Mission Objectives Accomplishment Summary 
Summary of Failures and Anomalies 
Hardware Criticality Categories for Flight Hardware 
Summary of Deviations 
Surface Observations at AS-503 Launch Time 
Solar Radiation at AS-503 Launch Time, Launch 
Pad 39A 
Systems Used to Measure Upper Air Wind Data 
Maximum Wind Speed in High Dynamic Pressure Region 
for Saturn 1 Through Saturn 10 Vehicles 
Maximum Wind Speed in High Dynamic Pressure Region 
for Apollo/Saturn 201 Throuqh Apollo/Saturn 205 
Vehicles 
Maximum Wind Speed in High Dynamic Pressure Region 
for Apollo/Saturn 501 Through Apollo/Saturn 503 
Vehicles 
Extreme Wind Shear Values in the High Dynamic 
Pressure Region for Saturn 1 Through Saturn 10 
Vehicles 
Extreme Wi nd Shea r Va 1 ues in the Hi gh Dynami c 
Pressure Region for Apollo/Saturn 201 Through 
Apollo/Saturn 205 Vehicles 
Extreme Wind Shear Values in the High Dynamic 
Pressure Region for Apollo/Saturn 501 Through 
Apollo/Saturn 503 Vehicles 

. , 
xxxiv 

Page 

21-9 

21-10 
21-11 
21-13 
22-2 
23-2 
23-3 
23-4 
A-3 

A-4 
A-4 

A-5 

A-6 

A-6 

A-7 

A-8 

A-8 



*" ~. 

,"" 
I. ' ~ •• "1.' ,~' ~ , , .. ' 

LIST OF TABLES (CONTINUED) 

Table Page 

A-10 Selected Atmospheric Observations for Saturn 1 
Through Saturn 10 Vehicle Launches at Kennedy 
Space Center, Florida A-9 

A-ll Selected Atmospheric Observations for Apollo-
Saturn 201 Through Apollo-Saturn 205 Launches at 
Kennedy Space Center, Florida A-10 

A-12 Selected Atmospheric Observations for Apollo-
Saturn 501 Through Apollo-Saturn 503 Launches at 
Kennedy Space Center, Florida A-10 

B-1 S-IC Significant Configuration Changes B-5 
B-2 S~II Significant Configuration Changes B-11 
B-3 S-IVB Significant Configuration Changes B-13 
B-4 IU Significant Configuration Changes B-15 

~ , 
~ ~ :, 

~ 
; 
t r , , 

f .. 

xxxv 

I. ' ~ •• "1.' ,~' ~ , , ... 

LIST OF TABLES (CONTINUED) 

Table Page 

A-10 Selected Atmospheric Observations for Saturn 1 
Through Saturn 10 Vehicle Launches at Kennedy 
Space Center, Florida A-9 

A-ll Selected Atmospheric Observations for Apollo-
Saturn 201 Through Apollo-Saturn 205 Launches at 
Kennedy Space Center, Florida A-10 

A-12 Selected Atmospheric Observations for Apollo-
Saturn 501 Through Apollo-Saturn 503 Launches at 
Kennedy Space Center, Florida A-10 

B-1 S-IC Significant Configuration Changes B-5 
B-2 S~II Significant Configuration Changes B-11 
B-3 S-IVB Significant Configuration Changes B-13 
B-4 IU Significant Configuration Changes B-15 

xxxv 



,.. -

ACKNOWLEDGEMENT 

This report is published by the Saturn Flight Evaluat~on Working Group-­
composed of representatives of Marshall Space Flight Center, John F. 
Kennedy Space Center, and MSFC's prime contractors--and in cooperation 

, with the Manned Spacecraft Center. Significant contributions to the 
evaluation have been made by: 

George C. Marshall Space Flight Center 

Research and Development Operations 

Aero-Astrodynamics Laboratory 
Astrionics Laboratory 
Computation Laboratory 
Propulsion and Vehicle Engineering Laboratory 

Industrial Operations 

John F. Kennedy Space Center 

Manned Spacecraft Center 

The Boeing Company 

~·1cDonnell Dougl as Astronaut; cs Company 

International Business Machines Corporation 

North American Rockwell/Rocketdyne Division 

North American Rockwell/Space Division 

xxxvi 

~: 
!:l 
! ~ 

I 
;; 

~ 

I' ~ ~ , 

ACKNOWLEDGEMENT 

This report is published by the Saturn Flight Evaluat~on Working Group-­
composed of representatives of Marshall Space Flight Center, John F. 
Kennedy Space Center, and MSFC's prime contractors--and in cooperation 

, with the Manned Spacecraft Center. Significant contributions to the 
evaluation have been made by: 

George C. Marshall Space Flight Center 

Research and Development Operations 

Aero-Astrodynamics Laboratory 
Astrionics Laboratory 
Computation Laboratory 
Propulsion and Vehicle Engineering Laboratory 

Industrial Operations 

John F. Kennedy Space Center 

Manned Spacecraft Center 

The Boeing Company 

~·1cDonnell Dougl as Astronaut; cs Company 

International Business Machines Corporation 

North American Rockwell/Rocketdyne Division 

North American Rockwell/Space Division 

xxxvi 



·Qi' 

t" '" 

, " 
;. 

'. 

, 
" .. 

, 
. ,~ 

ACN 
ANT 
AOS 
APS 
ASI 
BOA 
BSC 
CAL 
CCS 

CDDT 
CG 
CIF 

CKAFS 
CM 
CNV 
CRO 
CSM 
CSP 
CVS 
CYI 
DEE 
DCS 
EBW 
ECO 
ECP 
ECS 

wz, 

ABBREVIATIONS 

Ascension 
Antigua 
Acquisition of Signal 
Auxiliary propulsion system 
Augmented spark igniter 
Bermuda 
02H2 Burner Start Command 
Goldstone, California 
Command and communications 
system 
Countdown demonstration test 
Center of gravity 
Central instrumentation 
facility 
Cape Kennedy Air Force Site 
Command Module 
Canaveral 
Carnarvon 
Command and service module 
Control Signal Processor 
Continuous vent sy?tem 
Grand Canary Island 
Digital events evaluator 
Digital Command System 
Exploding bridge wire 
Engine cutoff 
Engineering change proposal 
Environment control system 

xxxvii 

EDS 

EMR 
ESC 
EST 
FCC 
FM/FM 

GBI 
GFCV 
GG 
GMT 
GRR 
GSE 
GTI 
GYM 
HAW 
HDA 
HEP 
HFCV 
HSK 

IECO 
IGM 
IP&C 
IRIG 
IU 
KSC 
LES 
LET 

Emergency detection system 
Engine mixture ratio 
Engine start command 
Eastern Standard Time 
Flight Control Computer 
Frequency modulation/ 
frequency modulation 
Grand Bahama Island 
GQX flow control valve 
Gas generator 
Greenwich Mean Time 
Guidance reference release 
Ground support equipment 
Grand Turk Island 
Guaymas 
Hawaii 
Holddown Arm 
Hardware Evaluation Program 
Helium flow control valve 
Honeysuckle (Canberra) 
Inboard engine cutoff 
Iterative guidance mode 
Instrument Program and Components 
Inter range instrumentation group 
Instrument Unit 
Kennedy Space Center 
Launch escape system 
Launch escape tower 

, 
" .. 

ACN 
ANT 
AOS 
APS 
ASI 
BOA 
BSC 
CAL 
CCS 

CDDT 
CG 
CIF 

CKAFS 
CM 
CNV 
CRO 
CSM 
CSP 
CVS 
CYI 
DEE 
DCS 
EBW 
ECO 
ECP 
ECS 

ABBREVIATIONS 

Ascension 
Antigua 
Acquisition of Signal 
Auxiliary propulsion system 
Augmented spark igniter 
Bermuda 
02H2 Burner Start Command 
Goldstone, California 
Command and communications 
system 
Countdown demonstration test 
Center of gravity 
Central instrumentation 
facility 
Cape Kennedy Air Force Site 
Command Module 
Canaveral 
Carnarvon 
Command and service module 
Control Signal Processor 
Continuous vent sy?tem 
Grand Canary Island 
Digital events evaluator 
Digital Command System 
Exploding bridge wire 
Engine cutoff 
Engineering change proposal 
Environment control system 

xxxvii 

EDS 

EMR 
ESC 
EST 
FCC 
FM/FM 

GBI 
GFCV 
GG 
GMT 
GRR 
GSE 
GTI 
GYM 
HAW 
HDA 
HEP 
HFCV 
HSK 

IECO 
IGM 
IP&C 
IRIG 
IU 
KSC 
LES 
LET 

Emergency detection system 
Engine mixture ratio 
Engine start command 
Eastern Standard Time 
Flight Control Computer 
Frequency modulation/ 
frequency modulation 
Grand Bahama Island 
GQX flow control valve 
Gas generator 
Greenwich Mean Time 
Guidance reference release 
Ground support equipment 
Grand Turk Island 
Guaymas 
Hawaii 
Holddown Arm 
Hardware Evaluation Program 
Helium flow control valve 
Honeysuckle (Canberra) 
Inboard engine cutoff 
Iterative guidance mode 
Instrument Program and Components 
Inter range instrumentation group 
Instrument Unit 
Kennedy Space Center 
Launch escape system 
Launch escape tower 



".-

-. -. 

ZW f 

LIEF 

LM 
LOS 
LTA 
LUT 
LV 
LVDA 

LVDC 

MAD 
MCC-H 

MER­
MFV 
MILA 

MLV 
MOV 
MR 
MSC 
NSFC 

MSS 
MTF 
NPSP 

NASA 

OAT 
OCP 
ODOP 
OECO 
OMNI 

- -; 

Launch Information Exchange 
Facil i ty 

PAM/FM/FM Pulse amplitude 
modulation/frequency 
modulation/frequency 
modulation Lunar module 

Loss of signal 
Lunar module test article 
Launch umbilical tower 
Launch vehicle 
Launch vehicle data 
adapter 
Launch vehicle digital 
computer 
Madrid 
Mission control center· 
Houston 
Mercury (ship) 
Main fuel valve 
Merritt Island Launch 
Area 
Main LOX Valve 
Main oxidizer valve 
Mixture ratio 
Manned Spacecraft Center 
Marshall Space Flight 
Center 
Mobile Service Structure 
Mississippi Test Facility 
Net positive suction 
pressure 
National Aeronautics and 
Space Administration 
Overall test 
Orbital Correction Program 
Offset frequency doppler 
Outboard engine cutoff 
Omni directional 

xxxviii 

PAFB 
PCM 
PCM/FM 

PMR 
PSD 
PTCS 

PTL 
PU 
RCS 
RED 
RF 
RMS 
RP-l 

RPM 
SA 
SEC 
SLA 
S~1 

SMC 

SPS 
SRSCS 

SS 
SS/FM 

STDV 
STP 
SV 

- ~.t~ ___ •••... ,:,_. """;'~~""'':'_'''>jo.--:-. 

Patrick Air Force Base 
Pulse code modulation 
Pulse code modulation/ 
frequency modulation 
Programmed mixture ratio 
Power spectral density 
Propellant tanking computer 
system 
Prepare to launch 
Propellant utilization 
Reaction Control System 
Redstone (ship) 
Radio frequency 
Root mean square 
Desianation for S-IC stage 
fuel-(kerosene) 
Revo 1 uti ons per mi nute ' 
Service arm 
Seconds 
Spacecra~t LM adapter 
Service module 
Steering misalignment 
correction 
Service propulsion system 
Secure ra,nge safety command 
system 
Swi tch St~ Tector 

( "'1 

Single sideband/frequency 
modulation 
Start tank discharge valve 
Special Test Pattern 
Space. vehicle 

-I 
i 
I 

-~-~----~~~~~~--~----------~--

LIEF 

LM 
LOS 
LTA 
LUT 
LV 
LVDA 

LVDC 

MAD 
MCC-H 

MER­
MFV 
MILA 

MLV 
MOV 
MR 
MSC 
NSFC 

MSS 
MTF 
NPSP 

NASA 

OAT 
OCP 
ODOP 
OECO 
OMNI 

Launch Information Exchange 
Facil i ty 
Lunar module 
Loss of signal 
Lunar module test article 
Launch umbilical tower 
Launch vehicle 
Launch vehicle data 
adapter 
Launch vehicle digital 
computer 
Madrid 
Mission control center· 
Houston 
Mercury (ship) 
Main fuel valve 
Merritt Island Launch 
Area 
Main LOX Valve 
Main oxidizer valve 
Mixture ratio 
Manned Spacecraft Center 
Marshall Space Flight 
Center 
Mobile Service Structure 
Mississippi Test Facility 
Net positive suction 
pressure 
National Aeronautics and 
Space Administration 
Overall test 
Orbital Correction Program 
Offset frequency doppler 
Outboard engine cutoff 
Omni directional 

xxxviii 

PAM/FM/FM 

PAFB 
PCM 
PCM/FM 

PMR 
PSD 
PTCS 

PTL 
PU 
RCS 
RED 
RF 
RMS 
RP-l 

RPM 
SA 
SEC 
SLA 
S~1 

SMC 

SPS 
SRSCS 

SS 
SS/FM 

STDV 
STP 
SV 

Pulse amplitude 
modulation/frequency 
modulation/frequency 
modulation 
Patrick Air Force Base 
Pulse code modulation 
Pulse code modulation/ 
frequency modulation 
Programmed mixture ratio 
Power spectral density 
Propellant tanking computer 
system 
Prepare to launch 
Propellant utilization 
Reaction Control System 
Redstone (ship) 
Radio frequency 
Root mean square 
Desianation for S-IC stage 
fuel-(kerosene) 
Revo 1 uti ons per mi nute ' 
Service arm 
Seconds 
Spacecra~t LM adapter 
Service module 
Steering misalignment 
correction 
Service propulsion system 
Secure ra,nge safety command 
system 
Swi tch St~ Tector 

( "'I 

Single sideband/frequency 
modulation 
Start tank discharge valve 
Special Test Pattern 
Space, vehicle 

i 
~:.' 

i 

" , 
;, 



iii·· • 

, .. 

• ... L 

.. 

T1I Time to go in 1st stage IGM 
.... :~., T2I Time to go iii 2nd stage IGM 

TAN Tananarive 
TOM Time division multiplexer 
TEL 4 Cape telemetry 4 
TEP Telemetry Executive Program 
TEX Corpus Christi (Texas) 
TLI Translunar Injection 
TMR Triple modular redundant 
TSM Tail service mast 
TVC Thrust vector control 

; . TV Television 
UHF Ultra high frequency 
UT Universal time ~ 

I 

VAB Vehicle assembly buil di ng 
at KSC 

VAN Vanguard (ship) 
< 

'. VHF Very high frequency 
WHS White Sands 

" 

" .\ 

xxxix 

• ... L 

T1I Time to go in 1st stage IGM 

T2I Time to go iii 2nd stage IGM 
TAN Tananarive 
TOM Time division multiplexer 
TEL 4 Cape telemetry 4 
TEP Telemetry Executive Program 
TEX Corpus Christi (Texas) 
TLI Translunar Injection 
TMR Triple modular redundant 
TSM Tail service mast 
TVC Thrust vector control 
TV Television 
UHF Ultra high frequency 
UT Universal time ~ 

I 

VAB Vehicle assembly buil di ng 
at KSC 

VAN Vanguard (ship) 
VHF Very high frequency 
WHS White Sands 

xxxix 



~ ..•. 

;;POi 

! .. ' 

MISSION PLAN 

AS-503 was the third flight vehicle (Apollo 8 Mission) of the Apollo-Saturn 
V flight test program. It was to be the first manned Apollo Saturn V 
vehicle with the spacecraft performing the world's first mam~ed circumlunar 
flight. The crew was to consist of Air Force Col. Frank Borman, Navy 
Capt. James Lovell and Air Force Maj. William Anders. 

The space vehicle was to be composed of the AS-503 launch vehicle, Command 
and Service Module (CSM) 103 and a Lunar Module Test Article (LTA-B) in 
place of an operational Lunar Module (LM). Payload weight, exclusive of 
the Launch Escape Tower (LET) was to be approximately 39,010 kilograms 
(87~700 lbm). 

Launch was to be from Launch Complex 39, Pad A at the Kennedy Space Center 
(KSC). Because this was to be a lunar mission, it was necessary for the 
vehicle to be launched within a particular daily launch window within a 
monthly launch window. Part of the constraints were dictated by the desire 
to pass over selected lunar sites with lighting conditions similar to those 
planned for the later landing missions. Lunar orbit inclination, inclina­
tion of the free return trajectory, and spacecraft propellant reserves 
were other primary factors considered in the mission design. 

The first monthly window planned for was December 1968 with launch 
dates of December 20th through December 27th. January was planned 
for as a backup. Subsequently, it was decided to make the first attempt 
on December 21st to have the total available daily window during daylight. 
Targeting for this day was to cause flight over lunar landing site II-P-2 
(2.63 degrees selenographic latitude, 34.03 degrees selenographic longitude). 
The actual window for December 21st lasted from 7:50:22 AM to 12:31 :40 PM 
Eastern Standard Time (EST) (4 hours 39 minutes duration). Launch was 
scheduled for 7:51 AM EST slightly into the available window. 

The vehicle was to be launched on an azimuth of 90 degrees, then rolled to 
a flight azimuth of from 72 to 108 degrees depending on time of launch. 

The vehicle's mass at launch was to be about 2,782,000 kilograms (6,134,000 
1bm). The durations of the S-IC and S-II burns were to be approximately 
151 seconds and 366 seconds, respectively. The planned S-IVB first burn 
was about 156 seconds, culminating in the insertion of the S-IVB and 
spacecraft into a 185 kilometer (100 n mi) circular parking orbit. 
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AS-503 was the third flight vehicle (Apollo 8 Mission) of the Apollo-Saturn 
V flight test program. It was to be the first manned Apollo Saturn V 
vehicle with the spacecraft performing the world's first man~ed circumlunar 
flight. The crew was to consist of Air Force Col. Frank Borman, Navy 
Capt. James Lovell and Air Force Maj. William Anders. 

The space vehicle was to be composed of the AS-503 launch vehicle, Command 
and Service Module (CSM) 103 and a Lunar Module Test Article (LTA-B) in 
place of an operational Lunar Module (LM). Payload weight, exclusive of 
the Launch Escape Tower (LET) was to be approximately 39,010 kilograms 
(87~700 lbm). 

Launch was to be from Launch Complex 39, Pad A at the Kennedy Space Center 
(KSC). Because this was to be a lunar mission, it was necessary for the 
vehicle to be launched within a particular daily launch window within a 
monthly launch window. Part of the constraints were dictated by the desire 
to pass over selected lunar sites with lighting conditions similar to those 
planned for the later landing missions. Lunar orbit inclination, inclina­
tion of the free return trajectory, and spacecraft propellant reserves 
were other primary factors considered in the mission design. 

The first monthly window planned for was December 1968 with launch 
dates of December 20th through December 27th. January was planned 
for as a backup. Subsequently, it was decided to make the first attempt 
on December 21st to have the total available daily window during daylight. 
Targeting for this day was to cause flight over lunar landing site II-P-2 
(2.63 degrees selenographic latitude, 34.03 degrees selenographic longitude). 
The actual window for December 21st lasted from 7:50:22 AM to 12:31 :40 PM 
Eastern Standard Time (EST) (4 hours 39 minutes duration). Launch was 
scheduled for 7:51 AM EST slightly into the available window. 

The vehicle was to be launched on an azimuth of 90 degrees, then rolled to 
a flight azimuth of from 72 to 108 degrees depending on time of launch. 

The vehicle's mass at launch was to be about 2,782,000 kilograms (6,134,000 
1bm). The durations of the S-IC and S-II burns were to be approximately 
151 seconds and 366 seconds, respectively. The planned S-IVB first burn 
was about 156 seconds, culminating in the insertion of the S-IVB and 
spacecraft into a 185 kilometer (100 n mi) circular parking orbit. 
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The total vehicle mass at insertion was to be about 127,500 kilograms 
(281,1001bm). At 20 seconds after S-IVB first cutoff, the vehicle was to 
align itself with the local horizontal with position I down. This attitude 
was to be maintained through S-IVB restart preparation. 

Chi11down and reignition sequencing were ·to begin over the Indian Ocean in 
preparation for reignition between Hawaii and-the Phi11ipines during the 
second or third revolution (first or second opportunity). The S-IVB second 
burn, which was to result in Trans1unar Injection (TLI), was to have a 
duration of approximately 315 seconds. The total vehicle mass' at in­
jection was to be about 58,800 kilograms (130,000 lbm). The astronauts 
were to initiate separation of the CSM from the S-IVB 25 minutes after 
S-IVB second burn cutoff (start of Time Base 7 [T7J). During the separation, 
the vehicle was to be oriented to provide the lighting necessary for the 
docking mQneuver on future flights. 

After spacecraft separation the S-IVB/IU/LTA-B was to align itself in a 
near retrograde attitude for a sequence in which residual LOX was to be dumped 
through the J-2engine, and the two APS ullage engines were to be turned on 
to burn to depletion. The LOX dump was to occur between 132 and 137 minutes 
after the cutoff of the S-IVB second burn. The added velocity. increment 
from the propellant dump and ullage burn was to slow the stage down slightly 
to allow it to pass behind the moon. On this slingshot trajectory the 
stage would pick up energy from the moon's gravitational field and enter a 
heliocentric orbit rather than impacting the moon or remaining in an earth 
orbit. 

The CSM after separation was to continue on its trans1unar trajectory for 
about 66 hours. For a nominal mission, the CSM was to perform a Lunar 
Orbit Insertion (LOI) burn to insert into an initial orbit around the moon 
of approximately 111 by 315 kilometers (60 by 170 n mi). After two 
revolutions in this orbit, a coplanar circularization burn was to be made 
to place the CSM in approximately a 111 kilometer (60 n mi) circular lunar 
orbit. A Transearth Injection (TEl) burn was to be planned near the end of 
revolution 10, or after about 20 hours in lunar orbit, to place the CSM 
on a transearth traj ectory. Landi ng was schedul ed in the Paci fi c Ocean 
about 57 hours later. 

The figure shows the gross profile of the Mission C Prime. 
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The figure shows the gross profile of the Mission C Prime. 
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FLIGHT TEST SUMMARY 

The first manned Saturn V Apollo space vehicle, AS-503 (Apollo 8 Mission), 
was launched at Kennedy Space Center (KSC), Florida on December 21,1968 
at 07:51 :00 Eastern Standard Time (EST) from Launch Complex 39, Pad A. 
This was the third launch of a Saturn V Apollo. The nine principle and 
one secondary detailed test obj0~tives were completely accomplished. 

The launch countdown was completed without any unscheduled countdown hc1ds. 
Ground systems performance was hi gh ly sati s factory. The rel ati ve ly f'::;"v1; 
problems encountered in countdown were overcome such that vehicle launch 
readiness was not compromised. 

The vehicle was launched on an azimuth of 90 degrees east of north a~d 
after 12.11 seconds of vertical flight, (which included a small yaw 
maneuver for tower clearance) the vehicle began to roll into a flight 
azimuth of 72.124 degrees east of north. Actual trajectory par-ameter-s 
of the AS-503 were close to nominal. Space-fixed velocity at S-IC 
Outboard Engine Cutoff (DECO) was 12.57 m/s (41.24 ft/s) greater than 
nominal. At S-II Engine Cutoff (ECO) the space-fixed velocity was 10.58 
m/s (34.71 ft/s) greater than nominal. At S-IVB first cutoff the space­
fixed velocity was 0.44 m/s (1.44 ft/s) greater than nominal. The altitude 
at S-IVB first"cutoff was 0.02 kilometers (0.01 n mil lower than nominal 
and the surface range was 2.61 kilometers (1.41 n mil greater than nominal. 
Parking orbit insertion conditions were very close to nominal. The space­
fixed velocity at insertion was 0.01 m/s (0.03 ft/s) less than nominal. 
At translunar injection the total space-fixed velocity was 5.23 m/s 
(17.16 ft/s) less than nominal and the altitude was 3.62 kilometers (1.96 
n mil higher than nominal. C3 (twice the specific energy of orbit) was 
49,631 m2/s 2 (534,224 ft2/s2) less than nominal. 

All S-IC propulsion systems performed satisfactorily. In general, all 
flight performance data, as determined from the propulsion reconstruction 
analysis, were close to the nominal predictions. At the 35 to 38-second 
time slice, aver3ge engine thrust reduced to standard pump inlet conditions 
was 0.73 percent lower than predicted. Average reduced specific impulse 
was 0.11 percent lower than predicted, and reduced propellant consumption 
rate was 0.67 percent less than predicted. Inboard engine cutoff, as 
indicated by engine No.5 cutoff solenoid activation signal, occur-red 
0.03 second later than predicted. Outboard engine cutoff, as indicated 
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by outboard engines No. 1, 2~ 3, and 4 cutoff solenoid activation signals 
occurred 2.42 seconds later than predicted. An outboard engine LOX low 
1 evel cutoff was predi cted, but a combi nat; on of propel1 ant 1 oadi ng errors 
and, to a lesser extent, a fuel-rich mixture rati0 resulted in a fuel low 
level initiated cutoff. 

The S-11 propulsion system performed satisfactorily during the entire 
flight. Engine thrust at 61 seconds after Engine Start Command (ESC), was 
0.04 percent above prediction. Total engine propellant flowrate was 0.38 
percent above and specific impulse 0.34 percent below predictions at this 
time slice. Average engine mixture ratio was 0.69 percent above predicted. 
Engine No.4 evidenced a change in performance level at approximately 200 
seconds after S-I1 ESC of approximately -6672 Newtons (-1500 lbf) thrust. 
At this time the exact nature of this shift has not been determined but is 
receiving additional investigation. The pressure gauges in the S-11 stage 
propulsion system and the accelerometers at certain structural locations 
showed oscillations during the latter portion of S-11 powered flight. 
Oscillations of about 18 hertz were evident in engine No.5 (center engine) 
parameters beginning at approximately 450 seconds. Amplitude of the center 
engine oscillations began increasing at about 478 seconds. An 18 hertz 
response in the S-11 crossbeam region peaked at 482 seconds which showed 
a like trend of amplitude and frequency to that of the center engine 
chamber pressure. Accelerations were at much smaller amplitudes in the 
outboard engines at 18 hertz and chamber pressures were in the noise level. 
Accelerations were noted in the spacecraft flight data of approximately 
9 hertz peaking at 493 seconds and another of approximately 11 hertz peaking 
at 510 seconds. Chamber pressures were well within the noise level for 
these two frequency trends. Engine No.5 experienced a thrust level decrease 
of about 27,050 Newtons (6081 lbf) and propellant mixture ratio change of 
-0.1 units coincident with the onset of the high amplitude 18 hertz 
oscillations. The oscillations dampened out about 4 seconds prior to S-11 
engine cutoff. Although the results of the evaluation are not conclusive, 
it appears that the oscillations were induced by the LOX pumps and 
possibly amplified by the center engine support structure. Self-induced 
LOX pump oscillations may be related to the low Engine Mixture Ratio (EMR) 
and low Net Positive Suction Pressure (NPSP) existing during this time 
period, although the NPSP is considerably above the level at which self 
driven oscillations are normally produced. Engine and pump tests to 
investigate this possibility are being conducted at the engine manufacturer's 
test facility and at Huntsville. A recommendation to increase LOX tank 
ull age pressure for the 1 atter porti on of the S 0·1 1 burn by commandi ng the 
LOX regulator full open at S-11 ESC + 98.6 seconds is being implemented 
for PIS-504. -Engi ne cutoff, as sensed by the Launch Vehi cl e Di gi ta 1 Computer 
(LVDC), was at 524.04 seconds, with a burn time only 0.42 second longer 
than predicted. 

The S-1VB J-2 engine operated satisfactorily throughout the operational 
phase of first and second burn with normal shutdowns. S-1VB first burn 
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time was 156.69 seconds which was 2.11 seconds less than predicted. The 
engine performance during first burn, as determined from standard altitude 
reconstruction analysis, deviated from the predicted ESC + 80-second time 
slice by +0.01 percent for thrust and +0.04 percent for specific impulse. 
The S-IVB stage first burn ECO was initiated by the LVDC at 684.98 seconds. 
The Continuous Vent System (CVS) adequately regulated LH2 tank ullage 
pressure at 13.4 N/cmL (19.5 psia) during orbit, and the Oxygen/Hydrogen 
(02/H2) Burner, in its first flight operation, satisfactorily achieved 
LH2 tank repressurization for restart. Repressurization of thE LOX tank 
was not required. Engine restart conditions were within specified limits. 
The restart at full open Propellant Utilizacion (PU) valve position was 
successful and th~i; were no in~ications of overtemperature conditions 
in the gas generat0r. S-IVB second burn time was 317.72 seconds which 
was 2.07 seconds longer than predicted. The engine performance during 
second burn, as determi ned ff{~t~l the standard a 1 ti tude re:onstructi on 
ana lys is, devi ated from the ~>i"'edi cted ESC + 80-second time s 1 ice by -0.03 
percent for thrust and +0.28 percent for specific impulse. The S-IVB 
stage ECO was initiated by the LVDC at 10,555.51 seconds. Subsequent 
to second burn, the stage propellant tanks were safed satisfactorily, with 
sufficient impulse being derived from the LOX dump to impart 20.4 m/s 
(66.9 ft/s) to stage velocity. This slowed the vehicle down and V,las a 
major contributory factor' toward avoiding lunar impact and establishing a 
solar orbit. The instrumentation addad to this stage to monitor the 
effectiveness of the engine's Augmented Spark Igniter (ASI) line modifica­
tion showed no indications of line failure on this engine. Special 
instrumentation added to the cold helium system to detect any leakage in 
the system indicated that no leakage was observed on AS~503. Sphere 
temperature and pressure data likewise indicated no leakage. 

'.~ 

The hydraulic systems on all stages performed satisfactorily throughout 
the flight. 

The structural loads and dynamic environment experienced by the AS-503 
launch vehicle were well within the vehicle structural capability. Vehicle 
loads, due to the combined rigid body and dynamic longitudinal load and 
bending moment, were well below limit design values. Vehicle dynamic 
characteristics followed the trends established by preflight analyses. 
The POGO suppr,ession system apparently performed well, as the first mode 
frequency of the outboard LOX suction ducts was lowered to approximately 
2 hertz as predicted, and there was no evidence of an unstable coupled 
thrust-structure-feed system oscillation (POGO) during S-IC powered flight. 
Fin bending and torsional modes compared v'·-11 with analytical predictions. 
On previous flights the fin vibrations exceeded the range of the 
accelero~eters. On AS-503 the measurement range was increased and the 
measured vibration levels remained within range and below design values 
at all times. No fin flutter occurred. S-IC stage vibrations were generally 
as expected except at the heat shield. The shield flight vibration environ­
ment, measured for the first time on AS-503,· was considerably higher than 
expected. This high vibration may have contributed to the loss of M-3l 
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insulation. S-II stage and S-IVB stage environmental vibrations were also 
generally as expected considering the fact that certain measurements were 
relocated and improved measurement systems were used. The S-IVB stage ASI 
lines dynamic strains measured in flight were within the range of similar 
data recorded during static firing. Instrument Unit vibrations compared 
favorably with those of previous Saturn V flights. 

The guidance and navigation system performed satisfactorily during all 
periods for which data are available. The boost navigation and guidance 
schemes were executed properly and terminal parameters were very good for 
both parking orbit and translunar injection. The vehicle trajectory 
exhibited a slightly flatter altitude profile than that predicted in the 
operational trajectory. Analysis reveals that the most probable cause 
was the vehicle state vector at Iterative Guidance Mode (IGM) initiation 
being different than predicted. At S-IC DECO, the vehicle altitude was 
less than predicted and the velocity was greater. The resulting optimum 
fuel usage trajectory determined by the LVDC flight program was predictable 
and resulted in satisfactory end conditions. 

The ST-124M-3 inertial platform and associated electronic equipment per­
formed as expected. Telemetry from the LVDC 'indicated that inertial 
ref~rence 'was still being maintained at 25,420 seconds (7:03:40). The 
accelerometer loop signals indicated t~at the accelerometers correctly 

'measured vehicle accele~ation throughout the flight. 

The AS-503 Flight Control Computer (FCC), Thrust Vector Control (TVC)~ and 
Auxiliary Propulsion System (APS) satisfied all requirements for vehicle 
attitude control during boost and orbital control modes. Vehicle-tower 
clearances during liftoff were satisfactory with less than 25 percent of 
the available margins utilized. To improve S-I'C outboard engine out 
characteristics, the FCC control outputs to the F-l engines were biased to 
provi de a 2-degree outboa rd cant beg inn i ng at 20.64 sec,onds. S - I C/S- I I 
first and secqnd plane separations were satisfactory, resulting in minimum 
disturbance to the control system. S-II/S-IVB separation was nominal and 
caused only small attitude disturbances. Control system activity durinq 
first and second S-IVB burns was nominal. Following CSM separation the 
launch vehicle maintained a frozen inertial attitude until 6541 seconds 
after second cutoff, when the vehicle was commanded to the IIs1ingshotll 
maneuver atti tude (180 degrees pi tch, 0 degree yaw, and 180 degrees ro 11 
attitudes relative to local horizontal). This attitude was inertially 
held through the maneuver. At approximately 19,556 seconds the S-IVB ullage 
engines were ignited to provide additional h.V for the "slingshotll maneuver. 
Ullage engine No~ 2 propellant depleted at 20,288.56 seconds, and engine No. 
1 depletion occurred at 20,314.00 seconds. 

In general, all AS-503 launch vehicle electrical systems performed 
satisfactorily. The power profiles of all stages were normal and all 
stage and sWitch selector commands were properly executed. The only 
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deviations or out-of-to1erance conditions noted during the flight were 
intermittent operation of 3 temperature bridge power supplies on the S-II 
stage (two of these supplies were affected for approximately 30 secohds 
through maximum dynami c press Ull'e [Max QJ and the thi rd for approximately 
30 seconds starting at low PU step) and the S-IVB aft 5 volt excitation 
module dropped below the minimum of 4.975 vdc from approximately 9410 
to 10,691 seconds. 

Data indicated that the redundant Secure Range Safety Command Systems 
(SRSCS) on the S-IC, S-II~ and S-IVB stages WE!re ready to perform their 
functions properly on command if flight conditions during the launch 
phase had required vehicle destruct. The system properly safed the S-IVB 
SRSCS on command from KSC. The performance of the Command and Communica­
tions System (CCS) in the IU was satisfactory. 

The Emergency Detection System (EDS) performance was nom~nal; no abort limits 
were reached. The AS-503 EOS configuration was essentially the same as 
AS-502 except that the presence of the crew provided the capability for 
EDS manuaT abort and there was a display of launch vehicle tank pressures 
in the spacecraft. 

The vehicle internal, external, and base region pressure environments were 
generally in good agreement with the predictions and compared we11'with 
previous flight data. The pressure environment was well below design 
levels; The measured acoustic levels were generally in good agreement with 
the liftoff and infli~ht predictions, and with data from previous flights. 

The vehicle thermal environment was generally less severe than that for 
which the vehicle was designed. As on the previous flights, M-3l insulation 
was lost from the heat shield but caused no problems. 

The S-IC canister conditioning system and the aft environmental condition­
ing system performed satisfactorily during the AS-503 countdown. The S-II 
thermal control and compartment conditioning system maintained temperatures 
within the design limits throughout the prelaunch operations. The IU 
Environmental Control System (ECS) performed well throughout the flight. 
Coolant temperatures, pressures, and flowrates remained within the predicted 
ranges and design limits for the first 3 hours of available flight data. 

The AS-503 launch vehicle data system consisted of 2670 active flight 
measurements, 21 telemetry links, onboard tape recorders, film and television 
cameras, and tracking. With the exception of the onboard film cameras, 
all data system elements performed very satisfactorily. However, only one, 
of the four S-IC film cameras was recovered. The performance of all 
vehicle telemetry systems was excellent. The last usable VHF data were 
received by the Guaymas and Texas stations from telemetry links CF-l and 
CP-l at 15,660 seconds (4:21 :00). Performance of the Radio Frequency (RF) 
system was satisfactory. Measured flight data, vJith few exceptions, 
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agreed favorably with expected trends. Final loss of RF carrier signals 
after translunar injection were as follows: VHF telemetry was last 
received by Guaymas at approximately 29,230 seconds (8:07:10); CCS was 
lost by Guaymas at approximately 44,357 seconds (12:19:17), and the C-Band 
radar transmission was last received by Grand Turk Island (GTl) at 
approximately 21,325 seconds (5:55:25). Ground camera coverage was good as 
evidenced by 81.5 percent system efficiency. The onboard television (TV) 
systems performed satisfactorily and provided u'seful data. 
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1.1 PURPOSE 

SECTION 1 

INTRODUCTION 

This report provides the National Aeronautics and Space Administration 
(NASA) Headquarters, and other interested agencies, with the launch 
vehicle evaluation results of the AS-503 flight test. The basic objective 
of flight evaluation is to acquire, reduce, analyze, evaluate and report 
on flight test data to the extent required to assure future mission suc­
gess and vehicle reliability. To accomplish this objective, actual flight 
malfunctions and deviations must be identified, their causes accurately 
determine'd, and complete information made available so that corrective 
action can be accomplished within the established flight schedule. 

1.2 SCOPE 

This report presents the results of the early engineering flight evalua­
tion of the AS-503 launch vehicle. The contents are centered on the 
performance evaluation of the major launch vehicle systems, with special 
emphasis on failures, anomalies, and deviations. Summaries of launch 
operations and spacecraft performance are included for completeness. 

The official MSFC position at this time is represented by this report. 
It will not be followed by at similar report unless contitnued analysis or 
new i nformat"i on shou1 d prove the conel us i on presented herei n to be 
significantly incorrect. Final stage evaluation reports will, however, 
be published by the stage contractors. Reports covering major subjects 
and sper:Jl subjects will be published as required. 
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SECTION 2 

EVENT TIMES 

2.1 SUMMARY OF EVENTS 

Range zero time, the basic time reference for this report, is 7:51 :00 
Eastern Standard Time (EST) (12:51 :00 Universal Time CUT]). This time is 
based on the nearest second prior to S-IC tail plug disconnect which 
occurred at 7:51 :00.67 EST. Range time is calculated as the elapsed time 
from range zero time and reflects the time at which the event occurred at 
the vehicle, plus the time necessary to transmit the data from the vehicle 
to the 'ground stations. Figure 2-1 shows transmission delays plotted 
versus range time. Unless otherwise noted, range time is used throughout 
the report." 

Guidance Reference Release (GRR)oc~urred at -16.97 and start of Time Base 
1 (Tl)'occurred 17.64 seconds later at 0.67 second. These times were 
established by the Digital Events Evaluator (DEE-6), except for the time 
from GRR to Tl which was determined by the Launch Vehicle Digital Computer 
(LVDC). ' 

Range time for each time base used in the flight sequ~nc~ program and the 
signal for initiating each time base are p~esented in Table 2-1. 

Start of T3 was initiated approximately .2.45 seconds later than predicted 
by a fuel level sensor cutoff rather than the expected LOX level sensor ' 
cutoff. Reasons for the longer than expected S-IC burn time and fuel level 
cutoff are discussed in Section 5 of this document. 

Start of T4 was approximately 2.85 seconds later than predicted due to a 
combination of the late S-IC Outboard Engine Cutoff (OECO) and a longer 
than expected 5-11 burn as discussed in Section 6 of this d6cument. 

Start of T5 was approximately 1 second later than predicted. A shorter 
than predicted S-IVB burn, as discussed in Section 7~ resulted in reducing 
the effect of the prolonged burns of the lower stages. 

Star~ of T6 and T7 were within nominal expectations for these events. 

T5A was initiated at spacecraft separation detection by discrete input 
DIN 4, and upon completion proper Y'eturn to T7 was accomplished. 
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Figure 2-l. AS-S03 Transmission Delay Time 

A summary of significant events for AS-S03 is given in Table 2-2. The 
actual-minus-predicted times listed in this table in the time-from-base 
columns are not all IU commanded switch selector functions, and deviations 
are not to be construed as failures to meet specified switch selector 
to lerances . The events associ ated wi th gui dance, navi gati on, and control 
have been identifi~d as being accurate to within a ~ajor computation cycle 
time or accurate to within ± O.S second (see Table 2-2). 

The spacecraft separation sequence was manually initiated at 12,OS6.3 
seconds, and physical separation was accomplished 3 seconds later at 
12,OS9.3. The 3-second interval between initiation of the sequence and 
actual separation was engendered by a 3-second timer which inhibited the 
separation initiation signal to the separation pyrotechnics. A parallel 
initiation signal, inhibited by a 3D-millisecond timer, was sent to the 
Instrument Unit (IU) digital events register. , 

2.2 SEQUENCE OF EVENTS 

Table 2-3 lists the sequence of' switch selector events. Terminology in 
this table agrees with the tenni'flology in document 40M33623C IJInterface· 

o 

2-2 

~ 
I 

I 

I 
I 

-" •• u ·"····u·:~···~~-u··~~'~7,=:'"·:~=-~~~}i:~ wEi:E2?U il6ur-urn·.:.~J.I'r'fr'Wrr~I~~~rrr~il!i1_.~mliU1n.lnlllf~M!.~~=~ 
• .r.....;.:.. ..J ____ L-

220 

200 J 
180 

160 

/V 

.,. V 
V 

,.-
140 

VI 

/" 
1/ 

'1:l 
C 
0 
u 120 GJ 
VI 

-po ..... ..... 
e 100 . 
"'-J 
:E: - 80 ~ 

>-c:: 
....J. 
"'-J 

60 Q 

/ i 

V I 

J7 
/ 
v 

V 
40 / 

/ " 

20 / 

/ 
0 

10 . 12 14 16 18 20 22 24 26, 

RANGE TIME, SECONDS x 103 

I I I I I 
3:00:00 4:00:00 5:00:00 6:00:00 7:00:00 

RANGE TIME, HOURS:MINUTES:SECONDS 

Figure 2-l. AS-S03 Transmission Delay Time 

A summary of significant events for AS-S03 is given in Table 2-2. The 
actual-minus-predicted times listed in this table in the time-from-base 
columns are not all IU commanded switch selector functions, and deviations 
are not to be construed as failures to meet specified switch selector 
to lerances . The events associ ated wi th gui dance, navi gati on, and control 
have been identifi~d as being accurate to within a major computation cycle 
time or accurate to within ± O.S second (see Table 2-2). 

The spacecraft separation sequence was manually initiated at 12,OS6.3 
seconds, and physical separation was accomplished 3 seconds later at 
12,OS9.3. The 3-second interval between initiation of the sequence and 
actual separation was engendered by a 3-second timer which inhibited the 
separation initiation signal to the separation pyrotechnics. A parallel 
initiation signal, inhibited by a 30-millisecond timer, was sent to the 
Instrument Unit (IU) digital ~vents register. 

2.2 SEQUENCE OF EVENTS 

Table 2-3 lists the sequence of' switch selector events. Terminology in 
this table agrees with the tenni'flology in document 40M33623C IJInterface· 
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Table 2-1 ~ Time Base Summary .-------r---------_____ . ________ . __________ _ 
TIME BASE RANGE TIME 

SEC 
(HR:MIN:SEC) 

-16.97 

0.67 

125.88 

153.82 

524.04 

685. 19 

9659.54 
(2:40:59.54) 

. 10,555.73 
(2:55:55.'73) 

12,057.70 
(3:20:57.70) 

SIGNAL START 

Guidance Reference Release 

IU Umbilical Disconnect Sensed 
by LVDC 

S-IC IECO Command by LVDC 

S-IC OECO Sensed by LVDC 

S-II ECO Sensed by LVDC 

S-IVB ECO (Velocity) Sensed by 
LVDC 

Restart Equation Solution 

S-IVB ECO (Velocity) Sensed by 
LVDC ' 

Spacecraft Se~aration Sensed by 
LVDC 

Control Definition of Saturn SA-503 Flight Sequenc~ Program". The times 
reported are accurate to within 10 milliseconds. Ten events, including 
S-II engine start, were not verified because of telemetry dropolJt during 
S-IC/S-II staging, although subsequent events indicate that these events 
did in fact occur. Additionally, some orbital events and some events 
after translunar injection were not verified because of station visibility 
constraints and loss of data due to flight perturbations. Probable times 
for t~ese events were calculated from the flight program and are so 
identified in the table. 

Table 2-4 lists the known switch selector events which were issued during 
flight but were not programmed for specific times. The water coolant valve 
open and close switch selector commands were issued based on the condition 
of two thermal switches in the Environmental Control System (ECS). The 
output,s of these swi tches were sampl ed once' every 300 seconds begi nni ng at 
480 seconds; and a switch selector command was issued to open the water 
valve if the sensed temperature was too high and close the water valve if 
the temper'ature wa~too loW. 
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This table also contains the special sequence switch selector events which 
were programmed to be initiated by telemetry station acquisition~ The 
issuance of these commands assured telemetry calibration data while the 
vehicle. was in range of the station. 
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Table 2-2. Significant Event Times Summary 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

, 

1 • Guidance Reference -16.97 -0.05 -17.64 -0.98 
Release 

2. S-IC Engine Start -8.89 -0.09 -9.56 -0.04 
Sequence Command 

3. Range Zero 0.0 0.0 -0.67 -
4. All Holddown Arms 0.27 -0.06 - -

Released , 

5. Fi rs t Moti on ' 0.33 0.0 - -
6. I U Umb i 1 i cal Dis- 0.67 -0.05 T1 -

connect Start of 
Time Base 1 (Tl) I 

7. Begin Tower 1 .76* 0.04 1.09* 0.09 
Clearance Yaw 
Maneuver 

8. End Yaw Maneuver 9.72* 0.00 9.05* 0.05 
9. Begin Pitch and Roll ' 12.11* 1.28 11 .44* 0.04 

Maneuver (Tilt and 
Roll) 

" 

10. S-IC Outboard Engine 
Cant, ON 

20.64 -0.08 19.97 -0.03 

11. Begin Second Segment 
of Pi tch Po 1y-

26.03* -1.43 25.36* 0.31 

nomia1 ::~, 

12. End Roll Maneuver 31.52* 1.19 30.85* 0.65 
13. Mach 1 Achieved 61 .48 0.90 60.81 0.81 ,. 

14. Begin Third Segment 70.23* -1 .85 69.56* 0.51 
of Pitch Polynomial " 

if 
j' ... 

15. Maximum Dynamic 78.90 2.82 78.23 2.23 ~ 
L 

Pressure (Max Q) " .' l~ 

16. Begin Fourth Segment 100.29* -2.43 99.62* -0.43 
of Pitch Polynomial ,J 

17. Computer Switch 105.64* -0.08 104.97* -0.03 
Point 1 Command 

-,~""" 
* Accurate tb within ± 0.5 second. 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

(HR:MIN:SEC) 

18. Computer Switch 120.62 -0.10 119.95 -0.05 
Point 2 Conmand 

19. Start of Time Base 125.88 -0.04 T2 -
2 (T2) 

20. S-IC Inboard Engine . 
Cutoff Command 125.93 0.01 0.05 o Ok • '%0\' ",.j' 

(IECO) 
21 . End Pitch Maneuver 145.50* -0.96 19.62* -0.88 

( Til tAr re s t ) 
22. S-IC Outboard 153.82 2.45 T3 -

Engine Cutoff (OECO 
(Sensed by LVDC) , 
Start of Time Base 
3 (T3) 

23. S-II Ullage 154.29 2.42 0.47 -0.03 
Ignition Command 

24. S-IC/S-I1 Separa- 154.47 2.40 0.65 -0.05 
tion Command to 
Fire Separation 
Devices and Retro 
Motors 

25. S-IC Retro Motor 154.56 2.39 0.64 -0,07 
Burn Time Initia-
tion (Thrust 
Buildup Begins) 

26. S-II Engine Start 155. 19 2.42 1. 37 -0.03 
Command (ESC) 

27. S-II Ignition (STDV 156. 19 2.42 2.38 -0.03 
Opens) 
5) 

(Average of 

28. S-I1 Engine at 90 158.47 2.70 4.65 0.24 
Percent Thrust 
(Average of 5) 

29. S-I1 Ullage Motor 158.34 1.97 4.52 0.22 
Burn Time Termina-
tion (75 Percent 
Thrust) 

* Accurate to within t 0.5 second. . 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME 

ACTUAL ACT-PRED 
EVENT SEC 

(HR:~.1JN:SEC) 

30. S-II High Engine 160.67 
Mixture Ratio (EMR) 
(5.5) Command 

3l. 5-11 Second Plane 184.47 
Separation Command 

32. Launch Escape Tower 188.6 
(LET) Jetti son 

33. Initiation of IGM 196.22* 
Phase 1 

34. Ste~ring Misalign- 214.47** 
ment Correction 
(5~1C) Turn On 

35. Computer Swi tch 215. 17 
- Point 3 Command 

36. Computer Swi tch 345.20 
Point 4 Corrmand 

37. 5-11 Low EMR (4.5) 443.45 t 

Command 
38. Stop Fi rs t Phase 443.65* 

IGM and Initiate 
IGM Phase 2 

39. End of Artificial 484.25** 
Tau Mode 

40. Begin Chi Freeze, 513.12 
End IGM Phase 2 

41. S-I1 Engine Cutoff 
(ECO) (Sensed by 

524.04 

LVDC) , Start of 
Time Base 4 (T 4) 

42. S-IVB Ullage Motor 524.78 
Ignition Command 

43. S-II/S-IVB Separa- 524.90 
tion Command to 
Fire Separation 
Devices and Retro 
Motors 

. , ., 
...... '~r.·....,J,' ....... .,.... ... "I""' ....... t~ 

" Accurate to within t 0.5 sel:ond. . • 
** Acr.~\".ate to major computat\on:ycle dependent upon length of computation cy~le. 
t Varlable sw'ftch selector cOl1lTland issued when TIl is equal to or le~s than zero 

and is ~. function of the flight program. 

SEC 

2.40 

2.40 

1.03 

3.39 

0.64 

2.40 

2.43 

2.42 

4.07 

6. 17 

0.04* 

2.85 

2.89 

2.91 

TIME FROM BASE 

ACTUAL ACT-PRED 
SEC SEC 

6.85 -0.05 
. 

30.65 -0.05 

34.78 -1 .42 

42.40* 1.80 

60.65*-.1 0.05 

61.36 -0.04 

191 .38 -0.02 

289.62 t -0.04 

289.83* O. 17 

330. 43l'~ 0.98 

359.30* l.28 

T4 -

0.74 0.04 

0.86 0.06 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME 

ACTUAL ACT-PRED 
EVENT SEC 

(HR:~.1JN:SEC) 

30. S-II High Engine 160.67 
Mixture Ratio (EMR) 
(5.5) Command 

3l. 5-11 Second Plane 184.47 
Separation Command 

32. Launch Escape Tower 188.6 
(LET) Jetti son 

33. Initiation of IGM 196.22* 
Phase 1 

34. Steering Misalign-
ment Correction 

214.47** 

(5~1C) Turn On 
35. Computer Swi tch 215. 17 

- Point 3 Command 
36. Computer Swi tch 345.20 

Point 4 Corrmand 
37. 5-11 Low EMR (4.5) 443.45 t 

Command 
38. Stop Fi rs t Phase 443.65* 

IGM and Initiate 
IGM Phase 2 

39. End of Artificial 484.25** 
Tau Mode 

40. Begin Chi Freeze, 513.12 
End IGM Phase 2 

41. S-I1 Engine Cutoff 524.04 
(ECO) (Sensed by 
LVDC) , Start of 
Time Base 4 (T 4) 

42. S-IVB Ullage Motor 524.78 
Ignition Command 

43. S-II/S-IVB Separa- 524.90 
tion Command to 
Fi re Separati on 
Devices and Retro 
Motors 

. , ., 
...... '~r.·....,J,' ....... .,.... ... "I""' ....... t~ 

" Accurate to within t 0.5 sel:ond. • 
** Acr.~r.ate to major computat\on:ycle dependent upon length of computation cy~le. 
t Varlable sw'ftch selector cOl1lTland issued when TIl is equal to or le~s than zero 

and is ~. function of the flight program. 

SEC 

2.40 

2.40 

1.03 

3.39 

0.64 

2.40 

2.43 

2.42 

4.07 

6. 17 

0.04* 

2.85 

2.89 

2.91 

TIME FROM BASE 

ACTUAL ACT-PRED 
SEC SEC 

6.85 -0.05 
. 

30.65 -0.05 

34.78 -1 .42 

42.40* 1.80 

60.65*' 0.05 

61.36 -0.04 

191 .38 -0.02 

289.62 t -0.04 

289.83* O. 17 

330.43l'.JI 0.98 

359.30* l.28 

T4 -

0.74 0.04 

0.86 0.06 

.. 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

(HR:MIN:SEC) 
44. S- I I Retro Motor 524.98 2.98 0.94 0.13 

Burn Time Initiation 
(Thrust Buildup 
Begins) 

45. LVDC S-IVB Engine 525.00 2.81 0.95 -0.05 
Start Sequence 
Conmand 

46. S-IVB Engine 528.29 3.10 4.25 0.25 
Ignition (STDV Open) 

, ,i. 47. S-IVB Engine at 530.53 2.84 6.49 -0.01 
90 Percent Thrust 

48. End Chi Freeze; 532.87*· 4.04 11.68* 5. 18 
Initiate Third 
Phase IGM 

49. S-IVB Ullage Case 536.80 2.81 12.76 -0.04 
':'., Jettison Command 

50. End Artificial Tau 540.01** 2.43 18.82** 2.32 
Mode 

51. Initiate SMC 542.02** -0.81 17.97** 2.97 
52. In it i ate Fi rs t Chi 652.87* 3.29 131.68* 0.47 

Bar Steering 
53. Initiate Chi Freeze, 677.60* 0.39 156.41 -3.10 

End Third Phase IGM 
54. S-IVB Velocity Cut- 684.98 0.99 ~5-0.21 -0.01 

off Command (ECO) 
55. S-IVB Engine Cutoff 685. 19 1.00 T5 -

Sensed by LVDC, 
" 

Start of Time Base 
5. (T5) 

56. S-IVB APS Ullage 685.46 0.97 0.27 -0.03 
Motor ~o. 1 Command 

57. S-IVB A?S Ullage 685.60 1.01 0.40 0.00 
Motor Nu. 2 Command 

58. Park; ng Orbi t 694.98 0.99 9.78 -0.02 
Insertion 

59. Beg; n Orbi ta 1 785.19* 0.98 ' 100.00* 0.0 
Navigation 

-. 
. --

• Accurate to within t 0.5 second . 
• " Accurate to major computation cycle dependent upon length of computatiQn cyele. 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

(HR:MIN:SEC) 
44. S- I I Retro Motor 524.98 2.98 0.94 0.13 

Burn Time Initiation 
(Thrust Buildup 
Begins) 

45. LVDC S-IVB Engine 525.00 2.81 0.95 -0.05 
Start Sequence 
Conmand 

46. S-IVB Engine 528.29 3.10 4.25 0.25 
Ignition (STDV Open) 

47. S-IVB Engine at 530.53 2.84 6.49 -0.01 
90 Percent Thrust 

48. End Chi Freeze; 532.87*' 4.04 11.68* 5. 18 
Initiate Third 
Phase IGM 

49. S-IVB Ullage Case 536.80 2.81 12.76 -0.04 
Jettison Command 

50. End Artificial Tau 540.01** 2.43 18.82** 2.32 
Mode 

51. Initiate SMC 542.02** -0.81 17.97** 2.97 
52. In it i ate Fi rs t Chi 652.87* 3.29 131.68* 0.47 

Bar Steering 
53. Initiate Chi Freeze, 677.60* 0.39 156.41 -3.10 

End Third Phase IGM 
54. S-IVB Velocity Cut- 684.98 0.99 T5-0. 21 -0.01 

off Command (ECO) 
55. S-IVB Engine Cutoff 685. 19 1.00 T5 -

Sensed by LVDC, 
Start of Time Base 
5. (T5) 

56. S-IVB APS Ullage 685.46 0.97 0.27 -0.03 
Motor ~o. 1 Command 

57. S-IVB A?S Ullage 685.60 1.01 0.40 0.00 
Motor Nu. 2 Command 

58. Park; ng Orbi t 694.98 0.99 9.78 -0.02 
Insertion 

59. Beg; n Orbi ta 1 785.19* 0.98 ' 100.00* 0.0 
Navigation 

" 

.. ' 
• Accurate to within t 0.5 second . 

• " Accurate to major computation cycle dependent upon length of computatiQn cyele. 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT -PRED 
EVENT SEC SEC SEC SEC 

~I 

60. Initiate S-IVB Re-
start Sequence and 

9659.54 0.71 T6 -
Start of Time Base 6 
(T6) 

" 

6l. S-IVB Helium Heater 9700.80 0.67 41.25 -0.05 " " 

On Command 
62. S-IVB LH2 Vent Valve 9701.72 0.69 42.17 -0.03 

Close Command 

'. 
63, S-IVB APS Ullage 10,155.82 0.69 496.27 -0.03 

Motor No. 1 Ignition 
Command 

64. S-IVB APS Ull age 10,155.91 0.68 496.36 -0.04 
Motor No. 2 Ignition 
Command 

65. S-IVB Helium Heater 10,160.80 0.67 501 .25 -0.05 
r Off Corrrnand 

66. LVDC S-IVB Engine 10,229.51 0.68 569.97 -0.03 
Restart Command 

67. S-IVB APS Ullage 10,232.49 0.66 572.95 -0.05 
Motor No. 1 Cutoff 
Command 

68. S-IVB APS Ull age 10,232.59 0.66 573.05 -0.05 
Motor No. 2 Cutoff 
Conmand 

69. S-IVB Engine Re- 10,237.79 1.16 578.25 -0.45 
ignition (STDV Open) 

70. S-IVB Engine at 90 10,240.02 0.89 580.48 O. 18 
Percent Thrust 

71. Out ,0 fOrb i t IGM 10,245.83* 2.50 586.31* 1 .97 
Initiation 

72. Initiate SMC 10,253.51"' -6.80 594.0r 2.51 
73. Flight Control 10~497.49 0.66 837.95 -0.05 

Computer Swi tch 
Point 6 Command 

74. S-IVB Velocity Cut~ 10,555.51 3.23 Tr-O.21 -0.01 
off Command (ECO) 

* Accurlte to within + 0.5 second. 
** Accurate to mljorcemputatlon cycle dependent upon length of computition cycle. 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME TIME FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT -PRED 
EVENT SEC SEC SEC SEC 

~I 

60. Initiate S-IVB Re-
start Sequence and 

9659.54 0.71 T6 -
Sta)t of Time Base 6 
(T6 

" 

6l. S-IVB Helium Heater 9700.80 0.67 41.25 -0.05 
On Command 

62. S-IVB LH2 Vent Valve 9701.72 0.69 42.17 -0.03 
Close Command 

63, S-IVB APS Ullage 10,155.82 0.69 496.27 -0.03 
Motor No. 1 Ignition 
Command 

64. S-IVB APS Ull age 10,155.91 0.68 496.36 -0.04 
Motor No. 2 Ignition 
Command 

65. S-IVB Helium Heater 10,160.80 0.67 501.25 -0.05 
r Off Corrrnand 

66. LVDC S-IVB Engine 10,229.51 0.68 569.97 -0.03 
Restart Command 

67. S-IVB APS Ullage 10,232.49 0.66 572.95 -0.05 
Motor No. 1 Cutoff 
Command 

68. S-IVB APS Ull age 10,232.59 0.66 573.05 -0.05 
Motor No. 2 Cutoff 
Conmand 

69. S-IVB Engine Re- 10,237.79 1. 16 578.25 -0.45 
ignition (STDV Open) 

70. S-IVB Engine at 90 10,240.02 0.89 580.48 O. 18 
Percent Thrust 

71. Out ,0 fOrb i t IGM 10,245.83* 2.50 586.31* 1 .97 
Initiation 

72. Initiate SMC 10,253.5r -6.80 594.0r 2.51 
73. Fl i ght Control 10~497.49 0.66 837.95 -0.05 

Computer Swi tch 
Point 6 Command 

74. S-IVB Velocity Cut~ 10,555.51 3.23 T7-·0•21 -0.01 
off Command (ECO) 

* Accurlte to within + 0.5 second. 
** Accurate to mljorcemputatlon cycle dependent upon length of compuUtion cycle. 
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Table 2-2. Significant Event Times Summary (Contlnued) 

RANGE TIME TH1E FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT -PRED 
EVcl~T SEC SEC SEC SEC 

(HR:MIN:SEC) 
75. S-IVB Engine Cutoff 10,555.73 3.25 T7 -

Sensed by LVDC, 
Start of Time Base 7 
(T7), Begin Orbital 
Guidance 

76. S-IVB LH2 Vent Valve 10,556.19 3.41 0.47 -0.03 
Open Command 

77. Trans1unar Injection 10,565.51 3.23 9.78 , -0.02 
78. Start Local Hori- 10,575.77* 3.29 20.05* 0.05 

zonta1 Attitude 
Maneuver, Begin 
Orbital Navigation 

79. S-IVB LH2 Vent Valve 11 ,455.71 2.93 899.95 -0.05 
" Close Command 

80. Start Maneuver for 11,458.40* -2.06 902.64* -5.34 
Separation Attitude 

81. Spacecraft Separa- 12,056.3 3.82 ~ 500.58 0.58 
tion Sequence Start 

82. Start of Time Base 
5A (T5A) 

12,057.70 - T5A -

83. Flight Control 12,057.85 - ~ 5A+0.15 -0.05 
Computer Switch 
Point No. 5 Command 

84. ,LV-LTA/CSM ,Separa- 12,059.3 3.82 1503.58 0.58 
tion 

85. Start Slingshot 17,096.63* 4. 15 p540.92* 0.92 
Attitude Maneuver 

86. Begin Slingshot Mode 17,756.02 3.54 7200.15 -0.05 
(LH2 Vent Valve 
Open Command) 

87. Apply Slingshot 6V 18,476.03 3.35 7920. 15 -0.05 
(Helium Control 
Valve Open Command 
for LOX Durnp) 

" 

• Accurate to wittlln t 0.5 second. 
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Table 2-2. Significant Event Times Summary (Contlnued) 

RANGE TIME TH1E FROM BASE 

ACTUAL ACT-PRED ACTUAL ACT -PRED 
EVcl~T SEC SEC SEC SEC 

(HR:MIN:SEC) 
75. S-IVB Engine Cutoff 10,555.73 3.25 T7 -

Sensed by LVDC, 
Start of Time Base 7 
(T7), Begin Orbital 
Guidance 

76. S-IVB LH2 Vent Valve 10,556.19 3.41 0.47 -0.03 
Open Command 

77. Trans1unar Injection 10,565.51 3.23 9.78 , -0.02 
78. Start Local Hori- 10,575.77* 3.29 20.05* 0.05 

zonta1 Attitude 
Maneuver, Begin 
Orbital Navigation 

79. S-IVB LH2 Vent Valve 11 ,455.71 2.93 899.95 -0.05 
" Close Command 

80. Start Maneuver for 11,458.40* -2.06 902.64* -5.34 
Separation Attitude 

81. Spacecraft Separa- 12,056.3 3.82 ~ 500.58 0.58 
tion Sequence Start 

82. Start of Time Base 
5A (T5A) 

12,057.70 - T5A -

83. Flight Control 12,057.85 - ~ 5A+0.15 -0.05 
Computer Switch 
Point No. 5 Command 

84. ,LV-LTA/CSM ,Separa- 12,059.3 3.82 ~503.58 0.58 
tion 

85. Start Slingshot 17,096.63* 4. 15 ~540.92* 0.92 
Attitude Maneuver 

86. Begin Slingshot Mode 17,756.02 3.54 7200.15 -0.05 
(LH2 Vent Valve 
Open Command) 

87. Apply Slingshot 6V 18,476.03 3.35 7920. 15 -0.05 
(Helium Control 
Valve Open Command 
for LOX Durnp) 

" 

• Accurate to wittlln t 0.5 second. 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME TIME FRm~ BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

(HR:MIN:SEC) 
r--" 

88. End Propellant Dump 
(Mainstage Control 

18,776.03 3.55 8220.15 -0.05 

Valve Close Command) 
89. S-IVB Ullage Engine 19,555.85 3.37 8999.96 -0.04 

. ~. No. 1 on Command 
90. S-IVB Ullage Engine 19,556.06 3.38 9000.17 -0.03 

No.2 on Command 
... :.; 

9l. S-IVB Ullage Engine 20,288.56 - 9732.83 -
No. 2 Depleted 

92. S-I VB Ullage Engine 20,314.00 - 9758.27 -
No. 1 Depleted 

i·, , . 

I: 

I 

" 

, 
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Table 2-2. Significant Event Times Summary (Continued) 

RANGE TIME TIME FRm~ BASE 

ACTUAL ACT-PRED ACTUAL ACT-PRED 
EVENT SEC SEC SEC SEC 

(HR:MIN:SEC) 

End Propellant Dump 18,776.03 3.55 8220.15 -0.05 
(Mainstage Control 
Valve Close Command) 
S-IVB Ullage Engine 19,555.85 3.37 8999.96 -0.04 
No. 1 on Command 
S-IVB Ullage Engine 19,556.06 3.38 9000.17 -0.03 
No.2 on Command 
S-IVB Ullage Engine 20,288.56 - 9732.83 -
No. 2 Depleted 
S-I VB Ullage Engine 20,314.00 - 9758.27 -
No. 1 Depleted 

j 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Table 2-3. Sequence of Switch Selector Events 

RANGE TIME TIME FROM BASE 

FUNCTION ACTUAL ACTUAL ACT-PRED 
STAGE (SEC) (SEC) SEC 

Liftoff - Start of Time Base 1 (Tl) 0.67 0.0 0.0 

Sensor Bias, ON IU 5.63 4.95 -0.05 

Multiple Engine Cutoff, ENABLE S-IC 14 .. 63 13.95 -0.05 

S-IC Outboard Engines Cant, ON II All IU 20.42 19.75 -0.05 

5-IC Outboard Engines Cant, ON liB" IU 20.64 19.97 -0.03 

S-IC Outboard Engines Cant, ON "C" IU 20.82 20.15 -0.05 

Telemeter Calibrate, ON S-IC 24.62 23.95 -0.05 

Telemetry Calibrator In-Flight Cali-
brate, ON IU 27.64 26.97 -0.03 

Telemeter Calibrate, OFF S-IC 29.62 28.95 -0.05 

Launch Vehicle Engines EDS Cutoff, 
ENABLE IU 30.62 29.95 -0.05 

Telemetry Calibrator In-Flight 
Ca 1 i brate, OFF IU 32.64 31 .97 -0.03 

Fuel Pressurizing Valve No. 2 Open + 
Tape Recorder, RECORD S-IC 50.12 49.45 -0.05 

START Data Recorders S-II 74.63 73.96 -0.04 

Cooling System Electronic Assembly 
Power, OFF IU 75.63 74.95 -0.05 

Telemetry Calibrator In-Flight 
Calibrate, ON IU 90.64 89.97 -0.03 

Telemetry Calibrator In-Flight 
Calibrate, OFF IU 95.64 ~4.97 -0.03 

Fuel Pressurizing Valve No.3, OPEN S-IC 95.94 95.27 -0.03 

Flight Control Computer Switch 
Point No.1 IU 105.64 104.97 -0.03 

Telemeter Calibrate, ON S-IC 115.75 115.07 -0.03 

Flight Control Computer Switch 
Point No.2 IU 120.62 119.95 -0.05 

J' 

Telemeter Calibrate, OFF S-IC 120.73 120.06 -0.04 

Fuel Pressuriting Valve No. 4, OPEN S-IC 124.12 123.45 -0.05 

Tape Recorder Record, ON IU 124.43 123.75 -0.05 

LOX Tank Strobe Lights, OFF S-IC 124.72 124.05 -0.05 
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Table 2-3. Sequence of Switch Selector Events 

RANGE TIME TIME FROM BASE 

FUNCTION ACTUAL ACTUAL ACT-PRED 
STAGE (SEC) (SEC) SEC 

l. Liftoff - Start of Time Base 1 (Tl) 0.67 0.0 0.0 

2. Sensor Bias, ON IU 5.63 4.95 -0.05 

3. Multiple Engine Cutoff, ENABLE S-IC 14 .. 63 13.95 -0.05 

4. S-IC Outboard Engines Cant, ON II All IU 20.42 19.75 -0.05 

5. 5-IC Outboard Engines Cant, ON liB" IU 20.64 19.97 -0.03 

6. S-IC Outboard Engines Cant, ON "c" IU 20.82 20.15 -0.05 

7. Telemeter Calibrate, ON S-IC 24.62 23.95 -0.05 

8. Telemetry Calibrator In-Flight Cali-
brate, ON IU 27.64 26.97 -0.03 

9. Telemeter Calibrate, OFF S-IC 29.62 28.95 -0.05 

10. Launch Vehicle Engines EDS Cutoff, 
ENABLE IU 30.62 29.95 -0.05 

11. Telemetry Calibrator In-Flight 
Ca 1 i brate, OFF IU 32.64 31.97 -0.03 

12. Fuel Pressurizing Valve No. 2 Open + 
Tape Recorder, RECORD S-IC 50.12 49.45 -0.05 

13. START Data Recorders S-II 74.63 73.96 -0.04 

14. Cooling System Electronic Assembly 
Power, OFF IU 75.63 74.95 -0.05 

15. Telemetry Calibrator In-Flight 
Calibrate, ON IU 90.64 89.97 -0.03 

16. Telemetry Calibrator In-Flight 
Calibrate, OFF IU 95.64 ~4.97 -0.03 

17. Fuel Pressurizing Valve No.3, OPEN S-IC 95.94 95.27 -0.03 

18. Flight Control Computer Switch 
Point No.1 IU 105.64 104.97 -0.03 

19. Telemeter Calibrate, ON S-IC 115.75 115.07 -0.03 

20. Flight Control Computer Switch 
Point No. 2 IU 120.62 119.95 -0.05 

l' 

21. Telemeter Calibrate, OFF S-IC 120.73 120.06 -0.04 

22. Fuel Pressuriting Valve No. 4, OPEN S-IC 124.12 123.45 -0.05 

23. Tape Recorder Record, ON IU 124.43 123.75 -0.05 

24. LOX Tank Strobe Lights, OFF S-IC 124.72 124.05 -0.05 
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. ~! '. Table 2-3. Sequence of Switch Selector Events (Continued) 

RANG~ TIME TIME FROM BASE 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

25. S-IC Two Engines Out Auto-Abor~ 
Inhibit, ENABLE IU 124.93 124.26 -0.04 

26. S-IC Two Engines Out Auto-Abort 
INHIBIT IU 1'"'' , ':I laO. I..., 124.45 -0.05 

27. Excess Rate (p, V, R) Auto-Abort 
Inhibit, ENABLE IU 125.33 124.66 -0.04 

28. Excess Rate (p, V, R) Auto-Abort 
Inhibit and Switch Rate Gyros SC, 
INDICATION IIAII IU 125.53 124.85 -0.05 

29. Two Adjacent Outboard Engines Out 
Cutoff, ENABLE S-IC 125.73 125.06 -O.OA 

30. START of Time Base 2 
(!.z) 

• 125.88 0.0 0.0 

Inboard Engine Cutoff (IECO) 
. 

0.05 0.05 31- S-IC 125.93 

32. Inboard Engine Cutoff, BACKUP S-IC 126.03 0.15 -0.05 

33. START First PAM-FM/FM Calibration S-II 126.23 0.35 -0.05 

34. Auto-Abort Enable Relays, RESET IU 126.45 0.57 -0.03 

35. Excess Rate (Roll) Auto-Abort 
Inhi bit, ENABLE IU 126.63 0.75 -0.05 

36. Excess Rate (Roll) Auto-Abort 
Inhibit and Switch Rate Gyros SC, 
INDICATION IIB" IU 126.84 0.96 -0.04 

37. STOP First PAM-FM/FM Calibration S-II 131.23 5.35 -0.05 

38. S-II Ordnance, ARM S-II 141. 74 15.86 -0.04 

39. Separation and Retro No. 1 EBW Firing 
Units, ARM S-IC 141. 93 16.05 -0.05 

40. Separation and Retro No. 2 EBW Firing 
Units, ARM S-IC 142. 14 16.26 -0.04 

41. Telemetry Measurement, SWITCHOVER S-IC 144.93 19.05 -0.05 

42. Separation Camera, ON S-IC 145.13 19.25 -0.05 

43. Q-Ball Power, OFF IU 145.23 19.35 -0.05 

44. Outboard Engines Cutoff, ENABLE S-IC 145.33 19.45 -0.05 

45. Outboard Engines Cutoff Backup, ENABLE S-IC 145.54 19.66 -0.04 

46. Outboard Engines Cutoff - START of 
Time'Base 3 [T3J. 153.82 0.0 0.0 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANG~ TIME TIME FROM BASE 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

25. S-IC Two Engines Out Auto-Abor~ 
Inhibit, ENABLE IU 124.93 124.26 -0.04 

26. S-IC Two Engines Out Auto-Abort 
INHIBIT IU 1'"'' , ':I laO. I..., 124.45 -0.05 

27. Excess Rate (p, Y, R) Auto-Abort 
Inhibit, ENABLE IU 125.33 124.66 -0.04 

28. Excess Rate (p, V, R) Auto-Abort 
Inhibit and Switch Rate Gyros se, 
INDICATION IIAII IU 125.53 124.85 -0.05 

29. Two Adjacent Outboard Engines Out 
Cutoff, ENABLE S-IC 125.73 125.06 -0.0.4 

30. START of Time.Base 2 
(.!.z) 

• 125.88 0.0 0.0 

Inboard Engine Cutoff (IECO) 
. 

0.05 0.05 3l. S-IC 125.93 

32. Inboard Engine Cutoff, BACKUP S-IC 126.03 0.15 -0.05 

33. START First PAM-FM/FM Calibration S-II 126.23 0.35 -0.05 

34. Auto-Abort Enable Relays, RESET IU 126.45 0.57 -0.03 

35. Excess Rate (Roll) Auto-Abort 
Inhi bit, ENABLE IU 126.63 0.75 -0.05 

36. Excess Rate (Roll) Auto-Abort 
Inhibit and Switch Rate Gyros SC, 
INDICATION IIBII IU 126.84 0.96 -0.04 

37. STOP First PAM-FM/FM Calibration S-II 131.23 5.35 -0.05 

38. S-II Ordnance, ARM S-II 141.74 15.86 -0.04 

39. Separation and Retro No. 1 EBW Firing 
Units, ARM S-IC 141. 93 16.05 -0.05 

40. Separation and Retro No. 2 EBW Firing 
Units, ARM S-IC 142. 14 16.26 -0.04 

41. Telemetry Measurement, SWITCHOVER S-IC 144.93 19.05 -0.05 

42. Separation Camera, ON S-IC 145.13 19.25 -0.05 

43. Q-Ball PoWer, OFF IU 145.23 19.35 -0.05 

44. Outboard Engines Cutoff, ENABLE S-IC 145.33 19.45 -0.05 

45. Outboard Engines Cutoff Backup, ENABLE S-IC 145.54 19.66 -0.04 

46. Outboard Engines Cutoff - START of 
Time "Base 3 [T3J" 153.82 0.0 0.0 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 
STAGE ACTUAL ACTUAL ACT-PRED FUNCTION (SEC) (SEC) SEC 

47. LH2 Tank High Pressure Vent Mode S-II 153.90 0.08 -0.02 

48. S-Il LH2 Recirculation Pumps, OFF S-II 154.00 0,18 -0.02 

49. S-II Ullage. TRIGGER S-II 154.29 0.47 -0.03 

50. S-IC/S-II Separation (No. 1) S-IC 154.47 0.65 -0.05 

5l. S-IC/S-II Separation (No. 2) S-IC 154.57 0.75 -0.05 

52. S-II Engines Cutoff, RESET S-II 154.69* 0.87* -0.03 

53. Engines Ready. BYPASS S-II 154.79* 0.97* -0.03 

54. Prevalves Lockout. RESET S-II 154.89* 1.07* -0.03 

55. Switch Engine Control To S-II and S-IC 
Outboard Engine Cant, OFF "A" IU 154.99* 1.17* -0.03 

56. S-IC Outboard Engines Cant, OFF "B" IU 155.09* 1.27* -0.03 

57. S-11 Engine, START S-II 155.19* 1.37* -0.03 

58. S- II Engi ne Out I ndi ca ti on "A", ENABLE; 
S-II AFT Interstage Separation Indica~ 
tion IIAII, ENABLE IU 155.29* 1.47* -0.03 

59. S-Il Engine Out Indication "B", ENABLE; 
S-II AFT Interstage Separation .Indica-
tion "B", ENABLE . IU 155.49* 1.67* -0.03 

If; 60. Engines Ready Bypass. RESET S-II 155:69* 1.87* -0.03 

6l. Measurement Transfer Mode Position "BII S-IVB 155.79* 1.97* -0.03 

62. 5-11 Hydraulic Accumulators, UNLOCK S-I1 156.78 2.95 -0.05 

63. PU System Open Loop, ARM S-II 159.99 6.17 -0.03 

64. Chi11down Valves, CLOSE S-li 160.17 6.35 -0.05 

65. S-I1 Start Phase limiter Cutoff, ARM S-II 160.50 6.67 -0.03 

'" 66. High 15.5) Engine Mixture Ratio, ON S-II 160.67 6.85 -0.05 

67. S-11 Start Phase Limiter Cutoff, 
ARM RESET S-I1 161.50 7.67 -0.03 

68. Preva1ves Close, ARM S-I1 161.60 7.78 -0.02 

69. Tape Recorder Record, OFF IU 165.47 11 .65 -0.05 

70. STOP Data Recorders S-I1 165.69 11.87 -0.03 

7l. S-11 AFT InterstageSeparation S-II 184.47 30.65 -0.05 

*Derived times verified that these events occurred. 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 
STAGE ACTUAL ACTUAL ACT-PRED FUNCTION (SEC) (SEC) SEC 

47. LH2 Tank High Pressure Vent Mode S-II 153.90 0.08 -0.02 

48. S-Il LH2 Recirculation Pumps, OFF S-II 154.00 0,18 -0.02 

49. S-II Ullage. TRIGGER S-II 154.29 0.47 -0.03 

50. S-IC/S-II Separation (No. 1) S-IC 154.47 0.65 -0.05 

5l. S-IC/S-Il Separation (No. 2) S-IC 154.57 0.75 -0.05 

52. S-ll Engines Cutoff, RESET S-II 154.69* 0.87* -0.03 

53. Engines Ready. BYPASS S-II 154.79* 0.97* -0.03 

54. Prevalves Lockout. RESET S-II 154.89* 1.07* -0.03 

55. Switch Engine Control To S-11 and S-IC 
Outboard Engine Cant, OFF "A" IU 154.99* 1.17* -0.03 

56. S-IC Outboard Engines Cant, OFF "B" IU 155.09* 1.27* -0.03 

57. S-11 Engine, START S-II 155.19* 1.37* -0.03 

58. S- II Engi ne Out I ndi ca ti on "A", ENABLE; 
S-II AFT Interstage Separation lndica~ 
tion "All, ENABLE IU 155.29* 1.47* -0.03 

59. S-Il Engine Out Indication "B", ENABLE; 
S-II AFT Interstage Separation .Indica-
tion "B", ENABLE . IU 155.49* 1.67* -0.03 

60. Engines Ready Bypass. RESET S-II 155:69* 1.87* -0.03 

6l. Measurement Transfer Mode Position "BII S-IVB 155.79* 1.97* -0.03 

62. 5-11 Hydraulic Accumulators, UNLOCK S-II 156.78 2.95 -0.05 

63. PU System Open Loop, ARM S-II 159.99 6.17 -0.03 

64. Chilldown Valves, CLOSE S-li 160.17 6.35 -0.05 

65. S-11 Start Phase limiter Cutoff, ARM S-II 160.50 6.67 -0.03 

'" 66. High "(5.5) Engine Mixture Ratio, ON S-II 160.67 6.85 -0.05 

67. S-11 start Phase Limiter Cutoff, 
ARM RESET S-II 161 .50 7.67 -0.03 

68. Preva1ves Close, ARM S-II 161.60 7.78 -0.02 

69. Tape Recorder Record, OFF IU 165.47 11 .65 -0.05 

70. STOP Data Recorders S-II 165.69 11.87 -0.03 

7l. S-11 AFT InterstageSeparation S-II 184.47 30.65 -0.05 

*Derived times verified that these events occurred. 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

FUNCTION 

72. Water Coolant Valve, OPEN 

73. Flight Control Computer Switch 
Point No.3 

74. START Second PAM-FM/FM Calibration 

75. STOP Second PAM-FM/FM Calibration 

76. Flight Control Computer Switch 
Point No. 4 

77. Telemetry Calibrator In-Flight 
Calibrate, ON 

78. Telemetry Calibrator In-Flight 
Calibrate, OFF 

79. Measurement Control Switch No.2, 
ACTIVATE 

80. START Third PAM-FM/FM Calibration 

81. STOP Third PAM-FM/FM Calibration 

82. High (5.5) Engine Mixture Ratio, OFF 

83. Low (4.5) Engine Mixture Ratio, ON 

84. Telemetry Calibrator In-Flight 
Calibrate, ON 

85. Telemetry Calibrator In-Flight 
Calibrate, OFF 

86. S-11 LH2 Step Pressurization 

87. Charge Ullage Ignition, ON 

88. S-II/S-IVB Ordnance, ARM 

89. Tape Recorder Record, ON 

90. START Data Recorders 

RAN~::: TIME 

STAGE ACTUAL 
(SEC) 

IU 

IU 

S-II 

S-II 

IU 

IU 

IU 

S-II 

5-II 

S-II 

S-11 

S-II 

IU 

IU 

S-II 

S-IVE 

S-H 

IU 

5-11 

184.77 

215.17 

278.78 

283.77 

345.20 

356.49 

361.49 

366.49 

378.78 

383.78 

443.24** 

443.45** 

444.69 

91. S-II LOX Depletion Sensors Cutoff, ARM 5-11 

449.68 

453.78 

484 .. 99 

485.18 

486.09 

486.27 

488.88 

489.08 

524.04 

524.13 

524.22 

92. S-11 LH2 Depletion Sensors Cutoff, ARM S-11 

93. START of Time Base 4 (T4) 

94. cutoff $-11 J-2 Engines, BACKUP 

95. START Recorder Timers 

96. Preva 1 Yes Close OFF 

S-II 

S-II 

S-IVE 524.31 

TIME FROM BASE 

ACTUAL 
(SEC) 

30.95 

61.36 

124.96 

129.95 

191 .38 

202.67 

207.66 

212.66 

224.96 

229.96 

289.42** 

289.62** 

290.87 

295.85 

299.96 

331 .17 

331.35 

332.26 

332.45 

335.05 

335.26 

0.0 

0.08 

0.18 

D.27 

ACT-PRED 
SEC 

-0.05 

-0.04 

-0.04 

-0.05 

-0.02 

-0.03 

-0.04 

-0.04 

-0.04 

-0.04 

-0.03 

-0.04 

-0.03 

-0.05 

-0.04 

-0.03 

-0.05 

-0.04 

-0.05 

-0.05 

-0.04 

0.0 

0.08 

0.07 
.. Varlable sWltch selector conmand issued when Tll is equal to or less than zerQ 

and is a function of the flight program. 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

FUNCTION 

72. Water Coolant Valve, OPEN 

73. Flight Control Computer Switch 
Point No.3 

74. START Second PAM-FM/FM Calibration 

75. STOP Second PAM-FM/FM Calibration 

76. Flight Control Computer Switch 
Point No. 4 

77. Telemetry Calibrator In-Flight 
Calibrate, ON 

78. Telemetry Calibrator In-Flight 
Calibrate, OFF 

79. Measurement Control Switch No.2, 
ACTIVATE 

80. START Third PAM-FM/FM Calibration 

81. STOP Third PAM-FM/FM Calibration 

82. High (5.5) Engine Mixture Ratio, OFF 

83. Low (4.5) Engine Mixture Ratio, ON 

84. Telemetry Calibrator In-Flight 
Calibrate, ON 

85. Telemetry Calibrator In-Flight 
Calibrate, OFF 

86. S-11 LH2 Step Pressurization 

87. Charge Ullage Ignition, ON 

88. S-II/S-IVB Ordnance, ARM 

89. Tape Recorder Record, ON 

90. START Data Recorders 

RAN~~ TIME 

STAGE ACTUAL 
(SEC) 

IU 

IU 

S-II 

S-II 

IU 

IU 

IU 

S-II 

5-II 

S-II 

S-11 

S-II 

IU 

IU 

S-II 

S-IVE 

S-H 

IU 

5-11 

184.77 

215.17 

278.78 

283.77 

345.20 

356.49 

361 .49 

366.49 

378.78 

383.78 

443.24** 

443.45** 

444.69 

91. S-II LOX Depletion Sensors Cutoff, ARM 5-11 

449.68 

453.78 

484 .. 99 

485.18 

486.09 

486.27 

488.88 

489.08 

524.04 

524.13 

524.22 

92. S-11 LH2 Depletion Sensors Cutoff, ARM S-11 

93. START of Time Base 4 (T4) 

94. cutoff 5-11 J-2 Engines, BACKUP 

95. START Recorder Timers 

96. Prevalves Close OFF 

S-II 

S-II 

S-IV[ 524.31 

TIME FROM BASE 

ACTUAL 
(SEC) 

30.95 

61.36 

124.96 

129.95 

191 .38 

202.67 

207.66 

212.66 

224.96 

229.96 

289.42** 

289.62** 

290.87 

295.85 

299.96 

331 .17 

331.35 

332.26 

332.45 

335.05 

335.26 

0.0 

0.08 

0.18 

fl.27 

ACT-PRED 
SEC 

-0.05 

-0.04 

-0.04 

-0.05 

-0.02 

-0.03 

-0.04 

-0.04 

-0.04 

-0.04 

-0.03 

-0.04 

-0.03 

-0.05 

-0.04 

-0.03 

-0.05 

-0.04 

-0.05 

-0.05 

-0.04 

0.0 

0.08 

0.07 
.. Varlable sWltch selector conmand issued when Tll is equal to or less than zerQ 

and is a function of the flight program. 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TI ME FROM BAS E 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

:.f 

97. S-IVB Engine Cutoff, OFF .S-IVB 524.41 0.36 0.06 
98. LOX Tank Flight Pressure System, ON S-IVB 524.50 0.46 0.06 
99. Engine Ready, BYPASS S-IVB 524.59 0.55 0.05 

100. LOX Chilldown Pump, OFF S-IVB 524.69 0.64 0.04 
10l. Fire Ullage Ignition, ON S-lVB 524.78 0.74 0.04 
102. S-lI/S-lVB Separation S-JI 524.90 0.36 0.06 
103. S-IVB Engine Start, ON S-IVB 525.00 0.95 -0.05 
104. Flight Control Computer S-IVB Burn 

Mode, ON "A" IU 525.21 1.16 -0.04 
105. Flight Control Computer S-IVB Burn Mode, ON liB" IU 525.30 1.26 -0.04 
106. Fuel Chilldown Pump, OFF S-IVB 526.22 2.17 -0.03 
107. S-IVB Engine Out Indication "All , 

ENABLE ru 526.52 2.47 -0.03 
108. S-IVB Engin~ Out Indication "BII, 

ENJ\;3LE JU 526.70 2.65 -0.05 
109. Fuel Injection Temperature OK, BYPASS S-lVB 528.01 3.96 -0.04 
110. S-lVB Engine Start, OFF S-IVB 528.20 4.15 -0.05 
111. First Burn Relay, ON S-IVB 529.80 5.75 -0.05 
112. Charge Ullage Jettison, ON S-IVB 533.80 9.75 -0.05 
113. Fire Ullage Jettison, ON S-lVB 536.80 12.76 -0.04 
114. Ullage Charging, RESET S-IVB 537.80 13.75 -0.05 
115. Ullage Firing, RESET S-IVB 538.02 13.97 -0.03 
116. Fuel Injection Temperature OK Bypass, 

RESET S-IVB 538.20 14.15 -0.05 
117. Tape Recorder Record, OFF ru 538.42 14.37 -0.03 
118. Telemetry Calibrator In-Flight 

Cal ibrate, ON ru 540.82 16.77 -0.03 
119. Telemetry Calibrator In-Flight 

Calibrate, OFF ru 545.80 21.75 -0.05 
120. Heat-Exchanger Bypass Valve Control, ENABLE . . S-IVB 548.02 23.97 -0.03 

-----c"'.;... .... 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TI ME FROM BAS E 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

:.f 

97. S-IVB Engine Cutoff, OFF S-IVB 524.41 0.36 0.06 
98. LOX Tank Flight Pressure System, ON S-IVB 524.50 0.46 0.06 
99. Engine Ready, BYPASS S-IVB 524.59 0.55 0.05 

100. LOX Chilldown Pump, OFF S-IVB 524.69 0.64 0.04 
10l. Fire Ullage Ignition, ON S-lVB 524.78 0.74 0.04 
102. S-lI/S-lVB Separation S-JI 524.90 0.36 0.06 
103. S-IVB Engine Start, ON S-IVB 525.00 0.95 -0.05 
104. Flight Control Computer S-IVB Burn 

Mode, ON "A" IU 525.21 1. 16 -0.04 
105. Flight Control Computer S-IVB Burn 

Mode, ON JIB" IU 525.30 1.26 -0.04 
106. Fuel Chilldown Pump, OFF S-IVB 526.22 2.17 -0.03 
107. S-IVB Engine Out Indication "A", 

ENABLE IU 526.52 2.47 -0.03 
108. S-IVB Engin. Out Indication "B", 

ENJ\;3LE JU 526.70 2.65 -0.05 
109. Fuel Injection Temperature OK, BYPASS S-lVB 528.01 3.96 -0.04 
110. S-lVB Engine Start, OFF S-IVB 528.20 4.15 -0.05 
111. Fi rs t Burn Relay, ON S-IVB 529.80 5.75 -0.05 
112. Charge Ullage Jettison, ON S-lVB 533.80 9.75 -0.05 
113. Fire Ullage Jettison, ON S-IVB 536.80 12.76 -0.04 
114. Ullage Charging, RESET S-IVB 537.80 13.75 -0.05 
115. Ullage Firing, RESET S-IVB 538.02 13.97 -0.03 
116. Fuel Injection Temperature OK Bypass, RESET S-IVB 538.20 14.15 -0.05 
117. Tape Recorder Record, OFF IU 538.42 14.37 -0.03 
118. Tel emetry Cali brator In-Fli ght 

Calibrate, ON IU 540.82 16.77 -0.03 
119. Telemetry Calibrator In-Flight 

Calibrate, OFF IU 545.80 21.75 -0.05 
120. Heat-Exchanger Bypass Valve Control, 

ENABLE . S-IVB 548.02 23.97 -0.03 
"----:-'.;... .... 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

1 RANGE TIME TIME FROM BASE 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
{SEC) (SEC) SEC 

121. In-Flight Calibration Mode, ON S-IVB 549.71 25.66 -0.04 

122. TM Calibrate, ON S-IV8 550.21 26.17 -0.03 

123. Tf.1 Calibrate. OFF S-IVB 555.22 31.17 -0.03 

124. In-Flight Calibration Mode, OFF S-IVB 555.70 31.65 -0.05 

125. [ngin'::! Pump Purge Control Valve, 
ENABLE: ml S-IVB 678.42 -6.78 0.22 

126. S-iVB Eng'ine Cutoff Velocity S-IV8 684.98 -0.21 -0.01 

127. Velocitx Cutoff of S-IVB Ensine 
START of Time Base 5 {T5J S-IVB 685.19 0.0 0.0 

128. S-IVB Engine Cutoff S-IVB 685.28 0.09 -0.01 

129. Point Level Sensor, DISARMING S-IVB 685.37 0.18 -0.02 

130. S-IVB Ullage Engine No. 1, ON S-IVB 685.46 0.27 -0.03 

131. S-IVB Ullage Engine No. 2, ON S-IVB 685.60 0.40 0.00 

132. S-IVB Ullage Thrust Present 
Indication, ON IU 685.77 0.58 -0 02 

133. First Burn Relay, OFF S-IVB 685.94 0.75 -0.05 

134. LOX Tank Flight Pressure System, OFF S·-IVB 686.35 1. 16 -0.04 

135. LOX Tank Pressurization Shutoff 
Valves, CLOSE S-IVB 686.57 1.37 -0.03 

136. Engine Pump Purge Control Valve 
Enable, ON S-IVB 686.74 1.55 -0.05 

137. F1 ight Control Computer S-IVB Burn 
Mode, OFF "A" IU 688.65 3.46 -0.04 

138. Flight Control Computer S-IVB Burn 
Mode, OFF liB" IU 688.86 3.67 -0.03 

139. Aux. Hydraulic Pump Flight Mode, OFF S-IVB 689.24 4.05 -0.05 

140. Telemetry Calibrator In-Flight 
Calibrate, ON IU 689.34 4.15 -0.05 

141. SIC Control of Saturn, ENABLE IU 690.16 4.97 -0.03 

142. In-Flight Calibration Mode, ON S-IVB 691.65 6.46 -0.04 

143. TM Calibrate, ON S-IVB 692.14 6.95 -0.05 

:-; 144. Telemetry Calibrator In-Flight 
Calibrate, OFF ' IU 694.34 9.15 . -0.05 

""* 

f 

: ....... _" .. J 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

I RANGE TIME TIME FROM BASE 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
{SEC) (SEC) SEC 

121. In-Flight Calibration Mode, ON S-IVB 549.71 25.66 -0.04 

122. TM Calibrate, ON S-IV8 550.21 26.17 -0.03 

123. TM Calibrate. OFF S-IVB 555.22 31.17 -0.03 

124. In-Flight Calibration Mode, OFF S-IVB 555.70 31.65 -0.05 

125. Eng; n'i! Pump Purge Control Valve, 
ENABLE: ml S-IVB 678.42 -6.78 0.22 

126. s- rVB Eng'j ne Cutoff Vel oei ty S-IV8 684.98 -0.21 -0.01 

127. Velocit.~ Cutoff of S-IVB Ensine 
START of Time Base 5 ~T5J S-IVB 685.19 0.0 0.0 

./ y128. S-IVB Engine Cutoff S-IVB 685.28 0.09 -0.01 

129. Point Level Sensor, DISARMING S-IVB 685.37 0.18 -0.02 

130. S-IVB Ullage Engine No. 1, ON S-IVB 685.46 0.27 -0.03 

131. S-IVB Ullage Engine No. 2, ON S-IVB 685.60 0.40 0.00 

132. S-IVB Ullage Thrust Present 
Indication, ON IU 685.77 0.58 -0 02 

133. First Burn Relay, OFF S-IVB 685.94 0.75 -0.05 

134. LOX Tank Flight Pressure System, OFF S·-IVB 686.35 1.16 -0.04 

135. LOX Tank Pressurization Shutoff 
Valves, CLOSE S-IVB 686.57 1.37 -0.03 

136. Engine Pump Purge Control Valve 
Enable, ON S-IVB 686.74 1.55 -0.05 

137. F1 ight Control Computer S-IVB Burn 
Mode, OFF "A" IU 688.65 3.46 -0.04 

138. Flight Control Computer S-IVB Burn 
Mode, OFF liB" IU 688.86 3.67 -0.03 

139. Aux. Hydraulic Pump Flight Mode, OFF S-IVB 689.24 4.05 -0.05 

140. Telemetry Calibrator In-flight 
Calibrate, ON IU 689.34 4.15 -0.05 

141. SIC Control of Saturn, ENABLE IU 690.16 4.97 -0.03 

142. In-Flight Calibration Mode, ON S-IVB 691.65 6.46 -0.04 

143. TM Calibrate, ON S-IVB 692.14 6.95 -0.05 

144. Telemetry Calibrator In-Flight 
Calibrate, OFF ' IU 694.34 9.15 . -0.05 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

r FUNCTION 

145. S-IVB Engine Out Indication "A", 
ENABLE RESET 

"146. S-IVB Engine Out Indication "BII, 
ENABLE RESET 

147. S-l RF Assembly Power, OFF 

148. Tape Rtcorder Playback Reverse, ON 

149. TM Calibrate, OFF 

150. In-Flight Calibration Mode, OFF 

151. Single Sideband ~M Transmitter, OFF 

152. LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON 

153. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve, OPEN ON 

154. LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF 

155. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve ~pen. OFF 

156. Tape Recorder Playback Reverse. OFF 

157. S-IVB Ullage Engine No.1. OFF 

158. S-IVB Ullage Engine No.2, OFF 

159. $-IVB Ullage Thrust. Present 
Indication, OFF 

160. PU Inverter and DC Power, OFF 

161. Engine Pump Purge Control Valve 
Enable, OFF 

STAGE 

IU 

IU 

IU 

IU 

$-IVB 

S-IVB 

S-IVB 

S-IVB 

S-IVB 

S-IVB 

S-IVB 

IU 

$-IVB 

$-IVB 

IU 

$-IVB 

S-IVB 

162. Aux. Hydraulic Pump Flight Mode, ON S-IVB 

163. Aux. Hydraulic Pump Flight Mode, OFF s-IVB 

164. PU Inverter and DC Power, ON 

165. Aux. Hydraulic Pump Flight Mode, ON 

S-IVB 

S-IVB 

166. Aux. Hydraulic Pump Flight Mode, OFF S-IVB 

167. Begi n Res tart pregarati Dns - START 
of Time Base 6 (T_) , 

168. S-IVB Restart Alert. ON 

t Derived time, event not verified. 

IU 
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RANGE TIME 
ACTUAL 
(SEC) 

695.14 

695.38 

695.54 

696.45 

697.16 

697.65 

707.14 

744.15 

744.28 

746.15 

746.25 

767.25 

772.18 

772.26 

772.35 t 

1185.15 t 

1287.7S
t 

328S.1S
t 

3333.15 

5685.15 

6085.15 

6132.17 

, 9659.54 

9659.63 

TIME FROM BASE 
ACTUAL 
(SEC) 

9.95 

10.19 

10.35 

,11. 26 

11.97 

12.46 

21.9:) 

58.96 

59.09 

60.95 

61.05 

82.05 

86.99 

87.06 . 

87.15 t 

499.95
t 

t 
602.55 

2599.95 t 

2647.95 

4999.95 

5399.95 

5447.95 

0.0 

0.08 

ACT-PRED 
SEC 

-0.05 

-0.01 

-0.05 

-0.04 

-0.03 

-0.04 

-0.05 

-0.04 

-0.01 

-0.05 

-0.05 

-0.05 

-0.01 

-0.04 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

-0.05 

0.0 

-0.02 

Table 2-3. Sequence of Switch Selector Events (Continued) 

r 
RANGE TIME TIME FROM BASE 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

145. S-IVB Engine Out Indication "A", 
ENABLE RESET IU 695.14 9.95 -0.05 

"146. S-IVB Engine Out Indication "BII, 
ENABLE RESET IU 695.38 10.19 -0.01 

147. S-l RF Assembly Power, OFF IU 695.54 10.35 -0.05 

148. Tape Rtcorder Playback Reverse, ON IU 696.45 .11. 26 -0.04 

149. TM Calibrate, OFF , S-IVB 697.16 11.97 -0.03 

150. In-Flight Calibration Mode, OFF S-IVB 697.65 12.46 -0.04 

151. Single Sideband ~M Transmitter, OFF S-IVB 707.14 21.9:) -0.05 

152. LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON S-IVB 744.15 58.96 -0.04 

153. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve, OPEN ON S-IVB 744.28 59.09 -0.01 

154. lH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF S-IVB 746.15 60.95 -0.05 

155. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve ~pen. OFF S-IVB 746.25 61.05 -0.05 

156. Tape Recorder Playback Reverse. OFF IU 767.25 82.05 -0.05 

157. S-IVB Ullage Engine No. 1. OFF S-IVB 772.18 86.99 -0.01 

158. $-IVB Ullage Engine No. 2, OFF S-IVB 772.26 87.06 . -0.04 

159. S-IVB Ullage Thrust. Present 
772.35 t Indication, OFF IU 87.15 t -0.05 

160. PU Inverter and DC Power, OFF S-IVB 1185.15 t 499.95 
t 

-0.05 

161. Engine Pump Purge Control Valve 
1287.75

t t 
Enable, OFF S-IVB 602.55 -0.05 

162. Aux. Hydraulic Pump Flight Mode, ON S-IVB 3285.15t 
2599.95 t 

-0.05 

163. Aux. Hydraulic Pump Flight Mode, OFF s-IVB 3333.15 2647.95 -0.05 

164. PU Inverter and DC Power, ON S-IVB 5685.15 4999.95 -0.05 

165. Aux. Hydraulic Pump Flight Mode, ON S-IVB 6085.15 5399.95 -0.05 

166. Aux. Hydraulic Pump Flight Mode, OFF S-IVB 6132.17 5447.95 -0.05 
, 

167. Begin Restart pre~arations - START 
·9659.54 0.0 0.0 of Time Base 6 (T) . 

168. S-IVB Restart Alert. ON IU 9659.63 0.08 -0.02 

t Derived time, event not verified. 
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169. 

170. 

171 . 

172. 

173. 

174. 

175. 

176. 

177 . 

178. 

179. 

180. 

18l. 

182. 

183. 

184. 

185. 

186. 

1'87. 

188. 

189. 

190. 

191. 

192. 

Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 
FUNCTION ACTUAL ACTUAL ACT-PRED STAGE (SEC) (SEC) SEC 

SIC Control of Saturn, DISABLE IU 9659.79 0.25 -0.05 
In-Flight Calibration Mode, ON S-IVB 9660.50 0.96 -0.04 
Telemetry Calibrator In-Flight 
Ca 1 i bra te, ON IU 9660.69 1.15 -0.05 
n1 Cal ibrate, ON S-IVB 9660.90 1.36 -0.04 
Telemetry Calibrator In-Flight 
Calibrate. OFr • IU 9665.69 6.15 -0.05 
TM Calibrate, OFF S-IVB 9665.91 6.36 -0.04 
In-Flight Calib~ation Mode, OFF S-IVB 9666.50 6.95 -0.05 
S-IVB Engine Cutoff, OFF S-IVB 9669.50 9.95 -0.05 
Single Sideband FM Transmitter, ON S-IVB 9670.00 10.45 -0.05 
LH2 Tank Vent and Latching Relief 
Valve Boost, CLOSE ON S-IVB 9695.81 36.26 -0.04 
LOX Tank Vent and NPV Valves Boost, 
CLOSE ON S-IVB 9696.00 36.45 -0.05 
S-IVB Restart Alert, OFF IU '9696.80 37.25 -0.05 
LH2 Tank Vent and Latching. Relief 
Valve Boost Close, OFF S-IVB 9697.80 38.25 -0.05 
LOX Tank Vent and NPV Valves Boost 
Close, OFF S-IVB 9698.00 38.46 -0.04 
Repressur;zation,s)stem Mode 
Selector, OFF (AMB S-IVB 9700.62 41.08 -0.02 
Burner LH2 Propellant Valve, OPEN ON S-IVB 9700.80 41.25 -0.05 
Burner Exciters, ON S-IVB 9701 .10 41.55 -0.05 
Burner LOX Shutdown Valve, OPEN ON S-IVB 9701.50 41.96 -0.04 
LH2 Tank Continuous Vent Valve, CLOSE 
ON S-IVB 9701. 72 42.17 -0.03 
Burner LH2 Propellant Valve Open, OFF S-IVB 9702.30 42.76 -0.04 
Burner LOX Shutdown Valve Open, OFF S-IVB 9703.02 43.47 -0.03 
LH2 Tank Continuous Vent Valve Close, 
OFF S-IVB 9703.70 44.15 -0.05 
Burner Exciters, OFF S-IVB 9704.90 45.35 -0.05 
Burner Automatic Cutoff SYstem. ARM S-IVB 9707.51 47.96 -0.04 

2 .. 19 

\ 
i' 
" 

\: 
I 
i 

Table 2-3. Sequence of Switch Selector Events (Continued) 

FUNCTION 

169. SIC Control of Saturn, DISABLE 

170. In-Flight Calibration Mode, ON 

171. Telemetry Calibrator In-Flight 
Ca 1 i bra te, ON 

172. TM Calibrate, ON 

173. Telemetry Calibrator In-Flight 
Calibrate. OFF. 

174. TM Calibrate, OFF 

175. In-Flight Ca1ib~ation Mode, OFF 

176. S-IVB Engine Cutoff, OFF 

177. Single Sideband FM Transmitter, ON 

178. LH2 Tank Vent and Latching Relief 
Valve Boost, CLOS~ ON 

179. LOX Tank Vent and NPV Valves Boost, 
CLOSE ON 

180. S-IVB Restart Alert, OFF 

181. LH2 Tank Vent and Latching. Relief 
Valve Boost Close, OFF 

182. LOX Tank Vent and NPV Valves Boost 
Close, OFF 

183. Repressurization.S¥stem Mode 
Selector, OFF (AMB) 

STAGE 

IU 

S-IVB 

IU 

S-IVB 

IU 

S-IVB 

S-IVB 

S-IVB 

S-IVB 

S-IVB 

S-IVB 

IU 

S-IVB 

S-IVB 

S-IVB 
184. Burner LH2 Propellant Valve, OPEN ON S-IVB 
185. Burner EXcitel"S, ON S-IVB 

186. Burner LOX Shutdown Valve, OPEN ON S-IVB 

lB7. LH2 Tank Continuous Vent Valve, CLOSE 
ON S-IVB 

188. Burner LH2 Propellant Valve Open, OFF S-IVB 

189. Burner LOX Shutdown Valve Open, OFF S-IVB 
190. LHZ Tank Continuous Vent Valve Close, 

OFF S-IVB 
191. BUrner Exciters, OFF 

192. Burner Automatic Cutoff SYstem ARM 

S-IVB 

S-IVB 

2 .. 19 

RANGE TIME 
ACTUAL 
(SEC) 

9659.79 

9660.50 

9660.69 

9660.90 

9665.69 

9665.91 

9666.50 

9669.50 

9670.00 

9695.81 

9696.00 

'9696.80 

9697.80 

9698.00 

9700.62 

9700.80 

9701 .10 

9701.50 

9701. 72 

9702.30 

9703.02 

9703.70 

9704.90 

9707.51 

TIME FROM BASE 
ACTUAL ACT-PRED 
(SEC) SEC 

0.25 

0.96 

1.15 

1.36 

6.15 

6.36 

6.95 

9.95 

10.45 

36.26 

36.45 

37.25 

38.25 

38.46 

41 .08 

41.25 

41.55 

41.96 

42.17 

42.76 

43.47 

44.15 

45.35 

47.96 

-0.05 

-0.04 

-0.05 

-0.04 

-0.05 

-0.04 

-0.05 

-0.05 

-0.05 

-0.04 

-0.05 

-0.05 

-0.05 

-0.04 

-0.02 

-0.05 

-0.05 

-0.04 

-0.03 

-0.04 

-0.03 

-0.05 

-0.05 

-0.04 
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Table 2-3~ Sequence of Switch Selector Events (Continued) 

RANGE TIME TI ME FROM BAS E 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

193. LH2 Tank Repres5urization Cont~01 
Valve, OPEN ON S-IVB 9707.65 48.10 0.00 . 

194. LOX Tank Repressurization C.ontrol 
Valve, OPEN ON $-IVB 9707.82 48.27 -0.03 

195. Aux. Hydraulic Pump Flight Mode, ON S-IVB 9878.52 218.97 -0.03 

196. LOX Chilldown Pump, ON S-IVB 9908.50 248.95 -0.05 

197. Fuel Chilldown Pump, ON S-IVB 9913.50 253.95 -0.05 

198, Prevalves, CLOSE ON S-IVB 9918.52 258.97 -0.03 

199. In-Flight Calibration Mode, ON S-IVB 10,059.50 399.95 -0.05 

200. Telemetry' Calibrator In-Flight 
Calibrate, ON IU 10,059.72 400.17 -0.03 

20l. TM Calibrate, ON S-IVB 10,059.90 400.35 -0.05 

202. Telemetry Calibrator In-Flight 
Calibrate, OFF IU 10,064.72 405.17 -0.03 

203. TM Calibrate, OFF S-IVB 10,064.90 405.35 -0.05 

204. In-Flight Ca'ibration Mode, OFF S-IVB 10,065.50 405.95 -0.05 

205. Second Burn Relay, ON S-IVB 10,109.50 449.96 -0.04 

206. PU Valve Hardover Position, ON S-IVB 10,109.60 450.05 -0.05 

207. S-IVB Restart Alert, ON IU 10,153.10 493.55 -0.05 

208. S-IVB Ullage Engine No. 1 , ON S-IVB 10,155.82 . 496.27 -0.03 

209. S-IVB Ullage Engine No. 2, ON S-IVB 10,155.91 496.36 -0.04 

210. S-IVB Ullage ThrLst Present 
Indication, ON IU 10,156.00 496.45 -0.05 

I" 

211. LOX Tank Repressurization Control 
, I 

Valve Open, OFF S-IVB 10,156.10 496.55 -0.05 

212. LH2 Tank Repressurization Control 
Valve Open, OFF S-IVB 10,156.20 496.65 -0.05 

213. Burner LH2 Propellant Valve, CLOSE ON S-IVB 10,156.30 496.75 -0.05 

214. Burner Automatic Cutoff System, 
DISARM S-IVB 10,156.51 496.96 -0.04 

215. LH2 Tank Continuous Vent Valve, 
'CLOSE ON S-IVB 10,156.69 497.15 -0.05 
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Table 2-3~ Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC] (SEC) SEC 

193. LH2 Tank Repres5urization Cont~01 
Valve, OPEN ON S-IVB 9707.65 48.10 0.00 . 

194. LOX Tank Repressurization C.ontrol 
Valve, OPEN ON $-IVB 9707.82 48.27 -0.03 

195. Aux. Hydraulic Pump Flight Mode, ON S-IVB 9878.52 218.97 -0.03 

196. LOX Chilldown Pump, ON S-IVB 9908.50 248.95 -0.05 

197. Fuel Chilldown Pump, ON S-IVB 9913.50 253.95 -0.05 

198. Prevalves, CLOSE ON S-IVB 9918.52 258.97 -0.03 

199. In-Flight Calibration Mode, ON S-IVB 10,059.50 399.95 -0.05 

200. Telemetry' Calibrator In-Flight 
Cal ibrate, ON IU 10,059.72 400.17 -0.03 

20l. TM Calibrate, ON S-IVB 10,059.90 400.35 -0.05 

202. Telemetry Calibrator In-Flight 
Calibrate, OFF IU 10,064.72 405.17 -0.03 

203. TM Calibrate, OFF S-IVB 10,064.90 405.35 -0.05 

204. In-Flight Ca'ibration Mode, OFF S-IVB 10,065.50 405.95 -0.05 

205. Second Burn Relay, ON S-IVB 10,109.50 449.96 -0.04 

206. PU Valve Hardover Position, ON S-IVB 10,109.60 450.05 -0.05 

207. S-IVB Restart Alert, ON IU 10,153.10 493.55 -0.05 

208. S-IVB Ullage Engine No. 1 , ON S-IVB 10,155.82 . 496.27 -0.03 

209. S-IVB Ullage Engine No. 2, ON S-IVB 10,155.91 496.36 -0.04 

210. S-IVB Ullage ThrLst Present 
Indication, ON IU 10,156.00 496.45 -0.05 

)', 

211. LOX Tank Repressurization Control 
, i 

Valve Open, OFF S-IVB 10,156.10 496.55 -0.05 

212. LH2 Tank Repressurization Control 
Valve Open, OFF S-IVB 10,156.20 496.65 -0.05 

213. Burner LH2 Propellant Valve, CLOSE ON S-IVB 10,156.30 496.75 -0.05 

214. Burner Automatic Cutoff System, 
DISARM S-IVB 10,156.51 496.96 -0.04 

215. LH2 Tank Continuous Vent Valve, 
,CLOSE ON S-IVB 10,156.69 497.15 -0.05 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 

FUNCTION STAGE 
ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

216. Repressurization System Mode Select, 
ON (AMB) S-IVB 10,157.10 497.56 -0.04 

217. LH2 Tank Continuous Vent Valve 
Close, OFF S-IVB 10,158.72 499.17 -0.03 

218. Burner LH2 Propellant Valve Close, 
OFF S-IVB 10,159.30 499.75 -0.05 

219. LOX Tank Repressurization Control 
Valve, OPEN ON S-IVB 10,159.51 499.96 -0.04 

, 
220. Burner LOX Shutdown Valve, CLOSE 

ON S-IVB 10,160.80 501.25 -0.05 

221- Burner LOX Shutdown Valve Close, 
OFF S-IVB 10,163.80 504.25 -0.05 

< 

222. LH2 Tank Repressu~ization Control 
.Va 1 ve, OPEN ON S-IVB 10,179.52 519.97 -0.03 

223. Prevalves Close, OFF S-IVB 10,218.90 559.35 -0.05 

224. S-IVB Restart Alert, OFF IU 10,219.50 559.96 -0.04 

225. Engine Ready. BYPASS S-IVB . 10,228.11 568.57 -0.03 

226. Fuel Chi11down Pump, OFF S-IVB 10,228.90 . 569.37 -0.03 

227. LOX Chil1down Pump, OFF S-IVB 10,229.09 569.55 -0.05 

228. S-IVB Engine Start, ON S-IVB 10,229.51 569.97 -0.03 

229. S-IVB Ullage Engine No. 1, OFF S-IVB 10,232.49 572.95 -0.05 
. ' 

230. S-IVB Ullage Engine No. 2, OFF S-IVB 10,232.59 573.05 -0.05 

23" S-IVB Ullage Thrust Present 
Indication, OFF IU 10,232.69 573.15 -0.05 

, , 
232. S-IVB Engine Out Indication IIAII, , 

ENABLE IU 10,236.71 577.17 -0.03 

233.· LOX Tank Repressurization Control 
Valve Open, OFF S-IVB 10,236.80 577 .26 -0.04 

234. S-IVB Engine Out Indication IIB", 
ENABLE IU 10,236.90 577.36 ~0.04 

235. LH2 Tank Repressurization Control 
Valve Open, OFF S-IVB 10,236.99 577 .45 -0.05 J 

236. Flight Control Computer S-IVB 
Burn Mode, ON "A" IU 10,237.09 577.55 -0.05 

.': 
... 

I 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 

FUNCTION STAGE 
ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

216. Repressurization System Mode Select, 
ON (AMB) S-IVB 10,157.10 497.56 -0.04 

217. LH2 Tank Continuous Vent Valve 
Close, OFF S-IVB 10,158.72 499.17 -0.03 

218. Burner LH2 Propellant Valve Close, 
OFF S-IVB 10,159.30 499.75 -0.05 

219. LOX Tank Repressurization Control 
Valve, OPEN ON S-IVB 10,159.51 499.96 -0.04 

, 
220. Burner LOX Shutdown Valve, CLOSE 

ON S-IVB 10,160.80 501.25 -0.05 

22l. Burner LOX shutdown Valve Close, 
OFF S-IVB 10,163.80 504.25 -0.05 

< 

222. LH2 Tank Repressu~ization Control 
.Va 1 ve, OPEN ON S-IVB 10,179.52 519.97 -0.03 

223. Prevalves Close, OFF S-IVB 10,218.90 559.35 -0.05 

224. S-IVB Restart Alert, OFF IU 10,219.50 559.96 -0.04 

225. Engine Ready. BYPASS S-IVB . 10,228.11 568.57 -0.03 

226. Fuel Chi11down Pump, OFF S-IVB 10,228.90 . 569.37 -0.03 

227. LOX Chil1down Pump, OFF S-IVB 10,229.09 569.55 -0.05 

228. S-IVB Engine Start, ON S-IVB 10,229.51 569.97 -0.03 

229. S-IVB Ullage Engine No. 1, OFF S-IVB 10,232.49 572.95 -0.05 
. , 

230. S-IVB Ullage Engine No. 2, OFF S-IVB 10,232.59 573.05 -0.05 

23l. S-IVB Ullage Thrust Present 
Indication, OFF IU 10,232.69 573.15 -0.05 

, , 
232. S-IVB Engine Out Indication IIAII, , 

ENABLE IU 10,236.71 577.17 -0.03 

233 .. LOX Tank Repressurization Control 
Valve Open, OFF S-IVB 10,236.80 577 .26 -0.04 

234. S-IVB Engine Out Indication liB", 
ENABLE IU 10,236.90 577.36 ~0.04 

235. LH2 Tank Repressurization Control 
Valve Open, OFF S-IVE 10,236.99 577 .45 -0.05 

236. Flight Control Computer S-IVB 
Burn Mode, ON "AII IU 10,237.09 577.55 -0.05 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 

FUNCTION 
STAGE ACTUAL ACTUAL ACT-PRED 

(SEC) (SEC) SEC 

237. Flight Control Computer S-IVB Burn 
Mode, ON "B" IU 10,237.30 577.76 -0.04 

238. Fuel Injection Temperature OK, BYPASS S-IVB 10,237.49 577.95 -0.05 

239. LOX Tank Flight Pressure System, ON S-IVB 10,237.71 578.17 -0.03 

240. LOX Tank Pressurization Shutoff 
Valves, OPEN , S-IVB 10,237.89 578.35 -0.05 

24l. S-IVB Engine Start, OFF S-IVB 10,238.11 578.57 -0.03 

242. PU Valve Hardover Position, OFF S-IVB 10,242.49 582.95 -0.05 

243. Fuel Injection Temperature OK Bypass, 
RESET S-IVB 10,247.50 587 .. 96 -0.04 

244. Flight Control Computer Switch Point 
No.6 IU 10,497.49 837.95 -0.05 

245. Second Burn Relay, OFF S-IVB 10,509.51 843.97 -0.03 

246. S-IVB Velocity Cutoff S-IVB ,10.551.51 -0.21 -0.01 

247. S-IVB Enrine Cutoff START of Time 
Base 7 ( z) 10,555.73 0.0 0.0 

248. S-IVB Engine Cutoff, BACKUP S-IVB 10,555.81 0.09 -0.01 

249. LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON S-IVB 10,556.19 0.46 -0.04 

250. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve, OPEN ON S-IVB 10.556.32 0.60 0.00 

25l. LOX Tank NPV Valve, OPEN ON S-IVB 10,556.42 0.69 -0.01 

252. LH2 Tank Latching Relief Valve, OPEN 
ON S-IVB 10,556.51 0.79 -0.01 

253. Point Level Sensor, DISARMING S-IVB 10,556.63 0.91 0.01 

254. LOX Tank Pressurization Shutoff 
Valves, CLOSE S-IVB 10,556.72 1.00 0.00 

255. LOX Tank Flight Pressure System, OFF S-IVB 10,556.85 1.13 0.03 

256. Second BUrn Relay, OFF S-IVB 10,556.95 1.22 0.02 

257. LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF S-IVB 10,558.19 2.46 -0.04 

258. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve Open, OFF S-IVB 10,558.29 2.56 -0.04 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 

FUNCTION 
STAGE ACTUAL ACTUAL ACT-PRED 

(SEC) (SEC) SEC 

237. Flight Control Computer S-IVB Burn 
Mode, ON "B" IU 10,237.30 577.76 -0.04 

238. Fuel Injection Temperature OK, BYPASS S-IVB 10,237.49 577.95 -0.05 

239. LOX Tank Flight Pressure System, ON S-IVB 10,237.71 578.17 -0.03 

240. LOX Tank Pressurization Shutoff 
Valves, OPEN , S-IVB 10,237.89 578.35 -0.05 

24l. S-IVB Engine Start, OFF S-IVB 10,238.11 578.57 -0.03 

242. PU Valve Hardover Position, OFF S-IVB 10,242.49 582.95 -0.05 

243. Fuel Injection Temperature OK Bypass, 
RESET S-IVB 10,247.50 587 .. 96 -0.04 

244. Flight Control Computer Switch Point 
No.6 IU 10,497.49 837.95 -0.05 

245. Second Burn Relay, OFF S-IVB 10,509.51 843.97 -0.03 

246. S-IVB Velocity Cutoff S-IVB ,10.551.51 -0.21 -0.01 

247. S-IVB Enrine Cutoff START of Time 
Base 7 { Z} 10,555.73 0.0 0.0 

248. S-IVB Engine Cutoff, BACKUP S-IVB 10,555.81 0.09 -0.01 

249. LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON S-IVB 10,556.19 0.46 -0.04 

250. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve, OPEN ON S-IVB 10.556.32 0.60 0.00 

25l. LOX Tank NPV Valve, OPEN ON S-IVB 10,556.42 0.69 -0.01 

252. LH2 Tank Latching Relief Valve, OPEN 
ON S-IVB 10,556.51 0.79 -0.01 

253. Point Level Sensor, DISARMING S-IVB 10,556.63 0.91 0.01 

254. LOX Tank Pressurization Shutoff 
Valves, CLOSE S-IVB 10,556.72 1.00 0.00 

255. LOX Tank Flight Pressure System, OFF S-IVB 10,556.85 1.13 0.03 

256. Second BUrn Relay, OFF S-IVB 10,556.95 1.22 0.02 

257. LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF S-IVB 10,558.19 2.46 -0.04 

258. LH2 Tank Continuous Vent Relief 
Override Shutoff Valve Open, OFF $-IVB 10,558.29 2.56 -0.04 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RAN GE T I r·1E TIME FROM BASE 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

259. LOX Tank NPV Valve Latch, OPEN ON S-IVB 10,558.38 2.65 -0.05 

260. LH2 Tank Latching Relief Valve 
Latch; ON S-IVB 10,558.48 2.75 -0.05 

26l. Flight Control C0mputer S-IVB Burn 
Mode, OFF "A" IU 10,559.28 3.55 -0.05 

262. LOX Tank NPV Valve Open, OFF S-IVB 10,559.38 3.65 -0.05 

263. LH2 Tank Latching Relief Valve Open, 
OFF S-IVB 10,559.50 3.78 -0.02 

264. Flight Control Computer S-IVB Burn 
Mode, OFF "B" IU 10,559.60 3.87 -0.03 

265. Aux. Hy~raulic Pump Flight Mode, OFF S-IVB 10,559.80 4.07 -0.03 

266. LOX Tank NPV Valve Latch Open. OFF S-IVB 10,560.39 4.66 -0.04 

267. LH2 Tank Latching Relief Valve Latch. 
OFF S-IVB 10,560.49 4.76 -0.04 

268. SIC Control Of Saturn, ENABLE IU 10,560.70 4.97 -0.03 
269. S-IVB Engine Out Indication IIAII 

Enable, RESET IU 10,565.69 9.96 -0.04 
270. S-IVB Engine Out Indication IIBII 

Enable, RESET IU 10,565.88 10.15 -0.05 
27l. Single Sideband FM Transmitter, OFF S-IVB 10,580.68 24.95 -0.05 

272. LOX Tank NPV Valve. OPEN ON S-IVB 10,705.39 1 
149.651 -0.05 

1 
150.65 t 273. LOX Tank NPV Valve Open. OFF S-IVB 10,706.39 -0.05 

274. LOX Tanr. Vent and NPV Valves Boost. 1 
CLOSe ON S-IVB 10,709.39 153.651 

-0.05 

275. LOX Tank Vent and NPV Valves Boost 
1 C1 ose, OFF S-IVB 10,711 .39 155.651 

-0.05 

276. LH2 Tank Latching Relief Valve, OPEN 
ON S-IVB 11 ,454.69 898.95 -0.05 

277. LH2 Tank Continuous Vent Valve, 
CLOSE ON S-IVB 11?455.51 899.75 -0.05 

278. LH2 Tank Latching Relief Valve Open. 
, 

OFF S-IVB 11,455.71 899.95 -0.05 

279. LH2 Tank Continuous Vent Valve 
Close, OFF S-IVB 11.457.51 901.75 -0.05 

~ 

280. LH2 Tank Vent and latching Relief 
Valve Boost. CLOSE ON . S-IVB 11 ,458.72 902.96 -0.04 

t Derived time, event not verified. 

2-23 

Table 2-3. Sequence of Switch Selector Events (Continued) 

RAN GE T I r·1E TIME FROM BASE 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

259. LOX Tank NPV Valve Latch, OPEN ON S-IVB 10,558.38 2.65 -0.05 

260. LH2 Tank Latching Relief Valve 
Latch; ON S-IVB 10,558.48 2.75 -0.05 

26l. Flight Control C0mputer S-IVB Burn 
Mode, OFF "A" IU 10,559.28 3.55 -0.05 

262. LOX Tank NPV Valve Open, OFF S-IVB 10,559.38 3.65 -0.05 

263. LH2 Tank Latching Relief Valve Open, 
OFF S-IVB 10,559.50 3.78 -0.02 

264. Flight Control Computer S-IVB Burn 
Mode, OFF liB" IU 10,559.60 3.87 -0.03 

265. Aux. Hy~raulic Pump Flight Mode, OFF S-IVB 10,559.80 4.07 -0.03 

266. LOX Tank NPV Valve Latch Open. OFF S-IVB 10,560.39 4.66 -0.04 

267. LH2 Tank Latching Relief Valve Latch. 
OFF S-IVB 10,560.49 4.76 -0.04 

268. SIC Control Of Saturn, ENABLE IU 10,560.70 4.97 -0.03 
269. S-IVB Engine Out Indication IIA" 

Enable, RESET IU 10,565.69 9.96 -0.04 
270. S-IVB Engine Out Indication IIBII 

Enable, RESET IU 10,565.88 10.15 -0.05 
27l. Single Sideband FM Transmitter, OFF S-IVB 10,580.68 24.95 -0.05 

272. LOX Tank NPV Valve. OPEN ON S-IVB 10,705.39 1 149.651 -0.05 
1 

150.65 t 273. LOX Tank NPV Valve Open. OFF S-IVB 10,706.39 -0.05 

274. LOX Tank. Vent and NPV Valves Boost. t 
CLOS, ON S-IVB 10,709.39 153.651 

-0.05 

275. LOX Tank Vent and NPV Valves Boost 
1 Close, OFF S-IVB 10,711 .39 155.65t 

-0.05 

276. LH2 Tank Latching Relief Valve, OPEN 
ON S-IVB 11 ,454.69 898.95 -0.05 

277. LH2 Tank Continuous Vent Valve, 
CLOSE ON S-IVB ll?455.51 899.75 -0.05 

278. LH2 Tank Latching Relief Valve Open. 
, 

OFF S-IVB 11,455.71 899.95 -0.05 

279. LH2 Tank Continuous Vent Valve 
Close, OFF S-IVB 11.457.51 901.75 -0.0~5 

280. LH2 Tank Vent and Latching Relief 
Valve Boost. CLOSE ON . S-IVB 11 ,458.72 902.96 -0.04 

t Derived time, event not verified. 
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Table 2-3. Sequence of Switch Selector Events (Continued) 
\' 

RANGE TIME TIME FROM BASE 

FUNCTION ,STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

281- LHf Tank Vent and Latching Relief 
Va ve Boost Close, OFF S-IVB 11 ,460.74 904.98 -0.02 

282. CCS Coax, SWITCH, Low Gain Antenna .IU 11,755.71 t 1199.95' -0.05 

283. PCM Coax, SWITCH, Low Gain Antenna IU 11,755.91 
, 

1200.15 ' -0.05 

284. IU Command System, ENABLE IU 11,756.11 
, 

1200.35' -0.05 

285. START of Time Base 5A (T5A) IU 12,057.70 T5A -
286. Flight Control Computer Switch 

Point No. 5 IU 12,OS7.85 TSA+0.15 -0.05 

287. S-IVB EDS Cutoff No. 1, DISABLE IU 12,058.05 T5A+0.35 -0.05 

288. S-IVB EOS Cutoff No. 2, DISABLE S-IVB 12,058.25 T5A+0.55 -0.05 

289. IU Command System, ENABLE IU 12,058,45 T5A+O.75 -0.05 

290. Burner LH2 Propellant Valve 
Close, OFF S-IVB 12,058.65 T5A+0.95 -0.05 

291. Burner LOX Shutdown Valve Close, 
OFF S-IVB 12,058.86 T5A+L 16 -0.04 

292. Aux. Hydrau1i~ Pump Flight Mode, ON S-IVB 13,755.84 T7+3200.04 0.04 

293. Aux. Hydraulic Pump Flight Mode, OFF S-IVB 13,803.76 3247.95 -0.05 

294. LH2 Tank Latching Relief Valve, OPEN 
14,156 .. 16 t 3600.35' ON S-IVB -0.05 

295. LH2 Tank Latching Relief Valve Latch, 
7 3602.35' ON S-IVB 14,158. 16 -0.05 

296. LH2 Tank Latching Relief Valve Open, , 
3603.35t OFF S-I VB 14,159.16 -0.05 

297. LH2 Tank Latching Relief Valve t 
3604.35t Latch, OFF S-IVB 14,160.16 -0.05 

, 

298. LH2 Tank Latching Relief Valve, 
OPEN ON S-IVB 15,054.75 4498.96 -0.04 

299. LHf Tank Latching Relief Valve Open, 
OF S-IVB 15,055.77 4499.96 -0.04 

300. LH~ Tank Vent and Latching Relief 
Va ve Boost, CLOSE ON S-IVB 15,058.77 4502.95 -0.05 

301. LH~ Tank Vent and Latching Relief 
Va ve Boost Close, OFF S-IVB 15,060.77 4504.95 -0.05 

302. LH2 Tank Vent Valve, CLOSE.ON S-IVB 16,376.25 5820.41 0.01 

303. LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON S-IVB 17,756.02 7200.15 -0.05 

t Derived time, event not verified. 
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Table 2-3. Sequence of Switch Selector Events (Continued) 
\' 

RANGE TIME TIME FROM BASE 

FUNCTION ,STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SEC) SEC 

28l. LHf Tank Vent and Latching Relief 
Va ve Boost Close, OFF S-IVB 11 ,460.74 904.98 -0.02 

282. CCS Coax, SWITCH, Low Gain Antenna .IU 11,755.71 t 1199.95' -0.05 

283. PCM Coax, SWITCH, Low Gain Antenna IU 11,755.91 
, 

1200.15 ' -0.05 

284. IU Command System, ENABLE IU 11,756.11 
, 

1200.3S' -0.05 

28S. START of Time Base 5A (T5A) IU 12,OS7.70 TSA -
286. Flight Control Computer Switch 

Point No. 5 IU 12,OS7.85 TSA+0.15 -0.05 

287. S-IVB EDS Cutoff No. 1 , DISABLE IU 12,058.05 T5A+0.35 -0.05 

288. S-IVB EOS Cutoff No. 2, DISABLE S-IVB 12,058.25 T5A+0.55 -0.05 

289. IU Command System, ENABLE IU 12,058,45 T5A+O.75 -0.05 

290. Burner LH2 Propellant Valve 
Close, OFF S-IVB 12,058.65 T5A+0.95 -0.05 

291. Burner LOX Shutdown Valve Close, 
OFF S-IVB 12,058.86 T5A+L 16 -0.04 

292. Aux. Hydrau1i~ Pump Flight Mode, ON S-IVB 13,755.84 T7+3200.04 0.04 

293. Aux. Hydraulic Pump Flight Mode, OFF S-IVB 13,803.76 3247.95 -0.05 

294. LH2 Tank Latching Relief Valve, OPEN 
14,156 .. 16 t 3600.35' ON S-IVB -0.05 

295. LH2 Tank Latching Relief Valve Latch, 
7 3602.35' ON S-IVB 14,158. 16 -0.05 

296. LH2 Tank Latching Relief Valve Open, , 
3603.35t OFF S-I VB 14,159.16 -0.05 

297. LH2 Tank Latching Relief Valve t 
3604.35t Latch, OFF S-IVB 14,160.16 -0.05 

, 

298. LH2 Tank Latching Relief Valve, 
OPEN ON S-IVB 15,054.75 4498.96 -0.04 

299. LHf Tank Latching Relief Valve Open, 
OF S-IVB 15,055.77 4499.96 -0.04 

300. LH~ Tank Vent and Latching Relief 
Va ve Boost, CLOSE ON S-IVB 15,058.77 4502.95 -0.05 

301. LH~ Tank Vent and Latching Relief 
Va ve Boost Close, OFF S-IVB 15,060.77 4504.95 -0.05 

302. LH2 Tank Vent Valve, CLOSE.ON S-IVB 16,376.25 5820.41 0.01 

303. LH2 Tank Continuous Vent Orifice 
Shutoff Valve, OPEN ON S-IVB 17,756.02 7200.15 -0.05 

t Derived time, event not verified. " 

2-24 



.. '. 

·t· • ..... . 

, , ' 

,. ,. '. . •. ~ ~', .t' ._ 

Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TI ME FROM BAS E 

FUNCTION STAGE ACTUAL ACTUAL ACr-PRED 
(SEC) (SEC) (SEC) 

304. LH2 Tank Continuous Vent Relief 
Override Ehutoff Valve, OPEN ON S-IVB 17 ;756.13 7200.26 -0.04 

305. S-IVB Engine EDS Cutoff No.2, DISABLE S-IVB 17,756.31 7200.45 -0.05 

306. LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF S-IVB 17,758.02 7202.15 -0.05 

1307 . LH2 Tank Continuous Vent Relief 
Override Shutoff Valve Open, OFF S-IVB 17,758.12 7202.25 -0.05 

308. Aux. Hydraulic Pump Fiight Mode, ON S-IVB 18,445.82 7889.95 -0.05 

309. Passivation, ENABLE S-IVB 18,465.82 7909.95 -0.05 

310. Engine Mainstage Control Valve, 
OPEN ON S-IVB 18,475.82 7919.95 -0.05 

311. Engine He Control Valve, OPEN ON S-IVB 18,476.03 7920.15 -0.05 

312. start Bottle Vent Control Valve, 
OPEN ON S-lVB 18,505.82 7949.95 -0.05 

313. start Bottle Vent Control Valve 
Open, OFF S-IVB 18,655.83 8099.95 -0.05 

314. Engine Pump Purge Control Vdlve, 
ENABLE ON S-IVB 18,745.83 8189.95 -0.05 

315. Engine Mainstage Control Valve 
Open, OFF S-IVB 18,776.03 8220.15 -0.05 

316. Engine He Control Valve Open, OFF S-IVB 18,776.23 8220.35 -0.05 

317. Aux. Hydraulic Pump Flight Mode, OFF S-IVB 18,778.83 8222.95 -0.05 

318. LOX Tank NPV ValVe, OPEN ON S-IVB 18,779.03 8223.15 -0.05 

319. LH2 Tank Latching Relief Valve, 
OPEN ON S-IVB 18,779.23 8223.35 -0.05 

320. LOX Tank NPV Valve Latch, OPEN ON S-lVB 18,7.81.03 8225.15 -0.05 

321. LH~ Tank Latching Relief Valve Latch, 
ON S-IVB 18,781.23 8225.35 -0.05 

322. LOX Tank NPV Valve Open, OFF S-IVB 18,782.03 8226.15 -0.05 

323. LH2 Tank Latching Relief Valve Open, 
OFF S-IVB 18,782.23 8226.35 -0.05 

324. LOX Tank NPV Valve Latch Open, OFF S-IVB . 18,783.03 8227.15 -0.05 

325. LH2 Tank Latching Relief Valve 
Latch, OFF S-IVB 18,783.23 8227.35 -0.05 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TI ME FROM BAS E 

FUNCTION STAGE ACTUAL ACTUAL ACr-PRED 
(SEC) (SEC) (SEC) 

304. LH2 Tank Continuous Vent Relief 
Override Ehutoff Valve, OPEN ON S-IVB 17 ,"756. 13 7200.26 -0.04 

305. S-IVB Engine EDS Cutoff No.2, DISABLE S-IVB 17,756.31 7200.45 -0.05 

306. LH2 Tank Continuous Vent Orifice 
Shutoff Valve Open, OFF S-IVB 17,758.02 7202.15 -0.05 

1307 . LH2 Tank Continuous Vent Relief 
Override Shutoff Valve Open, OFF S-IVB 17,758.12 7202.25 -0.05 

308. Aux. Hydraulic Pump Fiight Mode, ON S-IVB 18,445.82 7889.95 -0.05 

309. Passivation, ENABLE S-IVB 18,465.82 7909.95 -0.05 

310. Engine Mainstage Control Valve, 
OPEN ON S-IVB 18,475.82 7919.95 -0.05 

311. Engine He Control Valve, OPEN ON S-IVB 18,476.03 7920.15 -0.05 

312. start Bottle Vent Control Valve, 
OPEN ON S-l VB 18,505.82 7949.95 -0.05 

313. Start Bottle Vent Control Valve 
Open, OFF S-IVB 18,655.83 8099.95 -0.05 

314. Engine Pump Purge Control Vdlve, 
ENABLE ON S-IVB 18,745.83 8189.95 -0.05 

315. Engine Mainstage Control Valve 
Open, OFF S-IVB 18,776.03 8220.15 -0.05 

316. Engine He Control Valve Open, OFF S-IVB 18,776.23 8220.35 -0.05 

317. Aux. Hydraulic Pump Flight Mode, OFF S-IVB 18,778.83 8222.95 -0.05 

318. LOX Tank NPV ValVe, OPEN ON S-IVB 18,779.03 8223.15 -0.05 

319. LH2 Tank Latching Relief Valve, 
OPEN ON S-IVB 18,779.23 8223.35 -0.05 

320. LOX Tank NPV Valve Latch, OPEN ON S-lVB 18,7.81.03 8225.15 -0.05 

321. LH~ Tank Latching Relief Valve Latch, 
ON S-IVB 18,781.23 8225.35 -0.05 

322. LOX Tank NPV Valve Open, OFF S-IVB 18,782.03 8226.15 -0.05 

323. LH2 Tank Latching Relief Valve Open, 
OFF S-IVB 18,782.23 8226.35 -0.05 

324. LOX Tank NPV Valve Latch Open, OFF S-IVB . 18,783.03 8227.15 -0.05 

325. LH2 Tank Latching Relief Valve 
Latch, OFF S-IVB 18,783.23 8227.35 -0.05 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 
" 

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SE(;) (SEC) 

326. Repressurization System Mode Select, 
OFF (AMB) S-IVB 18,783.43 8227.55 -0.05 

" 327. LH2 Tank Repressurization Control 
Valve, OPEN ON S-IVB 18,783.63 8227.75 -0.05 

328. S-IVB Ullage Engine No. 1, ON S-IVB 19,555.85 8999.96 -0.04 

329. S-IVB Ullage Engine No. 2, ON S-IVB 19,556.06 '9000.17 -0.03 

330. CCS Coax, SWITCH, High Gain Antenna IU 19,635.85 9079.96 -0.04 

33l. PCM Coax, SWITCH, High Gain Antenna IU 19,636.06 9080.17 -0.03 

332. Repressurization System Mode Select, , , 
ON (AMB) S-IVB 21,783.68 11,227.76 -0.04 

333. lH2 Tank Repressurization Control 
I 

t 
, 

Valve Open, OFF S-IVB 21,983.68 11,427.76 -0.04 

334. t t 
Engine He Control Valve, OPEN ON S-IVB 21,983.88 11,427.96 -0.04 

.335. Engine Pump Purge Control Valve, t 11 ,709.96 ENABLE OFF S-IVB 22,265.88 -0.04 

336. Engine He Control Valve Open, OFF S-IVB 
, 

11 ,727.96 -0.04 22,283.88 
, , , 

337. Passivation, DISABLE S-IVB' 22,284.88 11 ,728.96 -0.04 

t 
~ , 

r -
t 

, Derived time, event not verified. ,> 
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Table 2-3. Sequence of Switch Selector Events (Continued) 

RANGE TIME TIME FROM BASE 
,-

FUNCTION STAGE ACTUAL ACTUAL ACT-PRED 
(SEC) (SE(;) (SEC) 

326. Repressurization System Mode Select, 
OFF (AMB) S-IVB 18,783.43 8227.55 -0.05 

" 327. LH2 Tank Repressurization Control 
Valve, OPEN ON S-IVB 18,783.63 8227.75 -0.05 

328. S-IVB Ullage Engine No. 1, ON S-IVB 19,555.85 8999.96 -0.04 

329. S-IVB Ullage Engine No. 2, ON S-IVB 19,556.06 '9000.17 -0.03 

330. CCS Coax, SWITCH, High Gain Antenna IU 19,635.85 9079.96 -0.04 

33l. PCM Coax, SWITCH, High Gain Antenna IU 19,636.06 9080.17 -0.03 

332. Repressurization System Mode Select, , , 
ON (AMB) S-IVB 21,783.68 11,227.76 -0.04 

333. lH2 Tank Repressurization Control 
I 

t 
, 

Valve Open, OFF S-IVB 21,983.68 11,427.76 -0.04 

334. t t 
Engine He Control Valve, OPEN ON S-IVB 21,983.88 11,427.96 -0.04 

.335. Engine Pump Purge Control Valve, t 11 ,709.96 ENABLE OFF S-IVB 22,265.88 -0.04 

Engine He Control Valve Open, OFF 
, 

11 ,727.96 -0.04 336. S-IVB 22,283.88 
, , , 

337. Passivation, DISABLE S-IVB' 22,284.88 11 ,728.96 -0.04 

t 
~ , 

r -
t 

, Derived time, event not verified. ,> 
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Table 2-4. Variable Time and Commanded 
Switch Selector Events 

EVENT STAGE RANGE 
TIME 
(SEC) 

~ 

Inf1ight Calibration Mode, ON S-IVB 5362.57 
Telemetry Calibrator In-Flight IU 5362.77 Calibrate, ON 

TM Calibrate, ON S-IVB 5362.97 
Telemetry Calibrator In-Flight IU 5367.77 Ca 1 i brate, OFF 

TM Calibrate, OFF S-IVB 5367.97 
In-Flight Calibration Mode, OFF S-IVB 5368.57 
Telemetry Calibrator In-Flight IU 8955.90 Calibrate, OFF 

TM Calibrate, OFF S-IVB 8956.10 
In-Flight Calibration Mode, OFF S-IVB 8956.70 

. 
In-Flight Calibration Mode, ON S-IVB 9650.72 
Telemetry Calibrator In-Flight IU 9650.93 Calibrate, ON 

TM Calibrate, ON S-IVB 9651.13 
Telemetry Calibrator In-Flight IU 9655.91 Calibrate, OFF 

TM Calibrate, OFF S-IVB 9656.11 
In-Flight Calibration Mode, OFF S-IVB 9656.71 
Spacecraft Control of Saturn, ENABLE S-IVB 9659.79 
PCM High Gain Antenna, SWITCH IU 10,497.49 
Water Coolant Valve, OPEN IU 13,102.83 
Water Coolant Valve, CLOSED IU 13,403.41 
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TIME FROM 
BASE 
(SEC) 

T5+4677.36 

T5+4677 .56 

T5+4677.76 

T5+4682 .56 

T5+4682.76 

T5+4683.36 

T5+8270.70 

T5+8270.90 

T5+827l .5O 

T5+8965 .52 

T5+8965.72 

T5+8965.92 

T 5+8970.70 

T5+8970.90 

T 5+8971 .50 

T5+8974 .59 

T6+837.95 

T7+2547.04 

T7+2847.68 

Table 2-4. Variable Time and Commanded 
Switch Selector Events 

EVENT STAGE RANGE 
TIME 
(SEC) 

~ 

Inf1ight Calibration Mode, ON S-IVB 5362.57 
Telemetry Calibrator In-Flight IU 5362.77 Calibrate, ON 

TM Calibrate, ON S-IVB 5362.97 
Telemetry Calibrator In-Flight IU 5367.77 Ca 1 i brate, OFF 

TM Calibrate, OFF S-IVB 5367.97 
In-Flight Calibration Mode, OFF S-IVB 5368.57 
Telemetry Calibrator In-Flight IU 8955.90 Calibrate, OFF 

TM Calibrate, OFF S-IVB 8956.10 
In-Flight Calibration Mode, OFF S-IVB 8956.70 

. 
In-Flight Calibration Mode, ON S-IVB 9650.72 
Telemetry Calibrator In-Flight IU 9650.93 Calibrate, ON 

TM Calibrate, ON S-IVB 9651.13 
Telemetry Calibrator In-Flight IU 9655.91 Calibrate, OFF 

TM Calibrate, OFF S-IVB 9656.11 
In-Flight Calibration Mode, OFF S-IVB 9656.71 
Spacecraft Control of Saturn, ENABLE S-IVB 9659.79 
PCM High Gain Antenna, SWITCH IU 10,497.49 
Water Coolant Valve, OPEN IU 13,102.83 
Water Coolant Valve, CLOSED IU 13,403.47 
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TIME FROM 
BASE 
(SEC) 

T5+4677.36 

T5+4677 .56 

T5+4677.76 

T5+4682 .56 

T5+4682.76 

T5+4683.36 

T5+8270.70 

T5+8270.90 

T5+8271 .50 

T5+8965.52 

T5+8965.72 

T5+8965.92 

T5+8970.70 

T5+8970.90 

T 5+8971 .50 

T5+8974 .59 

T6+837.95 

T7+2547.04 

T7+2847.68 



Table 2-4. Variable Time and Commanded 
Switch Selector Events (Continued) 

EVENT STAGE RANGE 
TIME 
(SEC) 

Water Coolant Valve, OPEN nJ .. 16,711 .39 

Water Coolant Valve, CLOSED IU 17,012.39 

Water Coolant Valve, OPEN IU 18,214.08 

Water Coolant Valve, CLOSED IU 18,515.00 

PCM Low Gain Antenna SWITCH IU 19,096.57 

CCS Low Gain Antenna SWITCH IU 19,096.67 

PCM Low Gain Antenna SWITCH IU 19,096.79 

CCS Low Gain Antenna SWITCH IU 19,096.86 

PCM Low Gain Antenna SWITCH IU 19,097.96 

CCS Low Gain Antenna SWITCH IU 19,098.03 

Water Coolant Valve, OPEN I-U 20,017.78 

Water Coolant Valve, CLOSED IU 20,318.32 

PCM Low Gain Antenna Switch IU· 21,177.86 

PCM Low Gain Antenna SWITCH IU 21 ,179.03 

CCS Low Gain Antenna SWITCH IU 21 ,179.'12 

2-28 

TIME FRJM 
BASE 
(SEC) 

T7+6155.54 

T7+6456.53 

T7+7658.21 

T7+ 7959.12 

T7+8540.69 

T7+854O .79 

T7+8540.90 

T7+8540.97 

T7+8542.08 

T7+8542.15 

T7+9461.89 

T7+9}62.42 

T7+10.,621.95 

T 7+ 1 ° ,623. 1 2 

T7+1O ,623.21 

"1 
~ 
~ , , 
I 
I 

j 

I 

=1 

.; lJ: :~"I~·.~. :.~;~'·::~~_=ii1_4;;_i;-~._~::_~::~~:,,!~~ .••.. ~.;' _':...t: 7"":'''' ., -~~~"';';:;':~~~":i':f";"''; ..• ~ .. ,.,:, !P: ''t~ 

Table 2-4. Variable Time and Commanded 
Switch Selector Events (Continued) 

EVENT STAGE RANGE 
TIME 
(SEC) 

Water Coolant Valve, OPEN nJ .. 16,711 .39 

Water Coolant Valve, CLOSED IU 17,012.39 

Water Coolant Valve, OPEN IU 18,214.08 

Water Coolant Valve, CLOSED IU 18,515.00 

PCM Low Gain Antenna SWITCH IU 19,096.57 

CCS Low Gain Antenna SWITCH IU 19,096.67 

PCM Low Gain Antenna SWITCH IU 19,096.79 

CCS Low Gain Antenna SWITCH IU 19,096.86 

PCM Low Gain Antenna SWITCH IU 19,097.96 

CCS Low Gain Antenna SWITCH IU 19,098.03 

Water Coolant Valve, OPEN I-U 20,017.78 

Water Coolant Valve, CLOSED IU 20,318.32 

PCM Low Gain Antenna Switch IU· 21,177.86 

PCM Low Gain Antenna SWITCH IU 21,179.03 

CCS Low Gain Antenna SWITCH IU 21 ,179.'12 
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3. 1 SUMMARY 

SECTION 3 

LAUNCH OPERATIONS 

The launch countdown for AS-503 was completed with no holds or sig~ificant delays encountered. Ground systems performance was highly satisfactory. The relatively few problems encountered in countdown were overcome such that vehicle launch readiness was not compromised. 
Launch damage to the complex and support equipment was minor. Blast dnmaqe ~ppears to be less than that encountered on AS-501 and AS-502. 
3.2 PRELAUNCH MILESTONES 

The 'launch vehicle checkout started at Kennedy Space Center (KSC) with the arriv&l of the S-II-3 stage December 26. 1967. At that time the flight of AS-503 'in early May was to be unmanned, utilizing boilerplate BP-30 in lieu of an operational spacecraft. By mid April virtually all testing in the Vehicle Assembly Building (VAB) had been completed. Final preparations to move to Pad A were held pending completion of the AS-502 flight test data analysis and the AS-503 manned/unmanned decision. The decision was received April 27, 1968 that the AS-503 flight would be manned and that CSM-i03/LM-3 would be used instead of BP-30. Man-rating the S-II-3 stage which involved an additional cryogen;l;:: proof pressure test at Mississippi Test Facility (MTF) was required. Trds test was successfully completed May 30, 1968 and the stage was returned to KSC June 27, 1968. Test; ng of the complete launch vehicle was again started in mid August, 3 1/2 months after destacking. 

The LM-3 testing started June 11, 1968, but after 2 months of testing, it appeared doubtful tha t the Lunar Modul e (LM) woul d be operati ona lly ready to support the planned launCh readiness date of early December. Therefore) the decision was made August 19, 1968 that the Lunar Module Test Article (LTA-B) would be substituted for LM-3. Following satisfactory checkout~ the spacecraft was erected atop the launch vehicle October 8, 1968 and the space vehicle was transferred to the pad October 9, 1968. Checkout ooeration of the space vehicle at the pad proceeded without any significant problems that would impact the launch readiness date which was based on the earlle~t lunar window. Table 3-1 lists all the significant activities or events which occurred at KSC leading up to the successful launch of Apollo 8. 
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The 'j flunch veh i c 1 e checkout s ta rted at Kennedy Space Center (KSC) wi th the arrivbl of the S-II-3 stage December 26 , 1967. At that time the flight of AS-503 'in early May was to be unmanned, utilizing boilerplate BP-30 in lieu of an operational spacecraft. By mid April virtually all testing in the Vehicle Assembly Building (VAB) had been completed. Final preparations to move to Pad A were held pending completion of the AS-5D2 flight test data analysis and the AS-503 manned/unmanned decision. The decision was received April 27, 1968 that the AS-503 flight would be manned and that CSM-i03/LM-3 would be used instead of BP-30. Man-rating the S-II-3 stage which involved an additional cryogen;,c proof pressure test at Mississippi Test Facility (MTF) was required. Ttris test was successfully completed May 30, 1968 and the stage was returned to KSC June 27, 1968. Testing of the complete launch vehicle was again started in mid August, 3 1/2 months after destacking. 

The LM-3 testing started June 11, 1968, but after 2 months of testing, it appeared doubtful that the Lunar Module (LM) would be operationally ready to support the planned launCh readiness date of early December. Therefore) the decision was made August 19, 1968 that the Lunar Module Test Article (LTA-B) would be substituted for LM-3. Following satisfactory checkout~ the spacecraft was erected atop the launch vehicle October 8, 1968 and the space vehicle was transferred to the pad October 9, 1968. Checkout operation of the space vehicle at the pad proceeded without any significant problems that would impact the launch readiness date which was based on the earlle~t lunar window. Table 3-1 lists all the significant activities or events which occurred at KSC leading up to the successful launch of Apollo 8. 
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Table 3-l. 

DATE 

December 26, 1967 
December 27, 1967 
December 30, 1967 
January 4, 1968 
January 6, 1968 
January 9, 1968 
January 19, 1968 
January 31 , ·'968 

1 February 1 , 1968 
February 5, 1968 
February 12, 1968 
March 11, 1968 
March 25, 1968 
Apri 1 8, 1968 
April 10, 1968 
April 27, 1968 
Apri 1 28, 1968 
April 29, 1968 
May 1, 1968 
June 9, 1968 

June 14, 1968 
JI;me 27, 1968 
July 24, 1968 
August 6, 1968 
August 11, 1968 
August 12, 1968 
August 14, 1968 
August 15, 1968 
August 16,1968 

AS-503 Milestones 

AGT1V1TY OR EVENT 

S- II Arri va 1 
S-1C Arrival 
S-1VB Arrival, S-1C Erection on LUT-l 
IU Arrival 
BP-30 Arrival 
LTA-B Arrival 
LTA-B Mate With SLA-10 
S-11.Erection 
S-1VB, 1U Erection 
BP-30, Summary LES Ere'tti on 
LV Electrical Mate Completion 
SV OAT 1 Completion 
SV Pull Test Completion 
SV OAT 2 Completion 
Decision to Deerect BP-30 for SPS Tank Skirt Mod 
C Mission Changed to C Prim~ Mission 
SLA-10, 1U, S-1VB Deerection 
S-1l Deerection 
S-11 Departure for MTF 
LM-3 Descent Stage Arrival 
LM-3 Ascent Stage Arrival 
S-11-3 Arrival from MTF 
S-11-3 Erection 
CSM 103 Quad Arrival 
SM 103 Arrival 
CM 103 Arrival 
S-1VB Erection 
LU Erection 
Facility Verification Vehicle Erection 
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Decision to Deerect BP-30 for SPS Tank Skirt Mod 
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Table 3-1. AS-503 Milestones (Continued)-

DATE 

August 19, 1968 

August 22~ 1968 
August 23, 1968 
September 5, 1968 
September 14, 1968 
September 15, 1968 
September 18, 1968 
September 29, 1968 
October 2, 1968 
October 4, 1968 
October 7, 1968 
October 9, 1968 
October 12, 1968 
October 22, 1968 
October 29, 1968 
November 5, 1968 
November 7, 1968 
November 11, 1968 
November 12, 1968 
November 19, 1968 
November 30, 1968 
December 2, 1968 
December 5, 1968 
December 10, 1968 
December 11, 1968 
December 15, 1968 
December 21 , 1968 

ACTIVITY OR EVENT 

Apollo 8 Designation for AS-503. Decision to 
Replace LM-3 with SLA-llA and LTA-B. 
eM 103 Mate with SM 103 
LV Electrical Systems Test Completion 
CSM 103 Combined Systems Test Completion 
Facility Verification Vehicle Deerection 
BP-30 Erection for SA Checkout 
SLA-llA Arrival 
LTA-B Mate with SLA-llA 
Service Arm OAT Compl,~tion 

BP-30 Deerection, CSM 103 
CSM 103 Erection in VAB 
Space Vehicle Transfer to Pad A 
MSS Transfer to Pad A 
SV Cutoff and Malfunction Test Completion 
CSM MCC-H Test Completion 
SV Electrical Mate Completion 
SV OAT 1, Plugs-In, Comoletion 
LV MCC-H Test Completed 
LUT/Pad Water System Test Completion 
SV Flight Readiness Test Completion 
SV Hypergolic Loadinq Completion 
RP-l Loading Completion 
SV COOT (Wet) Start 
SV COOT (Wet) Completion 
SV COOT (Dry) Completion 
SV Launch Countdown Start (-103 Hours) 
Apollo 8 (AS-503) Launched at 0751 EST 
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Table 3-1. AS-503 Milestones (Continued)' 

DATE 

August 19, 1968 

August 22~ 1968 
Augus t 23, 1968 
September 5, 1968 
September 14, 1968 
September 15, 1968 
September 18, 1968 
September 29, 1968 
October 2, 1968 
October 4, 1968 
October 7, 1968 
October 9, 1968 
October 12, 1968 
October 22, 1968 
October 29, 1968 
November 5, 1968 
November 7, 1968 
November 11, 1968 
November 12, 1968 
November 19, 1968 
November 30, 1968 
December 2, 1968 
December 5, 1968 
December 10, 1968 
December 11, 1968 
December 15, 1968 
December 21, 1968 

ACTIVITY OR EVENT 

Apollo 8 Designation for AS-503. Decision to 
Replace LM-3 with SLA-llA and LTA-B. 
eM 103 Mate with SM 103 
LV Electrical Systems Test Completion 
CSM 103 Combined Systems Test Completion 
Facility Verification Vehicle Deerection 
BP-30 Erection for SA Checkout 
SLA-llA Arrival 
LTA-B Mate with SLA-llA 
Service Arm OAT Completion . ,. 
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CSM 103 Erection in VAB 
Space Vehicle Transfer to Pad A 
MSS Transfer to Pad A 
SV Cutoff and Malfunction Test Completion 
CSM MCC-H Test Completion 
SV Electrical Mate Completion 
SV OAT 1, Plugs-In, Comoletion 
LV MCC-H Test Completed 
LUT/Pad Water System Test Completion 
SV Flight Readiness Test Completion 
SV Hypergolic Loadinq Completion 
RP-l Loading Completion 
SV COOT (Wet) Start 
SV COOT (Wet) Completion 
SV COOT (Dry) Completion 
SV Launch Countdown Start (-103 Hours) 
Apollo 8 (AS-503) Launched at 0751 EST 
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3.3 COUNTDOWN EVENTS 

The launch countdown started at 1900 Eastern Standard Time (EST) Sunday, 
December 15, 1968, at -103 hours. There were six preplanned holds 
incorporated into the countdown. The countdown proceeded as scheduled 
with relatively few problems. Many of the countdown operations were being 
accomplished consistently ahead of the clock. At 2051 EST December 19, 
1968, the terminal countdown sequence was started at -28 hours. At that 
time, the space vehicle operations were functionally ahead of the clock. 
Later in the count, it was discovered that the onboard LOX supply for the 
spacecraft Environmental Control System (ECS) and fuel cell systems ~/as 
contaminated with N2 and preparations were made to replace the LOX. The 
LOX reservicing operations were completed with the tanks pressurized at 
approximately -10 hours. During the planned 6-hour hold period that 
started at -9 hours, virtually all of the countdown tasks, which were 
delayed by the LOX detanking and retanking operations, had been brought 
back in line. When the count was picked up again at -9 hours, the space 
vehicle operations were essentially on schedule. At -8 hours S-IVB LOX 
loading operations were star-ted. The cryogenic loading operations were 
completed at 0329 EST, December. 21, 1968, (8 minutes into the l-hour 
scheduled hold). The count (-3:30 hours) was again picked up at 0421 EST, 
December 21, 1968. The crew entered the spacecraft at -2:53 hours. 
Successful launch of the Apollo 8 (AS-503) 'occurred at 0751 EST, December 
21,1968. 

3.4 PROPELLANT LOADING 

3.4.1 RP-l Loading 

The RP-l system successfully completed all operations in support of COOT 
and launch. One minor fuel leak occurred during COOT which required 
rescheduling of the S-IC tail service mast fuel operation. The level 
adjust drain operation during COOT and countdown was completed at ~l hour 
establishing the required flight mass of RP-l onboard. About 20 minutes 
was required to level adjust, drain, and inert the RP-l system line. At 
ignition, KSC mass readout indicated that approximately 616,908 kilograms 
(1,360,049 lbm) of RP-l were onboard the S-IC stage. 

3.4.2 LOX Loading 

The LOX system supported COOT and launch satisfactorily. A minor problem 
developed during LOX loading concerning the failure of two main pump 
clutch temperature switches but it did not affect loading operations. LOX 
fill sequence for launch was initiated at -8 hours, with all stage replenish 
normal mode attained 3 hours 2 minutes later. Approximately 1332.5 m3 
(352,000 gal) of LOX were used during the two COOT (wet) propellant 
loadings. Approximately 2119.8 m3 (560,000 gal) of LOX were consumed 
throughout countdown to securing. At launch, approximately 1627.7 m3 
(430,000 gal) of LOX were onboard AS-503. 
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3.3 COUNTDOWN EVENTS 

The launch countdown started at 1900 Eastern Standard Time (EST) Sunday, 
December 15, 1968, at -103 hours. There were six preplanned holds 
incorporated into the countdown. The countdown proceeded as scheduled 
with relatively few problems. Many of the countdown operations were being 
accomplished consistently ahead of the clock. At 2051 EST December 19, 
1968, the terminal countdown sequence was started at -28 hours. At that 
time, the space vehicle operations were functionally ahead of the clock. 
Later in the count, it was discovered that the onboard LOX supply for the 
spacecraft Environmental Control System (ECS) and fuel cell systems ~/as 
contaminated with N2 and preparations were made to replace the LOX. The 
LOX reservicing operations were completed with the tanks pressurized at 
approximately -10 hours. During the planned 6-hour hold period that 
started at -9 hours, virtually all of the countdown tasks, which were 
delayed by the LOX detanking and retanking operations, had been brought 
back in line. When the count was picked up again at -9 hours, the space 
vehicle operations were essentially on schedule. At -8 hours S-IVB LOX 
loading operations were star-ted. The cryogenic loading operations were 
completed at 0329 EST, December. 21, 1968, (8 minutes into the l-hour 
scheduled hold). The count (-3:30 hours) was again picked up at 0421 EST, 
December 21, 1968. The crew entered the spacecraft at -2:53 hours. 
Successful launch of the Apollo 8 (AS-503) 'occurred at 0751 EST, December 
21,1968. 

3.4 PROPELLANT LOADING 

3.4.1 RP-l Loading 

The RP-l system successfully completed all operations in support of COOT 
and launch. One minor fuel leak occurred during COOT which required 
rescheduling of the S-IC tail service mast fuel operation. The level 
adjust drain operation during COOT and countdown was completed at ~l hour 
establishing the required flight mass of RP-l onboard. About 20 minutes 
was required to level adjust, drain, and inert the RP-l system line. At 
ignition, KSC mass readout indicated that approximately 616,908 kilograms 
(1,360,049 lbm) of RP-l were onboard the S-IC stage. 

3.4.2 LOX Loading 

The LOX system supported COOT and launch satisfactorily. A minor problem 
developed during LOX loading concerning the failure of two main pump 
clutch temperature switches but it did not affect loading operations. LOX 
fill sequence for launch was initiated at -8 hours, with all stage replenish 
normal mode attained 3 hours 2 minutes later. Approximately 1332.5 m3 
(352,000 gal) of LOX were used during the two COOT (wet) propellant 
loadings. Approximately 2119.8 m3 (560,000 gal) of LOX were consumed 
throughout countdown to securing. At launch, approximately 1627.7 m3 
(430,000 gal) of LOX were onboard AS-503. 
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3.4.3 LH2 Loading 

The LH2 system performed satisfactorily throughout COOT and launch count­
down. The vehicle fill sequences were performed on schedule. Flight mass 
was within specification at liftoff. Preconditioning of the S-11 LH2 tank 
began at -7 hours 42 minutes and was completed 2 hours 40 minutes later. 
LH2 auto load was started at -4 hours 49 minutes with S-11 chill down; 100 
percent of flight mass was reached 46 minutes later. S-1VB loading began 
with S-1I completion, and 100 percent fliqht mass was reached at -3 hours 
30 minutes. Total fill sequence 'required 86 minutes. The same fill time 
was required for eact propellant loading of the wet COOT. Boiloff usage 
of LH2 was about 472.2 m3 (125,000 gal) for each of the two propellant 
loadings during wet COOT. The countdown and launch consumed approximately 
1779.1 m3 (470,000 gal) of LH2. 

Ouring both propellant loadings of the wet COOT, the LH2 loading logic 
initiated a revert of the S-11 and S-1VB automatic replenishing during 
the S-1VB stage vent valve test. The cause was traced to a momentarY 
pickup of the S-1VB overfill sensor. This resulted from the Propellant 
Tanking Computer System (PTCS) sensing a low stage LH2 level while the 
S-IVB stage vents were closed and the S-1VB tank was partially pressurized. 
The' replenish valve opened for about 1 minute when it was not required. 
When the S-1VB stage vent was opened and the tank depressurized, ther~ 
was a seri es of momentary actuati ons of the overfi 11 sensor caus i ng the 
revert. A command (procedural requirement) to override the S-IVB replenish 
valve to the closed position while the stage vents were closed was not 
given by S-IVB personnel before they closed the vents. The override close 
command was given in the proper sequence durin~ countdown and, although 
preparations had been made to lockout an S-1VB revert, the S-IVB overfill 
signal was not actuated .. 

A--'mi nor hydrogen 1 eak was detected duri ng the fi rs t prope 11 ant load i ng of 
the wet COOT at the packing of the S-IVB fill valve, when the valve was in 
the II reduced ll position with the S-IVB about 95 percent full. The valve 
packi ng was retorqu~.d before the second prope 11 ant 1 oadi fig of the wet COOT, 
and the 1 eak di d not reappear duri ng CODT. Ouri ng 1 aunch coun' . '.'In, there 
was a significant vapor leak at the same valve during S-IVB slow fill to 
100 percent. The valve was clo~ed and the leak stopped immediately. The 
slow fill sequence was continued using the redundant fill valve. 

3.4.4 Auxiliary Propulsion System Propellant Leading 

Propellant loading of the S-IVB AuxUiary Propulsion System (APS) was 
accomplished satisfactorily. Total propellant mass in both modules at 
liftoff was 175.2 kilograms (386.3 1bm) of Nitrogen TetrOXide (N204) and 
113.8 kilograms (250.8 lbm) of Monomethy1 Hydrazine (MMH). The initial 
APS loads and the propellant usage during flight are discussed in 
paragraph 7.12. . 
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3.4.3 LH2 Loading 

The LH2 system performed satisfactorily throughout COOT and launch count­
down. The vehicle fill sequences were performed on schedule. Flight mass 
was within specification at liftoff. Preconditioning of the S-11 LH2 tank 
began at -7 hours 42 minutes and was completed 2 hours 40 minutes later. 
LH2 auto load was started at -4 hours 49 minutes with S-11 chill down; 100 
percent of flight mass was reached 46 minutes later. S-1VB loading began 
with S-1I completion, and 100 percent fliqht mass was reached at -3 hours 
30 minutes. Total fill sequence 'required 86 minutes. The same fill time 
was required for eact propellant loading of the wet COOT. Boiloff usage 
of LH2 was about 472.2 m3 (125,000 gal) for each of the two propellant 
loadings during wet COOT. The countdown and launch consumed approximately 
1779.1 m3 (470,000 gal) of LH2. 

Ouring both propellant loadings of the wet COOT, the LH2 loading logic 
initiated a revert of the S-11 and S-1VB automatic replenishing during 
the S-1VB stage vent valve test. The cause was traced to a momentarY 
pickup of the S-1VB overfill sensor. This resulted from the Propellant 
Tanking Computer System (PTCS) sensing a low stage LH2 level while the 
S-IVB stage vents were closed and the S-1VB tank was partially pressurized. 
The· replenish valve opened for about 1 minute when it was not required. 
When the S-1VB stage vent was opened and the tank depressurized, ther~ 
was a seri es of momentary actuati ons of the overfi 11 sensor caus i ng the 
revert. A command (procedural requirement) to override the S-IVB replenish 
valve to the closed position while the stage vents were closed was not 
given by S-IVB personnel before they closed the vents. The override close 
command was given in the proper sequence durin~ countdown and, although 
preparations had been made to lockout an S-1VB revert, the S-IVB overfill 
signal was not actuated .. 

A--'mi nor hydrogen 1 eak was detected duri ng the fi rs t prope 11 ant 1 oadi ng of 
the wet COOT at the packing of the S-IVB fill valve, when the valve was in 
the IIreduced" position with the S-IVB about 95 percent full. The valve 
packi ng was retorqu~.d before the second prope 11 ant 1 oadi fig of the wet COOT, 
and the 1 eak di d not reappear duri ng CODT. Ouri ng 1 aunch coun' . '.'In, there 
was a significant vapor leak at the same valve during S-IVB slow fill to 
100 percent. The valve was clo~ed and the leak stopped immediately. The 
slow fill sequence was continued using the redundant fill valve. 

3.4.4 Auxiliary Propulsion System Propellant Leading 

Propellant loading of the S-IVB AuxUiary Propulsion System (APS) was 
accomplished satisfactorily. Total propellant mass in both modules at 
liftoff was 175.2 kilograms (386.3 1bm) of Nitrogen TetrOXide (N204) and 
113.8 kilograms (250.8 lbm) of Monomethy1 Hydrazine (MMH). The initial 
APS loads and the propellant usage during flight are discussed in 
paragraph 7.12. . 
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3.4.5 S-IC Stage Propellant Load 

S-IC stage propellant loads obtained from the KSC weight and balance log 
were compared to those determined from continuous level sensor data. This 
comparison showed the LOX load to be 2304 kilograms (5079 lbm) greater, 
and the fuel load 1095 kilograms (2415 lbm) less than KSC loads. The 
propulsion performance reconstruction, utilizing a combined RPM chamber 
pressure .match, was able to follow the continuous level sensor data for 
both LOX and fuel with an accuracy of tl.27 centimeters (to.5 in.). The 
reconstruction matched also the residuals calculated from .level sensor 
and line pressure d~ta·indicating that the propellant loads determined 
from the level sensor data a're accurate. Total propellants onboard at 
ignition command are shown in Table 3-2. The reconstructed LOX load is 
0.16 percent above, and the reconstructed fuel 10ad is 0.18 percent 
below the KSC indicated values. 

3.4.6 S-II Stage Pronellant Load 

The Propellant Utilization (PU) system (fine mass) indication of propellant 
mass onboard the S-II stage at liftoff was 858 kilograms (1891 lbm) LOX 
~nd 746 kilograms (1643 lbm) LH2 greater than predicted. S-II stage total 
propellant loads at S-IC ignition command are shown in Table 3-3 and 
jncludes trapped propellants below the tanks. The best estimate values, 
based on engine flowmeter data, are greater than predicted by 0.14 percent 
for LOX, and less than predicted by 0.~6 percent for LH2' 

3.4.7 S- I VB Sta.ge Prope 11 ant Load 

The PU system indication of initial S-IVB stage propellant mass was only 
4 kilograms (7 lbm) greater for LOX and 13 kilograms (30 lbm) greater for 
LH2 than the predicted values. Table 3-4 lists the S-IVB propellant 
loads at S-IC ignition command. Best estimates were 0.04 percent less 
for LOX and 0.10 percent greater for LH2 than the predicted propellant 
masses. 

3.5 S-II INSULATION PURGE AND LEAK DETECTION 

The S-I1 insulation purge system performed satisfactorily throughout the 
countdown. Outlet purge pressure was lost in the LH2 tank sidewall cir­
cuit'3 hours 30 minutes prior to liftoff, approximately 34 minutes after 
completion of 5-11 LH2 loading. Operational television employed to 
inspect the sidewall insulation revealed that numerous cracks developed in 
the circumferential flexible closeouts of the insulation near Vehicle 
Station 55.3 meters (2177 in.), and also in the vertical closeout adjacent 
to engine No.4. 

The cause of cracking is assessed to local stresses resulting from extremely J 
low surface temperatures created by a heavy frost layer. Both the closeout 
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Table 3-2. S-IC Stage Propellant Mass at Ignition Command 

MASS REQUIREMENTS MASS INDICATIONS MASS DEVIATIONS 

PROPELLANT UNITS PREDICTED LOADING LEVEL BEST BEST EST. 
PRIOR TO TABLE AT SENSOR BEST ESTIMATE ESTIMATE MINUS 
LAUNCH 1 IGNITIONz,3 DATA MINUS LOADING 

PREDICTED TABLE 
LOX kg 1,420,593 1,416,556 1,418,860 1,418,852 -1741 2296 

1bm 3,131,873 3,122,971 3,128,050 3,128,034 -3839 5063 
% -0.12 0.16 

RP-1 ko 61:2,982 616,908 615,812 615,812 2920 -1096 
lbm 1,351,395 1,360-,049 1,357,634 1,357,634 6239 -2415 
% 0.46 -0.18 

Total kg 2,033,575 2,033,464 2,034,672 2,034,665 1090 1201 
1bm 4,483,268 4,483,020 4,485,684 4,485,668 2400 2648 
% 0.05 0.06 

. 
lSased on LOX density of 1137.3 kg/m3 (71.01bm/ft3) and RP-l density of 802.5 kg/m3 

(50.1 1bm/ft3). 
2Sased on LOX density of 1138.2 kg/m3 (71.06 1bm/ft3) and RP-1 density of 808.1 kg/m3 
3 (50.445 1bm/ft3). _ , 

KSC prone11ant mass readouts are same as loading table data at ignition. 

Table 3-3. S-II Stage Propellant Mass at S-IC Ignition Command 

PROPELLANT UNITS PREDICTED PU LEV_~L I BEST PU SYS. BEST EST 
PRIOR TO LAUNCH SYSTEM SENSOR ESTIMATE MINUS MINUS 

DATA PRED. PRED. 

LOX kg 359,569 360,427 359,302 360,059 858 490 
1bm 792,714 794,605 791:,125 793,795 1891 1081 

l· 

% 0.24 0.14 

LH2 kg 70,587 71 ,333 70,434 70.265 745 -322 
1bm 155,618 157,261 155,281 154,907 1643 -711 
% 1.06 -0.46 

Total kg 430,156 431,760 429,736 430,324 1604 168 
1bm 948,332 951 ,866 947,406 948,702 3534 370 
% 0.37 0.04 

NOTE: Values include propellants below tanks. 

Table 3-4. S-IVB Stage Propellant Mass at S-IC Ignition Command 
PREDICTED PU FLOW BEST PU IND. BEST EST. 

PROPELLANT UNITS PRIOR TO LAUNCH INDICATED INTEGRAL ESTIMATE MINUS MINUS 
(CORRECTED) PRED. PRED. 

LOX ko 87,508 87,512 87,501 87,470 4 -38 
1bm 192,923 192,930 192.906 192,840 7 -83 
% 0.00 -0.04 

LH2 
, 

kq 19,665 19,678 19.611 19,684 13 19 
1bm 43,353 43,383 43,235 43,395 30 42 
% 0.07 0.10 

T () ta 1 kg 107,173 107,190 107,112 107,154 17 -19 
1bm 236,276 236,313 236,141 236,235 37 -41 
% 0.02 -0.02 . 
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strips and adhesive on the S-II-3 stage were silicone compounds w~ich 
lose elastomeric properties and become brittle at temperatures below 
2lloK (-BO°F). One sidewall temperature measurement indicated 194°K 
(-110°F). 

This insulation problem was experienced earlier on the S-II-4 stage at 
the MTF and initiated a change in the closeout confi~uration effective 
on S-II-4 and subsequent stages. The change was not made on the S-II-3 
stage because of potential schedule impact and acceptance that the 
probability of calm wind, high humidity, and low temperatures (causing 
heavy frost) would be minimal at KSC. Figure 3-1 shows the insulation 
panel joint closeout used on S-II-3 together with the modified 
configuration. 

Contaminant gas concentrations in the system remained below launch mission 
rule limits at all times. Concentrations of hydrogen ~as were low in all 
purge circuits following pressure stabilization during LH2 fill. Acti­
vation of back purge in the sidewall circuit after LH2 loadin~ precluded 
further monitoring of that circuit. A high concentration of nitrogen was 
present in the combined forward bulkhead circuits during LH2 fill, and 
the forward bulkhead uninsulated area indicated a nitrogen content in 
excess of 1 percent just prior to liftoff. Cause is assessed to leaks in 
either the forward bulkhead insulation or the membrane seal since the 
forward interstage is purged with nitrogen during ground hold and is at 
slightly higher pressure than t~e purge circuits. 

3.6 GROUND SUPPORT EQUIPMENT 

Ground systems performance was highly satisfactory. The holddown arms, 
tail service masts, service arms, propellant tanking systems, and -all 
other ground equipment functioned well in support of AS-503 launch. 
All Holddown Arms (HDA) release occurred at 0.27 seconds. All arms released 
pneumatically although the drop and lanyard pull for HDA 2 was sufficiently 
slow to allow detonation of the backup explosive nut link. This had no 
detrimental effect on arm release. 

Tail Service Mast (TSM) retraction was normal. Mast retraction times were 
2.62 seconds for TSM 1-2, 2.77 seconds for TSM 3-2, and 2.54 seconds for 
TSM 3-4, measured from "umbilical plate separation" to Hmast retract" 
indication. 

Servi ce arm retracti on was norma 1 except s 1 i ght devi ati ons of serv·j ce arm 
4 and service arm 1. The service arm 4 retraction was initiated by the 
secondary supply and return hydraulic pilot valve which is fired by means 
of the HDA service arm control switch (l-inch liftoff) in sequence with 
the primary main unbilical carrier, LOX coupler, and LH2 coupler release 
swi tches. The primary retract supply valve and the primary r:e.tract return 
valve, which are normally fired by means Of the HDA 4 service arm control 
switch (l-inch liftoff) in sequence with the secondary main umbilical 
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carrier, LOX coupler, and LH2 coupler release switches, did not fire until 
the HDA 2 secondary service arm control switch was actuated (22-inch 

'liftoff). This bypassed the secondary main umbilical carrier, LOX coupler, 
and LH2 coupler release switches. Failure to initiate service arm 4 
primary retract, before closure of the 22-inch liftoff switch, has been 
attributed ~o faulty operation of one or more of the umbilical secondary 
release switches. In addition, postlaunch inspection revealed that the 
S-II LOX umbilical coupler on service arm 4 was not latched securely in 
the retract position. Investigation is continuing to determine the exact 
nature and extent of this problem. 

The withdrawal time for the service arm 1 carrier was 6.14 seconds. Normal 
withdrawal time is about 4.2 seconds. This did not affect overall service 
arm 1 retract time enough to cause terminal countdown sequence cutoff. 
Total service arm 1 retract time to safe angle was 11.1 seconds, 0.6 
second greater than specification limit, but 2.69 seconds before service 
arm 2 retract command. (Failure to achieve service arm 1 safe angle. prior 
to time for service arm 2 retract at 16.2 seconds would cause cutoff.) 
The cause of the slow withdrawal has not been established. 

Detail ed i nformati on of ground equi pment performance, prob 1 ems encountered 
during launch preparations, and blast damage to the complex and equipment 
is given in Apollo/Saturn V Ground Systems Evaluation Report AS-503, 
Kennedy Space Center, February 10, 1969. 

Overall damage to the launch complex and support equipment was less than 
that occurred at AS-50l and AS-502 launch. Modifications incorporated to 
reduce blast damage below that experienced on the previous launches were 
effective. Ablative coating on the HDA and tail service masts provided 
adequate blast protection. The ablative coating was removed from HDA '1, 
possibly because of poor bonding. It is estimated that less than 50 
percent of the coating on the tail service masts needs replacement. 
Damage to the service arm systems were significantly less than on AS-501 
and AS-502. Although there were several service arm hydraulic leaks, no 
hydraulic fires occurred as on previous launches. The fire protection 
system in LUT Room 4A activated at liftoff and covered the RP-l and 
hydraulic equipment with dry chemical fire extinguishing powder. This 
also happened during AS-50l and AS-502 launches. 

In general, damage to the Marshall Space Flight Center (MSFC) furnished 
Ground Support Equipment (GSE) (mechanical and electrical) was minor. 
On LUT level 60, equipment storage rack damage was similar to that during 
previous launches. Again, welds were broken and door latching assemblies 
were torn off. On the LUT level 100, damage was characterized by broken 
welds, damaged door latches, and rack frames bowed out of shape. On 
level 120, welds and door latches were broken as occurred during previous 
launches. 
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SECTION 4 

TRAlJECTORY 

4.1 SUMMARY 

The actual traj ectory pa t"ameters of the AS-503 were close to nomi na 1 . 
The vehicle was launched on an azimuth of 90 degrees east of north. At 
12.11 seconds, the vehicle started a roll maneuver to a flight azimuth 
of 72.124 degrees east of north 

The space-fixed velocity at S-IC Outboard Engine Cutoff (OECO) was 
12.57 m/s· (41.24 ft/s) greater than nominal. At S-II Engine Cutoff (ECO) 
the space-fixed velocity was 10.58 m/s (34.71 ft/s) greater than nominal. 
At S-IVB first cutoff the space-fixed velocity was 0.44 m/s (1.44 ft/s) 
greater than nominal. The altitude at S-IVB first cutoff was 0.02 kilo­
meter (0.01 n mil lower than nominal and the surface range was 2.61 kilo­
meters (1.41 n mi) greater than nominal. 

The parking orbit insertion conditions were very close to nominal. The 
space-fixed velocity at insertion was 0.01 m/s (0.03 ft/s) less than 
nominal and the flight path angle was 0.001 degree greater than nominal. 
The eccentricity was 0.00001 greater than nominal. The apogee and perigee 
were 0.03 kilometer (0.02 n mil and 0.16 kilometer (0.09 n mil less 
than nominal, respectively. 

The translunar injection targeting parameters were also very close to 
nominal. The eccentricity was 0.00083 less than nominal, the inclination 
was 0.025 degree greater than nominal, the node was 0.043 "degree greater 
than nominal, and C3 was 49,631 m2/s 2 (534,224 ft2/s2)less than nominal. 
At translunar injection the total space-fixed velocity was 5.23 m/s 
(17.16 ft/s) less than nominal and the altitude was 3.62 kilometers 
(1.96 n mil higher than nominal. 

The actual surface range of the impact point for the S-IC stage, as de­
termined from a theoretical free-flight simulati~n, was within 8.34 kilo­
meters (4.50 n mil of the nominal. The free-flight trajectory indicated 
S-II stage impact of 111.80 kilometers (60.36 nmi) further downrange 
than the nominal impact point. 
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4.2 TRACKING DATA UTILIZATION 

4.2.1 Tracking During the Ascent Phase of Flight 

Tracking data were obtained during the period from the time of first motion 
through parking orbit insertion. 

The ascent trajectory was established by merging the launch phase trajec­
tory with the best estimate trajectory. The launch phase trajectory was 
established by integrating the telemet6red body-fixed accelerometer data, 
and verified by optical and Offset Frequency Doppler (ODOP) tracking data. 
The best estimate trajectory utilized telemetered guidance velocities as 
the generating parameters to fit data from ODOP and seven different C-Band 
tracking stations. These data points were fit through a guidance error 
model and constrained to the insertion vector obtained from the orbital 
so 1 ut-j on. Compari son of the ascent trajectory wi th data from a 11 the 
tracking systems yielded reasonable agreement. 

4.2.2 Tracking During Orbital Flight 

Table 4-1 presents a summary of the C-Band radar stations which furnished 
data for use in determi ni ng the orbi tal trajectory. There were also con­
siderable S-Band tracking data available during the orbital flight which 
were not used in determining the orbital trajectory due to the abundance 
of C-Band radar data. 

Table 4-1. Summary of AS-503 Orbital C-Band Tracking Data Available 

STATION TYPE OF RADARS REV 1 REV 2 POST TLI 

Bermuda FPS-16M X 

Tananarive FPS-16M X X 

Carnarvon FPQ-6 X X 

White Sands FPS-16M X 

Patrick FPQ-6 X 

Merritt Island TPQ-18 X 
Bermuda FPQ-6 X 

Vanguard Ship FPS-16M X 

Grand Turk TPQ-18 X 

Pretori a ~~PS-25M X 

Mercury Ship FPS-16M X 

Hawaii FPS-16M X 
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4.2.2 (Continued) 

The orbi ta 1 trajectory was obtai ned by integra ti ng corrected i nserti or't 
condi ti ons forward. The i nserti on cond; tions, as determi ned by the 
Orbital Correction Program (OCP), were obtained by a differential cor­
rection procedure which adjusted the estimated insertion conditions to 
fit the C-Band radar tracking data in accordance with the weights assigned 
to the data. After all the C-Band radar tracking data w~re an~lyzed. some 
stations and passes were eliminated completely from use in the determin~tion 
of the insertion conditions. 

4.2.3 Tra~king During the Injection Phase of Flight 
o 

C-Band radar data were obtained from Hawaii station during the period from 
S-IVB restart through translunar injection. 

The i njecti on trajectory was es tab 1 i shed by util i zi ng tel emetered gui dance 
velocities gs the generating parameters to fit the tracking data in a 
bes t es ti ma te sense. These data poi nts were fi t thr'ough a gui dance error 
model and initialized by the S-IVB restart vector obtained from the orbital 
so 1 uti on. Compari son of the ii njecti on trajectory wi th tracki ng data yi e 1 ded 
reasonable agreement. 

4.3 TRAJECTORY EVALUATION 

4.3.1 Ascent Trajectory 

Actual and nominal altitude, surface range, and cross range for the ascent 
phase are presented in Figure 4-1. The actual and nominal totai earth­
fixed velocities, and, the elevation angles (elevation of earth-fixed 
velocity vector from the local horizontal) of the velocity vectors are 
shown in Figure 4-2. Actual and nominal space-fixed velocity and flight 
path angle during ascent are shown in Figure 4-3. Comparisons of total 
inertial acc.eletations are shown in Figure 4-4. The maximum acceleration 
during S-IC burn according to the postflight trajectory was 3.96 g. The 
accuracy of the trajectory at S-IVB first cutoff is estimated to be 
±l.O mls (±3.3 ft/s)in velocity components and ±500 meters (t1640 ft) in 
~osition component~. 

Mach number and dynami c pressure are shown 'j n Fi gure 4;..5. These parameters 
were calculated using measured meteorol'ogical data to an altitude of 
89.75 kilometers (48.46 n mi). Above this altitude the measured data were 
merged into the U. s~ Standard Reference Atmosphere. 

Actua 1 and nomi na 1 values of parameters at s i gni fi cant trajectory event 
times, cutoff events, and separation events are shown in Tables 4-2, 4-3, 
and 4-4, respectively. 

The free-fH ght trajectori es .of the discarded S-IC and S-1 I stages were 
s'imulated using initial conditions from the final postflight trajectory. 
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Table 4-2. Comparison of Significant Trajectory Events 

EVENT PARAMETER ACTUAL NOMINAL· ACT-NOM . 
First Motion Range Time, sec 0.33 0.33 0.00 

Total Inertial Acceleration
i 

m/s2 11.41 11.40 0.01 
ft/s2) (37.43) (37.40) (0.03) 

Mach 1 Range Time, sec 61.48 60.58 0.90 
Altitude, km 7.35 7.38 -0.03 

(n mil (3.97) (3.98) (-0.01 ) 

Maximum Dynamic Pressure Range Time, sec 78.90 76.08 2.82 
Dynamic Pressure, N/cm2 3.720 3.562 0.158 

(lbf/ft2) (776.938) (743.939) (32.999) 
Altitude, km 13.43 12.77 0.66 

(n mil (7.25) (6.90) (0.35) 
, 

Maximum Total Inertial Range Time, sec 153.92 150.00 3.92 Acce 1 era ti on ~ S-IC Acceleration, m/s2 38.85 38.73 0.12 
( ft/s2) (127.46) (127.07) (0.39) 

S-II Range Time, sec 524.14 521.29 2.85 
Acceleration, m/s 2 .. 18.20 18.50 -0.30 

( ft/s2) (59.71) (60.70) (-0.99) 
S-IVB 1st Burn Range Time, sec 685.08 684~9 0.99 

Acceleration, m/s2 7.04 7.09 -0.05 
( ft/s2) (23.10) (23.26) (-0.16) 

S-IVB 2nd Burn P.dnge Time, sec 10,555.61 10,552.38 3.23 
Acceleration, m/s2 15.17 15.32 -0.15 

( ft/s2) (49.77) (50.26) (-0.49) 

Apex: S-IC Stage Range Time, sec 266.54 269.33 -2.79 
Altitude, km 119.81 125.94 -6.13 

(n mil (64.69) (68.00) (-3.31) 
Surface Range, km 325.39 329.15 -3.76 

(n mil (175.70) ! (177.92) (-2.22) 
S-II Stage Range Time, sec 560.34 543.33 17.01 

Altitude, km 193.00 193.49 -0.49 
, (n mil (104.21), (104.48) (-0.27) 

Surface Range, km 1729.88 1627.84 102.04 
(n mil 'lJ34.06) (878.96) (55.10) 

Maximum Earth-Fixed Range Time, sec 154.47 152.07 2.40 
Veloci ty: S-IC Velocity, m/s 2355.30 2346.10 9.12 

(ft/s) (7727.36) (7697.44) (29.92) 
S-II Kange Time, sec 524.90. 521.99 2.91 

Velocity, m/s 6421.~1 I 6411.35 10.22 
( ft/s) (21,068. '.4) (21,03'4.61 ) (33.53) 

S-IVB 1st Burn Range Time, sec 68:5.50 684.51 0.99 
Velocity, m/s 73e9.65 7388.97 0.68 

(ft/s) (24,244.26) (24,242.03) (2.23) 
S-IVB 2nd Burn Range Time, sec 10,556.00 10,552.79 3.21 

Velocity, m/s 10.417.68 10,422.51 -4.83 
(ft/s) (34,178.74) (34,194.59) (-15.85) 

, -

* The nominal tr;.jectory is based on the actual f1 ight azimuth 
of 72.12.4 degrees, 
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Table 4-3. Comparison of Cutoff Events 

ACTUAL NOMINAL ACT-NOM ACl WIL NOMINAL ACT-NOM 
PARAMETER 

S-IC IECO S-IC DECO (LVDC SENSED) 

Range Time, sec 125.93 125.92 0.01 153.82 151.37 2.45 

Altftude, km 41.48 43.43 -1.95 65.75 66.74 -0.99 
(n mil (22.40) (23.45) (-1.05) (35.50) (36.04) (-0.54) 

Surface Range. km 42.05 42.72 -0.68 89.46 85.95 3.51 
(n mf) (22.71) (23.07) (-0.36) (48.30) (46.41) (1.89) 

Space-Fixed Velocity, m/s 1893.96 1940.83 -46.87 2712.65 2700.08 . 12.57 
(ft/s) (62B.78) (6367.55) (-153.77) (8899.77) (8858.53) (41.24) 

Flight Path Angle, deg 24.527 25.417 0.110 20.699 21.819 -1.120 

Heading Angle, deg 76.572 76.391 0.181 75.387 75.414 -0.027 

Cross Range, km 0.49 0.06 0.43 0.62 0.15 0.47 
(n mil (0.26) (0.03) (0.23) (0.33) (0.08) (0.25) 

Cross Range Velocity, m/s 5.10 1. 79 3.31 4.94 5.22 -0.28 
(ft/s) (16.73) (5.87) (10.86) (16.21) (17.13) (-0.92) 

S-II ECO (LVDC SENSED) S-IV8 1ST ECO (VELOCITY CUTOFF) 

Range Time, sec 524.04 521.19 2.85 684.98 683.99 0.99 

Altitude, km 191.54 192.95 -1.41 191.36 191.38 -0.02 
(n m1) (103.42) (104.18) (-0.76) (103.33) (103.34) (-0.01) 

{Surface Range, km 1504.32 1490.39 13.93 2577.30 2574.69 2.61 
. (n mil (812.27) (804.75) (7.52) (1391.63) (1390.22) (1.41) 

Space-Fixed Velocity, m/s 6821.15 6810.57 10.58 7791.43 7790.99 0.44 
( ft/s) (22,379.10) (22,344.39) (34.71) (25,562.43) 25,560.99) (1.44) 

Flight Path Angle, deg 0.646 0.412 0.234 -0.001 -0.01)3 0.002 

Heading Angle, deg 81.777 81. 731 0.046 88.098 88.091 0.007 

Cross' Range, km 23.11 23.00 0.11 51 .08 57.60 -0.52 
(n mi) (12.48) (12.42) (0.06) (30.32) (31.10) ( -0.28) 

Cross Range Velocity, m/s 160.43 162.92 -2.49 265.72 266.69 -0.97 
(ft/s) (526.35) (534.51) ( -8.16) (871.78) (874.97) (-3.19) 

S-IVB 2nd ECO (VELOCITY CUTOFF) 

Range Time, sec 10,555.51 10,552.28 3.23 

Altitude, km 332.19 328.75 3.44 
(n mil (179.37) (177.51) ( 1.86) 

Space-Fixed Velocity, m/s 10,830.28 10,835.05 -4.77 
(ft/s) (35,532.41)- (35,548.06) (-15.65) 

Flight Path Angle, deg 7.445 7.341 0.104 

Heading Angle, deg 67.162 67.125 0.037 

Eccentri ci ty 0.97425 0.97497 -0.00072 

C3* m2/s 2 -1,556.426 . -1,513,447 -42,979 
( ft2/s2) -16,153,229) (-16,290.597) (-462.622) 

Inclination, deg 30.639 30.615 0.024 
Descendi ng Node, deg 38.988 38.946 0.042 

* C3 is twi ce the speci fic energy of orbit. 
C3 = V2 _ ~Il 

J 
Where: V = Inertial Vel~city 

Il = Gravitational constant 
R = Radius vector from center of earth 
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'TableI4-4. Comparison of Separation Events 

PARAMETER ACTUAL NOMINAL ACT-NOM 

S-IC/S-II SEPARATION 

Range Time. sec 154.47 152.07 2.40 

Altitude. km 66.37 67.45 -1.08 
(n mil (35.84) (36.42) (-0.58) 

Surface Range. km 90.84 87.42 3.42 
(n mil (49.05) (47.20) ( 1.85) 

Space-Fixed Velocity, m/s .. 2721.91 2709.66 12.25 
(ft/s) (8930.15) (8889.96) (40.19 ) 

Flight Path Angle, deg 20.605 21.720 -1.115 

Heading Angle, deg 75.384 75.410 -0.026 

Cross Range, km 0.62 0.15 0.47 
(n mil (0.33) (0.08) (0.25) 

Cross Range Velocity. m/s 5.04 5.33 -0.29 
(ft/s) (16.53) (17.49) (-0.96) 

Geodetic Latitude, deg N 28.852 28.847 0.005 

Longitude, deg E -79.717 -79.751 0.034 

S-II/S-IVB SEPARATION 

Range Time, sec 524.90 521.99 2.91 

A lti tude. km 191.61 192.99 -1.38 
(n mil (103.46) (104.21) (-0.75) 

Surface Range. km 1509.67 1495.36 14.31 
(n mil (815.16) (807.43) (7.73) 

Space-Fixed Velocity, m/s 6824.96 6814.89 10.07 
(ft/s) (22,391.60} (22,358.56) (33.04) 

Flight Path Angle, deg 0.636 0.404 0.232 

Heading Angle. deg 81.807 81.759 0.048 

Cross Range, km 23.24 23.13 0.11 
. (n mi) (12.55) (12.49) (0.06) ' .. , 

Cross Range Velocity, m/s 160.89 163.38 -2.49 
(ft/s) (527.85) (536.02) (-8.17) 

Geodetic Latitude, deg N 31. 728 31<707 0.021 

Longitude, deg E -65.334 -65.482 0.148 

S-IVB/SPACECRAFT SEPARATION 

Range Time, sec 12,056.3 12,052.48 3.82 

Altitude, km 7017 .31 7005.74 11.57 
(n mi) (3789.04) (3782.80) (6.24:) 

Space-Fixed Velocity, rn/s 7617.07 7624.36 -7.29 
(ft/s) (24.990.40) (25,014.30) (-23.90) 

Flight Path Angle, deg 45.076 45.051 0.025 

Heading Angle, deg 107.090 107.071 0.019 

Geodetic Latitude, deg N 25.884 25.866 0.018 

Longitude. deg E -66.293 -66.342 0.049 
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Range Time. sec 154.47 152.07 2.40 
Altitude. km 66.37 67.45 -1.08 

(n mil (35.84) (36.42) (-0.58) 
Surface Range. km 90.84 87.42 3.42 

(n mil (49.05) (47.20) ( 1.85) 
Space-Fixed Velocity, m/s .. 2721.91 2709.66 12.25 

(ft/s) (8930.15) (8889.96) (40.19 ) 
Flight Path Angle, deg 20.605 21.720 -1.115 

Heading Angle, deg 75.384 75.410 -0.026 
Cross Range, km 0.62 0.15 0.47 

(n mil (0.33) (0.08) (0.25) 
Cross Range Velocity. m/s 5.04 5.33 -0.29 

(ft/s) (16.53) (17.49) (-0.96) 

Geodetic Latitude, deg N 28.852 28.847 0.005 

Longitude, deg E -79.717 -79.751 0.034 

S-II/S-IVB SEPARATION 

Range Time, sec 524.90 521.99 2.91 

A lti tude. km 191.61 192.99 -1.38 
(n mil (103.46) (104.21) (-0.75) 

Surface Range. km 1509.67 1495.36 14.31 
(n mil (815.16) (807.43) (7.73) 

Space-Fixed Velocity, m/s 6824.96 6814.89 10.07 
(ft/s) (22,391.60} (22,358.56) (33.04) 

Flight Path Angle, deg 0.636 0.404 0.232 

Heading Angle. deg 81.807 81.759 0.048 

Cross Range, km 23.24 23.13 0.11 
. (n mi) (12.55) (12.49) (0.06) ' .. , 

Cross Range Velocity, m/s 160.89 163.38 -2.49 
(ft/s) (527.85) (536.02) (-8.17) 

Geodetic Latitude, deg N 31.728 31<707 0.021 

Longitude, deg E -65.334 -65.482 0.148 

S-IVB/SPACECRAFT SEPARATION 

Range Time, sec 12,056.3 12,052.48 3.82 

Altitude, km 7017 .31 7005.74 11.57 
(n mi) (3789.04) (3782.80) (6.24:) 

Space-Fixed Velocity, m/s 7617.07 7624.36 -7.29 
(ft/s) (24.990.40) (25,014.30) (-23.90) 

Flight Path Angle, deg 45.076 45.051 0.025 

Heading Angle, deg 107.090 107.071 0.019 

Geodetic Latitude, deg N 25.884 25.866 0.018 

Longitude. deg E -66.293 -66.342 0.049 
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Figure 4-1. Ascent Trajectory Position Comparison 

The simulation was based upon the separation impulses for both stages and 
nominal tumbling drag coefficients. No tracking data were available for 
verification. Table 4-2 presents a comparison of free-flight parameters 
to nominal at apex for the S-IC and S-II stages. Table 4-5 presents a 
comparison of free-flight parameters to nominal at impact for the S-IC 
and S-II stages. 

4.3.2 Parking Orbit Trajectory 

The acceleration due to venting during parking orbit is presented in 
Figure 4-6. These accelerations were obtained by differentiating the 
telemetered guidance velocity data and removing accelerometer biases and 
the effects of drag. 

A family of values for the insertion parameters was obtained depending 
upon the combination of data used and the weights applied to the data. 
The solutions that were considered reasonable had a spread of about' 
±500 meters (t1640 ft) in position components and ±l.O m/s (±3.3. ft/s) 
in velocity components. The actual and nominal parking orbit insertion 
parameters are presented in Table 4-6. The ground track from·parking 
orbit insertion to S-IV~/spacecraft separation is given in Figure 4-7. 
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The simulation was based upon the separation impulses for both stages and 
nominal tumbling drag coefficients. No tracking data were available for 
verification. Table 4-2 presents a comparison of free-flight parameters 
to nominal at apex for the S-IC and S-II stages. Table 4-5 presents a 
comparison of free-flight parameters to nominal at impact for the S-IC 
and S-II stages. 

4.3.2 Parking Orbit Trajectory 

The acceleration due to venting during parking orbit is presented in 
Figure 4-6. These accelerations were obtained by differentiating the 
tel emetered gui dance ve loci ty data and removi, ng accel erometer bi ases and 
the effects of drag. 

A family of values for the insertion parameters was obtained depending 
upon the combination of data used and the weights applied to the data. 
The solutions that were considered reasonable had a spread of about' 
±500 meters (t1640 ft) in position components and ±l.O m/s (±3.3. ft/s) 
in velocity components. The actual and nominal parking orbit insertion 
parameters are presented in Table 4-6. The ground track from·parking 
orbit insertion to S-IV~/spacecraft separation is given in Figure 4-7. 
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Figure 4-2. Ascent Trajectory Earth-Fixed Velocity Comparison 

4.3.3 Injection Trajectory 

Comparisons between the actual and nominal total space-fixed velocity and 
flight path angle are shown in Figure 4-8. The actual and nominal total 
inertial acceleration comparisons are presented in Figure 4-9. Throughout 
the injection phase of flight, the space-fixed velocity, flight path ar:gle, 
and total inertial acceleration were slightly less than nominal. 

The trajectory and targeting parameters at S-IVB second cutoff and trans­
lunar injection are presented in Tables 4-3 and 4-7, respectively. 
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Figure 4-2. Ascent Trajectory Earth-Fixed Velocity Comparison 

4.3.3 Injection Trajectory 

Comparisons between the actual and nominal total space-fixed velocity and 
flight path angle are shown in Figure 4-8. The actual and nominal total 
inertial acceleration comparisons are presented in Figure 4-9. Throughout 
the injection phase of flight, the space-fixed velocity, flight path ar:gle, 
and total inertial acceleration were slightly less than nominal. 

The trajectory and targeting parameters at S-IVB second cutoff and trans­
lunar injection are presented in Tables 4-3 and 4-7, respectively. 
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4.3.4 Post TLI Trajectory 

The pos t Trans 1 unar I njecti on (TL I) trajectory s pans the ti me i nterva 1 
from TLl to S-lVB/spacecraft separation. The pos~ TLl trajectory was ob­
tained by integrating the translunar injection conditions, derived from 
the injection trajectory solution, to S-IVB/spacecraft separation. A com­
parison of S-lVB/spacecraft separation conditions is presented in Table 4-4. 

4.3.5 S-lVB/lU Post Separation Trajectory 

The S-lVB/lU was placed in a lunar slingshot trajectoG~lose to nominal. 
This was accomplished by a combination of a continuouslH2 vent, a LOX 
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4.3.4 Post TLI Trajectory 

The post Transl unar Injection (TLI) trajectory spans the time interval 
from TLI to S-IVB/spacecraft separation. The pos~ TLI trajectory was ob­
tained by integrating the translunar injection conditions, derived from 
the injection trajectory solution, to S-IVB/spacecraft separation. A com­
parison of S-IVB/spacecraft separation conditions is presented in Table 4-4. 

4.3.5 S-IVB/IU Post Separation Trajectory 

The S-IVB/IU was placed in a lunar slingshot trajecto~;~lose to nominal. 
Th is was accompl i shed by a comb; nati on of a conti nuous'LH2 vent, a LOX 
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Figure 4-4. Ascent Trajectory Acceleration Comparison 

dump and APS ullage burn. A time history of the longitudinal velocity 
increments of the slingshot maneuver is presented in Figure 4-10. Table 4-8 
presents the velocity increments compared with nominal. The purpose of this 
maneuver was to slow down the S-IVB/IU to make it pass by the trailing 
edge of the moon and obtain sufficient energy to continue to a solar orbit. 
Figure 4-11 presents the resultant conditions for various velocity increments 
at the attitude of the vehicle for the maneuver. The nominal and the 3a 
band about the nominal are included. 

The S-IVB/IU closest approach of 1262 kilometers (682 n mil above the lunar 
surface occurred at 69.982 hours into the mission. This point was at 
19.2 degrees north latitude and 88.0 degrees east longitude! The path of 
the S-IVB/IU was inclined 44.56 degrees to the lunar equatorial plane. 
The trajectory parameters were obtained by integrating forwarrl a vector 
which was obtained from CCS tracking data during the active lifetime of 
the S-IVB/IU. The actual and nominal conditions ~t closest approach are 
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dump and APS ullage burn. A time history of the longitudinal velocity 
increments of the slingshot maneuver is presented in Figure 4-10. Table 4-8 
presents the velocity increments compared with nominal. The purpose of this 
maneuver was to slow down the S-IVB/IU to make it pass by the trailing 
edge of the moon and obtain sufficient energy to continue to a solar orbit. 
Figure 4-11 presents the resultant conditions for various velocity increments 
at the attitude of the vehicle for the maneuver. The nominal and the 3a 
band about the nominal are included. 

The S-IVB/IU closest approach of 1262 kilometers (682 n mil above the lunar 
surface occurred at 69.982 hours into the mission. This point was at 
19.2 degrees north latitude and 88.0 degrees east longitude! The path of 
the S-IVB/IU was inclined 44.56 degrees to the lunar equatorial plane. 
The trajectory parameters were obtained by integrating forwarrl a vector 
which was obtained from CCS tracking data during the active lifetime of 
the S-IVB/IU. The actual and nominal conditions ~t closest approach are 

" 
4-10 

f; 
j. 

L ,. 
ii 
1) 
k 

~ 
F 

t~ 
r 
;.T 

~.; 
ro , 

r 
;\ , 
l 
l~ 
~ .. 

r .' 
r;: 
~t 
{,: 
r ,-
t-· 



~ 
I 

~.' . 

4.0 16 

-
/: ~ 

DYNAMIC PRESSURE i) ~\ 
'3.5 14 

I \\ -ACTUAL 

~ \ - --NOMINAL 
\1\ 

3.0 12 

IJ \\ 
.7 \\ 

W '\ 
I) \, It! \ 

N 
E 
u 

10 "- 2.5 z 
., 

L..LJ c::: 
c::: L..LJ 
::J a:l 
V) 

2.0 ::E: 
8 V) ::J 

L..LJ • z c::: 
0.. :J: 

,I ~\ ;;; 
I \\ / 

U 
U ct: - ::E: 
::E: 1.5 6 ct: z 
>-
0 

.? 
\~ ~ \ -'l 

/ / [ 
1.0 4 

If MACH NUMBER / \\ 
) ./ \ 

I / -" 
/ '~ . , 

0.5 2 

~ ~ ~ r-.~ 
~ ~ 

"'::: o o 
o 20 40 60 80 100 120 140 160 

~ RANGE TIME, SECONDS 

Figure 4-5. Dynamic Pressure and Mach'Number Versus Range Time 

presented in Table 4-9. The velocity of the S-IVB/IU relative to the earth 
is presented in Figure 4-12. This vividly illustrates how the influence 
of the moon imparted energy to the S-IVB/IU. Figure 4-13 presents the 
relative positions of the spacecr.aft and the S-IVB/IU in the vicinity of 
the moon. 

Some of the heliocentric orbit parameters of the S-IVB/IU are presented in 
Table 4-10. Similar parameters for the earth's orbit are also presented 
for comparison. 
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Figure 4-5. Dynamic Pressure and Mach· Number Versus Range Time 

presented in Table 4-9. The velocity of the S-IVB/IU relative to the earth 
is presented in Figure 4-12. This vividly illustrates how the influence 
of the moon imparted energy to the S-IVB/IU. Figure 4-13 presents the 
relative positions of the spacecr,aft and the S-IVB/IU in the vicinity of 
the moon. 

Some of the heliocentric orbit parameters of the S-IVB/IU are presented in 
Table 4-10. Similar parameters for the earth's orbit are also presented 
for comparison. 
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Table 4-5. Stage Impact Location 

PARAMETER ACTUAL NOMINAL 

S-IC STAGE IMPACT 

Range Time, sec 540.41 546.55 

Surface Range, km 654.61 662.95 
(n mi) (353.46) (357.96) 

Cross Range, km 7. 13 7.08 
(n mil (3.85) (3.82) 

Geodetic Latitude, deg N 30.204 30.223 

Longitude, deg E -74.109 -74.027 

S-II STAGE IMPACT 

Range Time, sec 1165.11 1147.13 
, 

Surface Range, km 4159.43 4047.63 
(n mi) (2245.91) (2185.55) , 

Cross Range, km 128.62 124.51 
(n mil (69.45) (67.23) 

Geodetic Latitude, deg N 31.834 I 31.955 

Longitude, deg E -37.277 -38.453 

ACT-NOM 

-6. 14 

-8.34 
(-4.50) 

0.05 
(0.03) 

-0.019 

-0.082 

17.98 

111 .80 
(60.36) 

4. 11 
(2.22) 

-0. 121 

1 . 176 

, 
j 

" i 
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Table 4-5. Stage Impact Location 

PARAMETER ACTUAL NOMINAL ACT-NOM 

S-IC STAGE IMPACT 

Range Time, sec 540.41 546.55 -6. 14 

Surface Range, km 654.61 662.95 -8.34 
(n mi) (353.46) (357.96) (-4.50) 

Cross Range, km 7. 13 7.08 0.05 
(n mil (3.85) (3.82) (0.03) 

Geodetic Latitude, deg N 30.204 30.223 -0.019 

Longitude, deg E -74.109 -74.027 -0.082 

S-II STAGE IMPACT 

Range Time, sec 1165.11 1147.13 17.98 
, 

Surface Range, km 4159.43 4047.63 111 .80 
(n mi) (2245.91) (2185.55) (60.36) , 

Cross Range, km 128.62 124.51 4. 11 
(n mil (69.45) (67.23) (2.22) 

Geodetic Latitude, deg N 31.834 I 31.955 -0. 121 

Longitude, deg E -37.277 -38.453 1 . 176 
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Table 4-6. Parking Orbit Insertion Conditions 

TOLERANCES*'" 

PARAMETER ACTUAL NOMINAL ACT-NOM -3 SIGMA +3 SIGMA 

Range Time, sec 694.98 693.99 0.99 -11.61 "'H.96 

Space-Fixed Velocity, m/s 1792.84 7792.85 -0.01 -1.38 +1.38 
(ft/s) (25,567.06) (25,567.09) (-0.03) (-4.53) (+4.53) 

Flight Path Angle, deg 0.0006 -0.0005 0.0011 -0.0159 +0.0159 

Heading Angle, deg 88.5319 88.5247 0.0072 -0.3231 +0.3869 

Inclination, deg 32.509 32.503 0.006 -0.010 +0.010 

De$cending Node, deg 42.415 42.397 0.018 -0.038 +0.038 

Eccentri ci ty 0.00006 0.00005 0.00001 -0.00032 +0.00032 

Apogee*, km 185.18 185.21 -0.03 -1.5 +1.5 
(n mi) (99.99) (100.01 ) (-0.02) (-0.8) (+0.8) 

Perigee*, km 184.41 184.57 -0.16 -3.4 +3.5 
(n mi) (99.57) (99.66) (-0.09) (-1.8) (+1.9) 

Period, min 88.19 88.19 O.Ou 

Geodetic Latitude, deg N . 32.649 32.643 0.006 -0.018 +0.019 

Longitude, deg E -53.292 -53.320 0.028 -0.554 +0.662 

Altitude, km 191. 36 191.39 -0.03 -0.72 +0.72 
(n mi) (103.33) (103.34) ( -0.01) (-0.39) (+0.39) 

* 8ased on a spherical earth of radius 6378.165 km (3443.934 n mi). 
** These do not i ncl ude eva luati on i naccul'aci es. 

Table 4-7. Translunar Injection Conditions 

PARAMETER ACTUAL NOI'IINAL ACT-NOM 

Range Ti me, seconds 10,565.51 10,562.28 3.23 

Space-Fixed Velocity, m/s 10,822.05 10,827.28 -5.23 
(ft/s) (35,505.41) (35,522.57) (-17.16) 

Altitude, km '" 346.73 343.11 3.62 
(n mil (187.22) (185.26) ( 1.96) 

Flight Path Angle, deg 7.897 7.19"4 0.103 

Heading Angle, deg 67.494 67.456 0.038 

Eccentricity 0.97553 0.97636 -0.00083 

C, m2Ls2 -1,478,917 -1,429,286 -49,631 
3 (ft2/s2) -15 ,918, 9 ~:() ) (-15,384,706) (-534,224) 

Inclination, deg 30.636 30.611 0.025 

Descending Node, deg 38.983 38.940 0.043 
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Table 4-8. Comparison of Slingshot Maneuver 

PARAMETER ACTUAL NOMINAL TOLERANCES' 
-3 SIGMA +3 SIGMA 

Velocity Increment, m/s 41.9 37.0 -10.5 +14.5. 
(~ft/s ) (137.5) (121'04) (-34.4) (+47.6) 

Misc. (LH2 and Guidance 
2.1 1.1 -8.8 +13.3 . Hardware Error), m/s . 

(ft/s) (6.9) (3.6) (-28.9) (+43.6) 

LOX Dump, m/s 20.4 18.0 -4.9 +5.5 
(ft/s) (66.9) (59,n (-16.1) (+18.0) 

APS Ullage Burn, ~/s 19.4 17.9 -3.0 '+1.4 
(ft/s) (63.~i) (58.7) (-9.8) (+4:6) 

APS Ullage Burn Time 

Engine No. 1, sec 758.2 714 -114 +64 

Engine No. 2, sec 732.5 714 -114 +64 

Table 4-9. Lunar Closest Approach Parameters 

PARAMETER ACTUAL NOMINAL 

t" 
i"" 

Lunar Radius of Closest 
Approach, km 3000 2139 

(n mi) (1620 ) (1155 ) 

Altitude above Lunar 
Surface, km 1262 401 

(n mi) (682) ( 217) 

Time from Launch, hr 69.982 69.964 

Velocity Increase Relative 
to Earth from Lunar km/s 1.46 1.84 
Influence, (n mils) (0.79) (0.99) 
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Table 4-10. Heliocentric Orbit Parameters 

PARAMETER S-IVB/IU EARTH 

Semi-Major Axis, km 1.4284 x 108 1.4900 x 108 
(n mi) (0.7713 x 108) (0.8045 x 108) 

Aphelion, km 1 .4774 x 108 1.5115 x 108 
(n mi) (0.7977 x 108) (0.8161 x 108) 

Perihelion, km 1.3795 x 108 1 .4684 x 108 
(n mi) (0.7449 x 108) (0.7929 x 108) 

Inclination, deg 23.47 23.44 

Peri od, days 340.8 365.25 . 
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5.1 SUMMARY 

SECTION 5 

S-IC PROPULSION 

The S-IC propulsion system was equipped with a new subsystem to suppress 
oscillations similar to those experienced during the 110 to 140-second 
period of A~-50~ flight. This subsystem perTorme~ as expected. 

All S-IC propulsion systems performed satisfactorily. In general, all 
flight performance data~ as determined from the propulsion reconstruction 
analysis, were close to the nominal predictions. At the 35 to 38-second 
time slice, average engine thrust reduced to standard pump inlet conditions 
was 0.73 percent lower than predicted. Average reduced specific impulse 
was O. 11 percent lower than predi cted, and reduced prope 11 ant cons umpti c·n 
rate was 0.67 percent less than predicted. 

Inboard engine cutoff, as indicated by engine No. 5 cutoff solenoid 
activation signal, occurred ·0.03 second later than predicted. Outboard 
engine cutoff, as indicated by outboard engines No.1, 2, 3, and 4 
cutoff solenoid activation signals occurred 2.42 seconds later than 
predicted. An outboard engine LOX low level cutoff was predicted, but a 
combination of propellant loading errors and, to a lesser extent, a fuel­
rich mixture ratio resulted in a fuel low level initiated cutoff. The 
usable LOX residual at Outboard Engine Cutoff (OECO) was 3018 kilograms 
(6653 lbm) compared to the usable zero predicted, and the usable fuel 
residual was zer6 compared to the usable 2419 kilograms (5333 lbm) 
predicted. 

5.2 S-IC IGNITION TRANSIENT PERFORMANCE 

The fuel pump inlet preignition pressure and temperature were 30.3 N/cm2 
(44.0 psia) and 272.6°K (3l.0°F), respectively. These fuel pump inlet 
conditions were within the F-l engine model specification limits (start 
box requirements) as shown in Figure 5-1. The preignition temperature 
at the fuel pump ·inlet was consi.derably lower than the fuel bulk 
temperature of 288°K (59°F) due to the cooling effect of the LOX in the 
suction lines and engine. The LOX pump inlet preignition pressure and 
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The fuel pump inlet preignition pressure and temperature were 30.3 N/cm2 
(44.0 psia) and 272.6°K (3l.0°F), respectively. These fuel pump inlet 
conditions were within the F-l engine model specification limits (start 
box requirements) as shown in Figure 5-1. The preignition temperature 
at the fuel pump ·inlet was consi.derably lower than the fuel bulk 
temperature of 288°K (59°F) due to the cooling effect of the LOX in the 
suction lines and engine. The LOX pump inlet preignition pressure and 
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temperature were 56.9 N/cm2 (82.5 psia) and 96.2°K (-286.5°F), respective1v. 
The LOX.pump inlet conditions were also within the F-1 engine model 
specification limits as shown in Figure 5-1. 

The engine startup sequence was nonna1. A 1-2-2 start was planned and 
attained. Engine position starting order was 5, 3-1, 2-4. Two engines 
are considered to start together if their combustion chamber pressures 
reach 69 N/cm2 (100 psig) within 100 mi11iseconds of each other. All 
engines started an average of 125 milliseconds slower than predicted. 
Figure 5-2 shows the thrust buildup of each engine, indicating the success­
ful 1-2-2 start. The shift in thrust buildup near the 4,893,044 Newton 
(1,100,000 1bf) thrust level on the outboard engines was caused primarily 
by a combination ingestion of Gaseous Oxygen (GOX) and helium from the LOX 
preva1ves which are used as helium filled accumulators for POGO suppression. 
The thrust shift is absent on the inboard engine for which the POGO 
suppression system was rendered inoperative prior to flight. Major events 
during the engine startup sequence are listed in Table 5-1. The best 
estimate of propellants consumed between ignition and holddown arms 
release was 40,520 kilograms (89,332 lbm). These consumptions are more 
than the predicted consumption of 38,985 kilograms (85,949 lbm). The 
higher than predicted consumption during ho1ddown resulted in best estimate 
1 i ftoff propellant loads of 1 ,386,971 ki 1 ograms (3,057 ,349 1 bm) for LOX 
and 605,355 kilograms (1,338,987 lbm) for fuel. 

'5.3 S-IC MAIN STAGE PERFORMANCE 

Two analytical techniques were employed in evaluating S-IC stage propulsion 
!system performance. The primary method, propul s i on reconstructi on ana 1ys is, 
luti1~z~d ~elemetered engine and stage data to compute longitudinal t~rust, 
,speclf1c lmpulse~ and stage mass flowrate. In the second method, f11ght 
'simulation~ a six-degree-of-freedom trajectory simulation was utilized to 
fit prop~lsion and aerodynamic (drag and base pressure profiles) recon­
struction analysis results to the trajectory. Using a differential 
correction procedure, this simulation determined adjustments to the recon-
lstruction analysis of thrust and mass flow histories to yield a simulated 
itrajectory which closely matched the observed postflight trajectory. 

S-IC stage propulsion perfonnance, as determined by reconstruction, was 
completely satisfactory. Performance parameters and the nominal predic­
tions are shown in Figure 5-3 .. All performance parameters were within the 
predicted values ± 3 sigma ceviations. Average engine thrust, reduced to 
standard pump inlet conditions, at a 35 to 38-second time slice was 0.73 
percent lower than predicted, as shown in Table 5-2. Individual engine 
deviations from predicted thr"ust ranged from 1.44 percent lower (engine 
No.4) to 0.39 percent lower (engine No.3). Average reduced engine 
specific impulse \lIas 0.11 percent lower than predicted. Individual engine 
Ideviations from predicted specific impulse ranged from 0.18 percent lower 
(engine No.4) to 0.07 percent lower (engines No.2 and No.3). 
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predicted values ± 3 sigma ceviations. Average engine thrust, reduced to 
standard pump inlet conditions, at a 35 to 38-second time slice was 0.73 
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Table 5-1. S-IC Stage Engine Startup Event Times 

RANGE TIME, SECONDS 
~ 

EVENT ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 

Start Solenoid Energized -5.817 -5.765 -6.235 -5.927 
MLV 1 Starts Open -5.669 . -5.601 -6.083 -5.773 

2 Starts Open -5.669 -5.605 -6.089 -5.785 
Thrust Chamber Ignition -2.975 -2.615 -3.035 -2.525 
MFV 1 Starts Open -2.817 -2.459 -2.877 -2.401 

2 Starts Open -2.821 -2.447 .;.2.879 -2.397 
Final Thrust OK -1 .831 -1.427 -1.803 -1.387 
All Engines Running -1.381 
Launch COlTlllit 0.019 

5-4 

t 

1.50 

1.25 

1.00 4-

.c 

.-
\0 o 

. 
0.75 t; 

0.50 

0.25 

o 

ENGINE 5 

-6.585 
-6.439 
-6.42.1 
-3.315 
-3.161 
-3.155 
-2.201 

::l 
c:: 
:I: 
I-

., 
j 
1 , 

7. 0 
"- .-. -

/ 
~ 
~ -II t?'" 

0 # 

/ I 0 / ENGINE 5 
0 F4027 ~ r.1 / 

rv 

I/! I V-- ENGINE 2 
0 F4022 

/ f / / 0 I 

-L II V-
II ENGINE 4 

~ 
F4026 

ENGINE 3 
F4025 

IJ U- ENGINE 1 
F4024 

~#' V [I 
U .-.'1 

6. 

5. 

z: 4. lO 
0 

. 
l-
V) 

:::> 
3. c:: 

:I: 
I-

2.0 

1.0 

o 
~ .5 -4.0 - .5 -3.0 -1.5 -2.0 - .5 -1.0 -0.5 

RANGE TIME. SECONDS 

Figure 5-2. S-IC·Engine Buildup Transient 

Table 5-1. S-IC Stage Engine Startup Event Times 

RANGE TIME, SECONDS 
~ 

EVENT ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 

Start Solenoid Energized -5.817 -5.765 -6.235 -5.927 
MLV 1 Starts Open -5.669 . -5.601 -6.083 -5.773 

2 Starts Open -5.669 -5.605 -6.089 -5.785 
Thrust Chamber Ignition -2.975 -2.615 -3.035 -2.525 
MFV 1 Starts Open -2.817 -2.459 -2.877 -2.401 

2 Starts Open -2.821 -2.447 .;.2.879 -2.397 
Final Thrust OK -1 .831 -1.427 -1.803 -1.387 
All Engines Running -1.381 
Launch COJTll1it 0.019 

5-4 

1.50 

1.25 

1.00 4-

0.50 

0.25 

o 

ENGINE 5 

-6.585 
-6.439 
-6.42.1 
-3.315 
-3.161 
-3.155 
-2.201 

.c 

.-
lO o 



.. 

01 
I 

<.TI 

.Jr-

.'.~~ . ~,:;"-, - . "'Y -~ ~- '''''''---:~., 

Q 

~ 
'" ex: ;;; 
. "" 
i: 
...J 
UJ 
::> 
"-;;;, 
o 
...J 

40 

z 

'" 38 
0 

..: 
Vl 
::> 

'" X ..... 36 .... 
'" ~ 
Vl 

...J 

"'" .... 34 0 .... 

32 

30 

2.4 4 

2.4 ) 

2.3 ; 

2.3 ! 

: 2.28 

2.24 

2.20 
-20 

... 
1--1-- I ....-

,,-
V ~ ,,-

PREDICTE1\ v/ ~/ 
./ V 

/ V 
/~ V< 

~ 'RECONSTRUCTED 

V V 
,,-

;..::::.;: ~ V 

f--

J PREDICTED r--- -" I 
I 1--') .... - 1-1" 

!---t-

-- - H -- ----
~ f----- V V rf.-" -f-- - ~ :..--I--

I"- RECONSTRUCTED 

_'il[ 
20 40 50 9, 100 120 140 

RAIIGE TIME. SECO'IDS 

Figure 5-3. 

."r,-...,..._,..tt"f!'~-·~~-:'--7~;·~·-:""r:'-I~'7:;:V;·~-:--:--:~»·"'7: ~;:~;:: '-l:':~.:-,,-,··:t~~iiM"t--:-;:::;;::~··-:::7---'~'·-;<---:~-:-·.~;~;-:':"~~.i":;-;;;:~ ' • 

.. 

....... 

-

W.S-IC IECD. 125.93 
W S-IC DECO, 153.82 

9.0 

u. 

'" ...J 

8.5 'g 

..: 
Vl 
::> 

'" 8.2 :I: .... 
UJ 

'" "'" .... 
Vl 

...J 
7.8 « .... g, 

7.4 

I 
I 7.0 
I 
• 

I 

! 

'" ..... 

1.5 

1.4 

~1.3 
'b 

UJ 

~ 
5 . 2 ii I . 

g 
..... 

"" ~ ..... 
'" . z 

1. 

1.0 

~100 

3000 

.'''; 2900 
J) 

...J 
:::> 
!l. 

'" 
u u: 2800 
u 
UJ 
<>­
Vl 

w 

'" ~ 2700 
Vl 

I 

2600 t-- ' 

W 
151} I 2500 

·2n '1 

PREDICTED F '- i 

~ ..... - - 'I -- _. f-' ",. 
_. 

/-./ 
I RECONSTRUCTED ----" 

". 
I I 

I RECONSTRUCTED r-----
'\ 

~ 
r:-"_- ,- Ii 

L 
/' 

PR :l I TEO f-/ 
1 

V 

V . 

I I . 

~ 
7 

be 

~ 
',.:::'/ 

W 

20 41) EIJ elJ 1~0 120 
Pfl'Ir.F' Ti:'E. ~ECO~105 

S-IC Steady State Operation 

-~ 

3.2 
I 
i 

3.J 

'" ';? 
.c -2.8 

<r 

~ 

..; ..... 
;ii 

,2.5 ;;: 

:l 
"-

-- -- 2.4 

-

2.2 

310 

.5 
.- '- f 

31JO 
... 
"" 
..; 
Vl .... 
:::> 
0-

290 '" 
w 

'-' 
; 

I 

w 

280 
0-

'" .... 
.;) 
« ..... 
-~ 

270 

260 

~ 

1411 150 

~ .. j, 

01 
I 

<.TI 

40 

z 

'" 38 
0 

..: 
Vl 
::> 

'" X 
36 ..... 

w 
'" ~ 
Vl 

....I 

"" ..... 34 0 ..... 

32 

30 

2.4 4 

2.4 I) 

2.24 

2.20 
-20 

... -- f-- I ....-
,,-
V ---,,-

PREDICTE

1
) 

1/ // V 
/ V 

/ ;< 
~ RECONSTRUCTED /L 

V V 
,,-

~ ~ V 

--
\-

! l PREDICTED ~ --- I 
I ---~ ,.,.- I ,;-- ;-.-

--- -1 --- ---- --f---- f-- ....- ~V-

- i---f---~ 

" r--- RECONSTRUCTED 

W 
20 40 50 sn 100 120 140 

RAIIGE TIME. SECO'IDS 

Figure 5-3. 

W.S-IC IECD. 125.93 
W S-IC DECO, 153.82 

1.5 

9.0 

1.4 
u. 

'" ....I 

8.5 '" 0 

...: '" ..... 
Vl en 
::> '" 1.3 
'" 8.2 :I: <1-..... ~ 
u.J 

'" uS "" ..... 
~ Vl 

7.8 
....I ;;: 
« 0 1.2 ..... ....I 
0 U. ..... ' 

....I « ..... 
0 ..... 

7.4 

1.1 

I 
I 7.0 

I , 
1.0 

~100 

3000 

"" '" ..... 
'" . z 

.' W 2900 
.n 
....I 
:::> 
!l. 

'" 
U u: 2800 
U 
UJ 
<>-
Vl 

~ 2700 
Vl 

I 

2600 I-- ' 

VI 
151} 2500 

PREDICTED }-
~-~ 

""'" - -
-l- f- ,.;/ 

I RECONSTRUCTED ;---~ 

". 
I I 

I RECONSTRUCTED --... 
"-

~ --
/ V 

PRE:lICTEO 

'" / 

V 
V I , 

/ 
7 

~ 

~ 
-::f'/ 

20 41) EIJ elJ 
Pfl'Ir.F' Ti:'E. ~ECO~105 

S-IC Steady State Operation 

3.2 

I 

- 'I 3.J 

.,. 
';? 
.c -2.8 

<1-

~ 

.~ 
;ii 

2.6 ;;: 

:l 
u. 

-- -- 2.4 

2.2 

310 

.5 

-;- -- -- f 
31JO 

... 
"" 

LJ w 
Vl .... 
:::> 
0-

290 '" - w 

"" ; w 

280 
0-

'" .... 
..;) 

« ..... 
-~ 

270 

260 

W ~ 

120 1411 150 



Table 5-2. S-IC Engine Pe'rformance Deviations 

PARAMETER ENGINE PREDICTED RECONSTRUCTED 
DEVIATION AVERAGE 

PERCENT DEVIATION 
PERCENT 

Thrust 
103 N (103 1 bf) 1 6787 (1526) 6752 (1518) -0.52 

2 6731 (1513) 6695 (1505) -0.53 
3 6816 (1532) 6788 (1526) -0.39 
4 6808 (1530) 6708 (1508) -1.44 
5 6762 (1520) 6690 (1504) -0.77 -0.73 

Specific Impulse 1 2587 (263.8) 2584 (263.5) -0.11 
N-s/kg 2 2580 (263.1) 2578 (262.9) -0.07 
(lbf-s/lbm) 3 2594 (264.5) 2592 (264.3) -0.07 

4 2592 (264.3) 2587 (263.8) -0.18 
5 2605 (265.6) 2601 (265.2) -0.15 -0.11 

Total F10wrate 1 2624 (5785) 2613 (5761) -0.41 
kg/s 2 2609 (5751) 2597 (5725) -0.45 
(lbm/s) 3 2628 (5794) 2619 (5774) -0.34 

4 2626 (5790) 2593 (5716) -1 .27 
5 2596 (5724) 2572. (5671) -0.92 -0.67 

Mixture Ratio 1 2.239 2.227 -0.53 
LOX/Fuel 2 2.266 2.254 -0.10 

3 2.278 2.265 -0.57 
4 2.288 2.275 -0.56 
5 2.274 2.262 -0.52 -0.45 

Note: Analysis was reduced to standard sea level conditions (standard pump 
inlet conditions) at liftoff plus 35 to 38 seconds. 

From a clustered engine performance analysis (flight simulation), utilizing 
the results of the propulsion reconstruction and reduced to sea level 
ambient pressure, the stage average longitudinal thrust for the flight was 
1.36 percent lower than predicted and the stage average longitudinal specific 
impulse was 0.04 percent higher than predicted. Table 5-3 presents a 
summary of the flight simulation results, reduced to sea level ambient 
pressure conditions, of the average values and deviations for longitudinal 
thrust, propellant flowrate, and vehicle longitudinal specific impulse. 

5.4 S- I C ENGINE SHUTDOWN TRANS I ENT PERFORMANCE 

In response to the Inboard Engine Cutoff (IECO) command from the IU at 125.93 
seconds, the inboard engine shut down at 125.95 seconds as indicated by the 
engine cutoff solenoid activa~ion signal. The outbgard engines shut down at 
153.79 seconds as indicated by engines No.1, 2, 3, and 4 solenoid 
activation signals. This was 2.42 seconds later than predicted. These 
events were sensed by the Launch Vehicle Digital Computer (LVDC) at 
153.82 seconds (DECO, start of Time Base 3 LT3]) which was 2.45 seconds 
later than the predicted time of 151.37 seconds. The late OECD was caused 
by fuel density, thrust, specific impulse, mixture ratio, and propellant 
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Table 5-2. S-IC Engine Pe'rformance Deviations 

PARAMETER ENGINE PREDICTED RECONSTRUCTED 
DEVIATION AVERAGE 

PERCENT DEVIATION 
PERCENT 

Thrust 
103 N (103 1 bf ) 1 6787 (1526) 6752 (1518) -0.52 

2 6731 (1513) 6695 (1505 ) -0.53 
3 6816 (1532 ) 6788 (1526 ) -0.39 
4 6808 (1530) 6708 (1508) -1.44 
5 6762 (1520) 6690 (1504) -0.77 -0.73 

Specific Impulse 1 2587 (263.8) 2584 (263.5) -0.11 
N-s/kg 2 2580 (263.1) 2578 (262.9) -0.07 
(lbf-s/lbm) 3 2594 (264.5) 2592 (264.3) -0.07 

4 2592 (264.3) 2587 (263.8) -0.18 
5 2605 (265.6) 2601 (265.2) -0.15 -0.11 

Total F10wrate 1 2624 (5785) 2613 (5761) -0.41 
kg/s 2 2609 (5751) 2597 (5725) -0.45 
(lbm/s) 3 2628 (5794) 2619 (5774) -0.34 

4 2626 (5790) 2593 (5716) -1 .27 
5 2596 (5724) 2572. (5671) -0.92 -0.67 

Mixture Ratio 1 2.239 2.227 -0.53 
LOX/Fuel 2 2.266 2.254 -0.10 

3 2.278 2.265 -0.57 
4 2.288 2.275 -0.56 
5 2.274 2.262 -0.52 -0.45 

Note: Analysis was reduced to standard sea level conditions (standard pump 
inlet conditions) at liftoff plus 35 to 38 seconds. 

From a clustered engine performance analysis (flight simulation), utilizing 
the results of the propulsion reconstruction and reduced to sea level 
ambient pressure, the stage average longitudinal thrust for the flight was 
1.36 percent lower than predicted and the stage average longitudinal specific 
impulse was 0.04 percent higher than predicted. Table 5-3 presents a 
summary of the flight simulation results, reduced to sea level ambient 
pressure conditions, of the average values and deviations for longitudinal 
thrust~propellant flowrate, and vehicle longitudinal specific impulse. 

5.4 S- I C ENGINE SHUTDOWN TRANS I ENT PERFORMANCE 

In response to the Inboard Engine Cutoff (IECO) command from the IU at 125.93 
seconds, the inboard engine shut down at 125.95 seconds as indicated by the 
engine cutoff solenoid activa~ion signal. The outbgard engines shut down at 
153.79 seconds as indicated by engines No.1, 2, 3, and 4 solenoid 
activation signals. This was 2.42 seconds later than predicted. These 
events were sensed by the Launch Vehicle Digital Computer (LVDC) at 
153.82 seconds (DECO, start of Time Base 3 LT3]) which was 2.45 seconds 
later than the predicted time of 151.37 seconds. The late OECD was caused 
by fuel density, thrust, specific impulse, mixture ratio, and propellant 
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Table 5-3. Comparison of S-IC Stage Flight Reconstruction Data 
With Trajectory Simulation Results 

RECONSTRUCTION SmULATION 
PARAMETERS m-lITS PREDICTED RECONSTRUCTION DEVIATION FUC:irlT DEVIATION 

FROt1 SHlULATION FROM 
PREDICTED PREDICTED 

Average * N 34,794,249 34,371,122 34,322,108 
longitudinal thrust (1 bf) (7,822,058) (7,726,936) -1.23~ (7,715,917) -1. 36;; 

Vehicle mass at hold- kg 2,782,424 2,781,694 o .O3'~ 2,779,469 -0.11:; dovln arm release ( lbm) (6,134,195) (6,132.585) (6,127,680) 

Average mass kfJ/s 13,403.26 13,213.19 - 1 . t12C~ 13,216.14 
-1 .• 40'" loss rate (1 bm/s) (29,549.13) (29 ,130 .10) (29,136.60) 

Average * N-s/kg 2595.9 2601.3 2597.0 
specific impulse ( lbf- (264.71) (265.26) . O.2l~ (264.82) 0.04:. 

s/lbm) 
--

*Parameters reduced to sea level ambient pressure. 

loading deviations. Figure 5-4 shows the relative contribution of each 
influencing parameter to the cutoff deviation. The combined effects of 
a slightly LOX-rich loading mixture ratio and, to a lesser extent, a 
fuel-rich propellant consumption mixture ratio resulted in a fuel low 
level cutoff of the outboard engines rather than the more probable LOX 
low level cutoff mode (see paragraph 5.5). 

Thrust decay of the F-l engines is shown in Figure 5-5. The decay transient 
was normal. The oscillations which occur near the end of IItailoff ll are 
characteristic of the engine shutdown sequence. 

The total stage impulse from OECO to separation was indicated by engine 
analysis to be less than predicted. Telemetered guidance data also 
indicated that the cutoff impulse was lower than expected, as shown in 
Table 5-4. These deviations are within the acceptable range. 

5.5 S-IC STAGE PROPELLANT MANAGEMENT 

The reconstructed propellant loads were 2297 kilograms (5063 lbm) greater 
than Kennedy Space Center (KSC) indicated loads at ignition (corresponding 
to the actual density at ignition) for LOX and 1095 kilograms (2415 lbm) 
less for fuel. This loading increased the probability of a fuel low level 
cutoff from a nomi na 1 11 percent to approximately 44 percent. A summary of 
the propellants remaining at major event times is presented in Table 5-5 
and the residuals are presented in Table 5-6. The predicted masses in 
Table 5-5 ar~ based on nominal LOX and fuel densities. The nominal fuel tem­
perature was 294°K (70°F) and the actual temperature wa~ 288°K (59°F). 

5.6 S-IC PRESSURIZATION SYSTEMS 

5.6.1 S-IC Fuel Pressurization System 

The helium pressurization system satisfactorily maintained the required 
ullage pressure in the fuel tank during the flight. Helium Flow Control 
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Valves (HFCV) No. 1 through 4 opened as programmed and the fifth flow 
control valve was required only once, between 47.11 seconds and 50.79 
seconds. 

In Section 2, Tabl~ 2-3, Sequence of Switch Selector Events, these valves 
are designated "Fuel Pressurizing Valves ll

• The heat exchangers performed 
as expected. 

The 10\'/ flow prepress uri zati on system vias commanded on at -96.99 seconds 
and per'formed satisfactorily. The Ground Support Equipment (GSE) fuel 
high flow prepressurization supply valve was commanded open at -4.09 
seconds and maintained the ullage pressure within the required band. 

Table 5-4. S-IC CutJff Impulse 

PERCENT DEVIATTON 
FLIGHT FROM PREDICTED 

PARAf4ETER PREDICTED ENGINE GUID. DATA ENGINE . GUID. DATA 

Cutoff N-s 10,382,145 10.324,091 10,365,326 -0.06 -0.02 
!mpul se (1 bf-s) (2,334,000) (2,320,948) (2,330,218) 

\teloci ty m/s 10.13 10.6i 10.66 0.47 0.52 Increase (ftl s) (33.25) (34.81) ,- (34.97) 

Note: The parameters quoted are for the time period beginning at DECO and ending at 
separation Signal. 

Table 5-5. S-IC Stage Propellant Mass History 

LEVEL SENSOR 
PREDICTED * RECONSTRUCTED** DATA BEST ESTIMATE 

EVENT 
LOX FUEL LOX FUEL LOX FUEL LOX FUEL 

Ignition kg 1,420,593 612.98~ 1.418,853 615,81~ 1'418,86~ 615,81~ 1,418.853 615,813 
Command (1bm) (3,131,873) ( 1,351,395) (3;128,034) (1.357.634) (3,128.050) (1,357.634) (3,128.034) (1,357.634) 

Ho1ddown kg 1.390.120 604,470 1,386,791 60"35~ "3a5,,,~ 606,a" 1 ,386.791 601,355 
Arm Release (ibm) (3,064.690) (1,332,629 ) (3.057,349) (1,33a,9a7) (3,055,11a)1 (1,337 ,927) (3,057,349) (1,338,987) 

IEeO kg 211,823 97,276 228,735 102.31 226.223 102.550 228,735 102,315 
(lbm) (466.990) (214.456) (504,276) (225,566) (49a"3', (226,084) (504,276) (225,566) 

OECO kg 17.656 14,220 20,894 12,07: 21 ,44 11 ,861 20 ,89~ 12,073 
( 1bm) (38.924) (31,350) (46.065) (26.616) (47,284) (16,149) (46.065) (26,616) 

Separation kg 15,462 13.116 18,578 10,941 18,57E 10,946 
(lbm) (34,087) (28.917) (40,958) (24,132) J (40.958) {24,132) 

. ·1 
Note: Values do not in;t1ude pres$uriz~tion gas (GOX) so they will compare.' with 1eve1sp.nsot data. ~ 

.. Based en LOX density of 1137.3 kg/m (71.0 1hm/ft:3) and fuel density of 802.5 kg/m3 (50.1 1bm/ft J, 
**. Based on LOX density of 1138.2 kg/m3 (71.06 1b~/ft~) and fuel density of 808.0 kg/m3 (50.445 1bm/ft3). 
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Table 5-6. S-IC Residuals at Outboard Engine Cutoff 

PROPELLANTS PREDICTED ACTUAL DEVIATION 

LOX RESIDUALS* 

Usable r,1ainstage kg 0 3018 3018 
( lbm) 0 6653 " 6653 

Th rust De.cay a.nd kg 17,656 17,876 220 
Unusab 1 e (1 bm) 38,924 39~412 488 

FUEL RESIDUALS 

Usable Mainstage kg 2419 0 -2419 
( lbm) 5333** 0 -5333 

Thrust Decay and kg 11 ,801 12,073 272 
Unusabl e (1 bm) 26,017 26,616 599 

* Does not i ncl ude GOX pressurization gas. 
** Fuel bias. 

-

At 0.70 seconds the No.1 HFCV of the onboard pressurization system was 
opened. HFCV's No.2, 3, and 4 were· commanded open by the switch selector 
within acceptable t'imes as shown in Table 2-3. These flows held the 
ullage and pump inlet pressures within the operating limit~ as shown in 
Figures 5-6 and 5-7. Helium bottle pressure, as shown in Figure 5-8, 
stayed within expected limits. 

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 onboard 
pressurization system subsequently maintained ullage pressure within the 
GOX Flow Control Valve (GFCV) band during the flight. The heat exchangers 
performed as expected. 

The prep~essurization system'was initiated by opening of the ground supply 
valve at -67.94 seconds. The ullage pressure increased until it entered 
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Figure 5-8. S-IC Helium Bottle Pressure for Fuel Pressurization 

the switch band zone which terminate~ the flow at approximately -59.51 
seconds. The ullage pressure increased approximately 1.24 N/2m2 (1.80 
psid) above the prepressurization switch setting to 19.5 N/cm (28.3 psia). 
This overshoot is similar to that seen on AS-501 and AS-502. 

The LOX tank ullage pressure history is shown in Figure 5-9. During flight, 
the ullage pressure was maintained within required limits by the GFCV and 
followed the anticipated trend. 

The maximum GOX flowrate was 24.7 kg/s (54.5 lbm/s). After IECO, the GOX 
flow requirements for the remaining four engines increased untilOECO. 

The LOX pump illlet pressure met the Net Positive Suction Pressure (NPSP) 
requirements as shown in Figure 5-10. This figure is for engine No.1, 
but is typical of the four outboard engines. Engine No.5 LOX pump inlet 
pressure decayed unexpectedly after IECO. This pressure is shown in 
Fi glo"e 5-11 along wi th the prefl i ght predi cti ons and pump requi rements. 
Analysis of the problem has shown that the most probable cause of this 
pressure decay is a LOX leak of approximately 98 cm3/s (6 in. 3/s) somewhere 
below the LOX prevalve. 

5-12 

Ne 1fiOr 
u 

) 

........ 
z 
~ 

I.J.J c:: 
:::> 
f/) 

~ 12f10 
c:: 
c.. 
>­
_J 
c.. 
c.. 
:::> 
f/) 

~ 8nn 
:::> ...... 
....J 
I.J.J 
:J: 

400 

o 
-2(1 

, 
., 

~, 
\ 

\ 

o 

! ; 

i 
I . 

~ 
\ 

~, \ PREDICTED MAXIMUM I 
\. 

K " 1' . 
, r--...', 

r'· '\ 
, , 

FLIGHT DATA 1 ...... " " ,"-~ , r--. ........ 

, 

"" 
........ , 

t'...... 
................ 

........ 
....... 

............... 
.... 

I PREDICTED MINIMUM '-...... .............. ........ ~ 
........ ........ 

20 60 8(1 100 

RANGE TI~E, SEco'ms 

t-.. ........ 

1' ........ ... 

~ -.... 

t'-.. ........ -
......... .... ---.... -... 

4 
, 20 140 

----

'3 (W1 

2 500 

rtl ..... 
til 
Co 

[1i nnn ~ 

1 

1 

c:: 
:::> 
Vl 
Vl 
I.J.J c:: 
c.. 

son :':i 
c.. 
c.. 
:::> 
Vl 

:0: 
:::> 

f')on :J 
I.J.J 
:J: 

00 rs' 

.n 
160 

Figure 5-8. S-IC Helium Bottle Pressure for Fuel Pressurization 

the switch band zone which terminate~ the flow at approximately -59.51 
seconds. The ullage pressure increased approximately 1.24 N/2m2 (1.80 
psid) above the prepressurization switch setting to 19.5 N/cm (28.3 psia). 
This overshoot is similar to that seen on AS-501 and AS-502. 

The LOX tank ullage pressure history is shown in Figure 5-9. During flight, 
the ullage pressure was maintained within required limits by the GFCV and 
followed the anticipated trend. 

The maximum GOX flowrate was 24.7 kg/s (54.5 lbm/s). After IECO, the GOX 
flow requirements for the remaining four engines increased untilOECO. 

The LOX pump illlet pressure met the Net Positive Suction Pressure (NPSP) 
requirements as shown in Figure 5-10. This figure is for engine No.1, 
but is typical of the four outboard engines. Engine No.5 LOX pump inlet 
pressure decayed unexpectedly after IECO. This pressure is shown in 
Fi glH"'e 5-11 along wi th the prefl i ght predi cti ons and pump requi rements. 
Analysis of the problem has shown that the most probable cause of this 
pressure decay is a LOX leak of approximately 98 cm3/s (6 in. 3/s) somewhere 
below the LOX prevalve. 
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5.7 S-IC PNEUMATIC CONTROL PRESSURE SYSTEM 
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The pneumatic control pressure system performed satisfactorily during S-IC 
flight. The pneumatic control regulator outlet pressure was 518 N/cm2 
(751 psia) at liftoff and decreased to 511 N/cm2 (741 psia) at 120 seconds. 
There were two slight dips in outlet pressure at IECO and at DECO as the 
control pressure system actuated the prevalves after engine cutoff. All 
instrumented prevalves indicated closed positions. 

The control sphere pressure was 2055 N/cm2 (2981 psia) at liftoff and 
remained steady unt.il IECD when it decreased to 1974 N/cm2 (2863 psia) due 
to inboarl..l engine \.i.\~valve actuation. 

There was a further decrease to 1718 N/cm2 (2492psia) after DECO. As 
shown in Figure 5-12, the rapid decay of ~phere pressure after DECO 
experienced on the AS-502 flight did not recur. 

5.8 S-IC PURGE SYSTEM 

The turbopump LOX seal, Gas Generator (GG) actuator housing, and radiation 
calorimeter purge systems performed satisfactorily dur'ing S-IC flight. The 
LOX dome and GG LOX injector purge system also met all requirements. 
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The pneumatic control pressure system performed satisfactorily during S-IC 
flight. The pneumatic control regulator outlet pressure was 518 N/cm2 
(751 psia) at liftoff and decreased to 511 N/cm2 (741 psia) at 120 seconds. 
There were two slight dips in outlet pressure at IECO and at OECO as the 
control pressure system actuated the preva1ves after engine cutoff. All 
instrumented preva1ves indicated closed positions. 

The control sphere pressure was 2055 N/cm2 (2981 psia) at liftoff and 
remained steady unt.il IECe when it decreased to 1974 N/cm2 (2863 psia) due 
to inboar~ engine ~.·~va1ve actuation. 

There was a further decrease to 1718 N/cm2 (2492psia) after DECO. As 
shown in Figure 5-12, the rapid decay of ~phere pressure after DECO 
experienced on the AS-502 flight did not recur. 

5.8 S-IC PURGE SYSTEM 

The turbopump LOX seal, Gas Generator (GG) actuator housing, and radiation 
calorimeter purge systems performed satisfactorily dur'ing S-IC flight. The 
LOX dome and GG LOX injector purge system also met all requirements. 
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'Figure 5-10. S-IC LOX Suction Duct Pressure, Engine No.1 
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The POGO suppression system, supplies helium gas to the four outboard LOX 
preva1ve cavities. The helium is obtained from the onboard fuel pres­
surization system. Four resistance thermometers in each prevalve determine 
the presence of gas or liquid in the prevalve cavity at each measurement 
location. A schematic of the system is shown in Figure 5-13. 

The POGO suppression system performed satisfactorily prior to and during 
S-IC flight. The system was initially turned on approximately 26 minutes 
prior to launch to be sure the preva1ves would fill with helium. Red1ine 
measurements indicated that the four outboard lines filled as scheduled. 
The pressure measur-ement downstream of the solenoid valves indicated that 
flow ·was properly established in the system. Eleven minutes prior to 
launch, the system was turned on again and flow was established. The 
temperature measurements di d not change since the sys tem s ti 11 'contai ned 
helium from the earlier initiation. The four resistance thermometers 
performed as expected during flight. In the outboard lines, the three. 
upper measurements went cold momentarily at liftoff indicating that the 
LOX level shifted on the probes. The probes remained warm throughout 
flight, indicating helium in the preva1ves. Figure 5-14 shows a plot of 
liquid level in the prevalve. At cutoff, the increased pressure forced 

r 

I 
I 
1 

I 
j 
I 

I 

I 
·1 

i 
I 

J 

.' 

~ 
u -... 
z 
~ 

24 0 

22 0: 

:i! 200 0 
:::I 
V') 
V') 
~ 
IX 
0.. 

:i! 180 )0 
UJ 
:::t: 
0.. 
V') 

...J 

~ 
~ 160 0 
o 
u 

in 140 

0 120 
-20 

I I I I I -W S-IC IECO, 125.93 

I PREDICTED MAXIMUM 
W S-IC OECO, 153.82 ; 

~ 
-- -- -- -- -- -~ -- -- -- -- -- -- -- -- -- -- --

I \. 

I FLIGHT DATA ~V 
............ r- ...... 

t-... . " ...... 
~~ 

PREDICTED MINIMUM ~ ............ ..... 
.............. 

...... r- ...... 
1'--- ...... - ......... 

...... -

W 
o 20 40 60 80 100 120 140 

RANGE TIME, SECONDS 

'Figure 5-12. S-IC Control Sphere Pressure 

. . 

5.9 POGO SUPPRESSION SYSTEM 

to 
.. -

--

\ t-
1 

\ 

1 

W 

3600 

3400 

3200 ttl 
''-
VI 
Cl. 

~ 

3000 ~ 

2800 

2600 

:::I 
V') 
V') 
UJ 
IX 
0.. 

~ 
UJ 
:::t: 
O. 
V') 

...J 

~ 
2400 ~ 

u 

2200 

2000 

1800 

160 

The POGO suppression system. supplies helium gas to the four outboard LOX 
( preva1ve cavities. The helium is obtained from the onboard fuel pres­

surization system. Four resistance thermometers in each preva1ve determine 
the presence of gas or liquid in the preva1ve cavity at each measurement 
location. A schematic of the system is shown in Figure 5-13. 

The POGO suppression system performed satisfactorily prior to and during 
S-IC flight. The system was initially turned on approximately 26 minutes 
prior to launch to be sure the prevalves would fill with helium. Red1ine 
measurements indicated that the four outboard lines filled as scheduled. 
The pressure measur-ement downstream of the solenoid valves indicated that 
flow ·was properly established in the system. Eleven minutes prior to 
launch, the system was turned on again and flow was established. The 
temperature measurements di d not change since the sys tem s ti 11 'contai ned 
helium from the earlier initiation. The four resistance thermometers 
performed as expected during flight. In the outboard lines, the three. 
upper measurements went cold momentarily at liftoff indicating that the 
LOX level shifted on the probes. The probes remained warm throughout 
flight, indicating helium in the preva1ves. Figure 5-14 shows a plot of 
liquid level in the prevalve. At cutoff, the increased pressure forced 
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LOX into prevalves. The fourth resistance thermometer, at the lip of the 
valve cavity, was cold throughout flight. 

5.10 S-IC CAMERA PURGE AND EJECTION SYSTEM 

I Although only one of the four film cameras was recovered, there is good 
evidence that there was adequate pneumatic pressure to eject them all. 

Frame rate measurements for the two separation cameras went to zero at 
approximately 180 seconds. This indicates sufficient pressure in both of 
the eject lines to shear the restraining pins and provide motion of the 
cameras within the ejection tubes thus disconnecting the electrical plugs. 
The No.2 LOX tank camera was recovered. For a discussion of the film 
recovered from this camera see paragraph 19.6. Both LOX tank" camera 
frame rate measurements went to zero at 79 seconds. Because of this, it 
was not possible to determine if the No. 1 LOX tank camera moved in its 
canister at eject signal. The camera cover ejection signal was given 
at 160 seconds, but there 1S no way to ascertain that the covers opened. 

Camera eject signal occurred at 179.5 seco"nds. Separation camera purge 
was initiated on at 145.2 seconds and turned off at 154.8 seconds. The 
purge and eject sphere pres~ure was 2079 N/cm2 (3015 psia) prior to 
liftoff. The calculated pressure at eject signal was 1633 N/cm2 (2369 
psia). This is more than the 762 N/cm2 (1105 psia) required to eject all 
cameras. AS-503 is the last flight to have these cameras. 
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LOX into prevalves. The fourth resistance thermometer, at the lip of the 
valve cavity, was cold throughout flight. 

5.10 S-IC CAMERA PURGE AND EJECTION SYSTEM 

I Although only one of the four film cameras was recovered, there is good 
evidence that there was adequate pneumatic pressure to eject them all. 

Frame rate measurements for the two separation cameras went to zero at 
approximately 180 seconds. This indicates sufficient pressure in both of 
the eject lines to shear the restraining pins and provide motion of the 
cameras within the ejection tubes thus disconnecting the electrical plugs. 
The No.2 LOX tank camera was recovered. For a discussion of the film 
recovered from this camera see paragraph 19.6. Both LOX tank" camera 
frame rate measurements went to zero at 79 seconds. Because of this, it 
was not possible to determine if the No. 1 LOX tank camera moved in its 
canister at eject signal. The camera cover ejection signal was given 
at 160 seconds, but there 1S no way to ascertain that the covers opened. 

Camera eject signal occurred at 179.5 seco"nds. Separation camera purge 
was initiated on at 145.2 seconds and turned off at 154.8 seconds. The 
purge and eject sphere pres~~re was 2079 N/cm2 (3015 psia) prior to 
liftoff. The calculated pressure at eject signal was 1633 N/cm2 (2369 
psia). This is more than the 762 N/cm2 (1105 psia) required to eject all 
cameras. AS-503 is the last flight to have these cameras. 
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6.1 SUMMARY 

SECTION 6 

S-II PROPULSION 

r 

The S-II propulsion system performed satisfactorily during the entire 
flight. Engine thrust, as determined by computer analysis of telemetered 
propulsion measurements at 61 seconds ~fter Engine Start Command (ESC), 
was 0.04 percent above prediction. Total engine propellant flowrate was 
'0.38 percent above and specific impulse 0.34 percent below predictions at 
this time slice. Average engine mixture ratio was 0.69 percent above 
predicted. 

Engine No. 4 eVidenced a change in performance level at approximately 200 
seconds after S-II ESC of approximately -6672 Newtons (-1500 lbf) thrust. 
At this time the exact nature of this shift has not been determined but 
is receiving additional investigation. 

Engine No.5 experienced a thrust level decrease of about 27,050 Newtons 
(6081 lbf) and propellant mixture ratio change of -0.1 units coincident 
with the onset of the high amplitude 18 hertz oscillations (discussion of 
the 18 hertz oscillation problem is contained in Section 6A). Beginning 
at 450 seconds engine No.5 thrust chamber pressure began. oscillating at 
18 hertz. At 478 seconds the apparent amplitude of the oscillations was 
about 48.3 N/cm2 (70 psi) peak-to-p~ak. The oscillations dampened out 
about 4 seconds prior to S-II Engine Cutoff (ECO). Oscillations of this 
same frequency were also eVident in LOX 'pump discharge pressure along 
with several other engine No.5 pdtameters. 

Although the results of the evaluation are not conclusive, it appears that 
the oscillations Mere induced by the LOX pumps and pos.sibly amplifH~d by 
the center engine support structure. Self-induced LOX pump oscillations 
may be related to the low Engine Mixture Ratio (EMR) and low Net Positive 
Suction Pressure (NPSP) existing during this time period, although the 
NPSP is considerably above the level at which self driven oscillations 
are normally produced. Engine and pump tests to investigate this 
poss i bi 1 i ty are bei ng conducted at the engi ne manufacturer I s tes t facil i ty 
and at Huntsville. A recommendation to increase LOX tank ullage pressure 
for the 1 atter pOt'ti on of the S- I I burn by commandi ng the LOX regul ator 
full open at S-11 ESC + 98.6 seconds is being implemented for AS-504. 
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6.1 SUMMARY 

SECTION 6 

S-II PROPULSION 

The S-II propulsion system performed satisfactorily during the entire 
flight. Engine thrust, as determined by computer analysis of telemetered 
propulsion measurements at 61 seconds ~fter Engine Start Command (ESC), 
was 0.04 percent above prediction. Total engine propellant flowrate was 
'0.38 percent above and specific impulse 0.34 percent below predictions at 
this time slice. Average engine mixture ratio was 0.69 percent above 
predicted. 

Engine No. 4 evidenced a change in performance level at approximately 200 
seconds after S-II ESC of approximately -6672 Newtons (-1500 lbf) thrust. 
At this time the exact nature of this shift has not been determined but 
is receiving additional investigation. 

Engine No.5 experienced a thrust level decrease of about 27,050 Newtons 
(6081 lbf) and propellant mixture ratio change of -0.1 units coincident 
with the onset of the high amplitude 18 hertz oscillations (discussion of 
the 18 hertz oscillation problem is contained in Section 6A). Beginning 
at 450 seconds engine No.5 thrust chamber pressure began. oscillating at 
18 hertz. At 478 seconds the apparent amplitude of the oscillations was 
about 48.3 N/cm2 (70 psi) peak-to-p~ak. The oscillations dampened out 
about 4 seconds prior to S-II Engine Cutoff (ECO). Oscillations of this 
same frequency were also eVident in LOX 'pump discharge pressure along 
with several other engine No.5 pdtameters. 

Although the results of the evaluation are not conclusive, it appears that 
the oscillations Mere induced by the LOX pumps and pos.sibly amplifH~d by 
the center engine support structure. Self-induced LOX pump oscillations 
may be related to the low Engine Mixture Ratio (EMR) and low Net Positive 

, Suction Pressure (NPSP) existing during this time period, although the 
NPSP is considerably above the level at which self driven oscillations 
are normally produced. Engine and pump tests to investigate this 
possibility are being conducted at the engine manufacturer's test facility 
and at Huntsville. A recommendation to increase LOX tank ullage pressure 
for the 1 atter pOt'ti on of the S- I I burn by commandi ng the LOX regul ator 
full open at S-II ESC + 98.6 seconds is being implemented for AS-504. 
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The propellant management system met all performance requirements. System 
operation differed from previous flights since EMR control was open-loop 
versus closed-loop on AS-501 and AS-502. The EMR step from high to low 
EMR occurred at 443.45 seconds as commanded by the Instrument Unit (IU). 
Engine cutoff, as sensed by the Launch Vehicle Digital Computer (LVDC), 
was at 524.04 seconds, with a burn time only 0.42 second longer than pre­
dicted. Cutoff was initiated by the LOX low level cutoff sensors located 
in the LOX tank sump. Residual propellants remaining in the tanks at S-II 
ECO signal were 3505 kilograms (7727 lbm) compared to a prediction of 3866 
kilograms (8524 lbm).· 

The performance of the LOX and LH2 tank pressurization systems were satis­
factory. AS-503 was the first flight using the dual sensing gage LH2 
vent valves. Ullage pressure in both tanks was more than adequate to 
meet engine inlet NPSP requirements throughout mainstage. As on the two 
previous flight~ LOX ullage pressure dropped below the regulator band. 
This was expected as a result of operating at the low EMR used for this 
flight. The ullage pressure drop occurred earlier, however, than expected 
due to LOX surface agitation and subsequent ullage gas condensation caused 
by the 18 hertz oscillation. 

6.2 S-II CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE 

The prelaunch servicing operations satisfactorily accomplished the engine 
conditioning requirements. Thrust chamber temperatures were within 
predicted limits both at launch and S-II engine start as shown in Figure 
6-1. Chamber temperatures increased during S-IC boost at rates from 9.8 
to 11.8°K/min (17.7 to 21.2°F/min), which agrees closely with those 
experienced on previous flights. Engine No.4 thrust chamber jacket 
temperature transducer i ndi cated about 11 oK (20°F) \'Janner than the other 
four engines due to poor thermal contact between the transducer and its 
mounting on the chamber jacket. This condition also occurred on one engine 
of AS-501 flight and several static firings and is of no consequence to 
normal system operation. 

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 6-2. Start tank temperatures at the conclusion of chilldown 
ranged from 89 to 95°K (-300 to -288°F) and were nearly identical to AS-501 
results. Start tank pressures at completion of the pressurizing operation 
were lower than those for AS-501 as a result of adjusting the ground 
supply regulator setting from 831 N/cm2 (1205 psia) to 810 N/cm2 (1175 
psia). This lower pressurization level accomplished the desired effect 
of increasin~ start"tank temperatures at end of pressurization over those 
obtained for AS-50l. Start tank temper{1tures at engine start were 4.2°K 
(7.5°F) warmer than on the AS-50l flight. The ground supply regulator 
had the lower setting on AS-502, but the planned temperature increase 
was offset by a lower than predi cted start tank chi 11 down caused by a 
Ground Support Equipment (GSE) heat exchanger malfunction. 
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The propellant management system met all performance requirements. System 
operation differed from previous flights since EMR control was open-loop 
versus closed-loop on AS-SOl and AS-S02. The EMR step from high to low 
EMR occurred at 443.45 seconds as commanded by the Instrument Unit (IU). 
Engine cutoff, as sensed by the Launch Vehicle Digital Computer (LVDC), 
was at 524.04 seconds, with a burn time only 0.42 second longer than pre­
dicted. Cutoff was initiated by the LOX low level cutoff sensors located 
in the LOX tank sump. Residual propellants remaining in the tanks at S-II 
ECO signal were 3S05 kilograms (7727 lbm) compared to a prediction of 3866 
kilograms (8S24 lbm).· 

The performance of the LOX and LH2 tank pressurization systems were satis­
factory. AS-S03 was the first flight using the dual sensing gage LH2 
vent valves. Ullage pressure in both tanks was more than adequate to 
meet engine inlet NPSP requirements throughout mainstage. As on the two 
previous flightll LOX ullage pressure dropped below the regulator band. 
This was expected as a result of operating at the low EMR used for this 
flight. The ullage pressure drop occurred earlier, however, than expected 
due to LOX surface agitation and subsequent ullage gas condensation caused 
by the 18 hertz oscillation. 

6.2 S-II CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE 

The prelaunch servicing operations satisfactorily accomplished the engine 
conditioning requirements. Thrust chamber temperatures were within 
predicted limits both at launch and S-II engine start as shown in Figure 
6-1. Chamber temperatures increased during S-IC boost at rates from 9.8 
to 11.8°K/min (17.7 to 21.2°F/min), which agrees closely with those 
experienced on previous flights. Engine No.4 thrust chamber jacket 
temperature transducer i ndi cated about 11 oK (20°F) \'Janner than the other 
four engines due to poor thermal contact between the transducer and its 
mounting on the chamber jacket. This condition also occurred on one engine 
of AS-501 flight and several static firings and is of no consequence to 
normal system operation. 

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 6-2. Start tank temperatures at the conclusion of chilldown 
ranged from 89 to 9SoK (-300 to -288°F) and were nearly identical to AS-SOl 
results. Start tank pressures at completion of the pressurizing operation 
were lower than those for AS-501 as a result of adjusting the ground 
supply regulator setting from 831 N/cm2 (120S psia) to 810 N/cm2 (1175 
psia). This lm-Jer pressurization level accomplished the desired effect 
of increasin~ start"tank temperatures at end of pressurization over those 
obtained for AS-SOl. Start tank temper(1tures at engine start were 4.2°K 
(7.S0F) warmer than on the AS-50l flight. The ground supply regulator 
had the lower setting on AS-S02, but the planned temperature increase 
was offset by a lower than predicted start tank chilldown caused by a 
Ground Support Equipment (GSE) heat exchanger malfunction. 
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Except for engine No.3, the start tank warmup rates during both prelaunch 
and S-IC boost were in good agreement with those for AS-SOl. Engine No. 
3 start tank pressure rise rate was about 35 percent less than the others, 
indicating that relief va'~e operation was occurring on this tank. 

All engine helium tank pr~ssures were within the redline limit of 1931 to 
2379 N/cm2 (2800 to 3450 psia) established for prelaunch pressurization. 
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Except for engine No.3, the start tank warmup rates during both prelaunch 
and S-IC boost were in good agreement with those for AS-SOl. Engine No. 
3 start tank pressure rise rate was about 35 percent less than the others, 
indicating that relief va'~e operation was occurring on this tank. 

All engine helium tank p~!ssures were within the redline limit of 1931 to 
2379 N/cm2 (2800 to 3450 psia) established for prelaunch pressurization. 
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Helium tank prelaunch pressure levels were higher than for AS-502 due to 
a change of the regulator setting in the GSE pneumatic servicing system. 
This regulator setting was increased approximately 138 N/cm2 (200 psi) to 
insure meeting the minimum pressure redline of the helium injection bottle. 
The helium injection system was reorificed :to provide a higher flow rate 
to the LOX recirculation lines (see paragraph 6.8). The initial high 
pressu~'i~~I-':tiCin levels in conjunction with a pressure increase due to 
warmup during prelaunch and I)-IC boost, resulted in helium tank pressures 
being near the upper limit of 2379 N/cm2 (3450 psia) at ESC. Engine No. 
2 helium tank pressure exceeded this value by 28 N/cm2 (40 psi). This 
high pressure did·not adversely affect flight operations. 

The LOX and LH2 reci rcul at; on sys tems used to ch i 11 the feed ducts !I 

turbopumps, and other engine components performed satisfactorily. Pump 
inlet temperatures and pressures at engine start were well within the 
predicted as shown in Figure 6-3. 

Performance of the LOX recirculation system was considerably improved 
over that experienced on AS-502. The helium injection system th2t 
supplements natural convective LOX recirculation was modified for AS-503 
and subsequent stages to improve recirculation system performance (see para­
graph 6.8). LOX recirculation system performance evinced during the AS-503 
Countdown Demonstration Test (CDDT) led to a revision of the LOX pump discharge 
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temperature redline limit from 97.6°K (-284.0°F) to 98.7°K (-282.0°F) 
maximum at -22 seconds. Changes instituted on AS-503 and subsequent 
vehicles also upgraded the LH2 recirculation system performance. Improved 
vacuum line maintenance proceaures, lower vacuum levels, and new design 
evacuation valves reduced heat leaks into the system and resulted in 
improved LH2 pump inlet temperatures. 

5-11 ESC was issued by the LVDC at 155.19 seconds, and the Start Tank 
Discharge Valve (STDV) solenoid activation signal occurred 1.0 second 
later. Major engine start event times are summarized in Table 6-1. The 
thrust buildup profile of each J-2 engine is shown in Figure 6-4. All 
engi nes performed wi th in the requi red thrust buil dup envelope. S-II 
mainstage, average time for engines to reach 90 percent thrust, occurred 
at 158.47 seconds, 3.28 seconds after ESC. The engine thrust levels were 
between 864,289 and 908,772 Newtons (194,300 and 204,300 lbf) prior to 
"HIGH EMR" command at 160.67 seconds. 

6.3 S-II MAIN STAGE PERFORMANCE 

Two analytical techniques were used to evaluate the S-II stage propulsion 
system performance. The primary method, propulsion reconstruction analysis, 
used telemetered engine and stage data to calculate longitudinal thrust, 
stage mass flowrate and speci fi c impul se. The second m'ethod used was 
trajectory simulation which adjusted the propulsion reconstruction data 
using a differential correction procedure. This six-degrees-of-freedom 
trajectory simulation determined adjustments to thrust and mass flow 
histories to yield a simulated trajectory which closely matched the 
observed postflight trajectory. 

Table 6-1. S-Il Engine Start Sequence Events 

EVENT TIME OF EVENT IN RANGE TIME (SECONDS) 
ENGI NE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE 5 ,. 

Engine Start Command 155. 19 155. 19 155. 19 155. 19 155. 19 

Start Tank Discharge 156.19 156. 18 
Solenoid 

156. 18 156. 19 156. 19 

Mainstage Control 156.63 156.63 
Solenoid 

156.63 156.65 156.64 

Main LOX Valve Open 158.90 158.90 158.81 158.81 158.94 

Mainstage OK 157'.94 158.02 157 . 93 157 .94 157,94 

90 Percent Thrus'c 158.64 158 ;50 158.58 158.26 158.35 . 
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S-II stage performance during the high EMR portion of the flight was very 
close to predicted as shown in ~igure 6-5. At a time slice of ESC +61 
seconds the total vehicle thrust was 5,086,888 Newtons (1,143,578 lbf), 
which is only 1890 Newtons (425 lbf) or 0.04 percent above the final 
preflight prediction. Average engine specific impulse was 4155.0 N-s/kg 
(423.7 lbf-s/lbm), or 0.34 percent below the predicted level. 
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Propellant flowrate to the engines was 1224.3 kg/s (2699.2 lbm/s) which is 
0.38 percent above prediction, and the propellant mixture ratio was 5.56 
to 1 or 0.69 percent In excess of prediction. 

The high to low EMR step command was initiated by the IU at 443.45 seconds, 
and the Propellant Utilization (PU) valves started shifting to the open 
position at 445 seconds. Actual EMR shift, as determined by engine 
thrust chamber pressures, occurred at 445.60 seconds. This action reduced 
the total vehicle thrust to 3,877,101 Newtons (871,607 lbf) a change of 
1,209,777 Newtons (271,969 lbf). Throughout the low mixture ratio portion 
of the flight the vehicle thrust was 74,654 Ne~tons (16,783 lbf) below 
the final flight prediction. An additional thrust loss of 27,050 Newtons 
(6081 lbf) is associated with the performance decrease of the center engine 
during the oscillation period (see Section 6A). The relatively large 
deviations, shown in Figure 6-5, between actual and predicted performance 
levels during low mixture ratio operation are considered to be the result 
of inaccurate predictions. Deviations between predicted and actual 
performance at low engine mixture ratios has been a problem on previous 
S-II flights. The S-II stage performance during the AS-503 flight is in 
good agreement with the S-II-6 vehicle performance during stage acceptance 
static testing. These are the only current examples of the 5.5 to 4.5 
engine propellant mixture ratio excursion. 

Individual J-2 engine data is presented in Table 6-2 for the ESC + 61-
second time point. Very good correlation between prediction and flight 
is evidenced by the generally low magnitude of the deviations. Flight 
data reconstruction procedures were directed toward matching the engine 
and stage acceptance specific impulse values while maintaining the engine 
flow and pump speed data as a baseline. 

Predicted average performance characteristics of the S-II stage propulsion 
system are compared in Table 6-3 with data obtained from the propulsion 
reconstruction and the trajectory simulation analyses. Results of the 
trajectory simulation analysis indicate that the total average thrust and 
mass flowrate were 0.63 percent and 0.41 percent above predicted values. 
Deviations of the simulated trajectory from the postflight observed 
trajectory were very small. Maximum variation in velocity and acceleration 
were 1.1 m/s (3.6 ft/s) and 0.17 m/s 2 (0.56 ft/s2). 

Data presented in Table 6-2 is actual flight data and has not been corrected 
to standard J-2 engine conditions. Data that has been corrected to standard 
J-2 engine conditions, through use of a computer program, shows that 
engine No.1 thrust increased approximately 6672 Newtons (1500 lbf) over the 
stage acceptance levels and engine No. 3 decreased approximately 4448 Newtons 
(1000lbf). These magnitudes were mai"~ained throughout the 5-II burn and 
are considered normal test-to-test variations. 
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system are compared in Table 6-3 with data obtained from the propulsion 
reconstruction and the trajectory simulation analyses. Results of the 
trajectory simulation analysis indicate that the total average thrust and 
mass flowrate were 0.63 percent and 0.41 percent above predicted values. 
Deviations of the simulated trajectory from the postflight observed 
trajectory were very small. Maximum variation in velocity and acceleration 
were 1.1 m/s (3.6 ft/s) and 0.17 m/s 2 (0.56 ft/s2). 

Data presented in Table 6-2 is actual flight data and has not been corrected 
to standard J-2 engine conditions. Data that has been corrected to standard 
J-2 engine conditions, through use of a computer program, shows that 
engine No.1 thrust increased approximately 6672 Newtons (1500 lbf) over the 
stage acceptance levels and engine No. 3 decreased approximately 4448 Newtons 
(lOOOlbf). These magnitudes were mai"~ained throughout the 5-II burn and 
are considered normal test-to-test variations. 

6-9 

! ;J.. 

I 
; , 
i 



& 2L ; c >. • ..... , it' 

Table 6-2. S-11 Engine Performance Deviations (ESC + 61 Seconds) 
, g. , 
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PARAMETER 

Thrust 
N (1 bf) 

Specific 
Impulse 
N-s/kg 
(1 bf-s/l bm) 

F10wrate 
kg/s (lbmis) 

Mixture 
Ratio 
LOX/Fuel 

L 

ENGINE 

1 
2 
? 
.,) 

4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

~., . 

PREDICTED RECONSTRUCTION PERCENT 
ANALYSIS DEVIATION 

FROM PREDICTED 

1,011,494'(227,393) 1,021,276 (229,592) 0.97 
1,010,169 (227,095) 1,010,858 (227,250) 0·97 
1,005,409 (226,025) 1,000,908 (225,013) -0.45 
1,020,458 (229,408) 1,020,102 (229,328) -0.03 
i,037,468 (233,232) 1,033,744 (232,395) -0.36 

4169.8 (425.2) 4161.9 (424.4) -0.19 
4181. 6 (426.4) 4157.0 (423.9) -0.59 
4165.9 (424.8) 4155.1 (423.7) -0.26 
4161.9 (424.4) 4159.0 (424.1) -0.07 
4166.8 (424.9) 4141.3 (422.3) -0.61 

-. 

242.6 (534.8) 245.4 (541.0) 1.16 
241.6 (532.6) 243.2 (536.1) 0.66 
241.4 (532.1) 240.9 (531.0) -0.21 
245.2 (540.5) 245.3 (540.8) 0.06 
249.0 (548.9) 249.6 (550.3) 0,26 

5.61 5.61 0 
5.51 5.56 0.91 
5.48 5.48 0 
5.52 5.60 1.45 
5.47 5.53 1.10 

AVERAGE PERCENT I 

DEVIATION 
FROM PREDICTED 

0.04 ..... 

-0.34 

0.38 

~-.-

~ 

0.69 
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Table 6-2. S-11 Engine Performance Deviations (ESC + 61,Seconds) 
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Table 6-3. S-II Flight Reconstruction Comparison With Simulation Trajectory Match Results 
~ PREDICTED RECONSTRUCTION ANALYSIS PERCENT DEV FROM PRED 

PARAr~ETERS UNITS HIGH LOW TOTAL HIGH LOW TOTAL H!r'- LOW TOTAL 

I 
MIXTURE MIXTURE FLIGHT MIXTURE MIXTURE FLIGHT MIX1""E MIXTURE FLIGHT 

RATIO RATIO AVERAGE RATIO RATIO AVERAGE RATIO RATIO AVERAGE 

" 

':verage Longi- N 5,062,530 3,918,087 4,808,145 5,074,980 3,871,114 4,822,388 0.24 -0.12 0.29 
I ;;'~di na 1 Stage (lbf) (1 ,1 38 , 1 02 ) (880,821) (1,08G,914) (1,140,901) (870,£~ ) (1 ,084,116) 

Thrust 

,;verage 'Jehi cle kg/s 1219.3 927.6 1152.8 1220.3 918.3 1157.0 0.08 -1.00 0.36 
::ass Loss -Rate ( 1 bm,'.:; ) (2680.1) (2045.1) (2541.4 ) (2690.4) (2024.6) 2550.8 

';vel'age Stage il-s/kg 14152.1 4223.7 4170.8 4159:0 4214.9 4170.8 0.16 -0.21 0.00 
:"ongi tudi na,l ( 1 bf-s/1 om) (423.4) (430.7) (425.3) (42401) (429.8) (425.3) 
Specific I~pu1se 

SIMULATION-TRAJECTORY MATCH PERCENT DEV FROM PRED 
- --

PARAMETERS HIGH LOW TOTAL HIGH LOW TOTl'iL 
UNITS MIXTURE MIXTURE FLIGHT MIXTURE MIXTURE FLIGHT 

RATIO RATIO AVERAGE RATIO RATJrl AVERAGE 

':,'/erage Lonqi- :1 5,094,321 3,889,725 4,838,642 0.62 -0.72 0.63 
tudi na 1 Stage (1 bf) ( 1 ,145 ,249 ) (874,445) (1,087,770) 
7hrust 

;"'/eragE: 'Jehi de kg/s 1221.4 . 920.6 1157.5 0.17 -0.75 0.41 I 

':ass Loss Rate (1 bm/s) (2692.7) (2029.5) (2551.8) i 
I 
I 

k'/erage Stage il-s/kg 4170.8 4225.7 4182.5 0.45 0,05 0.28 
Longi tudi na 1 (i bf-s/1 bm) (425.3) (430.9) (426.5) 

i~ 

Specific Impulse 
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Several additional engine performance shifts of the in-run type were also 
observed during the S-II flight. Engine No.1 exhibited approximately 30 
Gas Generator (GG) system resistance shifts varying in magnitude from 3.4 
to 6.9 N/cm2 (5 to 10 psia) in main thrust chamber pressure. These were 
dispersed throughout the S-II operation. Gas generator shifts of this type 
are common to J-2 engine operation and are not considered to be detrimental 
to engine or stage performance. 

Engine No.4 evidenced a change in performance level at approximately 200 
seconds after ESC of approximately -6672 Newtons (-1500 lbf) thrust and 
-0.03 mixture ratio unit. This is being investigated as a possible change 
in the fuel pump primary seal and/or turbine seal leakage rate. An 
additional factor being examined is the possibility of changes in the fuel 
pump balance piston f1owrate. At this time the exact nature of this per­
formance shift has not been determined. 

Engine No.5 experienced a thrust level decrease of about 27,050 Newtons 
(6081 lbf) and propellant mixture ratio change of -0.1 units coincident 
with the onset of the high amplitude 18 hertz oscillations (see Section 6A). 
Beginning at 450 seconds, engine No.5 thrust chamber pressure began 2 
oscillating at 18 hertz with an apparent amplitude of about 10.3 N/cm 
(15 psi) peak-to-peak. At 478 seconds, apparent amplitude of these 
oscillations increased from this value to approximately 48.3 N/cm2 (70 psi) 
peak-to-peak. The oscillations then dampened out 4 seconds prior to S-II 
ECO. Oscillations of this same frequency were also evident in the LOX 
pump discharge pressure along with other engine No.5 parameters (Figures 
6-6 and 6-7). The LOX pump inlet pressure measurement frequency response 
(recorded at 12 sps) was inadequate to conclusively verify an 18 hertz 
component. It appears that the oscillations are induced by the LOX pump 
and possibly amplified by the center engine support structure. Self­
induced LOX pump oscillations may be related to the low EMR and low NPSP 
existin~ during this time period, although the NPSP is considerably above 
the level at which self driven oscilla~ions are normally produced. A 
configuration difference between S-II-3 and preceeding S-II fligb,t stages 
was the removal of the radial tank baffles and upper scre~ns from the LOX 
tank. At this time, it is not known whether the configuration change 
influenced the occurrence of the 18 hertz oscillations. 

The 18 hertz oscillations, as indicated by engine No.5 data, are considered 
realistic from a frequency standpoint. However, the amplitudes at 18 
hertz indicated by the LOX feed system parameters and the main chamber 
pressure are questionable since they are affected by the geometry and 
conditions existing at the transducer taps and/or in the pressure trans­
mission lines. It has been determined that the center engine LOX pump 
inlet pressure measurement (static level) is affected by disturbance from 
theaPump during oscillations. 
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influenced the occurrence of the 18 hertz oscillations. 

The 18 hertz oscillations, as indicated by engine No.5 data, are considered 
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hertz indicated by the LOX feed system parameters and the main chamber 
pressure are questionable since they are affected by the geometry and 
conditions existing at the transducer taps and/or in the pressure trans­
mission lines. It has been determined that the center engine LOX pump 
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Reviews of previous flight and static firing data (including Battleship) 
indicate the presence of 18 hertz oscillations but at l0W amplitudes. 
AS-503 apparent amplitudes were considerably greater than those of previous 
operations. 

Two potential corrective actions for AS-504 are as follows: 

a. Change the engine mixture ratio, 

b. Increase LOX NPSP. 

In effect these changes are being accomplished. AS-504 will operate with 
a closed loop PU system which will provide a higher EMR (4.7) during the 
latter part of flight as compared to the AS-503 EMR of 4.3. The higher 
mixture ratio will preclude the LOX ullage pressure and NPSP decay that 
occurred on AS-503. A further increase in LOX NPSP is being implemented 
for AS-504 by step pres,surization (refer to paragraph 6.6.2). A comparison 
of LOX NPSP for all S-II flight stages is shown on Figure 6-8. The most 
significant 18 hertz oscillations are shown to have occurred in the low 
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Reviews of previous flight and static firing data (including Battleship) 
indicate the presence of 18 hertz oscillations but at l0W amplitudes. 
AS-503 apparent amplitudes were considerably greater than those of previous 
operations. 

Two potential corrective actions for AS-504 are as follows: 

a. Change the engine mixture ratio, 

b. Increase LOX NPSP. 

In effect these changes are being accomplished. AS-504 will operate with 
a closed loop PU system which will provide a higher EMR (4.7) during the 
latter part of flight as compared to the AS-503 EMR of 4.3. The higher 
mixture ratio will preclude the LOX ullage pressure and NPSP decay that 
occurred on AS-503. A further increase in LOX NPSP is being implemented 
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EMR portion of flight where PSP is dropping and is in the range of 
approximately 17.2 t o 17.9 / cm2 (25 to 26 ps i ) . Opera ing at hig er LOX 
pump PSP levels ) such as occurs during the firs t portion of fligh t has 
not resulted in significant amp1i udes at 18 hertz frequencies. 

To understand ette r he engine interact ion with the variables of NPSP 
and mixture rati o Rocketdyne is conducti g a single engine tes program 
with J-2 engine J025. The program will dete mine hether the J-2 engine 
generates and/ or ampli i es di st rbances i n the 18 hertz requency range 
at vari ous mi xture rati os and LOX pump PSP l evels. Re ults of t e tes t 
program i l , be used to dete ine critical PSP a d/ or engine mixture 
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Fi gUr"'e 6-8. LOX NPSP History 

During AS-502 flight, failure of an Augmented Spark Igniter (ASI) fuel 
line resulted in premature shutdown of S-II engine No.2. Engine No.3 
was lost also when its LOX preva1ve was inadvertently closed by the shut­
down of engine No.2. Consequently, redesigned configurations for both 
the fuel and LOX ASI supply lines were incorporated for AS-503 and subse­
quent vehicles. The rede$igned fuel and LOX ASI line configurations are 
shown in Section 7, Figure 7-8 and 7-9, respectively. Postflight data 
analysis indicates that the AS-503 ASI systems performed satisfactorily. 
The ASI supply line and thrust chamber temperatures were normal, and ASI 
line vibrations were generally as expected. 

6.4 S-Il STAGE SHUTDOWN TRANSIENT PERFORMANCE 

S- I I engi ne sh utdown sequence v.Jas i niti ated by stage LOX low 1 eve 1 sensorsl 
at 524.02 seconds, and 0.62 second later (524.04 seconds) the LVDC sensed' 
ECO and started Time Base 4 (T4). At the time of cutoff, all J-2 engines 
were operating at the extreme low mixture ratio level and individual 
thrusts ranged from a high of 795,756 Newtons (178,893 lbf) to a low of 
752,074 Newtons (169,073 lbf). Thrust decay transients of the four outboard 
engines were completely nominal. The center engine, however~ ,exhibited an 
extended period of thrust below the 10 percent level. This resulted in 
the 5 percent stage thrust level occurring 0.60 second after cutoff 
signal in contrast to a value of 0.41 second for AS-50l flight. Figure: 
6-9 presents the individual engine cutoff transients. 
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The total stage thrust at ECO was 3,849,189 Newtons (865,332 lbf). The 
stage thrust decay is presented in Figure 6-10. Vehicle cutoff impulse 
through the 5 percent stage thrust level is estimated to be 760,646 N-s 
(171,0001bf-s). For the period from cutoff until S-II/S-IVB separation 
at 524.90 seconds) a total cutoff impulse of 813,491 N~s (182,880 lbf-s) 
is indicated which corresponds to an equivalent velocity change of 3.8 
m/s (12.5 ft/s). Guidance data indicates the velocity increment for this 
time period to be 3.44 m/s (11.29 ft/s). Comparisons of flight and 
predicted values of cutoff impulse and velocity change are shown in 
Table 6-4. 

6.5 S-II STAGE PROPELLANT MANAGEMENT 

The propellant management system performed satisfactorily during the 
propellant loading operation anj adequately controlled propellant usage 
during flight. The S-II stage of AS-503 was the first to employ an 
open-loop PU system that received fixed commands from the IU for changing 
EMR rather than feedback signals from the tank "mass probes. 

The facility Propellant Tanking Controi System (PTCS) together with the 
propellant management system successfully accomplished S-II loading and 
replenishment. Best estimates of propellant loaded in the S-II tanks, 
based on flowmeter data, are 359,322 kilograms (792,170 lbm) LOX and 
70,160 kilograms (154,676 lbm) LH2' These propellants were 0.46 percent 
by mass higher than predicted for LOX and 0.14 percent less than predicted 
for LH2" 

During the prelaunch auto-sequence, the PTCS did not indicate 100 t 0.2 
percent pressurized LH2 mass at the expected time, thereby delaying the 
stage LH2 fill valve closure command by about 7 seconds. In addition, 
the LH2 fill valve closed approximately 5 seconds slower prior to launch 
than it did during COOT. Valve closure time was 19.9 seconds compared to 
a specification requirement of 20 seconds maximum. The closed position 
was attained at liftoff -34 seconds. This was just 4 seconds prior 
to the S-II "readY-for-launch" interlock which is required at liftoff 
-30 seconds. This slower closure time is attributed to relatively 
colder gas present in the valve actuator due to the launch countdown 
being approximately two hours longer than the COOT. Fnl valve actuation 
time is extremely sensitive to the temperature 9f the gas being vented 
from the opening side of the actuator through a 2.03 x 10-4 meters (0.008 
in.) control orifice. This marginal condition will be relieved for AS-504 
and subsequent vehicles by an earlier closing of the fill valves at the 
start of auto-sequence. 

The "HIGH EMR" command was received 5.5 seconds after ESC causing the 
PU valves to move from the nominal engine start position of 5.0 EMR to 
the closed position, providing a nominal EMR of 5.5 for the first phase 
of S-I I Programmed Mi xture Ratio (PMR). "LOW EMR" was commanded by the 
IU at 443.45 seconds versus the originally planned time of 438.19 seconds. 
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Table 6-4. S-11 Cutoff Impulse 

FLIGHT PERCENT DEVIATION 
PARAMETER PREDICTED FROM PREDICTED 

ENGINE GUID. DATA ENGINE GUID. DATA 

Cutoff N-s 822,018 813,491 731,621 -1.1 -11.0 
Impulse (1 bf-s) 184,797 182,880 164,475 . 

Velocity m/s 3.86 3.8 3.44 -0.9 -10.9 
Increase (ft/s) 12.66 12.5 11.29 

This later than predicted PU valve step was due to changes in IU pro­
gramming. The PU valves responded 1.55 seconds after IU command, with a 
slew time of about 1.8 seconds to the low EMR stop (open position) 
where the valves remained for the rest of S-II boost. Figure 6-11 gives 
a comparison of actual versus predicted S-Il PU valve position for AS-503 
flight. The open loop PU error at ECO was approximately +20.4 kilograms 
(+45 lbm) LH2 versus a 3 sigma tolerance of approximately tl134 kilograms 
(±2500 1 bm) . 

The PU control system responded as predicted during flight and no 
instabilities were noted. PU valve response to open-loop IU commands 
was evaluated by comparing valve loop characteristics obtained from 
flight data with results obtained from tests of an actual PU computer 
in a breadboard setup using five servoactuators and an analog computer 
to simulate vehicle conditions. The comparison shows PU valve response 
times during flight to be within 0.1 second of the simulated times, 
which is essentially equal to the telemetry resolution capability for 
PU valve position measurements. 

During AS-503 COOT slew check, the engine No.5 PU valve failed to move 
from the null position when the IIpU activate ll corrnnand was given. At the 
same time the PU package voltage dropped steadily from 115 vac to 
approximately 95 vac. The valve responded sluggishly to the second slew 
command but operated normally duri ng all subsequent COOT slew checks. 
The PU computer and the engine No.5 PU valve were replaced before flight. 

At 3 hours 30 minutes before AS-503 launch, the engine No.5 PU valve 
replacement also responded sluggishly to the first slew check. However, 
upon subsequent slew checks and during flight, the valve responded 
normally. Unlike the COOT failure, the PU package voltage remained 
constant throughout launch preparations and flight. 
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Fig u re 6 -11. S - II P U Val ve Po sit ion 

The PU valve removed after CDDT was disassembled by Rocketdyne and found 
to have insufficient ~xial overtravel in the actuator motor shaft plus 
misalignment of the motor end cap. Under cryogenic conditions, differential 
contraction caused excessive loading of motor bearings causing mechanical 
binding. Tests are now underway on the S-Il Battleship Stage to develop 
field pr-ocedures that would verify correct PU valve operation on all 
existi~g engines. Actuator inspection procedures will be revised and 
existing stock and new production valves will be acceptance-tested to 
meet more stringent environmental requirements. 

Engine shutdown sequence was initiated by the LOX low level sensors at 
524.02 seconds. Based on point level sensor data, propellant residuals 
(mass in tanks and sumps) at ECO signal were 1544 kilograms (3405 lbm) 
LOX and 1960 kilograms (4322 lbm) LH2 versus the predicted of 1905 
kilograms (4200 lbm) LOX and 1961 kilograms (4324 lbm) LH2· 

Table 6-5 presents a comparison of propellant masses as measured by the 
PU probes, flowmeters and point level sensors. The best estimate of S-11 
stage propellant mass is based on integration of flowmeter data,utilizing 
propellant residuals determined from the point level sensor data. 
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Table 6-5. S-II P\I'opellant Mass History 

PREDICTED PU SYSTEH ENGINE FLOW POINT SENSOR PROPELLANT MANAGEMEN 
EVENT UNITS (FINE MASS) INTEGRAL ANALYSIS BEST ESTI MATE 

RANGE TIME LOX LH2 LOX LH2 LOX LH2 LOX LH2 lOX LH2 

S-II kgs 358,832 70,482 360,286 71,236 359,322 70,160 360,180 70,508 .359,322 70,160 
ESC 155.19 (lbm) (791,089) (155,387) (794,295) (157,048) (792 ,170) (154,676) (794,061) (155,443) (792,170) (154,676) 

Hi EMR Select kgs 355,311 69,527 356,959 70,662 356,980 69,487 357,693 69,858 356,980 69,487 
160.67 (1 bm) (783,326) (153,281) (786,959) (155,78~) (787,006) (153,193) (738,577) (154,010) (787,006) (153,193) 

PU Shift (off high kgs 67,398 17,018 62,867 16,124 64,386 16,125 61.504 15,990 64,386 16,125 
stop) 445.00 (lbm) (148,588) (37,518) (138,598) (35,548) (141,947) (35,549) (135,594) (35,251) (141,947) (35,549) 

S-Il Engine Cutoff kgs 1905 1961 i228 2050 1544 1960 1544 1960 1544 1960 
Signal 524.02 (lbm) (4200) (4324) (2707) (4519) (1405) (4322) (3405) (4322) (3405) (4322) 

Residual s After kgs 1762 1898 1104 1984 1421 1895 1421 1895 1421 1895 
Thrust De{;ay* (lbm) (3885) (4184) (2434) (4375) (3132) (4178) (3132) (4178) (3132) (4178) 

NOTE: Propellant mass in tanks. *Residua1s in tank and sump. 

On the basis of a statistical analysis using data from PU capacitance 
probes, f1owmeters, point level sensors, and a six-degree-of-freedom 
trajectory simulation, the total launch vehicle m.asses at S-II ignition 
and cutoff were estimated to be 645,610 kilograms (1,423,327 lbm) and 
212,860 kilograms (469,275 lbm), respectively. These values can be 
compared with a mass at ignition of 645,610 kilograms (1 ,423,327 lbm) 
and a cutoff mass of 212,799 kilograms (469,141 1bm) for a trajectory 
simulation best fitting the observed postflight trajectory. 

6.6 S-II 'PRESSURIZATION SYSTEMS 

The function of the S-I1 pressurization systems is to provide the necessary 
positive pressure to the J-2 engines propellant pumps and to increase 
the structural integrity of the tanks. Prior to launch, the propellant 
tanks are prepressurized by Gaseous Helium (GHe) supplied from the GSE. 
During powered flight of the S-II stage, the LOX tank is pressurized by 
GOX routed from the LOX heat exchangers. The LH2 tank is pressurized 
during flight by Gaseous Hydrogen (GH2) tapped from the thrust chamber 
hydrogen injector manifold. 

6.6.1 S-II Fuel Pressurization System 

Prepressurization of the LH2 tank was initiated upon c1os~re of the vent 
valves at -97 seconds and an ullage pressure of 24.0 N/cm (34.8 psia) 
was obtained in approximately 35 seconds. Figure 6-12 presents actual 
and predicted tank ullage pressures from the beginning of prepressurization 
through S-II ECO. 

AS-503 was the first flight using dual sensing gage LH2 vent valves. 
During S-IC boost the LH2 tank vent valves were kept in the low differential 
pressure vent mode of 19.0 to 20.3 N/cm2 (27.5 to 29.5 psid) as referenced 
to the vent valve sense line. The first vent cycle occurred at 58.04 
seconds when the tank ullage pressure had decayed to 22.5 N/cm2 (32.6 psia). 
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Table 6-5. S-II P\I'opellant Mass History 
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Signal 524.02 (lbm) (4200) (4324) (2707) (4519) (1405) (4322) (3405) (4322) (3405) (4322) 

Residual s After kgs 1762 1898 1104 1984 1421 1895 1421 1895 1421 1895 
Thrust De{;ay* (lbm) (3885) (4184) (2434) (4375) (3132) (4178) (3132) (4178) (3132) (4178) 

NOTE: Propellant mass in tanks. *Residua1s in tank and sump. 

On the basis of a statistical analysis using data from PU capacitance 
probes, f1owmeters, point level sensors, and a six-degree-of-freedom 
trajectory simulation, the total launch vehicle m.asses at S-II ignition 
and cutoff were estimated to be 645,610 kilograms (1,423,327 lbm) and 
212,860 kilograms (469,275 lbm), respectively. These values can be 
compared with a mass at ignition of 645,610 kilograms (1 ,423,327 lbm) 
and a cutoff mass of 212,799 kilograms (469,141 1bm) for a trajectory 
simulation best fitting the observed postflight trajectory. 

6.6 S-II 'PRESSURIZATION SYSTEMS 

The function of the S-I1 pressurization systems is to provide the necessary 
positive pressure to the J-2 engines propellant pumps and to increase 
the structural integrity of the tanks. Prior to launch, the propellant 
tanks are prepressurized by Gaseous Helium (GHe) supplied from the GSE. 
During powered flight of the S-II stage, the LOX tank is pressurized by 
GOX routed from the LOX heat exchangers. The LH2 tank is pressurized 
during flight by Gaseous Hydrogen (GH2) tapped from the thrust chamber 
hydrogen injector manifold. 

6.6.1 S-II Fuel Pressurization System 

Prepressurization of the LH2 tank was initiated upon c1os~re of the vent 
valves at -97 seconds and an ullage pressure of 24.0 N/cm (34.8 psia) 
was obtained in approximately 35 seconds. Figure 6-12 presents actual 
and predicted tank ullage pressures from the beginning of prepressurization 
through S-II ECO. 

AS-503 was the first flight using dual sensing gage LH2 vent valves. 
During S-IC boost the LH2 tank vent valves were kept in the low differential 
pressure vent mode of 19.0 to 20.3 N/cm2 (27.5 to 29.5 psid) as referenced 
to the vent valve sense line. The first vent cycle occurred at 58.04 
seconds when the tank ullage pressure had decayed to 22.5 N/cm2 (32.6 psia). 
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Figure 6-12. 5-11 Fuel Tank Ullage Pressure 

There were five vent cycle events with the No.2 vent valve during 5-1C 
boost phase; the No.1 vent valve did not open. When vent valve No.2 
final reseat occurred at 113.53 seconds, the ullage pressure was 19.5 
N/cm2 (28.3 psia) and remained essentially constant until S-1l engine 
start. 

At engine start the LH2 vent valves were switched to high ~ressure vent 
mode which limits the maximum ullage pressure to 22.8 N/cm (33.0 psid), 
referenced to the vent valve sense line. From ESC until step pressuri­
zation, the ullage pressure was maintained within the range of 19.6 to 
20.7 N/cm2 (28.5 to 30.0 psia) by the LH2 tank pressure regulator. This 
regulator was stepped open as programmed at 453.78 seconds and ullage 
pressure increased to 21.6 N/cm2 (3l.2 psia) at S-11 ECO. 

Figure 6-13 shows LH2 pump inlet temperature, total inlet pressure and 
NPSP. The NPSP supplied to the engines was close to predicted throughout 
the S-11 burn phase. 

6.6.2 S-I1 LOX Pressurization System 

Following LOX tank chilldown the vent valves were c~osed at -187 seconds 
and the LOX tank ullage prepressurized to 26.5 N/cm (38.4 psia) in 
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Figure 6-12. 5-11 Fuel Tank Ullage Pressure 

There were five vent cycle events with the No.2 vent valve during 5-1C 
boost phase; the No.1 vent valve did not open. When vent valve No.2 
final reseat occurred at 113.53 seconds, the ullage pressure was 19.5 
N/cm2 (28.3 psia) and remained essentially constant until S-1l engine 
start. 

At engine start the LH2 vent valves were switched to high ~ressure vent 
mode which limits the maximum ullage pressure to 22.8 N/cm (33.0 psid), 
referenced to the vent valve sense line. From ESC until step pressuri­
zation, the ullage pressure was maintained within the range of 19.6 to 
20.7 N/cm2 (28.5 to 30.0 psia) by the LH2 tank pressure regulator. This 
regulator was stepped open as programmed at 453.78 seconds and ullage 
pressure increased to 21.6 N/cm2 (3l.2 psia) at S-11 ECO. 

Figure 6-13 shows LH2 pump inlet temperature, total inlet pressure and 
NPSP. The NPSP supplied to the engines was close to predicted throughout 
the S-11 burn phase. 

6.6.2 S-I1 LOX Pressurization System 

Following LOX tank chilldown the vent valves were c~osed at -187 seconds 
and the LOX tank ullage prepressurized to 26.5 N/cm (38.4 psia) in 
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approximately 70 seconds. One prepressuri?ation makeup cycle was required 
after which the ullage pres,sure stabilized at 26.5 N/cm2 (38.4 pSio,)' and 
remained essentially constant until engine start. Figure 6-14 presents 
the LOX tank ullage pressure as compared to predicted from prepressurization 
until 5-11 ECO. 

With the exception of the characteristic pressure slump associated with 
5-11 engine start, the LOX tank ullage pressure rem~ined within the 
regulator range of 24.8 to 25.9 N/cm2 (36.0 to 37.5 psia) during 5-11 burn 
until low EMR shift. The ullage pressurant gas supplied by the engine 
heat exchangers' is marginal at low EMR, and although the LOX tank pressure 
regulator opened to its maximum position at about 480 seconds, ullage 
pressure gradually decreased to 22.5 N/cm2 (32.6 psia) at ECO. Although 
tank ullage pressure dropped further below the regulator range than on 
the two previous flights, it was adequate to meet the engine inlet NP5P 
requirements. The LOX pump inlet temperature, total inlet pressure, and 
NP5P are shown in Figure 6-15. The NP5P supplied exceeded that required 
throughout 5-11 powered flight. 

The 18 hertz oscillations had two separate but related effects on the 
pressurization system: . 

a. The engine inlet LOX temperature was 1.3°K (2.4°F) higher than predicted 
at cutoff. 
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Figure 6-14. 5-11 LOX Tank Ullage Pressure 
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approximately 70 seconds. One prepressuri?ation makeup cycle was required 
after which the ullage pressure stabilized at 26.5 N/cm2 (38.4 psia). and 
remained essentially constant until engine start. Figure 6-14 presents 
the LOX tank ullage pressure as compared to predicted from prepressurization 
until 5-11 ECO. 

With the exception of the characteristic pressure slump associated with 
5-11 engine start, the LOX tank ullage pressure rem~ined within the 
regulator range of 24.8 to 25.9 N/cm2 (36.0 to 37.5 psia) during 5-11 burn 
until low EMR shift. The ullage pressurant gas supplied by the engine 
heat exchangers' is marginal at low EMR, and although the LOX tank pressure 
regulator opened to its maximum position at about 480 seconds, ullage 
pressure gradually decreased to 22.5 N/cm2 (32.6 psia) at ECO. Although 
tank ullage pressure dropped further below the regulator range than on 
the two previous flights, it was adequate to meet the engine inlet NP5P 
requirements. The LOX pump inlet temperature, total inlet pressure, and 
NP5P are shown in Figure 6-15. The NP5P supplied exceeded that required 
throughout 5-11 powered flight. 

The 18 hertz oscillations had two separate but related effects on the 
pressurization system: . 

a. The engine inlet LOX temperature was 1.3°K (2.4°F) higher than predicted 
at cutoff. 
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b. The LOX tank ullage pressure decayed 1.8 N/cm2 (2.7 psi) more than 
predicted (based on S-II-6 static firing results). 

The warmer LOX inlet temperature was attributed to surface agitation. 
Agitation tends to brea!~ up th~ !;;table "hot" LOX layer at the surface and 
consequently brings cold LOX in contact with the GOX pressurant, thereby 
causing condensation of the GOX. The extra heat added to the LOX by con­
densation plus the heat normally contained in the LOX residual was 
distributed into the usable LOX by the oscillation, thereby raising the 
engine inlet LOX temperature near the end of the S-II portion of flight. 

This condensation of GOX pressurant caused a more rapid ullage pr~ssure 
decay then predicted. When the ullage pressure decayed to approximately 
24.2 N/cm2 (36 psia), the GOX regulator went full open in an effort to 
maintain ullage pressure. This high flow demand at low EMR causes the 
output temperature of the GOX heat exchanger on the J-2 engine to drop to 
!aturaticn temperature. This operating point of the heat exchanger does 
~Qt provide adequate volumetric flow to maintain ullage pressure; there­
fop#.) the ullage pressure decayed even more rapidly. The main effect of 
the oscillation was to cause the full-open condition of the regulator 
earlier in the flight, thereby resulting in the lower end-boost ullage 
pressulfL.&i . 

Even though the ullage pressure was less than expected and the LOX inlet 
temperature was warmer than expected, engine NPSP requirements were 

, satisfied. For AS-504 and subsequent stages it has been proposed to 
institute step pressurization for the LOX tank at T3 + 100 seconds (S-II 
ESC + 9(3.6 seconds). This will permit the LOX ullage pressure to be 
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raised to the vent valve range before that pressure decay associated with 
low EM~ operation takes place. The net effect will be an increase in LOX 
NPSP for the latter portion of S-II burn. This mnuification was successfully 
t~sted during S-II-7 acceptance test and will be incorporated for AS-504. 

There were some pronounced steps in the position of the LOX tank pressure 
regulator during the 5-11 b~rn phase. It has been verified that similar 
regulator step changes occurred during 5-11-3 and S-II-4 static fi'rings. 
No detrimental effects on pressurization system performance have resulted 
from this type of regulator operation. It is concluded that regulator 
performance was acceptable and satisfactory during AS-503 flight. 

6.7 5-11 PNEUMATIC CONTROL PRESSURE SYSTEM 

Performance of the S-II pneumatic control pressure system was satisfactory. 
Figure 6-16 shows main .receiver pressure and regulator outlet pressure of ' 
the system from before liftoff until 5·,·11 ECO. The main receiver pressure 
was well above the predicted minimum performance limit. The actual data 
show receiver pres5ur'e to have a lower r~te of decay than predicted, 
indicating that system leakage was less than expected. The regulator outlet 
pressure was within a very narrow band of 486 to 493 N/cm2 (705 tv 715 psia) 
except during actuation of the propellant recirculation valves and engine 
p.reva 1 ves . 
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During launch, the Marshall Space Flight Center Launch Information Exchange 
Facility (M5FC LIEF) propulsion console lights indicated that engine No. 
4 LH2 recirculation pump discharge valve stayed open throughout 5-II burn. 
It was determined that this was not an instrumentation problem. Evaluation 
of valve discretd data shows that the open position switch did not drop 
out but the closed position switch did pick up, indicating the valve had 
closed. The open and closed position switches are activated by the same 
linkage for each valve, and it is concluded that the engine No.4 valve 
actually closed. For the above reasons, and because these position switches 
have a past history of failure, it has been concluded that this erroneous 
indication is the result of a malfunction of the open position switch. 
Improved switches have been installed on 5-II-4 and are scheduled for 
subsequent stages. 
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During launch, the Marshall Space Flight Center Launch Information Exchange 
Facility (MSFC LIEF) propulsion console lights indicated that engine No. 
4 LH2 recirculation pump discharge valve stayed open throughout S-II burn. 
It was determined that this was not an instrumentation problem. Evaluation 
of valve discretd data shows that the open position switch did not drop 
out but the closed position switch did pick up, indicating the valve had 
closed. The open and closed position switches are activated by the same 
linkage for each valve, and it is concluded that the engine No.4 valve 
actually closed. For the above reasons, and because these position switches 
have a past history of failure, it has been concluded that this erroneous 
indication is the result of a malfunction of the open position switch. 
Improved switches have been installed on 5-11-4 and are scheduled for 
subsequent stages. 
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6.8 S-II HELIUM INJECTION· SYSTEM 

Operating performance of the helium injection system was satisfactory 
and in good agreement with predictions. Helium injected into the LOX 
recirculation lines supplemented natural thermopumping and successfully 
maintained the temperature of the LOX feed system within the required 
limits. The supply bottle was pressurized to 2~06 N/cm2 (3200 psia) prior 
to liftoff and at ESC the pressure was 655 N/cm (950 psia). From this 
usage, tne average helium flowrate was determined to be 1.93 SCMM (68 
SCFM) . 

During AS-502 pre~aunch operations, difficulties were experienced in 
maintaining engines No.3 and 4 LOX pump discharge temperatures below 
the 1 aunch redl i nes . To increase reci rcu'l ati on sys tem perfOt'mance ~ the 
following procedural and hardware changes to the hel ium injection system 
were incorporated for AS-503 and subsequent vehicles. 

a. Helium injection system total flow was increased from 1.13 to 1.70 
SCMM (40 to 60 SCFM) to 1.42 to 1.98 SCMM (50 to 70 SCFM) by increasing 
the primary orifice size. 

b. Screens were added upstream of each injecti~n orifice. 

c. Checkout procedures were revised in order to assure even helium flow 
distribution to all engines. 

d. Solenoid valves outlet pressure instrumentation and solenoid valves 
outlet pressure redline values were deleted. 

e. Primary orifice outlet pressure instrumentation was added and 
established as a redline measurement from liftoff -30 minutes to 
liftoff -15 minutes. Its redline value is 138 N/cm2 (200 psia) to 
207 N/cm2 (300 psia). 

f. The supply bottle pressure redline value was changed from 1999 to 2389 
N/ cm2 (2900 to 3465 ps i a) to 1931 to 2389 N/ cm2 (2800 to 3465 ps i a) . 
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SECTION 6A 

STRUCTURAL RESPONSE TO S-II ENGINE OSCILLATIONS 

6A.l SUMMARY 

The pressure gauges in the S-II stage propulsion system and the acceler­
ometers at certain structural locations showed oscillations during the 
latter portion of S-II powered flight. Oscillations of about 18 hertz 
were evident in engine No.5 (center engine) parameters beginning at 
approximately 450 seconds. Amplitude of the center engine oscillations 
began increasing at about 478 secondS, as illustrated by ~he' engine 
chamber pressure data in Figure 6A-l. An 18 hertz response in the S-II 
crossbeam region peaked at 482 seconds which showed a like trend of 
amplitude and frequency to that of the center engine chamber pressure. 
Accelerations were at much smaller amplitudes in the outboard engines at 
18 hertz and chamber pressures were in the noise level. Accelerations 
were noted in the spacecraft flight data of approximately 9 hertz peaking 
at 493 seconds and another of approximately 11 hertz peaking at SlO 
seconds. Chamber pressures were well within the noise level for these 
two frequency trends. 

6A.2 5-11 STAGE STRUCTURAL RESPONSE 

Acceleration amplitudes of the S-II stage in the 18 hertz region cannot 
be accurately determined from flight data because of the rolloff 
characteristics of the instrumentation. The accelerometers were only 
accurate in amplitude at frequencies from 0 to 6.S hertz and the response 
characteristics rolled off sharply above this frequency. In Figures 
6A-l and 6A-2, the accelerations and chamber pressures shown are results 
of a Power Spectral Density (PSD) analysis of S-second slice times in the 
flight time of interest. Amplitudes of the accelerations are noted as 
uncorrected amplitudes because of the rolloff problem. However, the 
freq uency and amp 1 i tude trend shows the high osci 11 at ions in engi ne chamber 
pressure and crossbeam accelerations and their correlations. It appears 
the engine chamber pressure or forcing function is close to the cross-
beam natural frequency but not necessarily following the crossbeam 
frequency. This is evident in both the measured flight data and the 
calculated data. Both Dynamic Test Vehicle (DTV) data and analytical 
frequency calculations show that the crossbeam frequency was almost 
constant with time. The chamber pressure oscillations frequency seemed 
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to be somewhat erratic, crossing the frequency (approximately 18 hertz) 
of the center engine support structure at least twice and separating in 
the latter part of flight (see Figure 6A-3). 

The S-11 stage thrust structure including the center engine crossbeam is 
shown in Figure 6A-4. This figure shows also the thrust structure 
differences between the S-11-3 and S-11-4 stages. The modal frequency 
of the S-11-4 crossbeam is approximately 17 hertz. 

The evaluation to date has not concluded a definite cause of the large 
magnitude oscillations. However, the data does give some indications 
that it is not classical POGO (a fluid loop feedback through the tanks 
and propellant lines). The ratio of discharge pressure to pump inlet 
pressure as measured on the AS-503 flight were greater than that shown 
by previous test results by more than an order of magnitude. Another 
reason that this was probably not a line dominated oscillation is the 
fact that the frequency of engine chamber pressure was increasing while 
Net Positive Suction Pressure (NPSP) was decreasing during the time of 
interest. Line freque~cies should decrease with decreasing NPSP. The 
J-2 engine LOX pump has demonstrated a susceptibility to small amplitude 
oscillations between lS and 20 hertz independent of the support structure 
on which the engine is mounted when operating at certain NPSP values. At 
this point of the evaluation, it appears that this self induced pump 
oscillation of the center engine was initiated or greatly influenced by the 
NPSP and was magnified by the local center engine support structure (cross­
beam) which has a modal frequency of approximately 18 hertz. Similar 
oscillations of smaller magnitudes were seen in AS-SOl and AS-S02 data at 
approximately the same LOX tank liquid levels and NPSP values. No conclusion 
can be made at this time as to the exact cause of the 18 hertz phenomenon. 

~-Flight and test data evaluation and analytical investigations continue. 

6A.3 SPACECRAFT STRUCTURAL RESPONSE 

The 8 and 11 hertz oscillation time histories measured at the Com~and 
Module (CM) are shown in Figure 6A-S. The 8 hertz response at ,±0.06 gls 
agrees in time with that reported by the astronaut. The 8 and 11 hertz 
response corresponds to the first and second longitudinal mode of the 
vehicle at this flight time. These oscillations are forced responses and 
are caused by uncoupled oscillatory thrust well within the noise level 
of the engines. No 18 hertz response was evident in spacecraft data. 

6A.4 RESPONSE THRUST CALCULATIONS 

Since it was impossible to ascertain acceleration levels in the 5-11 thrust 
structure in the 18 hertz frequency range due to the rolloff characteristics 
of the accelerometers, calculations were made of these g levels-by 
analytically forcing the vehicle with the oscillatory thrust from valid 
engine chamber pressure measurements. This computation resulted in an 
engine gimbal block acceleration of ±3.5 gls as shown in Table 6A-l. 

to be somewhat erratic, crossing the frequency (approximately 18 hertz) 
of the center engine support structure at least twice and separating in 
the latter part of flight (see Figure 6A-3). 

The S-11 stage thrust structure including the center engine crossbeam is 
shown in Figure 6A-4. This figure shows also the thrust structure 
differences between the S-11-3 and S-11-4 stages. The modal frequency 
of the S-11-4 crossbeam is approximately 17 hertz. 

The evaluation to date has not concluded a definite cause of the large 
magnitude oscillations. However, the data does give some indications 
that it is not classical POGO (a fluid loop feedback through the tanks 
and propellant lines). The ratio of discharge pressure to pump inlet 
pressure as measured on the AS-503 flight were greater than that shown 
by previous test results by more than an order of magnitude. Another 
reason that this was probably not a line dominated oscillation is the 
fact that the frequency of engine chamber pressure was increasing while 
Net Positive Suction Pressure (NPSP) was decreasing during the time of 
interest. Line frequen~ies should decrease with decreasing NPSP. The 
J-2 engine LOX pump has demonstrated a susceptibility to small amplitude 
oscillations between lS and 20 hertz independent of the support structure 
on which the engine is mounted when operating at certain NPSP values. At 
this point of the evaluation, it appears that this self induced pump 
oscillation of the center engine was initiated or greatly influenced by the 
NPSP and was magnified by the local center engine support structure (cross­
beam) which has a modal frequency of approximately 18 hertz. Similar 
oscillations of smaller magnitudes were seen in AS-SOl and AS-S02 data at 
approximately the same LOX tank liquid levels and NPSP values. No conclusion 
can be made at this time as to the exact cause of the 18 hertz phenomenon. 

~-Flight and test data evaluation and analytical investigations continue. 

6A.3 SPACECRAFT STRUCTURAL RESPONSE 

The 8 and 11 hertz oscillation time histories measured at the Com~and 
Module (CM) are shown in Figure 6A-S. The 8 hertz response at ±0.06 gls 
agrees in time with that reported by the astronaut. The 8 and 11 hertz 
response corresponds to the first and second longitudinal mode of the 
vehicle at this flight time. These oscillations are forced responses and 
are caused by uncoupled oscillatory thrust well within the noise level 
of the engines. No 18 hertz response was evident in spacecraft data. 

6A.4 RESPONSE THRUST CALCULATIONS 

Since it was impossible to ascertain acceleration levels in the 5-11 thrust 
structure in the 18 hertz frequency range due to the rolloff characteristics 
of the accelerometers, calculations were made of these g levels-by 
analytically forcing the vehicle with the oscillatory thrust from valid 
engine chamber pressure measurements. This computation resulted in an 
engine gimbal block acceleration of ±3.5 gls as shown in Table 6A-l. 



N ...., 
S-

en O) 

:J:::o ..s::: 
I 

(J'1 '" >-
u 
Z 
I.J..I 
::> 
CY 
I.J..I 
~ 
LL. 

.- - . -") 
; 

20 I 

FREQUENCY BAND 
OF CROSSBEAM MODE 

19 - --- MEASURED CHAMBER 
PRESSURE FREQUENCY 

18 -- - ............. -- ... -
1--" -- '--

17 NPSP 
15.9 - 15.2 N/cm2 

(23.0 - 22.1 psi) 
16 II L II 

15 
450 455 460 465 470 475 480 485 490 

RANGE TIME, SECONDS 

+;< --- .~.~.- -, . 

_/ 

[DTV DATA /'" 
I .....,_ .. 1--

-,.,.. 
-- .. ---- -

\. CALCULATED 

495 500 505 510 515 520 

Figure 6A-3. S-II Stage Crossbeam and Center Engine Chamber Pressure Frequency 

• ... ~'··--... -··--·""...".,....·...,.."·,........,..-.,.-··' ... ' .. ~·"<'·-~~-<r:'!"t·~,q",;;w""$f"..q,07i. q q (ifiijljNnmf'·· "'f~ j 3Ni.i.i;i __ r_~'·_'iit.:·~~~:~"".,~d~.f.i~~."";::'~""~1.' C'l'!':! .., .... ';, .. '<.,. ... ~'''';'. '''),'~''_',_.r:, "If ';'i' !. '~',-. 1. 

It 

"'-

" 

(j 

-~- -~ .~ 

:", 

20 
FREQUENCY BAND 

19 
N ...., 
S-

en OJ 
:J:::o ..s::: 18 I 
(J'1 '" >-

u 
Z 
I.J..I 17 ::> 
CY 
I.J..I 
~ 
LL. 

OF CROSSBEAM MODE 
~/ - MEASURED CHAMBER 

fDJV 
DATA 7 ---

~_/ PRESSURE FREQUENCY _ ... ,., 
-,.,.. ... --,- ...... , ~---.- - --__ I-

',-- ~ ... 
\. CALCULATED 

NPSP 
15.9 - 15.2 N/cm2 

(23.0 - 22.1 psi) 
16 

15 
450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 

RANGE TIME, SECONDS 

Figure 6A-3. S-II Stage Crossbeam and Center Engine Chamber Pressure Frequency 



r Ii l r 
i f 
I ! 
• i 

! I 
! 'f 
I ' 
I 

i 
,I 

l~l , 'I ,,: 

J'! 
i i ; ''/' . ~ 

, } 

~ 

I H~ 

1 

Ifi 
'tl! 

''',t 

! .. l'v 

d 
[,<'1 

(J) 

:t:> 
J 

Q) 

-f'f 

'. 

TAPERED BEAM CAPS - FRAME STATIONS 139.75 
7075-T6 FOR BOTH I 7075-T6 (S-II-3) STATION 

< «{ « « « (tS;I(I;~ ~~Dt ~~liI-4~ I 2020-T6 (S-II-4~ ;-223 
SKIN IS 7075-T6 
CHEM-MIL LED 
SHEET FOR 
BOTH S-II-3 AND S-II-4 

STRINGERS 
S-II-3 - 7075-T6 
S-II-4 - 2020-T6 

S-I1-4 CAP AREA 
67% S-II-3 CAP 

.AREA 

, 
I 

0'-167.5 REINFORCING 
DOUBLER 

S-II-4 STRINGER AREA = 90% 
OF S-II-3 STRINGER AREA 

'. 

CROSSBEAM 

--r----r-"n ,- -- - --J- -

BAS,lt FRAME ~A~~% S-II-3 AREA~\\.~ S-II-4 AREA " 

ALUMINUM DOU~L~R -4) _ .. , ~ 
I N BOARD CAP( ~'- ~ I 

I 

THRUST FRAME 
STATION 112 

I 
I 

INCONEL DOUBLER 
OUTBOARD CAP (S- I I -4 ) - ;':!! 

S-II-4 THRUST LONGERON 
INCORPORATES INTEGRAL 
REINFORCEMENT 

S-II-3 THRUST 
LONGERON 
CONFIGURATION 

FRAMES STATIONS 112, 167.5 AND 196 
ARE 7075-T6 FOR BOTH 
S-II-3 AND S-II-4 

SKIN/STRINGER ATTACHMENT: 
S-II-3 - 00-6 RIVETS 
S-II-4 HI-LOK FASTENERS 

Figure 6A-4. 5-11-3 and 5-11-4 Thrust Structure Comparison 

,"'-

~ 

---- . ,~ 

TAPERED BEAM CAPS - FRAME STATIONS 139.75 
7075-T6 FOR BOTH 7075-T6 (S-II-3) STATION 
5-11-3 AND 5-11-4 2020-T6 (5-11-4) 

~~~~~~~~~~ __ ~-~-------------~---------~-223 
SKIN IS 7075-T6 
CHEM-MIL LED 
SHEET FOR 
BOTH S-II-3 AND S-II-4 

STRINGERS 
S-II-3 - 7075-T6 
S-II-4 - 2020-T6 

S-I1-4 CAP AREA 
67% S-II-3 CAP 

.AREA 

, 
I 

-167 5 REINFORCING 
~ . DOUBLER 

S-II-4 STRINGER AREA = 90% 
OF S-II-3 STRINGER AREA 

'. 

CROSSBEAM 

--r---r--YI-, - - - --J- - --

BASIC FRAME CAPS 
S-II-4 AREA:: 77% S-II-3 AREA~ 

ALUMINUM DOUBLE~ _, ~ 
INBOARD CAP{S·-iI-4} ~-*"~ 

INCONEL DOUBLER 

I 

THRUST FRAME 
STATION 112 

I 
I 

OUTBOARD CAP (S- I I -4 ) ------ii:!!'liiiiii;:~ 

S-II-4 THRUST LONGERON 
INCORPORATES INTEGRAL 
REINFORCEMENT 

S-II-3 THRUST 
LONGERON 
CONFIGURATION 

FRAMES STATIONS 112, 167.5 AND 196 
ARE 7075-T6 FOR BOTH 
S-II-3 AND S-II-4 

SKIN/STRINGER ATTACHMENT: 
S-II-3 - 00-6 RIVETS 
S-II-4 HI-LOK FASTENERS 

Figure 6A-4. 5-11-3 and 5-11-4 Thrust Structure Comparison 



S; L; L .« Ji' - -. --' 

I 
, j 

1'" I 

. i, 1 

i . 

.I 
! 
I 

I 
\ 

I 
'f 

i i: 

'.111 ~ 
I 'i ~ I' 

II! I ' , . I 
J : 
~ \ 

f1i . ,. 
: .!;. 

i· it ., 
l 
: ', •• 
• i ' 

~ 

"",",Ii. 

c.!I 
0.05 11 ---t---j---r---r--~---r--~--~---~--~--~--~--~--~--~--~--j 

8.6 

V'l 0.04 1 1 1 • 8~~-~ I I ~ I ~ • 

.e;. ACCEL. CM ,j.8 '\ I 

........ 

z INST NO. CK-0026A \ 10.6 
~ 0.03 : \'9.0 A • 
g I /9.2\ \ 1 I 
w:l 0.02' 8.8/ __ -'10.4 \i\\. . 
c:( 8 2 ...... o. 
~ / .... k ..... 10.0 ~~ 8 '1 

0.01 _7.6 7.8 A. 8~4 8.y/ 1//10.2 9.4 

-V'l 
~ 
0:: 

_ .......... ~ ,/" / "",/ / " 1 
-4-- / -_ ~./ '8.4/ ~ ---1--"" ~ 

I 1 9.6 1 8'"'60 9.6"7 -9 2 .~-~:,.... 9.4 9.8 10.0 I ~ o . 8.2' 9.6 9.2 

NOTE: NUMBERS AT DISCRETE TIMES 
ALONG CURVES ARE FREQUENCIES (Hz) 

2.0~,----~--~----~--~~--~----~--~----,---~~--~----~--~----~--·~----~----~---. 

ENG #5 (8-11 Hz) 
1/ 

......--
""" ~ 1.0 I tr<J.w;cl«,«J«f~"'" '\I 1 ~~ 17' 'f~ 

:::> 
V'l 
V'l 
I.I.J 
0:: 
0-

~ 0.5 I '\.',,'<.A'\.'\.',"''f\('Jr.'' '< ""~"\:\.'\"\;a"''\.'''\''\.'''\.'\'f\.'\.''\.V I ~"~,'\.,'\.'\."'"",,,~ ...... 
I.I.J 
co 
::E 
c:( 
:c 
u 

2.5 .:;; 
0. 

........ 
2.0 ~ 

0:: --
1.5 ~ :::> 

V'l 
V'l 
I.I.J 

1.0 g: 
0:: 
I.I.J 
co 

0.5 ~ :c 
u 

O' 1 1 I 1 1 1 1 1 1 1 I 0 
445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 440 

RANGE TIME, SECONDS 

Figure 6A-S. Command Module" Longitudinal Oscillation Time Histories 

~ .~ ........ t1~-.:-:-:-~ .. :""tl:~'T~-:~:':;:;;--;-:'t':::-~' :~-.';;:.-:'~ "-::;-:;:~::::~~:::;T·~:-;""";::-;~;~';::_~r-:;;:'.(~,"~~;:"::-~:;;;::· ;:-::_':,' '. "':(~'"1-: 

""- _~ __ c _ 

~ 

__ -' __ _ _ _ _ Aj 

0.05 
c.!I .. 
........ 
(./') 0.04 :E 
ex: .....-
z 
0 0.03 ...... 
l-
e:( 
~ 
UJ 
....J 0.02 UJ 
u 
u 
e:( 

0.01 

0 

(j) 
::z;::. 2.0 J 
-......J 

N 
E 
u 

......... 
z 1.5 

-(./') 

:E 
ex: 

UJ 1.0 ex: 
:::> 
(./') 
(./') 
UJ 
ex: 
0-

ex: 0.5 
UJ 
co 
:E 
e:( 
:c 
u 

0 

7.8 
'r- 7. 6 - -.... 

--9.6 

( 

8.6 

.~ ~ 
ACCEL. CM / 

\ 
INST NO. CK-0026A 

\9.0 A 
a.al -

/9\ 
_-'10.4 '\. 

8.y / .... ~ ...... 10.0 

~a ./ 
8.2 8.4 V/10 . 2 9.4 .A A. 

::::- """ V" ~ / " ~2 L l'\. /' ~ ~.-----' 
~ 96 Y - -~:"""I- 9.4 9.8 10.0 
8.0 . 8.2 9.2 9.6 

NOTE: NUMBERS AT DISCRETE TIMES 
ALONG CURVES ARE FREQUENCIES (Hz) 

ENG #S (8-11 Hz) 
2.S .:;; 

0. .. 
2.0 ~ 

:E ex: --

~ __ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~ __ ~~ __ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~ __ ~ ____ ~O 
440 445 450 455 460 465 470 475 480 485 490 495 SOO 50S S10 S1S S20 

RANGE TIME, SECONDS 

Figure 6A-S. Command Module" Longitudinal Oscillation Time Histories 



Table 6A-l. Calculated Longitudinal Structural Response 
and Thrust Oscillations Using AS-503 Measured Data 

FREQUENCY MOST VALID AS-503 RESULTS OF RESPONSE/THRUST CALCULATIONS 
FLIGHT DATA 

17~ 10 hertz 5-11 Center Engine 1. The measured chamber pressure 
Chamber Pressure produces an oscillating thrust of 

t22,241 Newtons (±5000 lbf). 
2. Forcing the 17.7 hertz mode (c/cc 

= 1.5 percent) with ±5000 lbf 
gives a calculated thrust pad 
acceleration of t 3.5 gls. 

8-9 hertz Accelerometers l. The measured acceleration in the 
in the Command command module is t .06 gls at 8-9 
Module (CM) hertz. 

2. The calculated force level required 
to give ± .06 gls CM response in 
the 8.6 hertz mode (c/cc = 0.8 
percent) is ±667 Newtons (t150 lbf). 

10-11 hertz Accelerometers l. The measured acceleration in the 
in the CM ~ command module is t .05 gls at 

10-11 hertz. 
2. The calculated force level required 

to give ± .05 gls CM response in 
the 11.0 hertz mode (c/cc = 0.8 
percent) is ± 845 Newtons (t190 
1 bf) . 

I 

This loading, combined with thrust loading on the crossbeam, gave only 82 
percent of the design load. The crossbeam is the most critical load 
carrying structure at this time of flight, therefore, a very adequate 
structural margin was maintained during the S-II oscillation phenomenon. 

The 8 and 11 hertz accelerations measured in the CM were valid, however, 
engine chamber pressure amplitudes were in the noise level and could not 
be determined. This chamber pressure level was determined analytically 
by back calculating the oscillatory engine thrust required to reproduce 
the measured responses in the CM. This resulted in a total oscillatory 
thrust of t 667 Newtons (t 150 lbf) for the 8 hertz response and t 845 
Newtons (± 190 lbf) for the 11 hertz response as shown in Table 6A-l. 
The 8 and 11 hertz oscillations were insignificant from a structural loads 
consideration. 

6A .. ·8 

"-,,.~;., .. -,,~,,~,,~< .~ ~+.; 

......... _,"'.",.. ••. :;1.' -'-~~'- .. ,-.,~. . ,.~ ~ ..... , _.,-.¥...... . "", -
.: .:... ...... .4I!;.ou1.., .... ~. 

-r-~.-,-.,-- ----,-". --~. -~ -.~~~, ... -~~-~~-. ~ 

'; 

'" , -:<--"- "," ~'" '" • • 

.. .~.ltl ••. :.~ 

,. , J 

Table 6A-l. Calculated Longitudinal Structural Response 
and Thrust Oscillations Using AS-503 Measured Data 
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17~ 10 hertz 5-11 Center Engine 1. The measured chamber pressure 
Chamber Pressure produces an oscillating thrust of 

t22,241 Newtons (±5000 lbf). 
2. Forcing the 17.7 hertz mode (c/cc 
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gives a calculated thrust pad 
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This loading, combined with thrust loading on the crossbeam, gave only 82 
percent of the design load. The crossbeam is the most critical load 
carrying structure at this time of flight, therefore, a very adequate 
structural margin was maintained during the S-II oscillation phenomenon. 

The 8 and 11 hertz accelerations measured in the CM were valid, however, 
engine chamber pressure amplitudes were in the noise level and could not 
be determi~ed. This chamber pressure level was determined analytically 
by back calculating the oscillatory engine thrust required to reproduce 
the measured responses in the CM. This resulted in a total oscillatory 
thrust of ± 667 Newtons (t 150 lbf) for the 8 hertz response and t 845 
Newtons (± 190 lbf) for the 11 hertz response as shown in Table 6A-l. 
The 8 and 11 hertz oscillations were insignificant from a structural loads 
consideration. 
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7.1 SUMMARY 

SECTION 7 

S-IVB PROPULSION 

The J-2 engine operated satisfactorily throughout the operational phase 
of first and second burn with normal shutdown5" S-IVB first burn time 
was 156.69 seconds which was 2.11 seconds less than predicted. The 
engine performance during first burn, as determined from standard altitude 
reconstruction analysis, deviated from the predicted ESC + 80-second time 
slice by +0.01 percent for thrust and +0.40 percent for specific impulse. 
The S~-IVB stage first burn ECO was initiated by the Launch Vehicle Digital 
Computer (LVDC) at 684.98 seconds. 

The Continuous Vent S.~stem (CVS) adequately re9ulated LH2 tank ullage 
pressure at' 13.4 N/cm2 (19.5 psia) during orbit, and the OXYgen/Hydrogen 
(02/H2) Burner, in its first flight operation, satisfactorily achieved 
LH2 tank repressurization for restart. Repressurization of the LOX tank 
was not required. 

Engine restart conditions were within specified limits. The restart at 
full open Propellant Utilization (PU) valve position was successful and 
there were no indications of overtemperature conditions in the gas 
generator. S-IVB second burn time was 317.72 seconds which was 2.07 
seconds longer than predicted. The engine performance durinq second burn, 
as determined from the standard altitude reconstruction analysis, deviated 
from the predicted ESC + 80-second time slice by -0.03 percent for thrust 
and +0.28 percent for specific impulse. The S-IVB stage ECO was initiated 
by the LVDC at 10,555.51 seconds. 

Subsequent to second burn, the stage propellant tanks were safed satisfacto­
rily, with sufficient impulse being derived from the LOX dump to impart 20.4 
m/s (66.9 ft/s) to stage velocity. This slowed the vehicle down and was a 
major contributing factor toward avoiding lunar impact and establishing a 
solar orbit. 

The instrumenta.tion added to this stage to monitor the effectiveness of 
the engine's Augmented Spark Igniter (ASI) line modification showed no 
indications of line failure on this engine. 

Special instrumentation added to the cold helium system to detect any leak­
age in the system indicated that no leakage was observed on AS-503. Sphere 
temperature and pressure data likewise indicated no leakage. 
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7.2 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST BURN 

The propellant recirculation systems performed satisfactorily, meeting 
start and run box requirements for fuel and LOX as shown in Figure 7-1. 

The thrust chamber temperature at launch was well below the maximum allow­
able redline limit 01 172°K (-150°F). At S-IVB first burn ESC, the 
temperature was 158.2°K (-175°F), which is within the requirement of 166 
± 27.5°!( (-160.9 ± 49.5°F) as shown in Figure 7-2. 

The chilldown and loading of the engine Gaseous Hydrogen (GH2) start spher~ 
and pneumati c contro 1 sphere prior to 1 i ftoff were sati sfactory. Fi gure 
7-3 shows the start tank performance fOl" fi rst burn. At f'i rst ESC the 
start tank conditions were within the required S-IVB region of 896.3 ± 
68.9 N/cm2 and 133.2 ± 44.4°K (1300 ± 100 psia and -220 ± 80°F) for initial 
start. The discharge was completed and the refill initiated at first burn 
ESC +3.86 seconds. The refill w,as satisfactory and in qood agreement with 
the acceptance test. 

As a modification on this stage, the J-2 control helium sp~ere was tied 
into the stage LOX and LH2 ambient helium repressurization spheres as shown 
in Figure 7-4. This resulted in a continual replenishing of the J-2 
co~trol sphere in flight. The engine control bottle pressure and 
temperature at liftoff were 20~4 N/cm2 (2950 psia) and 152.8°K (-i84.6°F), 
respectively. LOX and LH2 systems chilldown, which were continuous from 
befor'e liftoff until just prior to S-IVB first burn ESC were satisfactory. 
At ESC the LOX pump inlet temperature was 9l.1 o K (-295.7°F) and the LH2 
pump inlet temperature was 20.82°K (-422.2°F). 

The first but"'n start transient was satisfactory. The thrust builduD was 
within the limits set by the engine manufacturer. Faster thrust buildup 
to the 90 percent level as compared to the acceptance test results was 
observed on this flight and is shown in Figure 7-5. This buildup was 
similar to the thrust buildups observed on AS-50l and 502. Table 7-1 
shows the major sequences of events duri ng the buil dup trans i ents. The PU 
valve was in proper null position prior to first start. The total impulse 
from STDV to STDV +2.5 seconds was 820,972 N-s (184,562 lbf-s) for first 
start. This was greater th~n the value of 671,681 N-s (151,000 lbf-s) 
obtained during the same interval for the acceptance test. 

First burn fuel lead generally 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-IVB MAIN STAGE PERFORMANCE FOR FIRST BURN 

Two analytica'l techniques were employed in evaluating S-IVB stage propulsion 
system performance. The primary method, propulsion reconstruction analysis, 
util i zed tel emetered engi ne and stage data to compute 1 ongi tudi na 1 th rus t, 
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specific impulse, and stage mass flowrate. In the second method, flight 
simulation, a five-degree-of-freedom trajectory simulation was utilized 
to fit propulsion reconstruction analysis results to the trajectory. Using 
a differential correction procedure, this simulation determined adjustments 
to the reconstruction analysis of thrust and mass flow histories to yield 
a simulated trajectory which closely matched the observed postfliqht 
tr'ajectory. 

The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted and 
actual performance of thrust, total flowrate, specific impulse, and mixture 
ratio versus time is shown in Figur~ 7-6. Table 7-2 shows the specific 
impulse, flowrates and mixture ratio deviations from the predicted at the 
ESC +80-second time slice. This time slice performance is the standardized 
altitude performance which is comparable to engine acceptance tests. The 
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specific impulse, and stage mass flowrate. In the second method, flight 
simulation, a five-degree-of-freedom trajectory simulation was utilized 
to fit propulsion reconstruction analysis results to the trajectory. Using 
a differential correction procedure, this simulation determined adjustments 
to the reconstruction analysis of thrust and mass flow histories to yield 
a simul ated trajectory whi ch closely matched the observed postfl iqht 
trajectory. 

The propulsion reconstruction analysis showed that the stage performance 
during mainstage operation was satisfactory. A comparison of predicted and 
actual performance of thrust, total flowrate, specific impulse, and mixture 
ratio versus time is shown in Figur~ 7-6. Table 7-2 shows the specific 
impulse, flowrates and mixture ratio deviations from the predicted at the 
ESC +80-second time slice. This time slice performance is the standardized 
altitude performance which is comparable to engine acceptance tests. The 
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Figure 7-4. J-2 Engine Control and Stage Ambient Bottles Tie~In Schematic 

aO-second time slice performance for first burn thrust was 0.01 percent 
greater than predicted. Specific impulse performance for first burn was 
0.40 percent greater than predicted. 

The overall propulsion reconstruction of longitudinal thrust compared to 
the predicted was +0.09 percent for first burn. Longitudinal specific 
impulse for first burn when compared to predicted was +0.44 percent. 

The flight simulation analysis showed an increase of 0.59 percent, compared 
to the prediction, in specific impulse. Other comparisons are shown in 
Table 7-3. 

The S-IVB burn time was 2.11 seconds shorter than predicted. Table 7-4 
shows that the primary contri butoy's to the shorter burn time were devi ati ons 
in the preconditions for the S-IVB portion of flight. The total contributors 
show a burn time deviation of -1.707 seconds. This is 0.403 second less 
than the actual deviations. The additional 0.403 second of burn time may 
be accounted for by uncertainties in preconditions of flight and uncertai.nties 
in the thrust average obtained from trajectory reconstruction. 
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aO-second time slice performance for first burn thrust was 0.01 percent 
greater than predicted. Specific impulse performance for first burn was 
0.40 percent greater than predicted. 

The overall propulsion reconstruction of longitudinal thrust compared to 
the predicted was +0.09 percent for first burn. Longitudinal specific 
impulse for first burn when compared to predicted was +0.44 percent. 

The flight simulation analysis showed an increase of 0.59 percent, compared 
to the prediction, in specific impulse. Other comparisons are shown in 
Table 7-3. 

The S-IVB burn time was 2.11 seconds shorter than predicted. Table 7-4 
shows that the primary contri butoy's to the shorter burn time were devi ati ons 
in the preconditions for the S-IVB portion of flight. The total contributors 
show a burn time deviation of -1.707 seconds. This is 0.403 second less 
than the actual deviations. The additional 0.403 second of burn time may 
be accounted for by uncertainties in preconditions of flight and uncertai.nties 
in the thrust average obtained from trajectory reconstruction. 
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During both burns the engine experienced in-run shifts of approximately 
8896 Newtons (2000 lbf) of thrust due to 4.5 N/cm2 (6.5 psia) shifts in 
chamber pressure. These shifts are attributed to shifts in the PU valve 
resistance to flow. Figure 7-7 shows the PU valve calculated pressure 
drop and chamber pressure for both burns. The calculated pressure drops 
cor~elate with the observed changes in chamber pressure. 

A reduction in PU valve flow rssistance at a fixed valve position results 
in an increase in LOX bypass flow. Since the LOX pump during mainstage 
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During both burns the engine experienced in-run shifts of approximately 
8896 Newtons (2000 lbf) of thrust due to 4.5 N/cm2 (6.5 psia) shifts in 
chamber pressure. These shifts are attributed to shifts in the PU valve 
resistance to flow. Figure 7-7 shows the PU valve calculated pressure 
drop and chamber pressure for both burns. The calculated pressure drops 
cor~elate with the observed changes in chamber pressure. 

A reduction in PU valve flow rssistance at a fixed valve position results 
in an increase in LOX bypass flow. Since the LOX pump during mainstage 
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Table 7-1. S-IVB Engine Start Sequence Events ~ ~irst Burn 

TIME OF EVENT IN RANGE TIME (SECONDS) 
EVENT 

PREDICTED ACTUAL 

S-IVB Engine Start Sequence 522.19 525.00 , 

Command (ESC) 

S-IVB Engine Start Indication 522.19 525.03 

Start Tank Discharge Valve 
(STDV) Open 

525.19 528.29 

Mainstage Control Solenoid 525.64 528.46 

Mainstage OK 5;6.60 529.78 

90 Percent Thrust 527.69 530.53 

Main LOX Valve Open 527.74. 530.85 

I' 

is essentially a constant flow pump an Jncrease in .bypass flow allows less 
flow to be delivered to the chamber causing a lower chamber pressure. 
Figure 7-7 shows that during those periods when the valve ~P decreased the 
chamber pressure decreased, and when the valve ~P increased the chamber 
pressure increased. Thus the engine performance shifts are attributed to 
shifts in the hydraulic flow resistance of the valves. These in-run shifts 
have been experienced on previous acceptance tests, and ECP-60l which 
relocates the baffle in the PU valve will be incorporated on the AS-504 
and subsequent S-IVB stages. 

Due to the S-11 engine failure and restart problems on AS-502 flight, the 
ASI system on the J-2 engine was redesigned. Photographs of the redesigned 
LOX and fuel lines are shown in Figures 7-8 and 7-9. instrumentation 
installed to monitor AS! system performance responded as expected. Botlrl 
LOX and LHZ supply line temperatures chilled to expected levels during 
both burns and did not indicate any abnormal condition. Combustion 
chamber temperature responded during fuel lead indicating proper ignition 
of the AS1. The measurement was cooled by its local environment during 
mainstage (see Figure 7-10). Paragraph 9.3.3 discusses the structural 
integrity of the redesigned lines. 

The helium control system for the J-2 engine performed satisfactorily 
during mainstage operation. Since the engine bottle was connected with 
the stage ambient repressurization bottles there I"as little pressure 
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Table 7-1. S-IVB Engine Start Sequence Events ~ ~irst Burn 

TIME OF EVENT IN RANGE TIME (SECONDS) 
EVENT 

PREDICTED ACTUAL 

S-IVB Engine Start Sequence 522.19 525.00 , 

Command (ESC) 

S-IVB Engine Start Indication 522.19 525.03 

Start Tank Discharge Valve 525.19 528.29 
(STDV) Open 

Mainstage Control Solenoid 525.64 528.46 

Mainstage OK 5?6.60 529.78 

90 Percent Thrust 527.69 530.53 

Main LOX Valve Open 527.74. 530.85 

I' 

is essentially a constant flow pump an Jncrease in .bypass flow allows less 
flow to be delivered to the chamber causing a lower chamber pressure. 
Figure 7-7 shows that during those periods when the valve ~P decreased the 
chamber pressure decreased, and when the valve ~P increased the chamber 
pressure increased. Thus the engine performance shifts are attributed to 
shifts in the hydraulic flow resistance of the valves. These in-run shifts 
have been experienced on previous acceptance tests, and ECP-60l which 
relocates the baffle in the PU valve will be incorporated on the AS-504 
and subsequent S-IVB stages. 

Due to the S-11 engine failure and restart problems on AS-502 flight, the 
ASI system on the J-2 engine was redesigned. Photographs of the redesigned 
LOX and fuel lines are shown in Figures 7-8 and 7-9. instrumentation 
installed to monitor AS! system performance responded as expected. Botlrl 
LOX and LHZ supply line temperatures chilled to expected levels during 
both burns and did not indicate any abnormal condition. Combustion 
chamber temperature responded during fuel lead indicating proper ignition 
of the AS1. The measurement was cooled by its local environment during 
mainstage (see Figure 7-10). Paragraph 9.3.3 discusses the structural 
integrity of the redesigned lines. 

The helium control system for the J-2 engine performed satisfactorily 
during mainstage operation. Since the engine bottle was connected with 
the stage ambient repressurization bottles there I"as little pressure 
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decay. Helium usage was estimated from flowrates during engine operation. 
Approximately 0.20 kilogram (0.44 lbm) was consumed during first burn. 

7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN 

S-IVB ECO was initiated at 684.98 seconds by a guidance velocity cutoff 
command which resulted in a 2.ll-second shorter than predicted first burn 
time. 
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decay. Helium usage was estimated from flowrates during engine operation. 
Approximately 0.20 kilogram (0.44 lbm) was consumed during first burn. 

7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN 

S-IVB ECO was initiated at 684.98 seconds by a guidance velocity cutoff 
command which resulted in a 2.ll-second shorter than predicted first burn 
time. 
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Table 7-2. S~IVB Steady State Performance ~ First Burn 
(ESC + 80 Second Time Slice at Standard Altitude Conditions) 

FLIGHT PERCENT 
PARAMETER PREDICTED RECONSTRUCTION DEVIATION DEVIATION 

FROM PREDICTED 
Thrus t N 900,609 901 ,557 948 0.01 

(1 bf) (202,465) (202,678) (213) 

Speci fi c Impulse 
N-s/kg 4,187.4 4,204.1 16.7 
(lbf-s/lbm) (427.0) (428.7) ( 1. 70) 0.40 

LOX Fl owra te 
kg/s 178.89 178.16 -0.73 
(lbm/s) (394.38) (392.78) ( -1 .60) -0.41 

Fuel Flowrate 
'kg/s 36.17 36.30 0.13 
(lbm/s) (79.74) (80.0n (0.29) 0.36 

Eng; ne Mi xture 
Ratio 

LOX/Fuel 4.946 4.908 -0.038 -0.77 

.. 

The ECO transient was satisfactory and agreed closely with the acceptance 
test and predictions. The total cutoff impulse to zero percent of rated 
thrust was 183,427 N-s (41,236 lbf-s). Cutoff occurred with the PU valve 
in the null position. 

The Main Oxidizer Valve (MOV) actuator temperature at cutoff for first 
burn was l82°K (-133°F). The cutoff impulse was adjusted from these 
conditions to standard conditions for comparison with the log book values 
at null PU valve position and 255°K (O°F) MOV actuator temperature. After 
these adjustments, the flight value was near the log book value. The 
thrust during first cutoff is shown in Figure 7-11. 

Te1emetered guidance velocity data indicated the cutoff impulse was very 
close to that expected as presented in Table 7-5. 
" 7.5 S-IVB PARKING COAST PHASE CONDITIONING 

The LH2 Continuous Vent System (CVS) performed satisfactorilY,,,maintaining 
the fuel tank ullage pressure at an average level of 13.4 N/cm~ (19.5 psia) . 

7··' 0 

. '" . 
, :--_._"'---, .. :..... :---;.;.~ .... .:.,..;. , .......... ""'-,.-:.- "~"''''''~-, .. ,' - "'-...... ~.--~--- ... -~~~, 

I 

J 

Table 7-2. S~IVB Steady State Performance ~ First Burn 
(ESC + 80 Second Time Slice at Standard Altitude Conditions) 

FLIGHT PERCENT 
PARAMETER PREDICTED RECONSTRUCTION DEVIATION DEVIATION 

FROM PREDICTED 
Thrus t N 900,609 901 ,557 948 0.01 

(1 bf) (202,465) (202,678) (213) 

Speci fi c Impulse 
N-s/kg 4,187.4 4,204.1 16.7 
(lbf-s/lbm) (427.0) (428.7) ( 1. 70) 0.40 

LOX Fl owra te 
kg/s 178.89 178.16 -0.73 
(lbm/s) (394.38) (392.78) ( -1 .60) -0.41 

Fuel Flowrate 
19/s 36.17 36.30 0.13 
(lbm/s) (79.74) (80.0~) (0.29) 0.36 

Eng; ne Mi xture 
Ratio 

LOX/Fuel 4.946 4.908 -0.038 -0.77 

.. 

The ECO transient was satisfactory and agreed closely with the acceptance 
test and predictions. The total cutoff impulse to zero percent of rated 
thrust was 183,427 N-s (41,236 lbf-s). Cutoff occurred with the PU valve 
in the null position. 

The Main Oxidizer Valve (MOV) actuator temperature at cutoff for first 
burn was l82°K (-133°F). The cutoff impulse was adjusted from these 
conditions to standard conditions for comparison with the log book values 
at null PU valve position and 255°K (O°F) MOV actuator temperature. After 
these adjustments, the flight value was near the log book value. The 
thrust during first cutoff is shown in Figure 7-11. 

Te1emetered guidance velocity data indicated the cutoff impulse was very 
close to that expected as presented in Table 7-5. 
,< 

7.5 S-IVB PARKING COAST PHASE CONDITIONING 

The LH2 Continuous Vent System (CVS) performed satisfactorilY,,,maintaining 
the fuel tank ullage pressure at an average level of 13.4 N/cm~ (19.5 psia). 
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Table 7-3. Comparison of S-IVB Stage Flight Reconstruction Data 
With Performance Simulation Results ~ First Burn 

PREDICTED FLIGHT RECONSTRUCTION PERCENT DEV FROM PRED 

PARAMETERS UNITS FIRST BURN FIRST BURN I FIRST BURN 
FLIGHT FLIGHT I FLIGHT 
AVERAGE AVERAGE AVERAGE 

Longitudinal N 902,424 903,225 
Vehicle Thrust (1 bf) (202,873) (203,053) 0.09 

Vehicle Mass kg/s 215.55 214.79 
Loss Rate (lbm/s) (475.20) (473.54) -0.35 

Longitudinal 
Vehicle N-s/kg 4186.5 4205.1 0.44 
Specific Impulse (lbf-s/1bm) (426.9) (428.8) 

FLIGHT SIMULATION PERCENT DEV FROM PRED 

PARAMETERS UNITS FIRST BURN FIRST BURN 
FLIGHT FLIGHT 
AVERt·GE AVERAGE 

" 
Longitudinal N 900,881 
Vehicle Thrust (1 bf) (202,526) -0.17 

Vehicle Mass kg/s 213.94 
Loss Rate (1 bm/s) (471.65) -0.75 

Longitudinal 
Vehicle N-s/kg 4211 0.59 Specific Impulse (lbf-s/1bm) (429.4) 

Table 7-4. S-IVB Simulation Burn Time Deviations -
First Burn 

~-------------------------------------~--------------------------.-

CONTRIBUTOR 
Preconditions of Flight (S-II/ 
S-IVB Separation Command) 

Velocity Magnitude 
(Space Fixed) 

Start Sequence Uncertainties 

S-IVB Thrust 

S-IVB Mass Flow 

S-IVB Initial Mass 

BURN TIME 
DELTA (SECONDS) 

.. 1 .41 

-0.29 

0.053 

-0.06 

Zero 

Explained -1.707 

L Unexplained -0.403 
--------------------------------------------~~--------------------~ 
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Table 7-3. Comparison of S-IVB Stage Flight Reconstruction Data 
With Performance Simulation Results ~ First Burn 

PREDICTED FLIGHT RECONSTRUCTION PERCENT DEV FROM PRED 

PARAMETERS UNITS FIRST BURN FIRST BURN I FIRST BURN 
FLIGHT FLIGHT I FLIGHT 
AVERAGE AVERAGE AVERAGE 

Longitudinal N 902,424 903,225 
Vehicle Thrust (1 bf) (202,873) (203,053) 0.09 

Vehicle Mass kg/s 215.55 214.79 
Loss Rate (lbm/s) (475.20) (473.54) -0.35 

Longitudinal 
4186.5 4205.1 Vehicle N-s/kg 0.44 

Specific Impulse (1 bf-s/1 bm) (426.9) (428.8) 

FLIGHT SIMULATION PERCENT DEV FROM PRED 

PARAMETERS UNITS FIRST BURN FIRST BURN 
FLIGHT FLIGHT 
AVERt·GE AVERAGE 

" 
Longitudinal N 900,881 
Vehicle Thrust (1 bf) (202,526) -0.17 

Vehicle Mass kg/s 213.94 
Loss Rate (1 bm/s) (471.65) -0.75 

Longitudinal 
4211 Vehicle N-s/kg 0.59 Specific Impulse (lbf-s/1bm) (429.4) 

Table 7-4. S-IVB Simulation Burn Time Deviations -
First Burn 

CONTRIBUTOR BURN TIME 
DELTA (SECONDS) 

Preconditions of Flight (S-II/ 
S-IVB Separation Command) 

Velocity Magnitude 
(Space Fixed) .. 1 .41 

Start Sequence Uncertainties -0.29 

S-IVB Thrust 0.053 

S-IVB Mass Flow -0.06 

S-IVB Initial Mass Zero 

Explained -1.707 

L Unexplained -0.403 
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REDESI ED CO FIGURATIO 

Figu e 7-8. Revised J-2 LOX AS! Line 

The contin ous vent regul ator w s ac i ted at 7 4.15 seconds. Regul tion 
conti ued, with the expected operation of the main poppet periodically 
opening , cycling, and reseating. Contin ous v ting was te inated at 
9701 .72 seconds. 

Ca1 cul a '0 s based on estimated t mperatur s indicate that the mass vented 
dur on rking orbit was 983 i10grams (21 9 1bm) and that the boil off mass 
was 1040 kilograms (2293 1bm). 

J-2 engine control sph re pr ssure build p during coas periods was 10 er 
than predic ed. This is a tributed ~O t l fact that there was less mass 
in the control sphere than expected. Because there was a pressure loss in 
the li nes bet een the

2
ambi ent bo 1es and the engine control sphere of 

approxim te1y 41 /cm (60 psid), there wa rop in temperature. There 
wa l ess warming from the mb ient bottles than anticipated. 

, 

REDES ED CO FIGURATIO 

Figure 7-8. Revised J-2 LOX AS! Line 

The contin ous vent r g lator w s ctiv ted at 744.15 seconds. Regu1 tion 
cont ued. with the expected operation of the ma"n poppet periodically 
opening cycling and resea in9. Contin ous tin w s te minated at 
9701 .72 seconds. 

Cal cu1 a ions based on estimated t mperatur s indicate that the mass vented 
dur "n rking orbit was 983 i10grams (21 9 lbm) nd that he boiloff mas 
was 1040 kilograms (2293 lbm). 

J-2 engine control sphere pressure build during coast periods was lower 
than predic ed. This is ttributed to t ie fact that ther was less mass 
in the control sphere than expected. Because there as a press e loss in 
the lines bet een the

2
ambient bot les and the engine control sphere of 

approxim te ly 41 N/cm (60 psid) , t here wa rop in t emperature . There 
wa l ess warmi ng f rom the ~mb i ent bott1es than an t icipat ed. 



REDESIGNED CONFIGURA 

REDESIGN CO FIGliRATION 

AS-S02 FLIGHT CONFIGURATION 

Figure 7-9. Revised J-2 LH2 ASI Line , 
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REDESIGN CONFIGIIRATION 
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Table 7-5. S-IVB Cutoff Impulse - First Burn 

-
FLIGHT PERCENT DEVIATION 

PARAMETER PREDICTED FROM PREDICTED 

ENGINE GUID. DATA ENGINE GUID. DATA 

Cutoff N-s 187,564 183,427 183,111 
Impulse (lbf-s) (42,166) (41 ,23.6) (41,165) -2.21 -2.37 

Velocity m/s 1.47 1.43 1.43 
Increase (ft/s) (4.82) (4.69) (4.69) -2.72 -2.72 

Note: The parameters quoted are from vel cei ty cutoff command to z.ero 
percent of rated thrust. 
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7.6 S-IVS CHILLDOWN AND RESTART FOR SECOND SURN 

The 02/H2 burner system was implemented on AS-503 and subsequent stages to 
provide a new means of repressurizing the oxidizer and fuel tanks for orbital 
restart. The ambient helium repressurization system was retained as a 
redundant system. The 02/H2 burner is mounted on the aft thrust structure 
where it heats cold helium that is used to repressurize the propellant 
tanks. Onboard propellants, LOX and LH2' are fed to the burner through 
vacuum jacketed, low pressure ducts 3t eXisting tank pressures and then 
through regenerative coils where they are heated before being injected 
through two injectors into the combustion chamber of the burner. The 
propellants are ignited and the resulting combustion products pass over 
four sets of helium coils, heating the cold helium, and then are exhausted 
through a nozzle. Three of these helium coils are connected in parallel to 
pressurize the fuel tank; the fourth coil is utilized to pressurize the 
ox;dizer tank (see Figure 7-12). Figure 7-13 shows an illustration of the 
02/H2 burner. 

Repressurization was satisfactorily accomplished by the 02/H2 burner. 
Surner Start Command (sse) was initiated at 9700.80 seconds. LOX tank 
ullage pressure at sse was approximately 26.9 N/cm2 (39 psia); therefore, 
repressurization of the LOX tank was not required. The LH2 repressurization 
control valves were opened at sse +6.85 seconds. The fuel tank was 
repressurized from 13.4 to 20.8 N/cm2 (19.4 to 30.2 psia) in 168.4 seconds 
which yields a ramp rate of 2.65 N/cm2/min (3.85 psi/min) as shown in 
Figure 7-14. Figures 7-15 and 7-16 show the performance of the 02/H2 
burner pressurant coil. There were 11.34 kilograms (25 lbm) of cold helium 
used from the cold helium spheres during repressurization. The burner 
continued to operate for a total of 460 seconds providing nominal pro­
pellant settling forces. 

The performance of the AS-503 02/H2 burner duri ng fl i ght was sat is factory 
although an unusual increase in combustion chamber Pt.e1isuce' and temperature 
were observed duri ng 'a 20-second peri od subsequent to the termi nation of 
LH2 tank repressurization as shown in Figures 7-17 and 7-18. 

Normally, at the conclusion of LH2 tank repressurization the combustion 
chamber pressure and temper~ture momentarily increase by 0.69 to 1.7 N/cm2 
(1 to 2.5 psid) and lll.1oK (-259.7°F), respectively. The higher than 
normal combustion chamber pressure and temperature transients, 2.76 N/cm2 
(4 psid) and 305°K (90.31 0 F), respectively, were caused by: 

a. An increase in oxygen flowrate, due to two-phase flow, approximately 
10 seconds after the termination of repressurization. 

b. LH2 tank self-pressurization, 0.34 N/cm2 (0.5 psid), after the conclusion 
of repressurization. 
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The S-IVB stage provided adequate conditioning of propellants to the J-2 
engine for the restart attempt. The engine start sphere was recharged 
properly and maintained sufficient pressure during coast. The engine 

- control sphere gas usage was as predicted during the first burn; the ambient 
helium spheres recharged the control sphere to a nominal level adequate 
for a proper restart. 

Table 7-6, showing the major events during the start transient, indicates 
that all events occurred as required and performance was as predicted. 

The propellant recirculation systems performed satisfactorily and met 
start and run box requirements for fuel and LOX as shown in Figure 7-19. 
Second burn fuel lead generally followed the predicted pattern and resulted 
in sati sfactory condi ti ons as i ndi cate.d by the thrust chamber temperatures 
and the associated fuel injector temperatures shown in Figure 7-20. The 
LH2 chilldown system performance for second burn was satisfactory. The 
LH2 pump inlet temperature at second burn ESC was 22.SoK (-4l9.S0F). 
Second burn LOX pump chilldown was also satisfactory. At S-IVB second 
burn ESC the LOX pump inlet temperature was 9l.9°K (-294.6°F). The start 
tank performed satisfactorily during the second burn blowdown and recharge 
sequence, as shown in Figure 7-21. 

The second burn start trans i ent was sati s factory. The thrus t bui 1 dup was 
within the limits set by the engine manufacturer. Faster thrust buildup 
to the 90 percent level as compared to the acceptance test result was 
observed on this flight and is shown in Figure 7-22. This buildup was 
similar to the thrust buildup on AS-SOl and AS-S02. The PU valve was in 
the proper full open (4.S EMR) position prior to the second start. 

Tab 1 e / -6. S- IVB Engi ne· Start sequence - Second Burn 

-
TIME OF EVENT IN RANGE TIME, SECONDS 

EVENT 
PREDICTED ACTUAL 

S-IVB Engine .Restart Command 10',228.83 10,229.51 
(ESC) 

S-IVB Engine Start Indication 10,228.83 10,229.52 

STOV Open 10,236.63 10,237.79 

Mainstage Control Solenoid 10,237.08 10,237.94 .. 

Mainstage OK 10,238.16 10,239.34 

90 Per,cent Thrust 10,239.13 10 ~24'd .02 

Main LOX Valve Open 10,239.18 10,240.32 
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Figure 7-19. S-IVB Start Box and Run Requirements - Restart 
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The 80-second time slice performance for second burn thrust was 0.03 percent 
less than predicted. Specific impulse performance for second burn was 0.28 
percent greater than predi cte~:i. A sh i ft in performance occurred between 
first and second burn which resulted in an avera-ge lower level of thrust 
during second burn of 6775 Newtons (1523 lbf). 

The overall propulsion reconstruction of longitudinal thrust compared to 
the predicted was -0.88 percent for second burn. Longitudinal specific 
impulse for second burn when compared to predicted was +0.26 percent. 

.,,,..,.,,..,._~_ ?O<~t,,1''''''''_~=_'''''' 

The flight simulation analysis showed a decrease of 0.22 percent, compared 
to the prediction, in specific impulse. Other comparisons are shown 
in Table 7-8. 

S-IVB burn time was 2.07 seconds longer than predicted. Table 7-9 shows 
that the primary contributors tc the longer burn time were deviations in 
thrust and initial mass for the S-IVB second burn portion of flight. The 
total contributors show a burn time deviation of 2.79 seconds. This is 0.72 
second more than the actual deviation. -The additional 0.72 second of 
burn time mayJbe accounted for by uncertainties in preconditions of flight 
and uncertainties in the thrust average obtained from trajectory recon­
struction. 

Table 7-7. S-IVB Steady State Performance ~ Second Burn 
(ESC + 80 Second Time Slice at Standard Altitude Conditions) 

2ND BURN FLIGHT PERCENT 
PARAMETER PREDICTED RECONSTRUCTION DEVIATION DEIJIATIJN 

FROM PREDICTED 

Thrust N 900,609 897,548 -3,061 -0.03 
(1 bf) (202,465) (201 ,777) (-688) 

Specific Impulse 
N-s/kg 41,187.4 ~199.2 11 .8 
( 1 b f -s 11 bm ) (427.0) (428.2) (1. 2) 0.28 

-, 

LOX F10wrate 
kg/s 178.89 177.70 -1 .19 -0.66 
(lbm/s) (394.38) (39l. 77) (-2.61) 

Fue 1 F10wrate 
kg/s 36. 17 36.01 -0.16 
(lbm/s) (79.74) (79.40) ( -0.34) -0.43 

Engine Mixture 
Ratio 

LOX/Fuel 4.946 4.934 -0.012 -0.24 
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7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN 

S-IVB ECO wa.s initiated at 10,555.51 seconds by a guidance velocity cutoff 
command which reSUlted in a 2.07-second longer than predicted second burn 
time. The trans'j ent was sati s factory and agreed closely wi th the acceptance 
test and predictions. The total cutoff impulse to zero percent of rated 
thrust was 184,463 N-s {41,469 lbf-s}. Cutoff occurred with the PU valve in 
the null position. The MOV actuator temperature was 1700K (-153.7°F) at 
cutoff. The thrust during second cutoff is shown in Figure 7-24~ and impulse 
data is included on Table 7-10. 

7.9 S-IVB STAGE PROPELLANT UTILIZATION 

On AS-503 the PU system was operated in the open-loop mode, which means 
the LOX flowrate is not controlled to insure simultaneous depletion of 
propellants. The PU system successfully accomplished the 'requirements 
associated with propellant loading. 

A comparison of propellant mass values at critical flight events, as 
determi ned by vari ous analyses, is presented in Tab 1 e 7-11. The bes t 
estimate full load propellant masses were 0.04 percent lower for LOX and 
0.10 percent higher for LH2 than the predicted values, as shown in Table 
3-4 of Launch Operations, Section 3. This deviation was well within the 
required loading accuracy. Figure 7-25 shows a graphical representation 
of the PU mass sensor non1inearities during S-IVB powered flight. 

Table 7-8. Comparison of S-IVB Stage Flight ~econstruction Data 
With Performance Simulation Results - Second Burn 

PREDICTED FLIGHT RECONSTRUCTION PERCENT DEV FROM PRED 

PARAMETERS UNITS SECOND BURN SECOiID BURN SECOND BURN 
FLIGHT FLIGHT FLIGHT 
AVERAGE AVERAGE AVERAGE 

Longitudinal N 904,412 896,450 
Vehicle Thrust (1 bf) (203,320) (201,530) -0.88 

Vehicle Mass kg/s 214.73 213.34 
Los's Rate (lbm/s) (473. 40) (470.33) -0.65 

Long i tudi na 1 
M-s/kg I 4191.4 4202.1 Vehicle 

Spe~'fic Impulse • .lbf-s/1bm) (427.4) (428.5) 0.26 

I 

FLIGHT SIMULATION PERCENT DEV FROM PRED 

PARAMETERS UNITS SECOND BURN SECOND BURN 
FLIGHT FLIGHT 
AVEHAGE AVERAGE 

Longi tudi na I N 895,841 -0.90 
Vehicle Thrust (1 bf) (201,393) 

Vehicle Mass kg/s 214.22 -0.24 
Loss Rate (lbm/s) (472.27) 

Long; tudi na 1 
N-s/kg Vehicle 4182.14 -0.22 

Specific fmpulse (lbf-s/lbm) (426.46) 
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Table 7-9. S-IVB Simulation Burn Time Deviations - Second Burn 

CONTRIBUTOR 

S-IVB Thrust 

S-IVB Mass Flow 

S-IVB Initial Mass 

BURN TIME 
DELTA (SECONDS) 

1 .04 

0.43 

.1 .32 

Explained 2.79 
Unexplained -0.72 

The thir1 stage statistical weighted average masses at ignition were 
161,398 and 126,867 kilograms (355,821 and 279,694 1bm) and the cutoff 
masses were 128,126 and 59',254 kilograms (282,469 and 130,633 lbm) for 
first and second burns; respectively. Extrapolation of propellant level 
sensor data to depletion, using the propellant flowrates to depletion, 
indicated that a LOX depletion would have occurred approximately 19.24 
seconds after second burn velocity cutoff. 

During first burn the PU valve was positioned at null for start and remained 
there, as programmed, during first burn. The PU valve was commanded to 
the 4.5 EMR position .119.91 seconds prior to second burn start command, 
and remained there for 132.89 seconds. At 10,242.49 seconds the valve was 
commanded to the null' pos'ition (approximately 5.0 EMR) and remained there 
throughout the remainder of the flight. The actual times are within 50 
milliseconds of predicted . 

.. 
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Table 7-9. S-IVB Simulation Burn Time Deviations - Second Burn 

BURN TIME 
CONTRIBUTOR DELTA (SECONDS) 
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S-IVB Mass Flow 0.43 
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Unexplained -0.72 

, 
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Figure 7-24. S-IVB Shutdown Transient Performance - Second Burn 

Table 7-10. S-IVB Cutoff Impulse - Second Burn 

FLIGHT PERCENT DEVIATION 
PARAMETER PREDICTED FROM PKEDICTED 

ENGINE GUID. DATA ENGINE GUID. DATA 

Cutoff N-s 223,456 184,463 227,286 
Impulse (1 bf-s) (50,235) (41,469) (51,096) -17.45 1. 71 

Velocity m/s 3.80 3.12 3.84 
Increase (ft/s) (12.47) (10.24 ) (12.60) -17.89 1.05 

Note: The parameters quoted are from velOci ty cutoff command to zero 
percent of rated thrust. 
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Table 7-11. S-IVB Stage Propellant Mass History 

EVENT PREDICTED PU INDICATED PU VOLUMETRIC LEVEL SENSOR"" FLOW INTEGRAL 
( CORRECTED) (EXTRAPOLATED) 

LOX LH2 LOX LH2 LOX LH2 LOX LH2 LOX LH2 

S-!C Liftoff 
kg 87,508 19,665 87,512 19,678 87,430 19,773 - - 87,501 19,611 

(1 bm) (192,923 ) (43,353) (192,930) {43,383 (192,750 (43,593 - - (192,906 ) (43,235) 

1st Ignition 
(ESC) kg 87,508 19,665 87,512 19,678 87,430 19,773 - - 87,501 19,607 

(l bm) (192,923) (43,353) (192,930) (43,383 (192,750 (43,593 - - (102,906) (43,225) 

1st Cutoff 
(ECO) kg 59,351 13,931 59,923 13,878 60,039 13,920 - - 59,791 13,890 

(1 bm) 130,846) (30,712) :~ 132,108) (30,596) (132,363) (30,688) - - (131,816) (30,623) 

2nd Ignition 
(ESC) kg 59,201 12,742 59,811 12,808 59,815 12,937 - - 59,679 12,820 

(1 bm) 130 ,516) (28,091) 131 ,86'1 ) (28,236) (131,870) (28,522) - - (131,569) (28,263) 

2nd Cutoff 
(ECO) kg 3,084 1 ,271 3,652 1,270 3,666 1 ,279 3,572 1,204 3,619 1,2'42 

(1 bm) (6,798) (2-,802) (8,051) (2,800) (8,083) (2,821) (7,874) (2,654) (7,979) (2,738) 

tlOTE: Mass in and below the tank 

* Due to instrumentation reduction on this flight, only the data pr'esented 'is available. 

, 

.-

"'-

BEST ESTIMATE 

LOX LH2 

87,470 19,684 

(192,840) (43,395) 

87,470 19,684 

(192,840 ) (43,395) 

59 g 974 13,915 

~132,220) (30,678) 

59,862 12,865 

(131,975) (28,358) 

3,658 1,251 
~~. 

(8,064) (2,759) 
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(ESC) kg 59,201 12,742 59,811 12,808 59,815 12,937 - - 59,679 12,820 

(1 bm) 130,516) (28,091) lt 131 ,86'1) (28,236) (131,870) (28,522) - - (131,569) (28,263) 

2nd Cutoff 
(ECO) kg 3,084 1,271 3,652 1,270 3,666 1 ,279 3,572 1,204 3,619 1,242 

(1 bm) (6,798) (2-,802) (8,051) (2,800) (8,083) (2,821) (7,874) (2,654) (7,979) (2,738) 

rWTE: Mass in and below the tank 

* Due to instrumentation reduction on this flight, only the data presented 'is available. 
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7.10 S-IVB PRESSURIZATION SYSTEM 

7.10.1 S-IVB LH2 Tank Pressurization System 

The LH2 press uri zati on sys tem operati ona lly met a 11 engi ne performal'lce 
requirements. The LH2 pressurization system indicated acceptable per­
formance during prepressurization, boost, first burn, coast phase, and 
second burn. The sequence of events and associated system performances 
are discussed in the fol"lowing paragraphs. The LH2 tank prepressur-ization 
command was received at -96.4 seconds. The pressurized signal was 
received 12.9 seconds later. 

Following the termination of prepressurization, th2 ullage pressure 
reached relief conditions, approximately 21.8 N/cm (31.7 psia) and 
remained at that level until liftoff as shown in Figure 7-26. A small 
ullage collapse occurred during the first 70 seconds of boost, and then 
returned to the relief level by 150 seconds due to self pressurization. 
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7.10.1 S-IVB LH2 Tank Pressurization System 

The LH2 press uri zati on sys tem operati ona lly met a 11 engi ne perfOrmal'lCe 
requirements. The LH2 pressurization system indicated acceptable per­
formance during prepressurization, boost, first burn, coast phase, and 
second burn. 'The sequence of events and associated system performances 
are discussed in the fol"lowing paragraphs. The LH2 tank prepressw"ization 
command was received at -96.4 seconds. The pressurized signal was 
received 12.9 seconds later. 

Following the termination of prepressurization, th2 ullage pressure 
reached relief conditions, approximately 21.8 N/cm (31.7 psia) and 
remained at that level until liftoff as shown in Figure 7-26. A small 
ullage collapse occurred during the first 70 seconds of boost, and then 
returned to the relief level by 150 seconds due to self pressurization. 
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During first burn!t t,he average pressur'ization f10wrate was approximately 
0.31 kg/s (0.69 lbm/~) providing a total flow of 48.5 kilograms (107 lbm). 
A 11 duri ng the burn the ull ag.e press ure was at the rel i ef 1 evel, as 
predi cted. 

During 02/H2 burner reoressurization period, the LH2 tank was pressurized 
from 13.3 to 20.8 N/cm2 (19.3 to 30.2 psia). The LR2 ullage pressure was 
21 .7 N/ cm2 (3'1.5 ps i a) at second buY'n ESC as shown in Fi gure 7-27. 
Approximately 11.3 kilograms (25.0 lbm) of helium were used in the 
repressurization operation. The average second burn pressurization flowrate 
was 0.30 kg/s (0.67 lbm/s) until step pressurization when it increased to 
0.48 kg/s (1.06 lbm/s). This provided a total flow of 106 kilograms (234 
lbm) during second burn. Significant venting during second burn occurred 
at second ESC + 280 seconds when step pressurization was initiated. This 
behavior was as predicted. 

The LH2 pump inlet NPSP was calculated from the pump interface temperature 
and total pressure. These values indicated that the NPSP at first burn 
ESC was 13.2 N/cm2 (19.2 psia). At the minimum pOint, the NPSP was 5.6 
N/cm2 (8.1 psid) above the required. Throughout the burn, the NPSP had 
satisfactory agreement with the predicted. The NPSP at second burn ESC 
was 3.4 N/cm2 (4.9 psia) which was 0.14 N/cm2 (0.2 psid) above the required. 
Figures 7-28 and 7-29 summar'ize the fuel plJmp inlet conditions for first 
and second burns, respectively. 
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Figure 7-27. S-IVB LH2 Ullage Pressure - Second Burn 
and Translunar Coast 
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During first burn!t t,he average pressur'ization f10wrate was approximately 
0.31 kg/s (0.69 lbm/~) providing a total flow of 48.5 kilograms (107 lbm). 
A 11 duri ng the burn the ull ag.e press ure was at the rel i ef 1 evel, as 
predi cted. 

During 02/H2 burner reDressurization period, the LH2 tank was pressurized 
from 13.3 to 20.8 N/cm2 (19.3 to 30.2 psia). The LR2 ullage pressure was 
21 .7 N/ cm2 (3'1.5 ps i a) at second buY'n ESC as shown in Fi gure 7-27. 
Approximately 11.3 kilograms (25.0 lbm) of helium were used in the 
repressurization operation. The average second burn pressurization flowrate 
was 0.30 kg/s (0.67 lbm/s) until step pressurization when it increased to 
0.48 kg/s (1.06 lbm/s). This provided a total flow of 106 kilograms (234 
lbm) during second burn. Significant venting during second burn occurred 
at second ESC + 280 seconds when step pressurization was initiated. This 
behavior was as predicted. 

The LH2 pump inlet NPSP was calculated from the pump interface temperature 
and total pressure. These values indicated that the NPSP at first burn 
ESC was 13.2 N/cm2 (19.2 psia). At the minimum pOint, the NPSP was 5.6 
N/cm2 (8.1 psid) above the required. Throughout the burn, the NPSP had 
satisfactory agreement with the predicted. The NPSP at second burn ESC 
was 3.4 N/cm2 (4.9 psia) which was 0.14 N/cm2 (0.2 psid) above the required. 
Figures 7-28 and 7-29 summar'ize the fuel plJmp inlet conditions for first 
and second burns, respectively. 
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7.10.2 S-IVB ~OX Pressurization System 

LOX tank prepressurization was initiated at -167 seconds and increased the 
LOX tank ullage pressure from ambient to 27.9 N/cm2 (40.5 psia) within 17 
seconds as shown in Figure' 7-30. Three makeup ~ycles were required to 
maintain the LOX tank ullage pressure before the ullage temperature 
stabilized. At -96 seconds the LOX tank ullage pressure increased from 
27.0 to 29.1 N/cm2 (39.1 to 42.2 psia) due to fuel tank prepressurization, 
LOX tank vent purge, and LOX pressure sense line purge. This caused 
the vent/relief valve to open, dropping the pressure down to 28.8 N/cm2 
(41.8 psia). The pressure remained at this level until liftoff. 

7-38 

N 
e 
u ....... 
Z 

• Q. 
Vl 
Q. 
Z 

N 
:x: 
~ 

N e 
u ....... 

Z 

'" 
~ UJ cx::ex:: 
I- ::J 
OVl 
1-- Vl 

UJ 
0- ex:: 
::E:Q. 
::J 
Q.I-

UJ 
N~ 
::c Z 
~ 1--4 

~ 
1-0 
UJ 
~ '" 
Zi..LJ , ...... ex:: 

::J 
0- I­
::E:« 
::J a:: 
Q. UJ 

Q. 
N::E: 

::c UJ 
~I-

15 

i 1ST ESC, 525.00 
FIRST BURN STOV OPEN, 528.29 

31ST ECO, 684.98 

I 
v--- ACTUAL NPSP 

10 " ..,r - ~--
~ 
~ 

5 
- -- --- ~'-, --- -- --

_ REQU IRED NPSP 
0 I 

30 

25 

20 

15 

.J~-
ACTUA1~ 

""=="'-~ -- - --r-
, 

PREDITED-J 

2 4 

2 2 

...... 

11 ,~~."'~ 

-. 

- ---~-
I 

~-

./ ----- ...1 .... _ .. 

SY-

~ 20 

"' 'r-
III 
c.. . 
0-

~ 10 Vl 
Q. 
Z 

N 
:x: 
~ 

o 
n::s .,... 

'- 40 
(J') 

c.. 

'" ~UJ 
cx::ex:: 
I-::J o U') 
I- U') 

UJ - 30 0- ex:: 
::E: Q. 
::J 
0- I-

w 
N~ 

::c z 
~ 1--4 

f- -417.5 L.L.. 

f-

-

I- '0 
UJ 
~ . 
ZUJ 
~. ex:: 

-420.0 Q..~ 
5~ 
O-UJ 

N~ 
::cliJ -422.5 ~ I-

20 
525 550 51'5 bUD 625 650 675 700 

RANGE TIME. SECONDS 

Figure 7-28. S-IVB Fuel Pump Inlet Conditions ~ First Burn 

7.10.2 S-IVB ~OX Pressurization System 

LOX tank prepressurization was initiated at -167 seconds and increased the 
LOX tank ullage pressure from ambient to 27.9 N/cm2 (40.5 psia) within 17 
seconds as shown in Figure' 7-30. Three makeup ~ycles were required to 
maintain the LOX tank ullage pressure before the ullage temperature 
stabilized. At -96 seconds the LOX tank ullage pressure increased from 
27.0 to 29.1 N/cm2 (39.1 to 42.2 psia) due to fuel tank prepressurization, 
LOX tank vent purge, and LOX pressure sense line purge. This caused 
the vent/relief valve to open, dropping the pressure down to 28.8 N/cm2 
(41.8 psia). The pressure remained at this level until liftoff. 
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r 

During S-IC boost there was a relatively high rate of ullage pressure decay 
caused by an acceleration effect and temperature collapse, the decay 
necessitated two makeup cycles from the cold helium spheres as shown in 
Figure 7-30. 

No makeup cycles were required during S-II boost. Although ulla~e cooling 
continued during this period, the major cause of the decay again appears 
to be response to the vehicle acceleration. The LOX tank ullage pressure 
was 27.8 N/cm2 (40.4 psia) at ESC. . 
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r 

During S-IC boost there was a relatively high rate of ullage pressure decay 
caused by an acceleration effect and temperature collapse, the decay 
necessitated two makeup cycles from the cold helium spheres as shown in 
Figure 7-30. 

No makeup cycles were required during S-II boost. Although ulla~e cooling 
continued during this period, the major cause of the decay again appears 
to be response to the vehicle acceleration. The LOX tank ullage pressure 
was 27.8 N/cm2 (40.4 psia) at ESC. . 
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Figure 7-30. S-IVB LOX Tank Ullage Pressure ~ First Burn 
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During first burn, only one over-control cycle was initiated, as compared 
to the predicted four cycles. The reason for this performance is that 
this stage was the first to fly larger flow control orifices and the 
revised flight pressurization control sequenc~. This was compounded 
because, at 5.0 EMR, the energy available ir ~he J-2 heat exchanger is 
altered. The LOX tank pressurization flowrate variation was 0.18 to 0.19 
kg/s (0.40 to 0.42 lbm/s) during under-control system operation. This 
variation is normal because the bypass orifice inlet temperature changes 
as it fc~lows the cold helium sphere temperature. Heat exchanger per­
formance during first burn was satisfactory. 

Reptessurization of the LOX tank prior to second burn was not required. 
The tank ullage pressure was 26.9 N/cm2 (39.0 psia) at second ESC, 
satisfying the engine start requiremerits as shown in Figure 7-31 . 

Press uri za ti on sys tem performance duri ng second burn was sati s factory, havi ng 
the same characteristics noted during first burn. There were no over-control 
cycles as compared to three predicted. Flowrate varied between 0.16 and 0.20 
kg/s (0.35 to 0.45 lbm/s). Heat exchanger performance was satisfactory. 
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Figure 7-30. S-IVB LOX Tank Ullage Pressure ~ First Burn 
and Parking Orbit 

During first burn, only one over-control cycle was initiated, as compared 
to the predicted four cycles. The reason for this performance is that 
this stage was the first to fly larger flow control orifices and the 
revised flight pressurization control sequenc~. This was compounded 
because, at 5.0 EMR, the energy available ir ~he J-2 heat exchanger is 
altered. The LOX tank pressurization flowrate variation was 0.18 to 0.19 
kg/s (0.40 to 0.42 1bm/s) during under-control system operation. This 
variation is normal because the bypass orifice inlet temperature changes 
as it fc~lows the cold helium sphere temperature. Heat exchanger per­
formance during first burn was satisfactory. 

Reptessurization of the LOX tank prior to second burn was not required. 
The tank ullage pressure was 26.9 N/cm2 (39.0 psia) at second ESC, 
satisfying the engine start requiremerits as shown in Figure 7-31 . 

Press uri za ti on sys tem performance duri ng second burn was sati s factory, havi ng 
the same characteristics noted during first burn. There were no over-control 
cycles as compared to three predicted. Flowrate varied between 0.16 and 0.20 
kg/s (0.35 to 0.45 lbm/s). Heat exchanger performance was satisfactory. 
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The LOX NPSP calculated at the interface was 17.9 N/cm2 (25.8 psi) at 
first burn ESC. The NPSP decreased after start and reached a minimum value 
of 16.8 N/cm2 (24.3 psi) at 51 seconds after ESC. This was 6.3 N/cm 2 
(9.2 psi) above the required NPSP at that time. 

The LOX pump static interface pressure during first burn followed the cyclic 
~rends of the LOX tank ~llage pre~sure. The NPSP calculated at th~ eng~ne 
lnterface was 15.2 N/cm (22.0 pSla) at second burn ESC. At all tlmes 
during second burn, NPSP was above the required level. Figures 7-32 and 
7-33 summarize the LOX pump conditions for the· first burn and the second 
burn, respectively. The run requirements for first and second burn were 
satisfactorily met as previously presented. 

The co 1 d he 1 i um s upp ly was adequate to meet all fl i ght requi rements . At 
first burn ESC the cold helium spheres contained 171 kilograms (376 lbm) 
of helium. At the end of the first burn, the helium mass had decreased to 
147 kilograms (323 lbm). Figure 7-34 shows helium supply pressure history. 

7.11 S-IVB PNEUMATIC CONTROL SYSTEM 

The pneumatic control and purge system performed satisfactorily during all 
phases of the mission. System performance was nominal during boost and first 
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(9.2 psi) above the required NPSP at that time. 

The LOX pump static interface pressure during first burn followed the cyclic 
~rends of the LOX tank ~llage pre~sure. The NPSP calculated at th~ eng~ne 
lnterface was 15.2 N/cm (22.0 pSla) at second burn ESC. At all t,mes 
during second burn, NPSP was above the required level. Figures 7-32 and 
7-33 summarize the LOX pump conditions for the· first burn and the second 
burn, respectively. The run requirements for first and second burn were 
satisfactorily met as previously presented. 

The co 1 d he 1 i um s upp ly was adequate to meet all fl i ght requi rements . At 
first burn ESC the cold helium spheres contained 171 kilograms (376 lbm) 
of helium. At the end of the first burn, the helium mass had decreased to 
147 kilograms (323 lbm). Figure 7-34 shows helium supply pressure history. 
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burn operations. The AS-503 stage incorporated the redesigned pneumatic 
actuation control modules, and experienced no discernible leakage as 
opposed to earlier stages which had significant degrees of leakage. 
Pneumatic control bottle temperature, pressure, and regulator outlet 
pressure are shown in Figure 7-35. Bottle masses at various pertinent 
times are shown in Table 7-12. 

7.12 S-IVB AUXILIARY PROPULSION SYSTEM 

The Auxiliary Propulsion System (APS) pressurization systems demonstrated 
nominal performance throughout the flight and met control system demands 
as required until APS propellant depletion~ The Module No.1 regulator 
outlet pressure was maintained at 135 N/cm '(196 psi a). Module No.2 
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burn operations. The AS-503 stage incorporated the redesigned pneumatic 
actuation control modules, and experienced no discernible leakage as 
opposed to earlier stages which had significant degrees of leakage. 
Pneumatic control bottle temperature, pressure, and regulator outlet 
pressure are shown in Figure 7-35. Bottle masses at various pertinent 
times are shown in Table 7-12. 

7.12 S-IVB AUXILIARY PROPULSION SYSTEM 

The Auxiliary Propulsion System (APS) pressurization systems demonstrated 
nominal performance throughout the flight and met control system demands 
as required until APS propellant depletion~ The Module No.1 regulator 
outlet pressure was maintained at 135 N/cm '(196 psi a). Module No.2 
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Table 7-12. S-IVB Pneumatic Helium Bottle Mass 

I BOTTLE MASS 
TIME 

kg 1 bm 
Liftoff 3.79 8.36 

First Burn ESC, 525.00 sec 3.72 8.20 
~! 

Fi rst Burn ECO, 684.98 sec 3.71 8.19 

9910 Sec (2:45:01) 3.29 7.25 

Second Burn ESC, 10,229.51 sec, (2:50:29.51) 3.06 6.74 

Second Burn ECO, 10,555.51 sec, (2:55:55.51) 3.05 6.73 

Start Pneumatic Dump, 18,745.83 sec (5:12:25:83)- 2.94 6.47 

regulator outlet pressure was 131 to 133 N/cm2 (190 to 193 psia) which was 
below the 135 ± 2 N/cm2 (196 ± 3 psia) regulation band. This is within 
instrumentation accuracy and other system pressures verify proper regulator 
operation. The APS y11age pressures in the tanks were acceptable, ranging 
from 131 to '135 N/cm~ (190 to 196 psia). The APS helium bottle masses 
during flight are presented in Table 7-13. 

The oxidizer and fuel supply systems performed as expected during the flight. 
The propellant temperatures measured i~ the propellant control module were 
as expected. The maximum temperature recorded was 314°K(105°F). The 
bulk temperatures of the propellants in the bladder ranged from 304 to 307°K 
(87 to 93°F). 

The APS ullage engines of the modules at position I and III were turn~d on 
at 19,555.85 and 19,556.06 seconds, respectively, and burned to propellant 
depletion to provide add)tiona1 impulse for the slingshot maneuver. The 
propellants in Module No.2 (at position III) were depleted first as shown 
in Figure 7-36. The fuel was depleted at 20,288.56 seconds resulting in a 
burn time of 732.5 seconds, while the oxidizer was depleted at 20,455 
seconds. The fuel was also depleted first in Module No.1 (at position I) 
at 20,314 seconds resulting in a burn time of 758.15 seconds, as shown in 
Figure 7-37. The oxidizer was depleted at 20,500 seconds. The reason the 
fuel was depleted first in both modules was that the propellants were 
loaded for a 1.65 to 1.0 EMR while the attitude control engines normally 
operate at a 1.60 EMR during minimum impulse bit pulsing. Also the oxidizer 
was not off-loaded to account for the thi rd ull age burn to prope 11 ant 
depletion at the ullage engine EMR of 1.27 to 1.0. The fuel load for the 
flight was maximum. Table '7~14 presents the APS oxidizer and fuel consump­
tion at significant events during the flight. 
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9910 Sec (2:45:01) 3.29 7.25 

Second Burn ESC, 10,229.51 sec, (2:50:29.51) 3.06 6.74 

Second Burn ECO, 10,555.51 sec, (2:55:55.51) 3.05 6.73 

Start Pneumatic Dump, 18,745.83 sec (5:12:25:83)- 2.94 6.47 

regulator outlet pressure was 131 to 133 N/cm2 (190 to 193 psia) which was 
below the 135 ± 2 N/cm2 (196 ± 3 psia) regulation band. This is within 
instrumentation accuracy and other system pressures verify proper regulator 
operation. The APS y11age pressures in the tanks were acceptable, ranging 
from 131 to '135 N/cm~ (190 to 196 psia). The APS helium bottle masses 
during flight are presented in Table 7-13. 

The oxidizer and fuel supply systems performed as expected during the flight. 
The propellant temperatures measured i~ the propellant control module were 
as expected. The maximum temperature recorded was 314°K{105°F). The 
bulk temperatures of the propellants in the bladder ranged from 304 to 307°K 
(87 to 93°F). 

The APS ullage engines of the modules at position I and III were turn~d on 
at 19,555.85 and 19,556.06 seconds, respectively, and burned to propellant 
depletion to provide add)tiona1 impulse for the slingshot maneuver. The 
propellants in Module No.2 (at position III) were depleted first as shown 
in Figure 7-36. The fuel was depleted at 20,288.56 seconds resulting in a 
burn time of 732.5 seconds, while the oxidizer was depleted at 20,455 
seconds. The fuel was also depleted first in Module No.1 (at position I) 
at 20,314 seconds resulting in a burn time of 758.15 seconds, as shown in 
Figure 7-37. The oxidizer was depleted at 20,500 seconds. The reason the 
fuel was depleted first in both modules was that the propellants were 
loaded for a 1.65 to 1.0 EMR while the attitude control engines normally 
operate at a 1.60 EMR during minimum impulse bit pulsing. Also the oxidizer 
was not off-loaded to account for the thi rd ull age burn to propellant 
depletion at the ullage engine EMR of 1.27 to 1.0. The fuel load for the 
flight was maximum. Table '7~14 presents the APS oxidizer and fuel consump­
tion at significant events during the flight. 
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Table 7-13. S-IVB APS Helium Bottle Mass 

TIME BOTTLE MASS 

kg lbm 
MODULE 1 MODULE 2 MODULE 1 MODULE 2 , 

Liftoff 0.450 0.453 0.993 0.999 
• First Burn ESC 0.450 0.453 0.993 0.999 

First Burn ECO 0.450 0.453 0.993 0.999 

End of 1st Ullage Burn 0.430 0.431 0.949 0.950 
Approximately, 772 sec 

Start of 2nd Ullage Burn, 
10,155.82 sec (2:49:15.82) 

0.415 0.427 0.916 0.941 

Second Burn ESC, 10,229.51 sec 0.401 0.410 0.885 0.903 
(2:50:29.51) 

Second Burn ECO, 10,555.51 sec 0.398 0.409 0.878 0.901 
(2:55:55.51) 

Separation, 12,056.3 sec 
(3:20:56.3) 

0.389 0.391 0.858 0.862 

Loss of CP Signal, 
(4:21 :00) 

15,660 sec 0.383 0.388 0.844 0.856 

The attitude control engine chamber pressures were normal and ranged from 
66 to 69 N/cm2 (95 to 100 psia) until loss of data. The attitude control 
engine chamber pressure data were on the CP-l link which were not received 
after 4 hours and 21 minutes from liftoff. The ullage engine chamber 
pressures which were on the DP-l link were normal at 67 to 71 N/cm2 (97 

, '1 

to 102 psia) during their burns, including the burn to propel)ant 
depletion. 

7.13 S-IVB ORBITAL SAFING OPERATION 

The S-IVB high pressure systems were safed followin~ J-2 enqine cutoff in 
order to demonstrate this capability. The thrust developed during the 
LOX dump was utilized to ensure that the spent S-IVB stage would be placed 
in solar orbit and would not impact the lunar surface. The manner and 
sequenc~ in which the safing was performed is presented in Figure 7-38. 

7.13.1 Fuel Tank Safing 

'~ The LH2 tank was satisfactorily safed by accomplishing three programmed 
vents, as indicated in Figure 7-38, utilizing both the Non Propulsive 
Vent (NPV) and CVS. The LH2 tank ullage pressure during safi n9 is shown 
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Table 7-13. S-IVB APS Helium Bottle Mass 

TIME BOTTLE MASS 

kg lbm 
MODULE 1 MODULE 2 MODULE 1 MODULE 2 , 

Liftoff 0.450 0.453 0.993 0.999 
• First Burn ESC 0.450 0.453 0.993 0.999 

Fi rst Burn ECO 0.450 0.453 0.993 0.999 

End of 1st Ullage Burn 0.430 0.431 0.949 0.950 
Approximately, 772 sec 

Start of 2nd Ullage Burn, 
10,155.82 sec (2:49:15.82) 

0.415 0.427 0.916 0.941 

Second Burn ESC, 10,229.51 sec 0.401 0.410 0.885 0.903 
(2:50:29.51) 

Second Burn ECO, 10,555.51 sec 0.398 0.409 0.878 0.901 
(2:55:55.51) 

Separation, 12,056.3 sec 
(3:20:56.3) 

0.389 0.391 0.858 0.862 

Loss of CP Signal, 
(4: 21 :00) 

15,660 sec 0.383 0.388 0.844 0.856 

The attitude control engine chamber pressures were normal and ranged from 
66 to 69 N/cm2 (95 to 100 psia) until loss of data. The attitude control 
engine chamber pressure data were on the CP-l link which were not received 
after 4 hours and 21 minutes from liftoff. The ullage engine cham~er 
pressures which were on the DP-l link were normal at 67 to 71 N/cm (97 
to 102 psia) during their burns, including the burn to propel)ant 
depletion. 

7.13 S-IVB ORBITAL SAFING OPERATION 

The S-IVB high pressure systems were safed followin~ J-2 enqine cutoff in 
order to demonstrate this capability. The thrust developed during the 
LOX dump was utilized to ensure that the spent S-IVB stage would be placed 
in solar orbit and would not impact the lunar surface. The manner and 
sequenc~ in which the safing was performed is presented in Figure 7-38. 

7.13.1 Fuel Tank Safing 

The LH2 tank was satisfactorily safed by accomplishing three progr~mmed 
vents, as indicated in Figure 7-38, utilizing both the Non PrOpulslve 
Vent (NPV) and CVS. The LH2 tank ull age pressure duri ng safi ng is shown 
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Table 7-14. S-IVB APS Propellant Consumption 

MODULE AT POSITION I MODULE AT POSITION III 
TIME PERIOD OXIDIZER FUEL OXIDIZER FUEL 

kg (1 bm) kg (1 bm) kg (1 bm) kg (1 bm) 

Initial Load 87.7 (193.3) 56.9 (125.4) 87.5 (193.0) 56.9 (125.4) 
-

Fi rst J-2 Burn. 0.2 (0.5) 0.1 (0.3) 0.2 (0.5) 0.1 (0.3) 
Roll Control 

J-2 ECO to End of 6.3 (13.S) 4.6 (10.2) 6.S (15.1) 5.1 (11.3) 
First APS U11aging 

End of 1st Ullage 5.3 (11.7) 3.3 (7.3) 1.4 (3.0) 0.9 (1. 9) 
Earth Burn to 
Start of 2nd 

Restart Preparations 5.1 (11.2) 4.0 (S.S) 5.4 (11.9) 4.3 (9.4) 

2nd J-2 Burn 0.2 (0.5) 0.1 
(Roll Control) 

(0.3) 0.2 (0.5) 0.1 (0.3) 

ECO to S-IVB/CSM 3. 1 (6.S) 1.9 (4.2) 6.3 (13.8) 3.9 (8.6) 
Separation 

From Separation 67.5 (148. S) 42.S (94.,3) 67.2 (148.2) 42.4 (93.6) 
to Propellant 
Depletion t 

TOTAL ~7.7 (193.3) 56.9 (125.4) 87.5 (193.0) 56.9 ( 125.4) 

! .,,,,,,.,..tII 

in Figure 7-27. At second ECO, the LH2 tank ullage pressure was 22.1 
N/cm2 (32.0 psia) and after three ve~+- had decayed to approximately 1.03 
N/cm2 (1.5 psia). The mass of GH2 and LH2 vented agrees well with the 
1438 kilograms (3170 lbm) of liquid residual and pressurant in the tank 
at the end of powered flight. 

7.13.2 LOX Tank Dump and Safing 

Immedi ately fo 11 owi ng second burn cutoff, a programmed l55-second vent 
redu~ed LOX tank ullage pressure from 26.5 N/cm 2 (38.4 psia) to 13.2 
N/cm (19.1 psia) as shown in Figure 7-31. Data levels were as expected 
with 31.1 kilograms (68.5lbm) of helium and 58.9 kilograms (129.8 lbm) 
of GOX being vented overboard. As indicated in Figure 7-31, the ullag~ 
pressure then rose gradually, due to self-pressurization, to 19.0 N/cm 
(27.6 psia) at the initiation of LOX dump. 
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Table 7-14. S-IVB APS Propellant Consumption 

MODULE AT POSITION I MODULE AT POSITION III 
TIME PERIOD OXIDIZER FUEL OXIDIZER FUEL 

kg (1 bm) kg (1 bm) kg (1 bm) kg (1 bm) 

Initial Load 87.7 (193.3) 56.9 (125.4) 87.5 (193.0) 56.9 (125.4) 
-

Fi rs t J -2 Burn. 0.2 (0.5) 0.1 (0.3) 0.2 (0.5) 0.1 (0.3) 
Roll Control 

J-2 ECO to End of 6.3 (13.S) 4.6 (10.2) 6.S (15.1) 5.1 (11.3) 
First APS U11aging 

End of 1st Ullage 5.3 (11.7) 3.3 (7.3) 1.4 (3.0) 0.9 (1. 9) 
Earth Burn to 
Start of 2nd 

Restart Preparations 5.1 (11.2) 4.0 (S.S) 5.4 (11.9) 4.3 (9.4) 

2nd J-2 Burn 0.2 (0.5) 0.1 
(Roll Control) 

(0.3) 0.2 (0.5) 0.1 (0.3) 

ECO to S-IVB/CSM 3. 1 (6.S) 1.9 
Separation 

(4.2) 6.3 (13.8) 3.9 (8.6) 

From Separation 67.5 (148. S) 42.S (94.,3) 67.2 (148.2) 42.4 (93.6) 
to Propellant 
Depletion t 

TOTAL ~7.7 (193.3) 56.9 (125.4) 87.5 (193.0) 56.9 ( 125.4) 

! 
""'I'.,..tII 

in Figure 7-27. At second ECO, the LH2 tank ullage pressure was 22.1 
N/cm2 (32.0 psia) and after three ve~+- had decayed to approximately 1.03 
N/cm2 (1.5 psta). The mass of GH2 a~d LH2 vented agrees well with the 
1438 kilograms (3170 lbm) of liquid residual and pressurant in the tank 
at the end of powered flight. 

7.13.2 LOX Tank Dump and Safing 

Immediately following second burn cutoff, a programmed l55-second vent 
redu~ed LOX tank ullage pressure from 26.5 N/cm2 (38.4 psia) to 13.2 
N/cm (19.1 psia) as shown in Figure 7-31. Data levels were as expected 
with 31.1 kilograms (68.5lbm) of helium and 58.9 kilograms (129.8 lbm) 
of GOX being vented overboard. As indicated in Figure 7-31, the ullag~ 
pressure then rose gradually, due to self-pressurization, to 19.0 N/cm 
(27.6 psia) at the initiation of LOX dump. 
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The LOX tank dump was initiated at 18,475.82 seconds and was satisfactorily 
accomplished. A steady-state liquid fiow of 1.40 m3/s (370 gpm) was 
reached within 40 seconds. 

Approximately 126 seconds after dump initiation, the measured LOX flowrate 
showed a sudden increase indicating that gas ingestion had begun. Shortly 
thereafter, the LOX ullage pressure began decreasing at a greater rate. 
Calculations indicate the LOX residual, approximately 3329 kilograms 
(7340 1bm), was essentially dumped within 150 seconds. Ullage gases 
continued to be dumped until the programmed termination. The tank pressure 
had decayed to 11 N/cm2 (16.0 psig) at this time. 

LOX dump ended at 18,776,.03 seconds as scheduled by closure of the MOV. A 
steady state LOX dump thrust of 3959 Newtons (890 1bf) was obtained. The 
total impulse before MOV closure was 556,473 N-s (125,100 1bf-s), resulting 
in a calculated velocity increase of 20,4 m/s (66.9 ft/s). Figure 7-39 
shows the LOX flowrate during dump and the mass of liquid and gas in the 
oxidizer tank. Figure 7-39 shows LOX ullage pre$~ure and the LOX dump 
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The LOX tank dump was initiated at l8,~75.82 seconds and was satisfactorily 
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(7340 1bm), was essentially dumped within 150 seconds. Ullage gases 
continued to be dumped until the programmed termination. The tank pressure 
had decayed to 11 N/cm2 (16.0 psig) at this time. 

LOX dump ended at 18,776,.03 seconds as scheduled by closure of the MOV. A 
steady state LOX dump thrust of 3959 Newtons (890 1bf) was obtained. The 
total impulse before MOV closure was 556,473 N-s (125,100 1bf-s), resulting 
in a calculated velocity increase of 20,4 m/s (66.9 ft/s). Figure 7-39 
shows the LOX flowrate during dump and the mass of liquid and gas in the 
oxidizer tank. Figure 7-39 shows LOX ullage pre$~ure and the LOX dump 
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thrust produced. The predicted curves provided for the LOX flowrate and 
dump thrus t correspond to the quanti ty of LOX dumped and the actual ul1 age 
pressure. 

Three seconds fo 11 owi ng termi nati on of LOX dump the LOX NPV valve was 
opened and remained open for the duration of the mission. LOX tank 
ullage pressure decayed from 11 N/cm2 (16.0 psia) at 18,776 seconds to 
zero pressure at approximately 24,000 seconds. 

7.13.3 Cold Helium Dump 

With the addition of the 02/H2 burner on the S-IVB-50~ stage, cold helium 
was dumped through the burner heating coils and into the LH2 tank, and 
overboard through the tank vents. This change from past methods was made 
to avoid the possibility of freezing LOX in the LOX tank vent system. 

7-50 

i 

! 

i 
L 
" 

'c 

" ,-

~ 
!" 
i 
!~ 

t, 
~~ 
F 

~ 
i, .. " tt 
~~: ,-, 
ii 

" I: 

100 

90 
C~~ 

80 
~L 

70 ~ ~/'l. 

C'l 
~ 60 
~ 

I~ I I I 
I~ ESC, 525'.00 

, I 
~ 3 SIGMA PREDICTED 

0 OXIDIZER ECO, 684.98 
0 FUEL - W 021i2 BURNER ON, 9,700.81-

W ESC2, 10,229.51 
; EC02, 10,555.51 

CVS OFF, 11 ,455.51 -
rOXIDIZER ~ ~ LOX DUMP, 18,475.82 

'l"//~ V//// 'l///- II!\ 
"/ '///// :> 

~ 0 
W/h v//// '//77 7\ - NOMINAL 

......-...: '////.. 'l//// 

200 

160 

~ 

>­
I-...... 
I->-

!:::. I~~ V/~ ~ J, ,I - t-
r FUEL n _ NOMINAL + 30 

120 ~ 
I-

50 ;z 
ex: 
::> 
0-

Ih 

~ II 
~// 'l////: 

I-
40 ;z 

.~ 

'l/' //~ ~ 
[b.... 

,,..-

p , Q 

::> 
0-

I­
;z 

ex: 
.....I 
.....I 

'<U'./. V//// V///~ W~ - ~- NOMINAL ~ 

~' , 

ex: 
.....I 
.....I 
WJ 

80 ~ 
Lu 
CL. 
0 30 c:: 
CL. 

20 

10 

o 
o 

0:00:00 

- NOMINAL + 30 
~, 

I ...... 

4 8 12 16 ,-
20 24 

RANGE TI ME (1000 SECONDS) 

d,w I ,VI 
1 :00:00 2:00:00 3:00:00 4:00:00 5:00:00 6:00:00 7:00:00 

RANGE TIME (HRS:MIN:SEC) 

Figure 7-37. S-IVB APS Mass History - Module No.1 

l- 40 

o 
28 

c:: 
CL. 

thrust produced. The predicted curves provided for the LOX flowrate and 
dump thrus t correspond to the quanti ty of LOX dumped and the actual ull age 
pressure. 

Three seconds fo 11 owi ng termi nati on of LOX dump the LOX NPV valve was 
opened and remained open for the duration of the mission. LOX tank 
ullage pressure decayed from 11 N/cm2 (16.0 psia) at 18,776 seconds to 
zero pressure at approximately 24,000 seconds. 

7.13.3 Cold Helium Dump 

With the addition of the 02/H2 burner on the S-IVB-50~ stage, cold helium 
was dumped through the burner heating coils and into the LH2 tank, and 
overboard through the tank vents. This change from past methods was made 
to avoid the possibility of freezing LOX in the LOX tank vent system. 

7-50 

i 

! 

i 
L 
.. 

'c 

" 0' 

~ 
!" 
i 
!~ 

t, 
ii 
F 

~ 
I, .. " tt 
~~: , .. 
ii 

" I: 



-

LHZ TANK CVS OPEN •••••• _ •••••••••• ~:9.~:.~9.:~~ 9..:.]..r:.~?:?~ ·······?·:·fO~:.~9..:f.~ 
LOX TANK NPV VALVE OPEN ••••••••••• ~.;£~.:.~.~:.~? ~·:~.=.~f;·~?· .. ·· .............. ~.~].~.r-~;2_ ••• --1 

0:14:59.98 2: 17:05. 501, •• _.-t 
'i":'OO~'O(i~4'3 1 ':';'5,: oo-:'04·T······ 

LOX OUl1P . 2:12:00.09.2:17:00.09 
........................................ _........ • ••• _... • ......... ··········f;:~·~·:·~~~~.2: 

1 

J: 00.10 . 

START OOTTLE VENT OPEN ........................... ••••••••• ._ •• - ........ '''-'''-r'' I 

STAGE PNEU SPHR DlJ-tP •••••••••••••••• _............. ........... .._... • ........ 1'<'~':':~;l~.~~.~ ••••• 3: 1 r 10. 15 

2:17:07.9 3:07:07.8 -1--
APS ULLAGE ENGINES BURN , 

COLO HE DUMP ............................ _ ••••••• _ •• _ ........ _ •••• _... .._ •••••• 

MODULE 1 ....................................................................... 2:30:0.12_ 2:42:38.27 
MODULE 2 ....................................................................... 2;30:0.33_ 2:42':12.83 

I I 
REPRESS HE DUMP ••••••••••••••••••••••• _ ... _........ •••••••••• _._... •••••••••• .......... • ••• : •••• T-~?:9.? .. 1-~.3: 1 0 t7 . 95 

ENG CONTROL HE OUMP ............................................................ 10.... • __ ............. 3 :J£:.~~: ].~.3 : 1 5: 28.15 

T7 
(S-IYB CUTOFF) 

1 :00:00 2:00:00 3:00:00 

TIME F1D4 T7 (tR:MIN:SEC) 

Figure 7-38. S-IVB Orbital Safing and Propellant Dump Sequence 

The dump was initiated at 18,783.63 seconds and programmed to continue for 
approximately 3000 seconds as shown in Figure 7-34. During this period, the 
pressure decayed normally from 358 to 34 N/cm2 (520 to 50 psia). Approx-

.imately 64 kilograms (140 lbm) of helium was dumped overboard. 

7.13.4 Ambient Helium Dump 

The ambient helium in the LOX and LH2 repress spheres was dumped, yia the 
fuel tank. The 200-second dump occurred at 21,783.68 seconds. The pressure 
decayed from 2136 N/cm2 (3100 psia) to 172 N/cm2 (250 psia). Data during 
this period was not recovered, and a detailed analysis will not b·e possible. 

7.13.5 Stage Pneumatic Control Sphere Safing 

The staqe pneumatic control sphere was safed by initiating the J-2 engine 
pump purge and flowing helium through the pump seal cavities to atmosphere. 
The safing period of 3520 seconds satisfactorily reduced the potential 
energy in the spheres. Initial and final sphere conditions are listed in 
Table 7-15. 

7.13.6 Engine Start Sphere Safing 

The enginE st~~t sphere was safed during approximately a l50-second period 
at 18,505.82 seconds. Safing w~s accomplished by opening the sphere vent 
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Table 7-15. S-IVB Pneumatic Control Sphere Conditions During Dump 

PARAMETER INITIAL FINAL 
CONDITIONS CONDITIONS 

Press N/cm2 (psia) 1351 (1960 ) 255 (370) 

Temp oK (oF) 263 (13) 205 (-90) 

Mass kg (lbm) 2.94 (6.47) 0.74 (1.64 ) 

valve. Pressure was decreased from 902 N/cm2 (1309 psia) to 11 N/cm2 
(16 psia) with 1.8 kilograms (3.9 lbm) of hydrogen being vented as shown 
in Figure 7-40. 

7.13.7 Engine Control Sphere Safing 

The engine control sphere was safed, beginning at 21,983.88 seconds 
after the completion of the ambient repress spheres safing. The helium 
control solenoid was energized to flow helium through the engine purge 
system to atmosphere,. The pressure decayed from 2102 N/cm2 (3048 psia) 
to 140 N/cm2 (203 psia) with 0.9 kilogram (2.0 lbm) vented during the 300-
second safing period as shown in Figure 7-40. 
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8.1 SUMMARY 

SECTION 8 

HYDRAULIC SYSTEMS 

The S-IC, S-II, and S-IVB hydraulic systems performed satisfactorily during 
the flight. All parameters were within specification limits although the 
return fluid temperature of one S-IC actuator began to rise unexpectedly 
after 117 seconds. There were no other deviations and no anomalies during 
the flight. 

8.2 S-IC HYDRAULIC SYSTEM 

The S-IC stage incorporated eight gimbal actuators of the Hydraulic Research 
Model (60B84500-7C). Analysis indicates that all actuators performed as 
commanded during the flight. The maximum actuator deflection was equivalent 
to 2.06 degrees engine gimbal angle at 113 s~conds. The average hydraulic 
supply pressure was 1307 N/cm2 (1895 psia) and operated in a small band 
within the operating limits as shown in Figure 8-1. The bperating temper­
ature as depicted by the return actuator fluid wps 303°K (86°F) and operated 
in a narrow band except for the engine 103 pitcW actuator return fluid 
temperature (shown separately in Figure 8-1) which began a sudden increase 
at about 117 seconds into the flight. The measurement went out of the 
expected range, but not out of specification limits as shown in Figure 8-1. 
No explanation has been found for this unexpected occ~rrence. The maximum 
hydraulic engine valve opening pressure was 1365 N/cm (1980 psia). 

8.3 S-II HYDRAULIC SYSTEM 

Figure 8~2 shows plots of reservoir fluid volumes and temperatures and 
accumulator fluid pressures (indicative of system supply pressures) for 
engines No.1 through 4. The volumes and pressures were within predicted 
range~.Temperature rise rates were close to the predicted rate. 

Throughout the flight all servoactuators responded to commands with good 
precision. The maximum difference between actuator command and position 
was less than 0.2 degree. Forces acting on the actuators were well below 
a predicted maximum of 84,516 Newtons (19,000 lbf). The maximum force in 
tension was 52,044 Newtons (11,700 lbf) acting on the pitch actuator of 
engine No.3. The maximum force in compression was 14,234· Newtons (3200 
1 bf) acti ng on the yaw actuator of eng i ne No.1. I n add; ti on, force 
oscillations were detected on all of the actuators during the time that 
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the flight. All parameters were within specification limits although the 
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engine No.5 chamber pressure oscillations appeared. The frequency of the 
oscillations was 18 hertz, and the peak-to-peak amplitudes ranged between 
23,131 and 34,696 Newtons (5200 and 7800 lbf). 

8.4 S-IVB HYDRAULIC SYSTEM (FIRST BURN) 

The S-IVB hydraulic system performed within the predicted limits after 
liftoff with no overboard venting of system fluid as a result of reservoir 
fluid expansion. Prior to start of propellant loading, the accumulator was 
precharged to 1655 N/cm2 (2400 psia) at 294°K (70°F). Reservoir oil level 
(auxiliary pump off) was 87 percent at 294°K (70°F). Table 8-1 shows 
minor pressure level variations and compares the liftoff, first burn 
parking orbit, and second burn system pressures. 

Table 8-1. S-IVB Hydraulic System Pressures 

-AFTER LIFTOFF FIRST BURN PARKING ORBIT ALLOWABLE DURING BURN 
PRESSURES N/cm2 N/cm2 N/cm2 RESTART N/cm2 COMMAND (psia) (psia) (psia) N/cm2 Ipsia) (psia) 

System Oil 2496 2517 - 2517 2413 to 2517 
(3620) (3650) (3650) (3500 to 3650) 

Accumulator GN2 2496 2524 1620 2517 2413 to 2517 
( 3620) (3660) (2350) (3650) (3500 to 3650) 

Reservoi r Oi 1 121 124 53 124 110 to 128 
( 175) ( 180) ( 77) ( 180) (160 to 185) 

Aux Pump Air Tank 290 288 308 310 138 to 345 
(420) ( 418) (446) (450) (200 to 500) 

Aux Pump r·1otor Ai r 12.3 23.1 22.2 22.8 7 to 31 
(17.9) (33.5) (32.2) (33.0) (10 to 45) 

Note: These va 1 ues have been corrected to 293°K (68° F) • 

During S-IC/S-II boost all system fluid temperatures rose steadily, as 
shown in Figure 8-3, when the auxiliary pump was operating and convection 
cqo1ing was decreasing. The supply pressure during the first burn was 
nearly constant at 2517 N/cm2 (3650 psia) as compared to ,the allowable 
2413 to 2517 N/cm2 (3500 to 3650 psia). The maximum actuator torque 
resulting from vehicle attitude commands during first burn was in pitch 
at 7904 N-m (69,955 1bf-in.). 

The system internal fluid leakage rate of 45 cm3/s (0.71 gpm) (25 to 50 
cm3/s [0.4 to 0.8 gpm] allowable) was delivered by the main engine driven 
pump during engine burn as indicated by a 27 N/cm2 (39 psia) jump in 
system pressure after ignition and the auxiliary pump motor current draw 
of only 21 amperes. Power extracted from the engine by" the main pump 
during burn was 5.13 horsepower. 

8-4 

engine No.5 chamber pressure oscillations appeared. The frequency of the 
oscillations was 18 hertz, and the peak-to-peak amplitudes ranged between 
23,131 and 34,696 Newtons (5200 and 7800 lbf). 

8.4 S-IVB HYDRAULIC SYSTEM (FIRST BURN) 

The S-IVB hydraulic system performed within the predicted limits after 
liftoff with no overboard venting of system fluid as a result of reservoir 
fluid expansion. Prior to start of propellant loading, the accumulator was 
precharged to 1655 N/cm2 (2400 psia) at 294°K (70°F). Reservoir oil level 
(auxiliary pump off) was 87 percent at 294°K (70°F). Table 8-1 shows 
minor pressure level variations and compares the liftoff, first burn 
parking orbit, and second burn system pressures. 

Table 8-1. S-IVB Hydraulic System Pressures 

-AFTER LIFTOFF FIRST BURN PARKING ORBIT ALLOWABLE DURING BURN 
PRESSURES N/cm2 N/cm2 N/cm2 RESTART N/cm2 COMMAND (psia) (psia) (psia) N/cm2 (psia) (psia) 

System Oil 2496 2517 - 2517 2413 to 2517 
(3620) (3650) (3650) (3500 to 3650) 

Accumulator GN2 2496 2524 1620 2517 2413 to 2517 
( 3620) (3660) (2350) (3650) (3500 to 3650) 

Reservoi r Oi 1 121 124 53 124 110 to 128 
( 175) ( 180) ( 77) ( 180) (160 to 185) 

Aux Pump Air Tank 290 288 308 310 138 to 345 
(420) ( 418) (446) (450) (200 to 500) 

Aux Pump r·1otor Ai r 12.3 23.1 22.2 22.8 7 to 31 
(17.9) (33.5) (32.2) (33.0) (10 to 45) 

Note: These values have been corrected to 293°K (68° F) • 

During S-IC/S-II boost all system fluid temperatures rose steadily, as 
shown in Figure 8-3, when the auxiliary pump was operating and convection 
cqoling was decreasing. The supply pressure during the first burn was 
nearly constant at 2517 N/cm2 (3650 psia) as compared to ,the allowable 
2413 to 2517 N/cm2 (3500 to 3650 psia). The maximum actuator torque 
resulting from vehicle attitude commands during first burn was in pitch 
at 7904 N-m (69,955 lbf-in.). 

The system internal fluid leakage rate of 45 cm3/s (0.71 gpm) (25 to 50 
cm3/s [0.4 to 0.8 gpm] allowable) was delivered by the main engine driven 
pump during engine burn as indicated by a 27 N/cm2 (39 psia) jump in 
system pressure after ignition and the auxiliary pump motor current draw 
of only 21 amperes. Power extracted from the engine by'the main pump 
during burn was 5.13 horsepower. 

8-4 



.. 
LLJ c::: 
::> 
V') 
V') 
LLJ c::: 
c.. 

N 
~ 
U 
"-Z 

• LLJ 
c::: 
::> 
V') 
V') 
LLJ 
c::: 
c.. 

t-
z: 
LLJ 
U c::: 
LLJ 
c.. 
• ..... 

LLJ 
> 
LLJ ..... 

I';rcy·, PREDICTED BAND 'i7 S-IVB ESC, 525.00 

\67 S-JVB ECO, 684.98 
3000~----~------~~------~----~~----~------~ 

25001!l ••••••••••••• ·-t------1 

2000~----~-------r------+------~~~---+------~ 

1500~----~~------~--------r------~--~--·~-----~ 

1000~----~-------~------~----~~~~~~-------

340'--------T---------~-----.r-------r--------~----~ 

HYDRAULIC PUMP IULET OIL TH1P 
320~------+--------4-----~-;----~~~--+-------; 

RESERVOIR OIL TEr1P 

300k-----~------~~~~~--~~-e~~------+ 

280 
150 

100 

50 

100 

60 

20 
-200 

~ 

~ . 
I 

, 
I-

RESERVOIR OIL PRESS ~ 

_. 

RESERVOIR OIL LlVEL 

\ J 

o 200 400 600 800 1000 

RANGE TIr~E. SECONijS 

4000 

cc -V') 
c.. 

3000 .. 
LLJ 
c::: 
::> 
V') 
V') 
LLJ c::: 
c.. 

2000 

120 LL. 
0 

., 
LLJ 
IX 
::> 
t-

80 cc c::: 
w 
c.. 
~ 
LLJ 
t-

200 
cc -(I) 
Q. 

• 150 1.1.1 
IX 
::;:) 
V) 
V') 
I.IJ 
c::: 
c.. 

100 

Figure 8-3. S-IVB Hydraulic System Performance - First Burn 

8-5 

~o-;~'::~"'""'".-:--:---;.'~ ~ .... 

• 

.. 
LLJ c::: 
::> 
V') 
V') 
LLJ c::: 
c.. 

N 
~ 
U 
"-Z 

• LLJ 
c::: 
::> 
V') 
V') 
LLJ 
c::: 
c.. 

t-
z: 
LLJ 
U c::: 
LLJ 
c.. 
• ..... 

LLJ 
> 
LLJ ..... 

I';rcy", PREDICTED BAND 'i7 S-IVB ESC, 525.00 
\67 S-JVB ECO, 684.98 

3000~----~------~~------~----~~----~-------

2500_. __ •••• _ •••• 1---+-----1 

2000~----~-------r------+-------~t--~---+------~ 

1500r-----~-------r------+------~~~~-+------~ 

1000~----~------~------~----&-~~~~~----~ 

340'-------T------~----~-----~----~--~ 

HYDRAULIC PUMP IULET OIL TH1P 

320~-----4---------r------+-+-----~~--~-------~ 

RESERVOIR OIL TEr1P 

280 
150 

100 

50 

100 

60 

20 
-200 

-'. . -I , 

RESERVOIR OIL PRESS ..J 

RESERVOIR OIL LlVEL 

r\ 
a 200 400 600 

RANGE TIr~E. SECONijS 

-
-, 

-

~ 

I 

-1 
800 1000 

4000 

cc -V') 
c.. 

3000 .. 
LLJ 
c::: 
::> 
V') 
V') 
LLJ c::: 
c.. 

2000 

120 LL. 
0 

., 
LLJ 
IX 
::> 
t-

80 cc c::: 
w 
c.. 
~ 
LLJ 
t-

200 
cc -(I) 
Q. 

• 150 1.1.1 
IX 
::;:) 
V) 
V') 
I.IJ 
c::: 
c.. 

100 

Figure 8-3. S-IVB Hydraulic System Performance - First Burn 

8-5 



". 

Engine deflections were nominal throughout first burn. The actuator posi­
tions were offset from null during powered flight due to the displacement 
of the vehicle's Center of Gravity (CG) off the vehicle's vertical axis, 
due to J-2 engine installation tolerances, thrust misalignment, and uncom­
pensated gimbal clearances and thrust structure compression effects. 

Pitch and yaw actuator transient loads during engine start were negligible 
as were the loads throughout the powered fl i ght. Proper operation of the 
pitch and yaw actuator dynamic pr'essure feedback mechanism is indicated 
by the actuator differential pressure traces. The hydraulic servoactuators 
responded properly to incoming Instrument Unit (IU) signals. Good 
co\~relation was observed between the S-IVB actuator position data ar.d 
the IU actuator command data throughout the powered flight. 

8.5 S-IV8 HYDRAULIC SYSTEM (COAST PHASE) 

After engine cutoff, the pump inlet oil temperature increased from 321 to 
34loK (118 to 153°F) due to continued heat transfer from the LOX turbine 
dome to the pump manifold as shown in Figure 8-4. This is well within the 
system high temperature limit of 408°K (275°F). 

During the orbital coast period the auxiliary pump was thermally cycled 
for 48 seconds at 3285.15 seconds and again at 6085.15 seconds as pro­
grammed. These cycles were programmed to circulate the system fluid and 
to distribute the heat more evenly throughout the system. 

8.6 S-IVB HYDRAULIC SYSTEM (SECOND BURN) 

The auxiliary pump was activated to the flight mode at 9878.52 seconds. 
Sys tem opera ti on was no'rma 1 th rough res tart opera ti on and second burn as 
shown in Figure 8-5. Pump inlet and reservoir oil tem~eratures rose at 
the rate of 4.6 and 2.0oK/min (8.4 and 3.6°F/min), respectively, during 
second burn. System pressure stabilized at 2517 N/cm2 (3650 psia) during 
burn. After cutoff, reservoir pressure stabilized at 52 N/cm2 (75 psia) 
following a 48-second bleeddown. 

Engine deflections were nominal throughout second burn. The maximum 
actuator torque resulting from vehicle attitude commands during second 
burn was in yaw at 12,646 N-m (111,928 lbf-in.). 

8.7 TRANSLUNAR INJECTION COAST AND PROPELLANT DUMP 

After engine cutoff the pump inlet oil temperature continued to increase 
until the th'lrd and final 48-second thermal cycle as shown in Figure 8-6. 
At this point the temperature peaked at 372°K (209°F). This was the highest 
temperature recorded in the system during flight. It rose after the 
thermal cycle and was back up to the same temperature prior to LOX dump. 
Pressures during this period \~ere nominal. Hydraulic system perfor!\'~(\J'1ce 
during the LOX dump was nominal as evidenced in Figures 8-7 and 8-8. 
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temperature recorded in the system during flight. It rose after the 
thermal cycle and was back up to the same temperature prior to LOX dump. 
Pressures during this period \~ere nominal. Hydraulic system perfor!\'~(\J'1ce 
during the LOX dump was nominal as evidenced in Figures 8-7 and 8-8. 
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9.1 SUMMARY 

SECTION 9 

STRUCTURES 

The structural loads and dynamic environment experienced by the AS-503 
launch vehicle were well within the vehicle structural capability. 
Vehicle loads, due to the combined rigid body and dynamic longitudinal 
load and bending moment, were well below limit design values. 

The transients, due to thrust buildup and vehicle release, resulted in 
maximum longitudinal and lateral (yaw plane) dynamic peak accelerations 
of ±0.3 9_ and ±0.24 g, respectively, at the command module. The maximum 
bending moment condition, 6.78 x 100 N-m (60 x 106 1bf-in.), was 
experienced at 74.7 seconds. The maximum lon~itudina1 load~ were 
experienced at 153.82 seconds, Outboard Engine Cutoff (OECO), at an 
acceleration of 4.0 g. 

Vehicle dynamic characteristics followed the trends established by pre­
flight analyses. The POGO suppression system apparently performed 
well, as the first mode frequency of the outboard LOX suction ducts was 
lowered to approximately 2 hertz as predicted~ and there was no evidence 
of an unstable coupled thrust-structure-feed system oscillation (POGO) 
during S-IC powered flight. 

Fin bending and torsional modes compared well with analytical pre­
dictions. On previous flights the fin vibrations exceeded the range of 
the accelerometers. On AS-503 the measurement range was increased and 
the measured vibration levels remained within range and below design 
values at all times. No fin flutter occurred. 

S-IC stage vibrations were generally as expected except at the heat 
shield. The heat shield flight vibration environment, measured for the 
first time on AS-503, was considerably higher than expected. This high 
vibration may have contributed to the loss of M-31 insulation discussed 
in Section 17. S-II stage and S-IVB stage vibrations were also generally 
as expected considering the fact that certain measurements were re­
located and improved measurement systems were used. The S-IVB stage 
ASI lines dynamic strains measured in flight were within the range of 
similar data recorded during_static firing. Instrument Unit vibrations 
compared favorably with those of previous Saturn V flights. 
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A buildup and subsequent decay of longitudinal and lateral structural 
oscillations was evident during S-II powered flight shortly after the 
mixture ratio shift. Details of this buildup are discussed in Section 6A. 

9.2 TOTAL VEHICLE STRUCTURES EVALUATION 

9.2.1 Longitudinal Loads 

The vehicle longitudinal dynamic response due to thrust buildup and 
release is shown in Figure 9~1. The axial dynamic loads derived from 
strain gage data are shown at the S~IC intertank and forward skirt. The 
command module response, where astronaut comfort is of prime concern, is 
given in terms of acceleration. A frequency analysis of the filtered 
data indicated a predominance pf 3.8 hertz (tank bulging mode) and 
4.4 h4~rtz (first longitudinal mode) oscillations, as expected. Oscil­
lations observed in the axial load plots are not as pronounced as in 
the acceleration data because of the low frequency limitation (2.4 hertz) 
of the telemetry system from which the strain data was obtained. 

In general, the AS-S03 vehicle longitudinal dynamic response amplitudes 
at launch were approximately the same as those experienced on A5p502. 
The maximum response (simulated) at the command module was approximately 
±0.4 g on both AS-S03 and AS-502. The maximum measured response at the 
command module of AS-S03 was to.3 g. The AS-502 measured data was 
considered invalid. 

The slow release device rod force displacement characteristics shown in 
Figure 9-2 represent an average per instrumented rod. On AS-503, for 
the 12 rods used, only 6 were instrumented and, of these, only 3 
yielded valid data. The differences in the curves shown for the three 
Saturn V launches are apparently due to variations in release rod 
greasing techniques. 

The longitudinal loads which existed at the time of maximum aerodynamic 
loading (maximum bending moment), at Inboard Engine Cutoff (IECO), and 
at OECO are shown in Figure 9-3. These loads were as expected with the 
maximum longitudinal loads (at the critical stations) occurring at OECO 
at a rigid body longitudinal acceleration of 4.0 g. 

Figure 9 .. 4 shows longitudinal dynamic response time histories at the 
S-IC inboard and outboard engine gimbal blocks and at the command module 
(simulated) during S-IC OECO. The amplitudes shown agree favorably 
with those of previous Saturn V flights. 

9.2.2 Bending Moments 

The lateral loads experienced during thrust buildup and release were 
much lower than design because of the favorable winds experienced during 
launch. The wind speed was low, S.l m/s (10 knots) at the 18.3 meters 
(60 ft) level, and the 360 degrees wind azi~uth brought about a tower 
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shielding effect. The comparable launch vehicle peak design wind is 
18.9 mls (36.8 knots), and the spacecraft peak design wind is 14.4 mls 
(28 knots). 

Figure ~-5 shows the absolute value of the resultant moments imposed at 
the S-IC intertank and forward skirt during thrust buildup and release. 
These loads are based on measured strain gage data, and since they are 
plotted as absolute values are representative of magnitude only and 
not frequency. The peak loads occurring just after release are due to 
lateral response or twang. The longer duration load buildup and decay 
starting at about 1.8 seconds is caused by the tower clearance yaw 
maneuver. The pitch plane dynamic response at the command module during 
launch is also presented in Figure 9-S. The maximum command module 
response accelerations were found ~o be *0.12 g in pitch and to.24 g 
i-O yaw. 

The conditions which existed during the high aerodynamic loading phase 
of flight were such as to cause near minimal lateral loads. This is 
illustrated by a comparison of the maximum AS-S03 flight bending moments 
with design values shown in Figure 9-6. The lateral load factor is also 
shown. The 6.78 x 106 N-m (60 x 106 lbf-in.) maximum bending moment at 
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shielding effect. The comparable launch vehicle peak design wind is 
18.9 mls (36.8 knots), and the spacecraft peak design wind is 14.4 mls 
(28 knots). 

Figure ~-5 shows the absolute value of the resultant moments imposed at 
the S-IC intertank and forward skirt during thrust buildup and release. 
These loads are based on measured strain gage data, and since they are 
plotted as absolute values are representative of magnitude only and 
not frequency. The peak loads occurring just after release are due to 
lateral response or twang. The longer duration load buildup and decay 
starting at about 1.8 seconds is caused by the tower clearance yaw 
maneuver. The pitch plane dynamic response at the command module during 
launch is also presented in Figure 9-S. The maximum command module 
response accelerations were found ~o be *0.12 g in pitch and to.24 g 
i-n yaw. 

The conditions which existed during the high aerodynamic loading phase 
of flight were such as to ca~se near minimal lateral loads. This is 
illustrated by a comparison of the maximum AS-S03 flight bending moments 
with design values shown in Figure 9-6. The lateral load factor is also 
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station 27.94 meters (1100 in.) at 74.7 seconds was less than 25 percent 
of the design criteria. The calculated loads are from a simulation based 
on measured flight parameters such as thrust, gimbal angle, dynamic 
pressure, angle-of-attack) and modal accelerations. The bending moments 
indicated by circles were derived from measured strain gage data. 

9.2.3 Vehicle Dynamic Characteristics 

Structural dynamic characteristics are presented in this section for the 
S-IC stage powered flight. Evaluation of S~II powered flight indicated 
a pronounced oscillatory buildup in both the lateral and longitudinal 
directions at approximately 480 seconds. Dynamic characteristics 
relating to this oscillation are discussed in Section 6A. 

9.2.3.1 Longitudinal Dynamic Characteristics. Frequency versus range 
time for the first longitudinal mode is compared with the analytical 
data in Figure 9-7. Modal amplitude versus range time is also shown. 
The measured frequencies, determined by spectral analysis using 5-second 
time slices, agree well with the analytical prediction. The maximum 
amplitude in this mode, 0.15 Gpeak, occurred at the command module at 
143 seconds and was much lower than the maximum AS-502 amplitude. 
Figure 9~8 shows a comparison of normalizpd flight data with analytically 
predicted longitudinal mode shapes. 

The accumulator modification on the outboard LOX suction dllcts success­
fully suppressed the POGO response that the AS-502 vehicle experienced 
during flight, as there was no evidence of POGO during AS~503 S-IC 
powered flight. The observed propellant line frequencies from AS-503 
flight data agreed well with the predicted frequencies. Since the 
AS-502 POGO problem involved frequencies in the 5 to 6 hertz frequency 
range, particular emphasis was placed on evaluation of flight data at 
these frequencies. 

Structural oscillations at the 5 hertz frequency were lower than those 
measured on AS-50l and much less than those seen on AS-502. These 
oscillations were approximately the same magnitude after IECO as before 
IECO. Therefore, this engine did not contribute significantly to the 
5 hertz response even though it was unmodified. Table 9-1 shows a 
comparison of acceleration for several locations on the vehicle with 
that measured on the AS-501 and AS-502 vehicles. 

Chamber pressure measurements were in the noise level in the frequencies 
from 0 to 15 hertz. Therefore, the oscillatory thrust was very low and 
could not be determined. 

The pump inlet pressure measurements were good throughout flight, and 
the propellant line frequencies could be detected from these data. All 
line frequencies were verified as within the predicted ranges with the 
exception of the second outboard LOX line mode where response was too 
low to measure. A comparison of predicted and observed line frequencies 
are shown in Table 9-2. 
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Table 9-1. Saturn V First Longitudinal Mode Response 
Comparison During S-IC Powered Flight 

INSTRUMENT STATION-METERS. AS-SOl ACCELERATION AS-S02 ACCELERATION AS-S03 ACCELERATION 
NUMBER (INCHES) Gpeak Gpeak Gpeak 

Command Module 0.2 0.6 O.lS 

A2-603 82.SS 
(32S0) O.OS 0.14 O.OS 

ES8-118 21.62 
(8S1) 0.04 0.14 0.024 

E93-119 " Aft LOX Tank 
Bulkhead 

19.61 
(772) * 0.18 0.022 

E92-117 Aft Fuel Tank 
Bulkhead 

S.72 
(225) * 0.43 0.028 

ES7-115 Ho1ddown Post 
\ 5.31 

(209) 0.06 0.12 0.025 

E82-115 3.15 
(124 ) 0.07 0.18 0.025 

E83-115 Inboard Engine 
3.07 

(121) 0.07 0.16 0.025 

*Not Instrumented on AS-SOl 

Table 9-2. AS-503 S-IC Stage Propellant Line Frequencies 

LINE FREQUENCY (Hz) 
LINE MODE PREDICTED OBSERVED 

First Inboard 4.9 to 5.5 4.6 to 6.8 

. Fi rst Outboard 1 .8 to 2.2 2.0 to 2.6 
LOX Second Outboard 12.4 to 16 -

Third Outboard 18.6 to 19.5 17.2 to 20.0 

First Outboard 10.2 10.6 to 11 .8 
FUEL 

First Inboard 12.2 10.8 to 13.6 
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As in previous flights, the S-IC crossbeam showed responses at approxi­
mately 18 hertz throughout flight. A maximum amplitude of iO.16 g was 
seen on the inboard engine gimbal block at 10 to 15 seconds. The chamber 
pressure oscillation is in the noise level at this time. A maximum 
chamber pressure oscillation of approximately 3.0 N/cm2 (4.4 psi) at 

, 20 hertz was observed at 100-115 seconds; however, the acceleration on 
the gimbal block showed a frequency of 17.6 hertz with an amplitude of 
only ±0.09 g, and no line inlet pressure oscillation could be detected 

l, 

" 

, 
·i 
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at this time. Therefore, no correlation could be seen with accelerations 
and propulsion system pressure measurements with regard to flight time, 
frequency response and ampl,itude. 

Structural response and engine system pressure data showed low responses 
for all other frequencies in the POGO frequency range; and from the 
evaluation of the flight data;, 5 hertz responses were suppressed without 
creating any unfavorable responses on other modes of the structural and 
propulsion system. 

9.2.3.2 Lateral Dynamic Characteristics. Oscillations in the first 
four lateral vehicle modes, as well as the payload mode, were detectable 
throughout S-IC powered flight. Spectral analyses were performed to 
determine modal frequencies using 5-second time slices. The frequencies 
of these oscillations agreed well with the analytical predictions as 
shown in Figure 9-9. 

To obtain maximum acceleration levels, magnetic tape data were filtered 
using digital filters se~ at the modal frequency range. The amplitudes 
of the modal oscillations at the launch escape tower are presented in 
Figure 9-9! The maximum pitch modal response during S-IC flight was 
0.056 Gpeak in the second lateral mode at 5 seconds. This second mode 
exhibited the most activity during S-IC boost except during Mach 1 and 
Max Q when the third mode was more active. The yaw modal accelerations 
exhibited about the same levels of response as did the pitch, except 
near 2 seconds when the second yaw mode obtained a maximum of 0.10 Gpeak 
as the vehicle executed the yaw maneuver for tower clearance. 

9.2.4 S-IC Fin Dynamics , 

AS-503 fin vibration levels were below design values. Measured ampli­
tudes were higher at liftoff and in the region of high dynamic pressures 
than at other flight times as shown in Figure 9-'0. This profile of 
vibration level versus time i~ similar in shape but somewhat higher 
than those reported for AS-501 and AS-502. Levels at liftoff and at 
high dynamic pressure are not available from those flights because of 
inadequate instrumentation. The fin vibration measurement ranges were 
increased for AS-503 and measured levels were within range at all times. 

Fin frequencies observed on AS-503 are also shown in F~gure 9-10 and com~ 
pared with those measured on the Dynamic Test VehiclE. Frequency varia­
t;j on wi th vel aci ty is simi rar to that observed on AS-501 and AS-502. 
There was no evidence of flutter. 
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than at other flight times as shown in Figure 9-'0. This profile of 
vibration level versus time i~ similar in shape but somewhat higher 
than those reported for AS-50l and AS-502. Levels at liftoff and at 
high dynamic pressure are not available from those flights because of 
inadequate instrumentation. The fin vibration measurement ranges were 
increased for AS-503 and measured levels were within range at all times. 

Fin frequencies observed on AS-503 are also shown in F~gure 9-10 and com~ 
pared with those measured on the Dynamic Test VehiclE. Frequency varia~ 
t;ion with velocity is similar to that observed on AS-501 and AS~502. 
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AS-S03 fin bending moments were similar to those of AS~SOl and AS-S02 
and were well below design levels. 

9.3 VIBRATION EVALUATION 

9.3.1 S-IC Stage and Engine Evaluation 

Structure, engine, and component vibration measurements taken on the 
S-IC stage are summarized in Table 9~3 and Figures 9~11 through 9~13. 
A total of 49 single sideband vibration measurements were taken of 
which 47 yielded usable data. Measurement locations are shown in 
Figure 9-14. 

9.3.1.1 S-IC Stage Structure. Stage structure vibration data exhibited 
RMS levels and spectra shapes similar to previous flights. The data, in 
general, did not appear to be either higher or lower than previous data. 

9.3.1.2 F-l Engines. All five F-l engine combustion chamber measurements 
were considered valid. Overall RI'-1S levels of engine No.2 were somewhat 
higher than levels of the other engines; however, the overall RMS levels 
and spectra shapes of all five engine measurements compared favorably to 
data from flight AS-S02. All engine combustion chamber measurements 
were invalid on AS~SOl. AS-S02 data have been adjusted to correct for 
a calibration error made in t~e original analyses. 

Turbopump data from two measurements (E37~101 and E38~101) appeared 
higher from 0 to 30 seconds, but the spectra were similar to static 
firing data. These measurements have been invalid on past flights. 
The expected range of data based on static firing was 20 to 30 Grms. 
Generally, other turbopump measurements compared closely with past 
flight data in both overall levels and spectra shapes. 

9.3.1.3 S-IC Components. The responses of three components on the 
S-IC, the servoactuators, the cold helium line, and the propellant 
delivery system showed amplitudes and spectra similar to previous 
flights. Data from the one measurement on a ~ibration isolated 
equipment panel were invalid. 

Vibration environm'ents on the heat shield panels were measured for the 
first time in flight on AS-S03. The spectra shapes at. launch were 
similar to those from static firing below about 200 hertz. Above 200 
hertz, the flight data at launch are considerably higher than static 
firing. This resulted in overall RMS.levels 1.S to 2 times as high as 
expected. The levels drop rapidly to less than 20 percent of launch 
levels by 30 seconds. 

The heat shield vibration experienced at liftoff is in excess of data 
measured during qualification testing. Some development tests have 
shown that these levels, when applied to the heat shield for about 
10 seconds, have caused severe cracking of the M~31 insulation. This 
vibration is suspected of causing eventual loss of M-31 as distussed in 
Section 17. 
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S-IC stage are summarized in Table 9~3 and Figures 9~11 through 9~13. 
A total of 49 single sideband vibration measurements were taken of 
which 47 yielded usable data. Measurement locations are shown in 
Figure 9-14. 
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general, did not appear to be either higher or lower than previous data. 
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were considered·valid. Overall R~1S levels of engine No.2 were somewhat 
higher than levels of the other engines; however, the overall RMS levels 
and spectra shapes of all five engine measurements compared favorably to 
data from flight AS-S02. All engine combustion chamber measurements 
were invalid on AS~SOl. AS-S02 data have been adjusted to correct for 
a calibration error made in t~e original analyses. 

Turbopump data from two measurements (E37~101 and E38~101) appeared 
higher from 0 to 30 seconds, but the spectra were similar to static 
firing data. These measurements have been invalid on past flights. 
The expected range of data based on static firing was 20 to 30 Grms. 
Generally, other turbopump measurements compared closely with past 
flight data in both overall levels and spectra shapes. 

9.3.1.3 S-IC Components. The responses of three components on the 
S-IC, the servoactuators, the cold helium line, and the propellant 
delivery system showed amplitudes and spectra similar to previous 
flights. Data from the one measurement on a ~ibration isolated 
equipment panel were invalid. 

Vibration environm'ents on the heat shield panels were measured for the 
first time in flight on AS-S03. The spectra shapes at. launch were 
similar to those from static firing below about 200 hertz. Above 200 
hertz, the flight data at launch are considerably higher than static 
firing. This resulted in overall RMS.levels 1.S to 2 times as high as 
expected. The levels drop rapidly to less than 20 percent of launch 
levels by 30 seconds. 

The heat shield vibration experienced at liftoff is in excess of data 
measured during qualification testing. Some development tests have 
shown that these levels, when applied to the heat shield for about 
10 seconds, have caused severe cracking of the M~31 insulation. This 
vibration is suspected of causing eventual loss of M-31 as distussedin 
Section 17. 

9-16 



jii .. #' " 

Table 9-3. S-IC Stage Vibration Summary 

MEASUREMENT MAXIMUM GRMS DESIGN 
OVERALL REMARKS STRUCTURE PREVIOUS FLIGHT DATA AS-503 'Grms 

Thrust structure 
E023-115 10.7 at -0.5 14.7 at 0 22 E024-115 11.2 at 0 8.0 at 0 25 E049-115 13.9 at 0.5 11.9at1 34 E053-115 6.9 at 149.5 5.5 at 150 17 E054-115 3.7 ilt 147.5 3.7 at 150 17 E079-115 3.2 ,it 148 3.3 at 148 17 E080-115 4.2 at 148 3.7 at 148 17 

Intertanl< Str(!!;ture 
E020-118 7.7 at 2 4.7 at 3 27 Intertank structure AS-503 data may E021-118 9.1 at 4 7.0 at -1 27 be invalid at times shown in Figure 

9-11; data were less than 5% of 
calibration level. 

Forward Skirt 
Structut'll 

E018-120 1.7 at 2.8 and 4.9 1.4 at -1 30 Forward skirt structure AS-503 data E019-120 6.9 at -0.2 5.9 at -1 30 may be invalid at times shown in E047-120 6.1 at 3.9 4.4 at 1 30 Figure 9-11; data were less than 
5% of the calibration level. E047-120 
is located near command de5truct 
isolated panel. 

ENGINE 
Combustion Chamber 

E036-101 8.8 at 20.5 7.6 at 60 49 E036-102 invalid on previous flights. E036-102 9.7 at 0 49 
E036-103 8.3 at 53 7.8at120 49 
E036-104 8.4 at 106.8 7.5 at 101 49 
E036-105 8.2 at 130.5 7.6 at 91 49 

Turbopump 
E037-101 41.5 at 20 41 Measurements E037-101, E038-101, E01/0-l0l E038-101 39.0 at 1.0 41 were invalid on previous flights. E039-101 E039-101 26.5 at 125 -- 41 and E042-104 data were invalid for j~S-503. E040-101 12.5 at 132.5 41 
E041-101 15.4 at 122 19.7 at 152.0 41 

E042-102 and E042-103 data were invalid E041-102 16.2 at 142 17.5 at 144.5 41 between 0 and 20 seconds. E042-102 9.6 at 86 9.3 at -1.0 41 
E042-103 18.1 at 63 9.3 at 132 41 
E042-104 8.2 at 51 - - 41 
E042-105 8.5 at 96.5 41 

COMPONENTS 
Engi ne Actuators 

E030-101 5.2 at 141.8 9.4 at 111 30 
E030-1D2 5.0 at 123 4.7 at 113 30 
E031-101 6.2 at 136 4.4 at 129 30 
E031-102 6.5 at 138.9 7.8 at 107 30 
E032-101 10.9 at 141.8 15.1 at 1ll 30 
E032-102 11.0 at 121 14.0 at 89 30 
E033-101 8.8 at 100 8.7 at 68 30 
E033-102 7.0 at 127 6.7 at 60 30 
E034-101 5.0 at -1.0 4.1 at 63 30 
E034-102 5.5 at 135 5.0 at 125 30 
E035- J01 14.6 at 17 15.0 at 68 30 
E035-102 10.5 at 127 9.7 at 0 30 

He1 ium Line 
E050-116 7.6at-1.4 5.7 at -1.0 40 AS-503 data from E050-116 may be invalid 10051-116 14.0 at 0 12.8 at LO 34 at times shown in Figure 9-13; they were 

less than 5% of calibration level. 
Heat Shield Panels 

E105-106 76,6 at -1 33 Heat shield panel measurements not in-El06-106 62.6 at -1 33 sta 11 ed for previ ous fl i ghts. Heat shi e ld E107-106 68.0 at -1 33 panel data may be invalid at times shown 

L 

! 
in Figure 9-13; data were less than 
5% of the calibration level. 

Propellant Delivery 
System 

E025-118 2.7 at 132 1.6at2.5 9 
E026-118 2.4 at 4.6 2.3 at 0 9 
E027-115 10.4 at -0.5 5.7 at 2.5 22 
E028-115 9.7 at 4.6 9.3 at 92 22 
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9.3.2 S~II Stage and Engine Evaluation 

Comparisons of Grms values for AS-SOl, AS~502, and AS-503 are shown in 
Table 9-4 and Figures 9-15 through 9~17. The variations between the 
three flights are considered normal. 
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tangential direction. 
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9.3.2 S~II Stage and Engine Evaluation 

Comparisons of Grms values for AS-SOl, AS~502, and AS-503 are shown in 
Table 9-4 and Figures 9-15 through 9~17. The variations between the 
three flights are considered normal. 

160 

9.3.2.1 S-11 Stage Structure. The AS-503 vibration environment for the 
interstage in the radial direction exceeds that for the previous flights. 
This was ~xpected since the measurements were moved to unloaded areas of 
the interstage structure. No previous measurements were made in the 
tangential direction. 

Although the single measurement on the aft skirt indicated levels com­
parable with previous flights and static firings, the data is considered 
to be questionable because the oscillograph trace does not a~pear to be 
Y'andom data. 
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Table 9-4. S-11 Stage Vibration Summary 

S-II. 501. 502 OVERALL GRMS 
NO. OF AND 503 STATIC S-:II 

ZONE MEASUREMENTS FIRINGS GRMS VEHICLE LIFTOFF TRANSONIC MAX Q MAINSTAGE 

Forward Skirt 8 AS,..501 1.4 to 8.8 2.1 to 3.7 2.4 to 5.1 0.5 to 0.7 
Containers 8 0.7 to 2.5 AS-502 2.7 to 9.0 0.7 to 2.5 1.1 to 4.6 0.3 to 0.6 

8 AS-503 0.7 to 9.1 1.0to3.7 1.7 to 5.3 0.0 to 0.9 

Forward Skirt 10 AS-SOl 3.5 to 11 .0 2.3 to 11.3 3.7 to 9.2 0.4 to 0.9 
Stringers 10 , 1.6 to 4.8 AS-502 3~·4 to 13.1 1.8 to 7.6 2.7 to 8.0 0.3 to 0.7 

9 AS~503 1.2 to 8.5 1.0 to 6.8 1.7 to 7.9 0.3 to 1.3 

Aft Skirt 4 AS-SOl 5.5 to 17.3 3.6 to 6.2 5.7 to 12.1 1.6 to 2.2 
4 10.1 to 31.7 AS-502 5.3 to 14.8 5.2 to 8.3 5.4 to 9.4 0.4 to 1.2 
1 AS-503 Data Questionable , 

Interstage 4 AS-SOl 3.4 to 5.9 2.0 to 3.5 2.6 to 4.5 2.1 to 3.6 
4 Interstage AS-502 3.1 to 4.8 2.2 to 3.3 2.8 to 4.1 1.1 to 1.8 
3 Not Install. AS-503 7.6 to 16.0 5.6 to 6.5 5.6 to 7.2 1.2 to 2.9 

Thrust Structure . 10 AS-501 0.8 to 7.0 0.6 to 1 J! 0.6 to 2.2 1.5 to 3.8 
Containers 10 2.2 to 15.8 AS-502 0.6 to 2.4 0.4 to 1.1 0.5 to 1.4 0.8 to 2.9 

9 AS-503 0.3 to 3.9 0.4 to 2.6 0.3 to 2.2 0.3 to 3.0 

Thrust Structure 3 AS-SOl 1.6 to 5.1 1.1 to 2.0 1.2to2.2 2.8 to 7.2 
Longitudinal 3 4.1 to 12.3 AS-502 1.0 to 3.7 0.6 to 1.6 0.7 to 1.7 1.6 to 5.1 

3 AS-503 0.2 to 2.9 1.1 to 1.5 1.6 to 2.7 1.0 to 2.3 

Eng i ne Beams 5 AS-SOl 0.9 to 1.5 0.5 to 0,9 0.6 to 1.0 5.8 to 10.4 
5 5.4 to 15.3 AS-502 0.5 to 1.0 0.3 to 0.4 0.4 to 0.5 5.3 to 13.9 
1 AS-503 1.4 0.7 0.7 8.0 

Gtmba1 Pad 1 AS-50l 1.0 0.9 0.9 5.6 
1 4.2 to 9.6 AS-502 0.4 0.3 0.3 4.5 
1 AS-503 0.3 0.2 0.4 9.0 

Combustion uome 5 Invalid Data AS-503 0.8 to 3.6 1.0 to 4.6 1.2 to 3.7 6.5 to 10.3 

LOX Pumps 5 Invalid Data AS-503 0.0 to 2.6 0.0 to 2.6 0.0 to 2.6 3.5 to 16.8 

LH2 Pumps 5 Invalid Data AS-503 0.0 to 3.1 0.0 to 6.1 0.0 to 6.1 9.2 to 17.2 

LOX Sump Prevalve 2 Not Installed AS-503 0.4 to 0.6 0.5 to 0.7 0.6 to 0.7 0.4 to 2.3 

LH2 Prevalve 3 Not Installed AS-503 0.2 to 1.0 0.5 to 0.7 0.8 to 0.9 0.6 to 1.8 

NOTE: The values listed above for AS-501 & AS-502 are based on PSD overall levels. 
The values listed above for AS-503 are based on Grms histories. 

9.3.2.2 S~I1 Stage J-2 Engines. The J~2 engine vibration trends were 
generally as expected with the maximum levels occurring after S~I1 
engine start. The LOX pump measurements show a sharp amplitude increase 
at the propellant mixture ratio (PMR) shift time, as expected. This 
increased vibration results from changed flow characteristics through 
the LOX pump after the prope 11 ant util i zati on (LOX bypass) valve 
position is changed. 

9.3.2.3 S-11 Stage Components. For the AS .. 503 flight, instrumentation 
was relocated to better define component and container environments. The 
levels indicated for the LOX sump prevalves and the LH2 prevalves were 
lower than expected. The response levels in the containers were as 
expected. 
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Table 9-4. S-11 Stage Vibration Summary 

S-II. 501. 502 OVERALL GRMS 
NO. OF AND S03 STATIC S-:II 

ZONE MEASUREMENTS FIRINGS GRMS VEHICLE LIFTOFF TRANSONIC MAX Q MAINSTAGE 

Forward Skirt 8 AS,..501 1.4 to 8.8 2.1 to 3.7 2.4 to 5.1 0.5 to 0.7 
Containers 8 0.7 to 2.5 AS-502 2.7 to 9.0 0.7 to 2.5 1.1 to 4.6 0.3 to 0.6 

8 AS-503 0.7 to 9.1 1.0to3.7 1.7 to 5.3 0.0 to 0.9 

Forward Skirt 10 AS-Sal 3.5 to 11 .0 2.3 to 11.3 3.7 to 9.2 0.4 to 0.9 
Stringers 10 , 1.6 to 4.8 AS-502 3~'4 to 13.1 1.8 to 7.6 2.7 to 8.0 0.3 to 0.7 

9 AS~503 1.2 to 8.5 1.0 to 6.8 1.7 to 7.9 0.3 to 1.3 

Aft Skirt 4 AS-SOl S.S to 17.3 3.6 to 6.2 5.7 to 12.1 1.6 to 2.2 
4 10.1 to 31.7 AS-S02 S.3 to 14.8 5.2 to 8.3 5.4 to 9.4 0.4 to 1.2 
1 AS-S03 Data Questionable , 

Interstage 4 AS-SOl 3.4 to S.9 2.0 to 3.5 2.6 to 4.5 2.1 to 3.6 
4 Interstage AS-S02 3.1 to 4.8 2.2 to 3.3 2.8 to 4.1 1.1 to 1.8 
3 Not Install. AS-S03 7.6 to 16.0 5.6 to 6.5 5.6 to 7.2 1.2 to 2.9 

Thrust Structure ' 10 AS-501 0.8 to 7.0 0.6 to 1 J! 0.6 to 2.2 1.5 to 3.8 
Containers 10 2.2 to lS.8 AS-S02 0.6 to 2.4 0.4 to 1.1 0.5 to 1.4 0.8 to 2.9 

9 AS-503 0.3 to 3.9 0.4 to 2.6 0.3 to 2.2 0.3 to 3.0 

Thrust Structure 3 AS-SOl 1.6 to 5.1 1.1 to 2.0 1.2to2.2 2.8 to 7.2 
Longitudinal 3 4.1 to 12.3 AS-502 1.0 to 3.7 0.6 to 1.6 0.7 to 1.7 1.6 to 5.1 

3 AS-S03 0.2 to 2.9 1.1 to 1.5 1.6 to 2.7 1.0 to 2.3 

Eng i ne Beams 5 AS-SOl 0.9 to 1.5 0.5 to 0,9 0.6 to 1.0 5.8 to 10.4 
S S.4 to lS.3 AS-S02 O.S to 1.0 0.3 to 0.4 0.4 to 0.5 S.3 to 13.9 
1 AS-S03 1.4 0.7 0.7 8.0 

Gtmba1 Pad 1 AS-50l 1.0 0.9 0.9 5.6 
1 4.2 to 9.6 AS-S02 0.4 0.3 0.3 4.5 
1 AS-S03 0.3 0.2 0.4 9.0 

Combustion uome S Invalid Data AS-503 0.8 to 3.6 1.0 to 4.6 1.2 to 3.7 6.5 to 10.3 

LOX Pumps S Invalid Data AS-S03 0.0 to 2.6 0.0 to 2.6 0.0 to 2.6 3.5 to 16.8 

LH2 Pumps S Invalid Data AS-S03 0.0 to 3.1 0.0 to 6.1 0.0 to 6.1 9.2 to 17.2 

LOX Sump Prevalve 2 Not Installed AS-S03 0.4 to 0.6 0.5 to 0.7 0.6 to 0.7 0.4 to 2.3 

LH2 Prevalve 3 Not Installed AS-S03 0.2 to 1.0 0.5 to 0.7 0.8 to 0.9 0.6 to 1.8 

NOTE: The values listed above for AS-Sal & AS-S02 are based on PSD overall levels. 
The values listed above for AS-503 are based on Grms histories. 

9.3.2.2 S~I1 Stage J-2 Engines. The J~2 engine vibration trends were 
generally as expected with the maximum levels occurring after S~I1 
engine start. The LOX pump measurements show a sharp amplitude increase 
at the propellant mixture ratio (PMR) shift time, as expected. This 
increased vibration results from changed flow characteristics through 
the LOX pump after the prope 11 ant util i zati on (LOX bypass) valve 
position is changed. 

9.3.2.3 S-11 Stage Components. For the AS .. 503 flight, instrumentation 
was relocated to better define component and container environments. The 
levels indicated for the LOX sump prevalves and the LH2 prevalves were 
lower than expected. The response levels in the containers were as 
expected. 
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9.3.3 S-IVB Stage and Engine Evaluation 

Two vibration measurements were made on the structure, fifteen at com­
ponents mounted on the stage, and thirteen at engine components. The 
maximum composite levels are indicated in Figures 9-18 and 9-19 and 
Table 9-S. 

9.3.3.1 S-IVB.Stage Structure and Components. Figure 9-18 shows the 
range of vibration levels on the structure. The AS-S03 levels were 
much lower than the maximum measured during the AS-SOl and AS-S02 
flights. This is due to the limited frequency range used in acquiring 
the AS-S03 data. The figure shows the range of vibration levels at the 
input to forward components and the range of vibration levels at the 
input to the aft components. The components monitored on AS-S03 were 
not monitored on the AS-SOl and AS-S02 flights; however, inputs to 
components that were monitored are shown. 

9.3.3.2 S-IVB Stage J-2 Engine. Figure 9-19 presents data measured 
during the AS-S03 flight on the two turbopumps. These measurements were 
made with a measurement system that was improved over that used for 
AS-SOl. The AS-SOl levels presented in Figure 9-19 for comparison 
include data from the turbopumps and the combustion chamber dome. The 
fact that the AS-S03 levels are two to three times higher than the 
AS-SOl levels may be an indication that the earli(~r measurement system 
was inadequate. In any' case, the differences between the measured 
vibration environment' is within the normal scatter of the engines. 

Figure 9-19 also presents first and second burn data from components in 
the J-2 engine installed on the S-IVB stage. In addition, Figure 9-19 
shows the nominal range of levels found during test firings at the 
engine contractor's test facility. With the exception of the radial 
measurement on the fuel Augmented Spark Igniter (ASI) block, the AS-S03 
measurements are within the range of engine contractor's data. The ASI 
block measurement appears to be within an allowable variation, since 
component vibration levels vary greatly from J-2 engine to J-2 engine. 
However, the operation in a vacuum may be reflected by the higher level 
obtained in flight. 

9.3.3.3 S-IVB Stage ASI Lines Dynamics. Dynamic strain measurements 
were made on LOX ASI lines 1 and 2 and LH2 lines 1, 2, 3, and 4. The 
LOX ASI line strains ranged from 10 to 20 ~ in./in. RMS. (Engine 
Contractor's static firing gave 10 to 90 ~ in./in. RMS.) The LH2 ASI 
line strains ~anged from 20 to SO ~ in./in. RMS. (Engine contractor's 
static firings gave 10 to 17S ~ in./in. RMS.) 

9.3.4 Instrument Unit (IU) Evaluation 

There were 28 vibration measurements on the AS-S03 IU. All of these 
measurements functioned properly and appeared to provide usable data. 
The telemetered data were of good quality. As on previous flights, a 
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Two vibration measurements were made on the structure, fifteen at com­
ponents mounted on the stage, and thirteen at engine components. The 
maximum composite levels are indicated in Figures 9-18 and 9-19 and 
Table 9-S. 

9.3.3.1 S-IVB.Stage Structure and Components. Figure 9-18 shows the 
range of vibration levels on the structure. The AS-S03 levels were 
much lower than the maximum measured during the AS-SOl and AS-S02 
flights. This is due to the limited frequency range used in acquiring 
the AS-S03 data. The figure shows the range of vibration levels at the 
input to forward components and the range of vibration levels at the 
input to the aft components. The components monitored on AS-S03 were 
not monitored on the AS-SOl and AS-S02 flights; however, inputs to 
components that were monitored are shown. 

9.3.3.2 S-IVB Stage J-2 Engine. Figure 9-19 presents data measured 
during the AS-S03 flight on the two turbopumps. These measurements were 
made with a measurement system that was improved over that used for 
AS-SOl. The AS-SOl levels presented in Figure 9-19 for comparison 
include data from the turbopumps and the combustion chamber dome. The 
fact that the AS-S03 levels are two to three times higher than the 
AS-SOl levels may be an indication that the earlier measurement system 
was inadequate. In any' case, the differences between the measured 
vibration environment' is within the normal scatter of the engines. 

Figure 9-19 also presents first and second burn data from components in 
the J-2 engine installed on the S-IVB stage. In addition, Figure 9-19 
shows the nominal range of levels found during test firings at the 
engine contractor's test facility. With the exception of the radial 
measurement on the fuel Augmented Spark Igniter (ASI) block, the AS-S03 
measurements are within the range of engine contractor's data. The ASI 
block measurement appears to be within an allowable variation, since 
component vibration levels vary greatly from J-2 engine to J-2 engine. 
However, the operation in a vacuum may be reflected by the higher level 
obtained in flight. 

9.3.3.3 S-IVB Stage ASI Lines Dynamics. Dynamic strain measurements 
were made on LOX ASI lines 1 and 2 and LH2 lines 1, 2, 3, and 4. The 
LOX ASI line strains r,anged from 10 to 20 11 in./in. RMS. (Engine 
Contractor's static firing gave 10 to 90 11 in./in. RMS.) The LH2 ASI 
line strains ~anged from 20 to SO 1l in./in. RMS. (Engine contractor's 
static firings gave 10 to 17S 11 in./in. RMS.) 

9.3.4 Instrument Unit (IU) Evaluation 

There were 28 vibration measurements on the AS-S03 IU. All of these 
measurements functioned properly and appeared to provide usable data. 
The telemetered data were of good quality. As on previous flights, a 
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Table 9-5. S-IVB Vibration Summary 

1.0 
I 

W 
--' 

Structure 

Engine 

Component 
(Forward 
Skirt) 

Component 
(Aft Skirt} 

1 

AREA MONITORED 

Field Splice at Position I 
(Low Frequency), Thrust 

Station 2748 at Position II 
on Aft Skirt, Thrust 

Combustion Chamber Dome 
(Low Frequency), Thrust 

Combustion Chamber Dome 
Longitudi na 1 

LH2 Turbopump, Lateral 

LOX Turbopump, Lateral 

Input to LH2 Vent Discon-
nect, Forward Skirt, Thrust 

Input to LH2 Vent Discon-
nect. Forward Skirt, Radial 

Input to Continuous Vent 
Module, Forward Skirt, 
Radial 

Thrust Structure at Helium 
Bottle, Pitch 

Input to LH2 Feed1ine at 
LH2 Tank, Thrust 

Input to LH2 Feed1ine at 
LH2 Tank. Radial 

----_ .. _--
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'i, 

........ 

MAX RANGE" 
LEVEL TIME REMARKS 
Grms (SEC) 

0.8 2 Frequency Range Limited to 220 

0.6 2 frequency Range Limited to 330 

0.28 2 Very Low Data Level 

- .. Lost Data Channel 

21.0 530 New Measurement System Used 

50.0 10,230 New Measurement System Used 

3.7 70 

4.8 70 

3.0 62 

- ~ Data Questionable 

1.7 73 

2.6 73 
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Table 9-5. S-IVB Vibration Summary 

MAX RANGE" 
AREA MON nORED LEVEL TIME REMARKS 

Grms (SEC) 

Field Splice at Position I 
(Low Frequency), Thrust 0.8 2 Frequency Range Limited to 220 I Station 2748 at Position II 
on Aft Skirt, Thrust 0.6 2 frequency Range Limited to 330 

Combustion Chamber Dome 
(Low Frequency), Thrust 0.28 2 Very Low Data Level 

Combustion Chamber Dome 
Longitudi na 1 - .. Lost Data Channel 

LH2 Turbopump, Lateral 21.0 530 New Measurement System Used 

LOX TlJrbopump, Lateral 50.0 10,230 New Measurement System Used 

Input to LH2 Vent Discon-
nect, Forward Skirt, Thrust 3.7 70 

Input to LH2 Vent Discon-
nect. Forward Skirt, Radial 4.8 70 

Input to Continuous Vent 
Module, Forward Skirt, 
Radial 3.0 62 

Thrust Structure at Helium 
Bottle, Pitch - ~ Data Questionable 

Input to LH2 Feed1ine at 
LH2 Tank, Thrust 1.7 73 

Input to LH2 Feed1ine at 
LH2 Tank. Radial 2.6 73 
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Table 9-5. S-IVB Vibration Summary (Continued) 

MAX RANGE 
AREA MONITORED LEVEL TIME REMA~KS 

Grms (SEC) 

Ambient Panel, Input to 
Chil1down, Inverter, Thrust 1.1 80 

Ambi ent Panel, I nput to 
Chi11down, Inverter, Radial 3.7 2 

Input LH2 Preva1ve in LH2 
Feedline, Thrust 2.9 540 

Input LH2Preva1ve in LH2 
Feed1ine, Radial 2.4 540 

APS Input to Propellant 
Control Module, Radial 4.7 75 

APS Input to Propellant 
Control Module, Tangential 8.5 75 

Input to LOX Chi11down Pump 
Aft LOX Pump, Normal to Dome 3.4 2 

jlnput to Helium Regulator, 
ITangenti a1 13.0 78 

,.Jput to Retromotor Forward 
Support, Aft lIS, Radial 2.7 82 

Main Fuel Valve, Tangential 5.6 680 

Main Fuel Val ve, Radial 4,.8 680 

Main Fuel Valve, 
Longitudinal 5.7 680 

LOX Turbine Bypass Valve, 
Tangential 1 9.2 680 
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Table 9-5. S-IVB Vibration Summary (Continued) 

1.0 
I 
~ 
W 

.. 

Component 
(J-2 Engine) 
(Cont) 

. 

AREA MON ITORED 

LOX Turbine Bypass Valve, 
Radial 

LOX Turbine Bypass Valve, 
Longitudinal 

AS! LOX Valve, Radial 

AS! LOX Valve, Longitudinal 

Fuel AS! Block, Radial 

. 

MAX RAt'JGE 
LEVEL TIME 
Grms (SEC) 

10.0 680 

14.2 680 

18.4 680 

19.3 680 

60.0 10,230 

-
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4..... 

REMARKS 

Level Greater than Found in Static Test 
Firings 
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Table 9-5. S-IVB Vibration Summary (Continued) 

MAX RAt'JGE 
AREA MON ITORED LEVEL TIME REMARKS 

Grms (SEC) 

Component LOX Turbine Bypass Valve, 
(J-2 Engine) Radial 10.0 680 
(Cont) 

LOX Turbine Bypass Valve, .. Longitudinal 14.2 680 . 
AS! LOX Valve, Radial 18.4 680 

AS! LOX Valve, Longitudinal 19.3 680 

Fuel AS! Block, Radial 60.0 10,230 Level Greater than Found in Static Test 
Firings 

;.1 •. 
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telemetry dropout occurred during S-IC stage separation. This resulted 
in a complete loss of all single sideband data between 154.6 and 155.7 
seconds. 

The maximum composite vibration level~ (Grms) occurred for about a 20-
second period centered near the time of maximum dynamic pressure. All 
vibration levels appeared to be nominal. For comparison purposes, the 
IU structure and component measurements are shown with those taken 
during previous Saturn V flights. Figure 9-20 shows the Grms time 
histories of these measurements. 

9.3.4.1 Instrument Unit Structure. Eight measurements were used for 
monitoring structural vi6ration at the upper and lower interface rings. 
The AS-503 levels were generally within the envelope of previous flight 
values except for two peaks at 77 and 85 seconds. All levels appeared 
to be reasonable and no structural problems existed. After S~IC 
powered flight, the levels became negligible. 

9.3.4.2 Instrument Unit Components. Twenty measurements were used to 
monitor the IU component vibration levels. Figure 9-20 indicates a 
broader range of data than that of structure vibration measurements. 
This is due to the difference in response characteristics of the various, 
components. The AS-503 comDonent composite vibration levels appear to 
be nominal and within those of AS~501 and AS-502. The vibration levels 
during S-II and S-IVB stage powered flight were negligible. 
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telemetry dropout occurred during S-IC stage separation. This resulted 
in a complete loss of all single sideband data between 154.6 and 155.7 
seconds. 

The maximum composite vibration level~ (Grms) occurred for about a 20-
second period centered near the time of maximum dynamic pressure. All 
vibration levels appeared to be nominal. For comparison purposes, the 
IU structure and component measurements are shown with those taken 
during previous Saturn V flights. Figure 9-20 shows the Grms time 
histories of these measurements. 

9.3.4.1 Instrument Unit Structure. Eight measurements were used for 
monitoring structural vi6ration at the upper and lower interface rings. 
The AS-503 levels were generally within the envelope of previous flight 
values except for two peaks at 77 and 85 seconds. All levels appeared 
to be reasonable and no structural problems existed. After S~IC 
powered flight, the levels became negligible. 

9.3.4.2 Instrument Unit Components. Twenty measurements were used to 
monitor the IU component vibration levels. Figure 9-20 indicates a 
broader range of data than that of structure vibration measurements. 
This is due to the difference in response characteristics of the various, 
components. The AS-503 comDonent composite vibration levels appear to 
be nominal and within those of AS~501 and AS-502. The vibration levels 
during S-II and S-IVB stage powered flight were negligible. 
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SECTION 10 

GUIDANCE AND NAVIGATION 

10.1 SUMMARY 

10.1.1 Flight Program 

The gui dance and navigati on sys tern performed sati s factori ly duri ng all 
periods for which data are available. The boost navigation and guidance 
schemes were executed properly and termi na 1 parameters were very good for 
both parking orbit and translunar injection. All target parameters were 
satisfactorily achieved and all orbital operations were nominal. Mission 
objectives were accomplished and the nominal mission time line was flown. 

The vehicle trajectory exhib-,ted a slightly flatter altitude profile than 
that predicted in the operational trajectory. Analysis reveals that the 
most probable cause was the vehicle state vector at Iterative Guidance 
Mode (IGM) initiation being different than predicted. At S-IC Outboard 
Engine Cutoff (OECO), the vehicle altitude was less than predicted and 
the vel oci ty was greater. The resul ti ng optimum fuel usage trajectory 
determined by the Launch Vehicle Digital Computer (LVDC~ flight program 
was predictable and resulted in satisfactory end conditions.' 

A roll angle offset, varying from 0.3 to 0.5 degree was evident through­
out boost. A combination of Center of Gravity (CG) offsets and thrust 
vector misalignments is the most probable cause. 

10.1.2 Instrument Unit Components 

Datt indicate~ what the Launch Vehicle Data Adapter (LVDA) and the LVDC 
performed a5 predi cted. There were nume rous error moni tor regi s ter 
indications of Triple Modular Redundant (TMR) logic disagreements in the 
interrupt processor during Time Base 7 (T7). Such indications on past 
missions have been associated with the ~onmand and communications subsystem 
operation. All commands were received and processed, thus these indica­
tions had no detrimental effect on the fl ight. 
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SECTION 10 

GUIDANCE AND NAVIGATION 

10.1 SUMMARY 

10.1.1 Flight Program 

The gui dance and navigati on sys tem performed sati s factori ly duri ng all 
periods for which data are available. The boost navigation and guidance 
schemes were executed properly and termi na 1 parameters were very good for 
both parking orbit and translunar injection. All target parameters were 
satisfactorily achieved and all orbital operations were nominal. Mission 
objectives were accomplished and the nominal mission time line was flown. 

The vehicle trajectory exhib-,ted a slightly flatter altitude profile than 
that predicted in the operational trajectory. Analysis reveals that the 
most probable cause was the vehicle state vector at Iterative Guidance 
Mode (IGM) initiation being different than predicted. At S-IC Outboard 
Engine Cutoff (OECO), the vehicle altitude was less than predicted and 
the vel oci ty was greater. The resul ti ng optimum fuel usage trajectory 
determined by the Launch Vehicle Digital Computer (LVDC~ flight program 
was predictable and resulted in satisfactory end conditions.' 

A roll angle offset, varying from 0.3 to 0.5 degree was evident through­
out boost. A combination of Center of Gravity (CG) offsets and thrust 
vector misalignments is the most probable cause. 

10.1.2 Instrument Unit Components 

Datt indicate~ what the Launch Vehicle Data Adapter (LVDA) and the LVDC 
performed a5 predi cted. There were nume rous error moni tor regi s ter 
indications of Triple Modular Redundant (TMR) logic disagreements in the 
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The ST-124M-3 inertial platform and associated electroni~ equipment 
performed as expected. Telemetry from the LVDC indicated that inertial 
·reference was still being maintained at 25,420 seconds (7:03:40). The 
accelerometer loop signals indicated that the ac~elerometers correctly 
measured vehicle acceleration throughout the flight. Temperatures, 
pressures, and voltages were nominal to 13,410 seconds (3:43:30). 

10.2 GUIDANCE AND NAVIGATION SYSTEM DESCRIPTION 

10.2.1 Flight Program Description 

The flight program controls the LVDC from Guidance Reference Release (GRR) 
until the end of the mission. The program performs seven primary functions: 
navigation, guidance, event sequencing, attitude control, data management, 
ground command processing, and hardware evaluation. 

10~2.l.1 Preflight Prepare-to-Launch Mode 

At approximately -13 minutes, the LVDC is commanded into the Prepare-to­
~aunch (PTL) mode by a mode command from the RCf\-ll OA ground computer. 
This ground routine performs certain prelaunch functions ano prepares 
the LVDC for entering the flight mode. 

10.2.1.2 Boost Initialize 

The flight program contains routines which initialize navigation quantities. 
boost-to-parking orbit parameters, and trans1unar injection parameters. 
The variable azimuth routine computes an azimuth fr'om a predicted 1 iftoff 
time which is computed fro~ the Greenwich Mean Time (GMT) maintained in 
the PTL mode. This azimuth is used to compute an inclination and a 
d~scendirig node. The translu~ar injection targetfng routine uses an 
interpolation scheme to determine oy'bital energy, right ascension, 
declination and cosine of the true anomaly of the target vector, and 
eccentricity of the transfer ellipse from the predicted liftoff time. 
Boost initialize also computes transformation matrices from the'azimuth, 
inclination, descending node, and launch pad latitude, and target vectors 

. for first and se.cond opportunities from right ascension, declination, 
launch pad latitude, azimuth, and the angle between the launch meridian 
and the vernal equinox. 

10.2.1.3 Boost Routines 

In general, the boost routines perform navigation and guidance, event 
sequencing, and attitude control. Boost navigation encompasses the 
computations and logic necessary to determine position, velocity, and 
acceleration of the vehicle during powered f.li·ght phases. 
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launch pad latitude, azimuth, and the angle between the launch meridian 
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In general, the boost routines perform navigation and guidance, event 
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computations and logic necessary to determine position, velocity, and 
acceleration of the vehicle during powered f.li·ght phases. 
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The boost guidance is divided into two distin~t modes, pre-IGM and IGM. 
The pre-IGM guidance, used during S-IC and part of S-II stage operation, 
computes guidance commands during the interval from GRR to IGM initiation. 
Programmed commands include a yaw maneuver for tower clearance and roll 
and tilt commands. The yaw maneuver is initiated 1 second after Instrument 
Unit (IU) umbilical disconnect and roll and tilt are initiated when the 
vertical component of the space-fixed position changes by 138 meters 
(452.8 ft), approximately 11 seconds after liftoff. A time backup of 
11.4 seconds is provided in case of an accelerometer failure. The roll 
command is initiated to align Position 1 with the flight azimuth. The 
pitch profile is arrested at 146.5 seconds nominally, and the pitch, roll, 
and yaw commands are frozen from this time until IGM initiation. If an 
S-IC stage engine failure is detected, the steering angle is frozen for 
a specified time dependent on the time of the engine failure. The tilt 
arrest time is also adjusted. 

The guidance scheme used in the 5-11 stage and S-IVB stage burn is a 
modification of the multistage three-dimensional form of IGM. IGM is a 
near optimal scheme based on the flat earth optimum steering function for 
planar motion of a point-mass vehicle. The approximate thrust vector 
steering function is implemented in both the pitch and yaw planes. IGM 
is implemented in two flight modes. The first mode (boost-to-parking 
orbit IGM) starts 40.6 seconds after S-IC stage DECO and is terminated 
at first S-IVB stage cutoff. The second mode (out':'of-or'bit IGM), starting 
approximately 14 seconds after S-IVB 'stage reignition, is terminated at 
second 5-IVB stage cutoff, Steering Misalignment Correction (SMC) is used 
during both IGM modes of flight. 

The equations and logic needed to implement IGM are essentially the same 
for both modes. During the boost-to-parking orbit mode the 5-II/S-IVB 
staging sequence causes a rapid variation of the force-to-mas§ ratio. To 
smooth the steering commands of these disturbances IGM is supplemented 
by periods of artificial tau. The sensitivity of the.IGM to changes in 
force-to-mass increases as the desired terminal parameters are approached. 
A terminal scheme is required (chi bar steering) which uses only the 
velocity constraint terms. During chi bar steering, the altitude 
constraint terms are set to zero. The first 5-IVB stage cutoff signal 
is given by the program when the desired terminal velocity is reached. 
To obtain an accurate cutoff velocity, a high-speed computer ieop is 
entered just prior to cutoff. -

Because of perturbations in the parking orbit, it is desirable to revise 
the out-of-orbit desired trajectory to be near optimum for the actual 
orbit rather than the desired orbit. Hence, near the reignition point, 
computations to determine the plane of the transfer ellipse and the 
dimensions of the ellipse (defined by energy, eccentricity, and argument 
of perigee) are made. These data are then used by the out-of-orbit IGM 
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equations'. The most significant difference between the out-of-orbit and 

boost-to-parking orbit equations is that the terminal parameters are, 

recalculated each cycle as a function of the range angle. The point of 

injection on th~ waiting orbit ellipse varies with range angle to 

constrain the argument of perigee. The high-speed loop is again employed 

to issue the second S-IVB stage cutoff command. For the out-af-orbit case, 

the terminal velocity is recalculated each cycle through the high-speed 

loop to force a correct orbital energy at engine cutoff. 

A backup IGM is. provided to give correct guidance in case of an early 

S-Il stage engine cutoff, This scheme is essentially the same as the 

out-of-orbit except the argument of perigee constraint is dropped. 

Event sequencing is accomplished by the switch selector routine on an 

interrupt basis. This routine provides the communication link between 

the LVDC and the control distributors in the IU and in each stage. 
The routine determines if it is time to issue a switch selector command, 

verifies that no switch selector stage was hung, verifies that the 

correct address is sent to the stage switch selector, and issues the 

read commands. 

Attitude control is accomplished in the minor loop section of the program 

on an interrupt basis. The minor loop support routine (a part of the 

major loop) includes calculations of such parameters as steering ra,tes to 

be applied in the minor loop. The boost minor loop is entered at a rate 

of 25 times per second and processes platform gimbal angles to compute 

attitude errors to drive the gimbal angles to their desired values. 

Limiting of the ladder outputs is accomplished when necessary,an9 backup 

and failure paths are provide9 in case gimbal angle discrepancies occur. 

10.2.1.4 Orbital Routines 

The orbital program consists of two in'terruptable monitor routines. The 

first is the IU Hardware Evaluation Program (HEP), and the second is the 

Telemetry Executive Progrmm (TEP). Navigation, guidance, event sequencing, 

attitude control, and ground command processing are initiated on an inter­

rupt basis from either-HEP or TEP. 

During orbital flight and when the vehicle is not over a ground station, 

the HEP routine is exercised. For this mission, hov~ever, no hardware 

evaluation functions were defined and the HEP routine operated as a 
dummy monitor routine. 

Once the vehicle acquires a ground station, TEP is entered as the program 

major loop. Thi s routi ne provi des time shari ng telemetry of compressed 

and real time data, In addition, various special data are telemetered 

on an interrupt basis. Data from the LVDA is telemetered automatically. 

10-4 

~ '.1 ~ ~ . 
,v ~_ ""-" • t'. "'_ '" 

J 

equations'. The most significant difference between the out-of-orbit and 

boost-to-parking orblt equations is that the terminal parameters are, 

recalculated each cycle as a function of the range angle. The point of 

injection on th~ waiting orbit ellipse varies with range angle to 

constrain the argument of perigee. The high-speed loop is again employed 

to issue the second S-IVB stage cutoff command. For the out-af-orbit case, 

the terminal velocity is recalculated each cycle through the high-speed 

loop to force a correct orbital energy at engine cutoff. 

A backup IGM is. provided to give correct guidance in case of an early 

S-Il stage engine cutoff, This scheme is essentially the same as the 

out-of-orbit except the argument of perigee constraint is dropped. 

Event sequencing is accomplished by the switch selector routine on an 

interrupt basis. This routine provides the communication link between 

the LVDC and the control distributors in the IU and in each stage. 
The routine determines if it is time to issue a switch selector command, 

verifies that no switch selector stage was hung, verifies that the 

correct address is sent to the stage switch selector, and issues the 

read commands. 

Attitude control is accomplished in the minor loop section of the program 

on an interrupt basis. The minor loop support routine (a part of the 

major loop) includes calculations of such parameters as steering rates to 

be applied in the minor loop. The boost minor loop is entered at a rate 

of 25 times per second and processes platform gimbal angles to compute 

attitude errors to drive the gimbal angles to their desired values. 

Limiting of the ladder outputs is accomplished when necessary,an9 backup 

and failure paths are provided in case gimbal angle discrepancies occur. 

10.2.1.4 Orbital Routines 

The orbital program consists of two in'terruptable monitor routines. The 

first is the IU Hardware Evaluation Program (HEP), and the second is the 

Telemetry Executive Progrmm (TEP). Navigation, guidance, event sequencing, 

attitude control, and ground command processing are initiated on an inter­

rupt basis from either-HEP or TEP. 

During orbital flight and when the vehicle is not over a ground station, 

the HEP routine is exercised. For this mission, hov~ever, no hardware 

evaluation functions were defined and the HEP routine operated as a 
dummy monitor routine. 

Once the vehicle acquires aground station, TEP is entered as the program 

major loop. Thi s routine prov; des time shari ng tel emetry of compressed 

and real time data. In addition, various special data are telemetered 

on an interrupt basis. Data from the LVDA is telemetered automatically. 

10-4 



,.. 

.., 1· 

Orbital guidance controls the vehicle attitude during the earth parking 
orbit (T5) and after S-IVB second burn cutoff (T7). 

During T5, the vehicle is continuously commanded to track the local 
horizontal with a zero degree roll. This attitude is maintained until 
IGM starts in the second S-IVB burn. In T7, the local horizontal is 
again commanded until the spacecraft separation maneuver at T7 + 907.98 
seconds. The separation attitude is dependent on lighting constraints 
for the spacecraft and may be different for each day of launch. This 
inertial attitude for separation is held until T7 + 6540 seconds. At 
that time the slingshot attitude, which is independent of launch day, 
is assumed. 

Orbital navigation encompasses the computations necessary to determine 
position, velocity, and acceleration in the space-fixed coordinate 
system during earth orbit. These computations are carried out in an 
indirect fashion, making use of mathematical models of the earth, its 
atmosphere, and the vehicle to approximate the effects of the earth on 
the vehicle. Navigation is accomplished by integrating the space-fixed 
accelerations. These accelerations are obtained by solving an approximate 
atmospheri c drag equati on, by rotating prestored body-fi xed vent accel era­
tions through the pla.tform gimbal angles, and by solving for gravitational 
accelerations. The gravitation model is the same as that used in boost 
with the addition of two oblateness terms. The int~gration scheme is a 
modified Scarborough routine. It is a self-starting scheme that is carried 
out in two basic steps. The first step obtains predicted values of posi­
tion and velocity at the midpoint of the integration interval. Gravita­
tional, vent, and drag accelerations are then computed based on these 
midpoint positions and velocities at the end of the interval. Accelera­
tions are again computed and the second step is completed by calculating 
corrected end point values of position and velocity. Values for position 
at points within the 8-second intervals between integrations are calculated 
assuming a constant velocity over the interval. A routine for telemetry 
station acquisition, as a function of position, is included. This routine 
is also entered upon exit from the minor loop at 8-second intervals. 

Event sequencing in orbit is accomplished exactly a.s in the boost phase 
with the added capability to receive special output sequence commands 
from ground stations after T7 + 1200 seconds. 

Attitude control for orbital operation is accomplished in the same mnnner 
as in the boost phase with the exception of the rate of entry lnto the 
minor loop. The orbital minor loop is entered 10 times per second. The 
first and fifth passes being the attitude update pass (cycled through 
twice per second) and the remaining eight passes are for attitude hold 
(cycled through eight times pel,' second) to minimize drift problems. 

Ground command processing is accomplished by the Command Decoder 
interrupt with the Digital Command System (DeS) routine. The DCS routine 
processes all ground commands, provides data and mode verification, and 
supplies the necessary information to the various affected routines. 
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10.2.1.5 Flight Program Differences: AS-503 Compared to AS-502 

The following functions were deleted: 

a. Computer simplex operations. 

b. Compression of computer interface unit data. 

c. Navigation update DCS command. 

d. Self-test 

The following functions were changed: 

a. Time of 0012 moved to middle of boost initialize. 

b. Propellant utilization system operated open loop. 

c. Acquisition and telemetry station loss done on navigation calculations. 

The following functions were added: 

a. Interface wi th the RCA 11 OA ground computer in the azimuth 1 ay; ng 
program was programmed. 

b. Variable targeting calculations in boost initialization. 

c. Spacecraft commands for S-IVB stage early staging and S-IVB stage 
cutoff. 

d. Translunar injection burn can be inhibited by spacecraft command. 

e. Alternate sequences for 02/H2 burner malfunction. 

f. Capability for second S-IVB stage burn without spacecraft. 

g. Logic to provide two restart opportunities. 

h. Redundant guidance failure indication. 

i. Six dummy telemetry stations added to increase coverage during restart. 

j. Variable targeting calculation telemetry. 

10.2.2 Instrument Unit System Description 

A block diagram of the navigation, guidance and control system is shown 
in Figure 10-1. 
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The L VDC is a hi gh-.re 1 i abi 1 i ty general purpose random-access di gi ta 1 
computer which contains the logic circuits, memory, and timing system 
requi red to perfonn mathemati ca 1 operati ons necessary for navi gat; on 
guidance, and vehicle flight sequencing. The LVDC is also used for 
prelaunch and orbital checkout. 

The LVDA is the input/output device for the LVDC. These two components 
are digital devices which operate in conjunction to carry out the flight 
program. This program performs the following functions: 

a. Processes the inputs from the platform. 

b. Performs navigation calculations. 

c. Provides first stage tilt program. 

d. Calculates IGM steering commands. 

e. Resolves gimbal angles and steering commands into the vehicle system 
for attitude error commands. 

f. Issues cutoff and sequencing signals. 

The ST-124M-3 inertial platform assembly is a three-gimbal configuration 
with gas bearing gyros and pendulous integrating gyro accelerometers 
mounted on the stable element to provide an inertial space-fixed coordi­
nate reference frame for attitude control and navigation measurements 
(see Figure 10-2). Vehicle accelerations and rotations are sensed 
relative to the stable element. Gimbal angles are measured by resolvers 
which have both fine. and coarse outputs. Inertial velocity is obtained 
from measurements of the angular rotation of the accelerometer measuring 
head. The data are in the form of encoder outputs which have redundant 
channels. 

10.3 GUIDANCE COMPARISONS 

The postflight guidance hardware error analysis is based on comparisons 
of the ST-124M-3 platform measured velocities with the postflight trajectory 
(OMPT), established from external tracking data. Figure 10-3 presents 
comparisons of the platform measured velocities with corresponding v;-;l.lues 
from the fi nal postfl i ght trajectory. A posi ti ve di fference i ndi cat~;s 
trajectory data gre.ater than the platfonn measurement. The velocity 
differences shown for the pitch plane (range and altitude) are essentially 
zero from T3 to parking orbit insertion. The differences during the S-IC 
stage flight probably result from roughness in the data. 

The crossrange velocity difference builds up to -1.45 m/s (-4.76 ft/s) by 
S-IVB first cutoff. There appears to be a velocity bias of about -0.2 m/s 
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(-0.66 ft/s) which is probably in the trajectory data. However, the 
differences at parking orbit insertion are well within the accuracy of 
either the tracking data or 3 sigma hardware errors. 

The velocity differences are relatively small and well within the accuracy 
of the tracking data and/or the alignment of the platform after 9659.54 
seconds. Since the platform velocities are set to zero in the LVDC after 
parking orbit insertion and held to zero until T6' the comparisons represent 
the differences accumulated during T6 only. The crossrange velocity dif­
ferences exhibit a ~haracteristic shape which could result from an 
accumulated platform misalignment about the X or Z axes or some combination 
of small angles. However, this represents a very small platform drift. 
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differences at parking orbit insertion are well within the accuracy of 
either the tracking data or 3 sigma hardware errors. 

The velocity differences are relatively small and well within the accuracy 
of the tracking data and/or the alignment of the platform after 9659.54 
seconds. Since the platform velocities are set to zero in the LVDC after 
parking orbit insertion and held to zero until T6, the comparisons represent 
the differences accumulated during T6 only. The crossrange velocity dif­
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The range velocity differences taken alone could result from an accumu­
lated pitch alignment error. However, the trend of the altitude velocity 
differences are not consistent with the range difference curve. The 
inertial platform accelerations were positive in all three components 
during the entire S-IVB second burn mode. The crossrange accelerations 
were relatively small, which indicates that no reasonable alignment errors 
would produce the combination of range and altitude velocity differences. 
The differences are probably the result of limited ground tracking 
available for trajectory construction. In any case, the differences 
shown for the boost phase of flight are well within the accuracy of the 
data compared. 

The velocities measured by the ST-124M-3 platform system at significant 
flight event times are shown in Table 10-1, along with corresponding 
values computed from the final OMPT and the preflight Operational Tra­
jectory (OT), computed using the actual flight azimuth. The trajectory 
data were taken directly from both the OMPT and the OT. The OT platform 
velocities were initialized to zero at liftoff, which results in a plat­
form OT altitude velocity error of 168.9 m/s low. However, the naviga­
tion positions and velocities do not reflect this error. 

Comparisons of navigation (PACSS 13) positions, velocities, and flight 
path angle at significant flight event times are presented in Table 10-2. 
For the boost to parking orbit portion of flight, the guidance LVDC and 
OMPT parameters were in very good agreement. At parking orbit insertion, 
the velocity component differences were -0.21 m/s (-0.66 ft/s), -1.24 m/s 
(-4.07 ft/s) and 0.04 m/s (0.13 ft/s) for altitude, crossrange, and range 
velocities, respectively. The difference in total velocity was 0.12 m/s 
(0.39 ft/s). These differences are well within the accuracy of either 
the trajectory data or the 3 sigma guidance hardware errors. 

The vehicle was approximately 1.0 kilometer (3281 ft) lower in altitude 
than nominal at S-IC OECO. The burn time from T2 to T3 was about 2.49 
seconds longer than nominal and the total velocity was 12.79 m/s (41.96 
ft/s) greater than nominal. However, the optimum fuel usage trajectory 
determined by the LVDC flight program was predictable and satisfactory 
end conditions were obtained. At S-IVB first cutoff, the radius and 
total velocity were 54 meters (177 ft) greater and 0.01 m/s (0.03 ft/s) 
less than nominal, respectively. 

The comparisons for the second burn mode of the S-IVB are very good, with 
both the postflight and preflight trajectory values. This indicates a 
near nominal parking orbit computed by the LVDC and also near nominal 
second burn mode. At S-IVB second cutoff, the respective radius and 
total velocity differences (trajectory minus LVDC) were 0.301 kilometer 
(988 ft) and -1.99 m/s (-6.53 ft/s) for the postflight trajectory and 
-3.118 kilometers (-10,230 ft) and 2.78 m/s (9.12 ft/s) for the preflight 
trajectory. Since the S-IVB second cutoff was oased on energy rather 
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The range velocity differences taken alone could result from an accumu­
lated pitch alignment error. However, the trend of the altitude velocity 
differences are not consistent with the range difference curve. The 
inertial platform accelerations were positive in all three components 
during the entire S-IVB second burn mode. The crossrange accelerations 
were relatively small, which indicates that no reasonable alignment errors 
would produce the combination of range and altitude velocity differences. 
The differences are probably the result of limited ground tracking 
available for trajectory construction. In any case, the differences 
shown for the boost phase of flight are well within the accuracy of the 
data compared. 

The velocities measured by the ST-124M-3 platform system at significant 
flight event times are shown in Table 10-1, along with corresponding 
values computed from the final OMPT and the preflight Operational Tra­
jectory (OT), computed using the actual flight azimuth. The trajectory 
data were taken directly from both the OMPT and the OT. The OT platform 
velocities were initialized to zero at liftoff, which results in a plat­
form OT altitude velocity error of 168.9 m/s low. However, the naviga­
tion positions and velocities do not reflect this error. 

Comparisons of navigation (PACSS 13) positions, velocities, and flight 
path angle at significant flight event times are presented in Table 10-2. 
For the boost to parking orbit portion of flight, the guidance LVDC and 
OMPT parameters were in very good agreement. At parking orbit insertion, 
the velocity component differences were -0.21 m/s (-0.66 ft/s), -1.24 m/s 
(-4.07 ft/s) and 0.04 m/s (0.13 ft/s) for altitude, crossrange, and range 
velocities, respectively. The difference in total velocity was 0.12 m/s 
(0.39 ft/s). These differences are well within the accuracy of either 
the trajectory data or the 3 sigma guidance hardware errors. 

The vehicle was approximately 1.0 kilometer (3281 ft) lower in altitude 
than nominal at S-IC OECO. The burn time from T2 to T3 was about 2.49 
seconds longer than nominal and the total velocity was 12.79 m/s (41.96 
ft/s) greater than nominal. However, the optimum fuel usage trajectory 
determined by the LVDC flight program was predictable and satisfactory 
end conditions were obtained. At S-IVB first cutoff, the radius and 
total velocity were 54 meters (177 ft) greater and 0.01 m/s (0.03 ft/s) 
less than nominal, respectively. 

The comparisons for the second burn mode of the S-IVB are very good, with 
both the postflight and preflight trajectory values. This indicates a 
near nominal parking orbit computed by the LVDC and also near nominal 
second burn mode. At S-IVB second cutoff, the respective radius and 
total velocity differences (trajectory minus LVDC) were 0.301 kilometer 
(988 ft) and -1.99 m/s (-6.53 ft/s) for the postflight trajectory and 
-3.118 kilometers (-10,230 ft) and 2.78 m/s (9.12 ft/s) for the preflight 
trajectory. Since the S-IVB second cutoff was oased on energy rather 
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Tab'le 10-1. Inertial Platform Velocity Comparisons 

CATA ' VELOCITY m/s. (ft/s) 
EVENTS SOURCE 

• CROSS RANGE{Ym) • ALTITUDE (Xm) RANGE (Zm) 

Start of T2 Guidance 2158.30 2.15 1348.50 
125.88 s (7081.04) (7.05) (4424.21) 

Pos tfl i ght 2158.42 1.89 1348.28 
Traj'ectory (7081.43) (6.20) (4423.49) 
Prefl ight 2035.07 -1 .49 1379.36 
Trajectory (6676.74) (-4.89) (4525.46) 

S-IC Guidance . 2565.30 -3.75 2180.73 
OECO (8416.34) (-12.30) (7154.63) 
153.82 s Postflight 2565.57 -3.98 2180.37 

Tl"ajectory (8417.22) {-13.06} (7153.44 ) 
Prefl i ght 2419.38 -3.23 2149.28 
Trajectory {7937.60} (-10.60) (7051. 44) 

S-II Guidance 3360.63 -2.00 6652.20 
ECO {11 ,025.69} {-6.56} (21,824.80) 
524.04 s Postflight 3360.70 -3.72 6652.31 

Trajectory (11 ,025.92) (-12. 20) (21,825.16) 
Pref1 i ght 3151.46 -0.31 6632.06 
Trajectory {10,339.44} {-1. 02} (21,758.73) 

- - ,. 

S-I VB Guidance 3123.60 0.75 7599.72 
First Cutoff {10,248.03} {2.46} {24,933.46} 
684.98 s Postflight 3123.35 -0.70 7600.07 

Trajectory (10,247.21) {-2.30} (24,934.61) 
Preflight 2942.82 0.44 7598.07 
Trajectory (9654.92) (1.44 ) (24,928.05) 

Parking Orbit Guidance 3123.15 0.75 7601.45 
Insertion (10,246.56) (2.46) (24,939.14) 
694.98 s Postfl i ght 3122.99 -0.68 7601.46 

Trajectory {10,246.03} {-2.23} {24,939.17} 
Preflight 2942.31 0.44 7599.90' 
Trajectory (9653.25) (1. 44) (24,934.06) . 
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Table 10-1. Inertial Platform Velocity Comparisons (Continued) 

DATA VELOCiTY m/s (ft/s) 
EVENTS SOURCE 

ALTITUDE (><m) CROSS RANGE(Ym) RANGE (im) 

S-I VB * Guidance 1857.75 509.77 2532.63 
Second Cutoff (6094.98) (1672.47) (8309. 15) 
10,555.51 s Postflight 1858 .. 37 505.73 2530.47 

Trajectory (6097.01) (1659.22) (8302.07) 
Pref1 i ght 1854.85 510.65 2534.37 
Trajectory (6085.47) (1675.36) (8314.86) 

Injection * Guidance 1859.60 510.75 2535.90 
Waiting Orbit (6101.05) (1675.69) (8319.88) 
10,565.51 s Postflight 1860.07 506.73 2533.60 

Trajectory (6102.59) (1662.50) (8312.34) 
Prefl i ght 1856.74 511. 71 2537.74 
Trajectory (6091.67) (1678.84) (8325.92) 

i 

* Values represent velocity change from Time Base 6. ' 
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Table 10-1. Inertial Platform Velocity Comparisons (Continued) 

DATA VELOCiTY m/s (ft/s) 
EVENTS SOURCE 

ALTITUDE (><m) CROSS RANGE(Ym) RANGE (im) 
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Second Cutoff (6094.98) (1672.47) (8309.15) 
10,555.51 s Postflight 1858 .. 37 505.73 2530.47 

Trajectory (6097.01) (1659.22) (8302.07) 
Pref1 i ght 1854.85 510.65 2534.37 
Trajectory (6085.47) (1675.36) (8314.86) 

Injection * Guidance 1859.60 510.75 2535.90 
Wai ti ng Orbi t (6101.05) (1675.69) (8319.88) 
10,565.51 s Postflight 1860.07 506.73 2533.60 

Trajectory (6102.59) (1662.50) (8312.34) 
Pref1 i ght 1856.74 511. 71 2537.74 
Trajectory (6091.67) (1678.84) (8325.92) 

i 

* Values represent velocity change from Time Base 6 .. 
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DATA EVENT SOURCE 

Start of T2 
Guid9nce 

125.88 s Postflight 
Trajectory 

Prefl i ght 
Trajectory 

S-IC Guidance 
OECO 
153.82 s Postflight 

Trajectory 
Preflight 
Trajectory 

S-II Guidance 
ECO 
524.04 s Postflight 

Trajectory 
Prefl ight 
Trajectory 

S-IVB Guidance 
First Cutoff 
684.98 s Postflight 

Trajectory 
Preflight 
Trajectory 

Parking Orbit Guidance 
Insertion 
694.98 s Postflight 

Trajectory 

Prefl ight " 
Trajectory 

Xs = Vertical direction 
Ys = Crossrange direction 
Zs = Range direction 

Xs 

6~413,964 
(21,042,933) 

6,413,973 
(21,042,963) 

6,415,917 
(21,049,340) 

6,437,045 
(21,118,657) 

6,437,062 
(21,118,713) 

6,438,162 
(21,122,322) 

6,328,539 
(20,762,671) 

6,328,533 
(20,762,651) 

6,333,966 
(20,780,476) 

5,919,081 
(19,419,321 

5,919,028 
(19,419,147) 

5,920,376 
(19,423,570) 

5,885,001 
(19,307,511 ) 

5,884,944 
(i9,307.,324) 

5,886,3261 

(19,311 ,858) 

'-,:-·';.o~'":;'~7, ~~:""'::;;~~. -.'"':'-::;;::7':"~~; -;--;-,' ;.'~--;-;:::';.f-~. ':···-(~'W:~~Y~=':~~~:.~_·:::::' 
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Table 10-2. Guidance Comparisons 

POSITIONS VELOCITIES FLIGHT PATH (meters) m/s ANGLE (deg) (ft) (ft/s) 
. . 

Ys Zs R Xs Ys Z s Vs y .. : 

35,291 92,785 6,414,732 760.51 123.49 1730.30 1894.08 24.522 
(115,783) (304,409) (21,045,453) (2495.08) (405.15 ) (5676.77) (6214.10) 

35,264 92,731 6,414,740 760.63 123.42 1730.12 1893.96 24.527 
(115,694) (304,231) (21,045,479) (2495.47) (404.92) (5676.18) " (6213.70) 

34,841 93,470 6.416,692 806.79 120.09 1761.10 1940.83 25.417 
(114,306) (306',656 ) (21,051,883 (2646.92) (393.99) (5777.82) (6367.48) 

38,646 152,013 6,438,956 897.63 116.56 2557.40 2712.87 20.689 
(126,790) (498,724) (21,124,927) (2944.94) (382.41) (8390.32) (8900.38) 

38,613 151,972 6,438,971 898.0~ 116.34 2557.04 2712.65 20.699 
(126,682) (498,590) (21,124,927)' (2946.26) (381.69) (8389.14) (8899.66) 

37,863 147,517 6,439,963 945.27 117.28 2526.49 2700.0E 21. 819 
(124,221 ) (483,974) (21,128,231 ) (3101.24) (384.77) (8288.91) (8858.42) 

77 ,211 1,740,077 6,563,85~ -1735.0~ 91.71 6596.03 6821.0, 0.645 
(253,314) (5,708,845) (21,534,705) (-5692.35) (300.88) (21,640.26) (22,378.40) 

;.. 

76,895 1,740,006 6,563,830 -1734.9E 90.09 6596.20 6821. lli 0.646 
('252,277) (5,708,612) (21,534,613) (-5692.06) (295.57) (21,640:81) (22,378.83) 

76,907 1,725,502 6,565,242 -1743.6E 94.05 6582.90 6810.51 0.412 
(252,316) (5,661 ,027) (21,539,246) (-5720.67) (308.56) (21,597.18) (22,344.12) 

90,858 2,834,490 6,563,391 -3365. 8~ 77 .43 7025.99 7790.9~ -0.00054 
(298,087) (9,299,395 (21 ,533,173) (-11,042.62) (254.03) (23,050.87) (25.560.65) 

90,317 2,834,500 6,563,341 -3366.13 76.15 7026.36 7791.43 -0.00126 
(296,312) (9,299,428) (21,533,009) (-11,043.60) (249.83) (23,052.08) (25,562.12) 

90,892 2,831,738 6,563,337 -3362.8~ 77 .57 7027.43 7790.99 -0.00274 
(298,198) (9,290,366) (21,532,996) (-11 ,032.84) (254.49) (23,055.59) (25,560.68) I 

91,627 2,904,566 6,563,39~ -3449.51 76.26 6987.24 7792. n 0.00171 
(300,610) (9,529,300) (21,533,183) ( -11 ,317.15) (250.19) (22,923.74) (25,566.36) 

91,072 2,904,573 6,563,337 -3449.7: 75.02 6987.28 7792.8~ 0.00057 
(298,789) (9,529,323) (21,532,996) (-11,317.84) (246.13) (22,923.87) (25,566.75) 

" 91 ,662 2,901,828 6,563,372 -3446.6( 76.41 6988.83 7792.8' -0.00047 
(300,725) (9,520,317) (21,533,111) (-11,307.61) (250.69) (22,928.95) (25,566.78) 

"', 

__ ~_ .. ____ J 
'" 

DATA EVENT 
SOURCE 

Start of T2 
Guid9nce 

125.88 s Postflight 
Trajectory 

Prefl i ght 
Trajectory 

S-IC Guidance 
OECO 
153.82 s Postflight 

Trajectory 

Preflight 
Trajectory 

S-II Guidance 
ECO 
524.04 s Postflight 

Trajectory 

Prefl ight 
Trajectory 

S-IVB Guidance 
First Cutoff 
684.98 5 Postflight 

Trajectory 
Preflight 
Trajectory 

Parking Orbit Guidance 
Insertion 
694.98 s Postflight 

Trajectory 
Prefl ight 
Trajectory 

Xs = Vertical direction 
Ys = Crossrange direction 
Zs = Range direction 

Xs 

6~413,964 
(21,042,933) 

6,413,973 
(21,042,963) 

6,415,917 
(21,049,340) 

6,437,045 
(21,118,657) 

6,437,062 
(21,118,713) 

6,438,162 
(21,122,322) 

6,328.539 
(20,762,671) 

6,328,533 
(20,762,651) 

6,333,966 
(20,780,476) 

5,919,081 
(19,419,321 

5,919,028 
(19,419,147) 

5,920,376 
(19,423,570) 

5,885,001 
(19,307,511 ) 

5.884,944 
(is ,307.,324) 

5,886,3261 

(19,311 ,858) 

rab1e 10-2. Guidance Comparisons 

POSITIONS 
(meters) 

(ft) 

Ys Zs 

35,291 92,785 
(115,783) (304,409) 

35,264 92,731 
(115,694) (304,231) 

34,841 93,470 
(114,306) (306',656 ) 

38,646 152,013 
(126,790) (498,724) 

38,613 151,972 
(126,682) (498,590) 

37,863 147,517 
(124,221 ) (483,974) 

77 ,211 
(253,314) 

1,740,077 
(5,708,845) 

76,895 
('252,277) 

1,740,006 
(5,708,612) 

76,907 1,725,502 
(252,316) (5,661 ,027) 

90,858 2,834,490 
(298,087) (9,299,395 

90,317 2,834,500 
(296,312) (9,299,428) 

90,892 2,831,738 
(298,198) (9,290,366) 

91,627 2,904,566 
(300,610) (9,529,300) 

91,072 2,904,573 
(298,789) (9,529,323) 

. 91 ,662 2,901,828 
(300,725) (9.520,317) 

,...,. -'f'"' ". ,-,~ ~ 

,'-.,.' : ~., 

R 

6,414,732 
(21,045,453) 

6,414,740 
(21,045,479) 

6.416,692 
(21,051,883 

6,438,956 
(21,124,927) 

6,438,971 
(21 ,124,927)' 

6,439,963 
(21,128,231 ) 

6,563,858 
(21,534,705) 

6,563,830 
(21.534,613) 

6,565,242 
(21,539,246) 

6,563,391 
(21 ,533,173) 

6,563,341 
(21,533,009) 

6,563,337 
(21,532,996) 

6,563,394 
(21,533,183) 

6,563,337 
(21,532,996) 

6,563,372 
(21,533,111) 

VELOCITIES 
m/s 

(ft/s) 
. . 
Xs Ys Z s 

760.51 123.49 1730.30 
(2495.08) (405.15 ) (5676.77) 

760.63 123.42 1730.12 
(2495.47) (404.92) (5676.18) . 

806.79 120.09 1761.10 
(2646.92) (393.99) (5777.82) 

897.6:< 116.56 2557.40 
(2944.94) (382.41) (8390.32) 

898.0.;) 116.34 2557.04 
(2946.26) (381.69) (8389.14) 

945.2( 117.28 2526.49 
(3101.24) (384.77) (8288.91) 

-1735.0~ 91.71 6596.03 
(-5692.35) (300.88) (21,640.26) 

-1734.9E 90.09 6596.20 
(-5692.06) (295.57) (21,640:81) 

-1743.6E 94.05 6582.90 
(-5720.67) (308.56) (21,597.18) 

-3365. 8~ 77 .43 7025.99 
(-11,042.62) (254.03) (23,050.87) 

-3366.13 76.15 7026.36 
(-11,043.60) (249.83) (23,052.08) 

-3362.8? 77 .57 7027.43 
(-11 ,032.84) (254.49) (23,055.59) 

-3449.51 76.26 6987.24 
( -11 ,317.15) (250.19) (22,923.74) 

-3449.7t 75.02 6987.28 
(-11,317.84) (246.13) (22,923.87) 

-3446.6C 76.41 6988.83 
(-11,307.61) (250.69) (22,928.95) 

FLIGHT PATH 
ANGLE (deg) 

Vs y 

1894.08 24.522 
(6214.10) 

1893.96 24.527 
(6213.70) 

1940.83 25.417 
(6367.48) 

2712.87 20.689 
(8900.38) 

2712.61': 20.699 
(8899.66) 

2700.0E 21. 819 
(8858.42) 

6821.0:: 0.645 ;-. , 

(22,378.40) 

6821. 15 0.646 
(22,378.83) 

6810.5, 0.412 
(22,344.12) 

7790.9E -0.00054 
(25,560.65) 

7791.43 -0.00126 
(25,562.12) 

7790.99 -0.00274 
(25,560.68) 

7792.72 0.00171 
(25,566.36) 

7792.8L 0.00057 
(25,566.75) 

7792.8' -0.00047 
(25,566.78) 
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Table 10-2. Guidance Comparisons (Continued) 

POSITIONS VELOCITIES 

DATA 
(meters) m/s 

EVENT SOURCE 
(ft) (ft/s) 

. 
I 

Xs Ys Zs R Xs Ys Zs Vs 

S-IVB Guidance 6,318,403 15,403 -2.250,6391 6,707,297 4919.74 672.57 9627.15 10,832.27 
Second Cutoff (20 .729 ,41 7) (50,534) (-7,383,896) I (22,005,300) (16,140.68) (2206.57) (31,584.75) (35,538.51) 
10,555.51 s 'Postflight 6,316,612 15,148 -2,256,558 6,707,598 4925.99 667.24 9622.07 10,830.28 

Trajectory (20,723,541) (49,698) (-7,403,315) (22,006,288) (16,161.19) (21M.08) (31,568.09) (35,531.98) 

Preflight 6,305,608 13,928 -2,277,088 6,704,179 4943.71 673.57 9617.92 10,835.05 
Trajectory (20,687,439) (45,695) (-7,470,670) (21,995,070) (16,219.32) (2209.85) (31,554.47) (35,547.63) 

Injection Guidance 6,367,203 22.138 -2,154,184 6,721,776 4837.97 673.38 9659.40 10,824.21 
\~aiting Orbit (20,889,520) (72,630) (-7,067,447) (22,052,803) (15,872.41) (2209.23) (31,690.56) (35,512.07) 
10,565.51 s Postflight 6,365,470 21 ,828 -2,160,163 6,722,052 4844.12 668.08 9654.27 10,822.05 

Trajectory (20,883,834) (71,613) (-7.0B7,063) (22,053,708) (15,892.59) (2191.84) (31,673.73) (35,504.98) 

Pref1 ight 6,354,646 20,673 -2,180,728 6,718,447 4862.04 674.48 9650.68 10,827.28 
Trajectory (20,848,323) (67,824) ( -7 ,1 54 ,532 ) (22,041',881 ) (15,951.38) (2212.83) (31,661.95) (35,522.14) 

I 

. 
Xs = Vertical direction 
Ys = Crossrange direction 
Zs = Range direction 
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flIGHT PATH 
ANGLE (deg) 

, 

7.4559 . . ~ 

7.4450 

7.341 

7.9087 

7.8971 ..: 

7.794 

., 

j 

----~--~j 
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DATA EVENT SOURCE 

I 

S-IVB Guidance 
Second Cutoff 
10,555.51 s 'Postflight 

Trajectory 
Preflight 
Trajectory 

Injection Guidance 
Haiting Orbit 
10,565.51 s Postflight 

Trajectory 
Pref1 ight 
Trajectory 

Xs = Vertical direction 
Ys = Crossrange direction 
Zs = Range direction 

Table 10-2. Guidance Comparisons (Continued) 

POSITIONS VELOCITIES flIGHT PATH (meters) m/s ANGLE (deg) (ft) (ft/s) 
. 

Xs Ys Zs R Xs Ys Zs Vs , 

6,318,403 15,403 -2.250,6391 6,707.297 4919.74 672.57 9627.15 10,832.27 7.4559 
(20 .729 ,41 7) (50,534) (-7,383,896) '(22,005,300) (16,140.68) (2206.57) (31.584.75) (35,538.51) 

6,316,612 15,148 -2,256,558 6,707,598 4925.99 667.24 9622.07 10,830.28 7.4450 
(20,723,541) (49,698) (-7,403,315) (22,006,288) (16,161.19) (2Hl9.08) (31,568.09) (35,531.98) 

6,305,608 13,928 -2,277,088 6,704,179 4943.71 673.57 9617.92 10,835.05 7.341 
(20,687,439) (45,695) (-7,470,670) (21,995,070) (16,219.32) (2209.85) (31,554.47) (35,547.63) 

6,367,203 22,138 -2,154,184 6,721,776 4837.91 673.38 9659.40 10,824.21 7.9087 
(20,889,520) (72,630) (-7,067,447) (22,052,803) (15,872.41) (2209.23) (31,690.56) (35,512.07) 

6,365,470 21 ,828 -2,160,163 6,722,052 4844.1, 668.08 9654.27 10,822.05 7.8971 
~ 

(20,883,834) (71,613) (-7.0B7,063) (22,053,708) (15,892.59) (2191.84) (31,673.73) (35,504.98) 

6,354,646 20,673 -2,180,728 6,718,447 4862.04 674.48 9650.68 10,827.28 7.794 
(20,848,323) (67,824) ( -7 ,1 54 ,532 ) (22 ,04l'.881 ) (15,951.38) (2212.83) (31,661. 95) (35,522.14) 

I 

., 

, 
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than total velocity, the 2.78 mls difference between the LVDC and pre­
flight trajectory values does not represent the error in cutoff conditions. 
Second burn mode end conditions are given in paragraph 10.4. 

10.4 NAVIGATION AND GUIDANCE SCHEME EVALUATION 

10.4.1 Flight Program Performance 

The flight program performed correctly based on a review of available 
data. All boost and orbital navigation functions were performed properly. 
Accelerations were computed correctly throughout all of boost and no 
unreasonable accelerometer readings were indicated by the reasonableness 
tests or zero change tests. 

The tower avoidance maneuver was executed pro~erly at the expected time. 
The maneuver to remove the roll bias and the start of the time tilt pitch 
guidance were both initiated at 12.11 seconds when the altitude was greater 
than 138 meters (452.8 ft). The roll bias was removed at 31.52 seconds. 
Tilt arrest Dccurred at 145.50 seconds. The program detected OECO at 
153.82 seconds. 

The active guidance phases start and stop times are given in Table 10-3. 
Included in this table are the start a.nd stop times for the artificial 
tau phases and chi freezes. There were 0.5 and 0.1 degree changes in 
commanded pitch and yaw, respectively, when IGM computations were initiated 
in S-II burn. The SMC's (a correction factor for thrust misalignments, et,:.) 
were initiated at 214.47 seconds, 542.02 seconds, and 10,253.53 seconds in 
S-II, first S-IVB and second S-IVB burns, respectively. 

Table 10-3. Start and Stop Times for IGM Guidance Commands 

EVENT IGr~ PHASES 
(sec) 

START STOP 

First Phase IGM 196.22 443.65 

Second Phase IGM 443.65 513.12 

Third Phase IGM 532.87 677.60 

Fourth Phase IGM 10,245.83 10,247.73 

Fifth Phase IGM -"0.247.73 10.553.37 

* Times to nearest computation cycle. 
** Start orbital time line 

ARTrFICAL TAU* 
(sec) 

START STOP 

441.91 484.25 

,523.63 540.01 

10,244.17 10,246.06 

10,246.06 10,247.96 

TERMINAL GUIDANCE ATIITUDE FREEZE 
(CHI TILDE STEERING) 

(sec) . 
(CHI FRrEZE) 

(sec' 
START STOP START STOP 

513.12 532.87 

652.87 677 .60 677 .60 684.85** 

10,528.32 10,553.37 10,553.37 10,555.38** 

The presetting of tau 3 was approximately 88 seconds too small in the first 
S-IVB burn and approximately 80 seconds too large in the second. In first 
S-IVB burn this resulted in a change of 11.5 and 0.29 degrees in the pitch 
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than total velocity, the 2.78 mls difference between the LVDC and pre­
flight trajectory values does not represent the error in cutoff conditions. 
Second burn mode end conditions are given in paragraph 10.4. 

10.4 NAVIGATION AND GUIDANCE SCHEME EVALUATION 

10.4.1 Flight Program Performance 

The flight program performed correctly based on a review of available 
data. All boost and orbital navigation functions were performed properly. 
Accelerations were computed correctly throughout all of boost and no 
unreasonable accelerometer readings were indicated by the reasonableness 
tests or zero change tests. 

The tower avoidance maneuver was executed pro~erly at the expected time. 
The maneuver to remove the roll bias and the start of the time tilt pitch 
guidance were both initiated at 12.11 seconds when the altitude was greater 
than 138 meters (452.8 ft). The roll bias was removed at 31.52 seconds. 
Tilt arrest Dccurred at 145.50 seconds. The program detected OECO at 
153.82 seconds. 

The active guidance phases start and stop times are given in Table 10-3. 
Included in this table are the start a.nd stop times for the artificial 
tau phases and chi freezes. There were 0.5 and 0.1 degree changes in 
commanded pitch and yaw, respectively, when IGM computations were initiated 
in S-II burn. The SMC's (a correction factor for thrust misalignments, et,:.) 
were initiated at 214.47 seconds, 542.02 seconds, and 10,253.53 seconds in 
S-II, first S-IVB and second S-IVB burns, respectively. 

Table 10-3. Start and Stop Times for IGM Guidance Commands 

EVENT IGr~ PHASES 
(sec) 

START STOP 

First Phase IGM 196.22 443.65 

Second Phase IGM 443.65 513.12 

Third Phase IGM 532.87 677.60 

Fourth Phase IGM 10,245.83 10,247.73 

Fifth Phase IGM -"0.247.73 10.553.37 

* Times to nearest computation cycle. 
** Start orbital time line 

ARTrFICAL TAU* 
(sec) 

START STOP 

441.91 484.25 

,523.63 540.01 

10,244.17 10,246.06 

10,246.06 10,247.96 

TERMINAL GUIDANCE ATIITUDE FREEZE 
(CHI TILDE STEERING) 

(sec) . 
(CHI F~rEZE) 

(sec' 
START STOP START STOP 

513.12 532.87 

652.87 677 .60 677 .60 684.85** 

10,528.32 10,553.37 10,553.37 10,555.38** 

The presetting of tau 3 was approximately 88 seconds too small in the first 
S-IVB burn and approximately 80 seconds too large in the second. In first 
S-IVB burn this resulted in a change of 11.5 and 0.29 degrees in the pitch 
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and yaw commands, respectively. For the second S-IVB burn, the change 
was 3.0 and 6.6 degrees in pitch and yaw, respectively. The computed 
cutoff times in first and second burns were 684.98 seconds and 
10,555.51 seconds, respectively. The velocity cutoff conditions for 
first S-IVB burn are given in Table 10-4. The energy cutoff conditions 
for second S-IVB burn are given in Table 10.-5. 

The orbital guidance routine was entered at the start of T5 and T7. The 
program commanded the vehicle to local horizontal 20 seconds into each 
time base. All commands wer'e proper. 

10.4.2 Attitude Error Computations 

The minor loop performed as expected during flight. No unreasonable 
gimbal angles were detected. Performance during IGM flight is shown 
in Figure 10-4. 

A roll attitude error from 0.3 to 0.5 degree was present from liftoff 
through S-II burn. This was probably caused by a combination Df CG off­
set and thrust vector misalignment. In response to this bias, the 
platform roll gimbal angle was maintained 0.3 to 0.5 degree a~/ay from the 
commanded angle. This gimbal angle bias was recognized correctly by the 
flight program and entered into the control coordinate transformation. 
Consequently, no deterioration of control performance occurred. 

10.4.3 Program Sequencing 

All programm~d events occurred properly. The successful translunar 
injection essentially demonstrated that all program sequencing was 
fo 11 owed. 

However, the propellant mixture ratio change was programmed to occur when 
"time-to-go" in the first stage IGM (Tll) \'Jas calculated to be zero. The 
LVDC program was compatible with the OT and Engine Mixture Ratio (EMR) 
shi ft oc·curred 289.62 sec:onds, campa red wi th 289.66 seconc1s for the aT. 
The time difference (0.04 seconds) is within the length of a LVDC computer 
cycle (approximately 1.7 seconds) at this time. EMR shift occurred as 
programmed. However, the p\"opulsion predictions used in the OT assumed 
& fixed time of 284.05 seconds in T3. 

The actual EMR shift time was consistent with the preset value of 246.5 
seconds for Tll. In order to be consistent with the propulsion predictions, 
the guidance presetting for Tl1 should have been reduced by 4.2 seconds to 
242.3 seconds. Also, T2I presetting would have had to be increased by 
the same amount to be compatible with the propulsion prediction. 
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and yaw commands, respectively. For the second S-IVB burn, the change 
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Table ')0-4. $-IVB First Burn Guidance Cutoff Conditions 

PARAMETER UNIT TARGET ACTUAL DELTA 
VALUE VALUE 

Range Time s 684.98 

Velocity m/s 7791.0608* 7790.986 0.075 
(ft/s) (25,561.2231) (2.5560.978) (0.245) 

Radius meters ~,563,366 6,563,392 26 
(ft) (21,533,354) ; (21,533,439) (85) 

Inclination deg 32.5031 32.5036 0.0005 

Descending Node deg 123.004 123.004 0.0000 

Path Angle deg 0.0 0.00063 0.00063 

Azimuth deg 72.1239 

Apogee meters 6,563,411 
(ft) (21 , 533 , 501) 

Perigee meters 6,556,488 
( ft) (21,510,,787) i *The preset velocity, 7793.0429, is biased by 1.98215 to compensate for thrust 

decay (7793.0429 - 1.98215 = 7791.0608). 

Table 10-5. Guidance-Comparisons Elliptical Orbit Parameters 
~t S-IVB Second Cutoff 

PARAMETER UNITS DATA SOURCE 

LVDC OMPT OT 

Eccentricity ·0 Q74886l4 0.97425438 0.97496599 
('~-~~ 

Argument of Perigee deg 29.665288 29.595497 29.650827 

Inclination deg 30.620166 30.639100 30.614597 

Descendi.ng Node* deg ·119.55275 119.59257 119.55035 

Energy m2/s2 -1,518,371 -1,556,426 .. 1,513,447 
(ft2/s2) (-16,343,609) (-16,753,229') ( .. 16,290,597) 

*IncludesPlongitude of launch site (80.604 degrees west) 
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10.5 GUIDANCE SYSTEM COMPONENT EVALUATION 

10.5.1 LVDC Performance 

The L VDC performed as predi cted for the AS-~03 m'j ss i on. No val i d er'ror 
monitor words and no self-test error data have been observed that indicate 
any deviation from correct operation. 

10.5.2 LVDA Performance 

The LVDA performance was nominal. Error monitor words with associated 
error time words occurred on this flight as on past flight~. These words 
were associated with the TMR logic inputs to the interrupt processor. 
These indications had no detectable effect on the performance of the 
LVDA during the flight. 

10.5.3 Ladder Outputs 

The 1 adder networks and converter ampl i fi ers perfonned sati s factorily. 
No data have been observed that indicate an out~of-tolerance condition 
between channel A a.nd the reference channel converter-ampl i fi ers. 

10.5.4 Telemetry Outputs 

Analysis of the available analog telemetry buffer and flight control 
computer atti tude error plots i ndi cated symmetry between the °buffer 
outputs and the ladder outputs. The analysis of the available LVDC power 
supply plots indicated satisfactory performance of the power supply 
telemetry buffers. 

10.5.5 Discrete Outputs 

No valid discrete output register words (TAGS 043 and 052) were observed 
to indicate guidance or simultaneous memory failure. 

10.5.6 Switch Selector Functions 

Switch selector data indicate that the LVDA switch selector functions were 
perfonned satisfactorily. No error monitor words were observed that 
indicate disagreement in the TMR switch selector register positions or in 
the switch selector feedback circuits. No mode code 24 words or switch 
selector feedback words were observed that indicated a switch selector 
feedback was in error. In addition, no indications were observed to 
suggest that the B channel input gates to the switch selector register 
postions were selected. 

10.5.7 ST-124M-3 Ine.rtial Platfonn Performance 

The inertial platfonn system performed as designed with no unexpected 
deviations. 
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The accelerometer servo loops functioned as designed and maintained the 
accelerometer float within the measuring head stops (±6 degrees) through­
out the flight. The accelerometer encoder outputs indicated that the 
accelerometers accurately measured the vehi c1 e acce1erati on. 

The X, Y, and Z gyro servo loops for the stable element functioned as 
designed. The operational limits of the servo loops were not reached at 
any time during the mission. Telemetry from the LVDC indicates that the 
inertial reference was still being maintained at 2S,420 seconds. 

Oscillations of S.S hertz could be seen on an oscillogram of the Z gyro 
pickup signal beginning at 116 seconds and ending at lS8.8 seconds. These 
oscillations\fJere apparently the result of an external force since they 
were also observed on a longitudinal accelerometer not associated with the 
platform. Maximum amplitude reached 0.2 degree peak-to-peak at S-IC 
cutoff. Similar oscillations were observed on AS-S02. f 

The fine and backup gimbal resolver outputs indi~ated nominal performance. 

The portions of the environmental control subsystem associated with the 
ST-124M-3 stabilized platform subsystem performed nominally through 
10,700 seconds. Subsequent data is not available at this time. 

Available data indicates that all temperatures and pressures associated 
with the ST-124M~3 remained within specifications through 13,410 seconds. 
Gaseous Nitrogen (GN2) and coolant f10wrates also were nominal through 
13,410 seconds. 

The ST-124M-J inertial platform assembly vibration levels during (or near) 
liftoff for AS-503 compared closely to those of AS-SOl and AS-S02. The 
vibration levels of all three vehicles (during the liftoff period) were 
similar in both amplitude and frequency. Four measurements exceeded the 
test specification for vibration acceptance on AS-S03. This is a 
previously reported condition which is not believed to be detrimental to 
the stabilized platform, subsystem. 

Figure 10 ... 5 sho'ws a time history of the composite Grms level of vibration 
measured on the inertial gimbal during the first 140 seconds of flight 
for AS-S03, AS-S02, and AS-SOl. This figure shows a similarity of the 
vibration profile for all three flights. 

From an analysis of the available data, the following conclusions regard­
ing ST-124M-3 inertial platform assembly vibrations on AS-S03 have been 
reached: 

a. There were no vibration-induced malfunctions of the ST-124M-3 inertial 
platform on AS-S03. 
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The low-frequency vibrations at liftoff exceeded the random vibration 
test specifications in the perpendicular and longitudinal directions. 

The vibration profile of AS-S03 was similar to those of AS-SOl and 
AS-S02. 

Data indicates that the vibration frequency and amplitude of AS-S03 
will be typical of AS-504. 
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Figure 10-S. Saturn V Inertial Gimbal Vibrations 
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b. The low-frequency vibrations at liftoff exceeded the random vibration 
test specifications in the perpendicular and longitudinal directions. 

c. The vibration profile of AS-S03 was similar to those of AS-SOl and 
AS-S02. 

d. Data indicates that the vibration frequency and amplitude of AS-S03 
will be typical of AS-504. 
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11.1 SUMMARY 

SECTION 11 

CONTROL SYSTEM 

The AS-503 Flight Control Computer (FCC), Thrust Vector Control (TVC), 
and Auxiliary Propulsion System (APS) satisfied all requirements for 
vehi·cle attitude control during boost and orbital control modes. Bending 
and slosh dynamics were.adequa~ely stabilized. Jhe programmed 1.2? degree 
yaw maneuver to provide tower clearance was properly executed, making 
vehicle-tower clearances during liftoff satisfactory with less than 25 
percent of the available margins utilized. At 12.11 seconds a simultaneous 
pitch-roll maneuver was begun. The vehicle rolled about 18 degrees to the 
72.124 degree flight azimuth. Vehicle response to the steering commands 
(attitude error signals) was nominal, and the roll and pitch programs 
were satisfactorily completed. 

To improve S-IC outboard engine out characteristics, the FCC control 
outputs to the F-l engines were biased to provide a 2-degree outboard 
cant beginning at 20.64 seconds. The canting had negligible effect on 
the control system. The wind biased pitch tilt program resulted in nominal 
control system activity and low angles-of-attack during the high dynamic 
pressure region of flight. Throughout S-IC boost the control system was 
required to correct for a steady state roll torque which resulted in a 
roll attitude error of +0.4 degree. 

S-IC/S-II first and second plane separations were satisfactory, resulting 
in minimum disturbance to the control system. The Programmed Mixture 
Ratio (PMR) shift resulted in only a small attitude change. Following 
PMR shift the rate gyros detected an 18 hertz oscillation; however, the 
FCC filter networks attenuated the signal so that the oscillation could 
not be seen in the actuator currents. The S-II stage also experienced 
a steady state roll torque resulting in a roll attitude error of +0.5 
degree. 

S-II/S-IVB separation was nominal and caused only small attitude disturb­
ances. Control system activity during first and second S-IVB burns was 
nominal. At third stage Iterative Guidance Mode (IGM) initiation, there 
was an attitude disturbance in the pitch plane. reaching a 2.2-degree 
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11.1 SUMMARY 

SECTION 11 

CONTROL SYSTEM 

The AS-503 Flight Control Computer (FCC), Thrust Vector Control (TVC), 
and Auxiliary Propulsion System (APS) satisfied all requirements for 
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attitude error. The first LOX slosh frequency was observed in the pitch rate 
during the first 20 seconds of S-IVB second burn. The vehicle experienced 
a small clockwise roll torque of 7 to 8 N-m (5 to 6 lbf-ft) during both 
burns, resulting in minimal APS propellant consumption for roll control. 

At approximately 20 seconds after S-IVB first and second cutoffs, the 
vehicle was maneuvered to align the longitudinal axis along the local 
horizontal. At approximately 908 seconds after second S-IVB cutoff, the 
vehicle was commanded through a l20-degree pitch up and a l80-degree 
counterclockwise roll maneuver to obtain the desired Command and Service 
Module (CSM) separation and S-IVB communications attitude. Following 
CSM separation the launch vehicle maintained a frozen inertial attitude 
until 6541 seconds after second cutoff, when the vehicle was commanded 
to the liS 1 i ngshot" maneuver atti tude (180 degrees pi tch, 0 degree yaw, 
and 180 degrees roll attitudes relative to local horizontal). This 
attitude was inertially held through the maneuver. 

At approximately 19,556 seconds the S-IVB ullage engines were ignited to 
provi de addi ti ona 1 t:, V for the liS 1 i ngshot" maneuver. Ull age engi ne No. 2 
propellant depleted at 20,288.56 seconds, and engine No.1 depletion 
occurred at 20,314.00 seconds. Since the ullage engines and the APS 
modules use the same propellant supply, no APS control was available sub­
sequent to depletion. The Launch Vehicle Digital Computer (LVDC) was 
still issuing valid attitude commands at 21 ,214 seconds since angular 
rates following depletion were small and the attitude reference was not 
lost. However, the pitch, yaw, and roll attitude errors had all reached 
their 6.0-degree ladder limit at that time. 

11.2 CONTROL SYSTEM DESCRIPTION 

Figure 10-1 (Section 10) shows the interconnection and signal flow paths 
of the control components as they re1 ate to the gui dance components. 

Vehicle attitude correction is accomplished in accordance with the require­
ments of the guidance system through attitude error signals. These signals 
iH·x:. generated by the LVDC and Launch Vehicle Data Adapter (LVDA). During 
Sr1C stage burn, attitude steering commands are the result of the pre­
programmed yaw and roll maneuvers and the time tilt pitch program. At 
the initiation of IGM during S-II burn, attitude steering commands become 
the result of guidance system computations. 

The AS-503 FCC, which is essentially identical to the AS-502 FCC, is an 
analog computer which generates the proper commands for the S-IC, S-II, 
and S-IVB stage engine actuators and S-IVB stage APS. In generating the 
engine commands, the FCC processes and combines attitude error signals 
from the LVDA and angular velocity signals from the Control-EDS Rate 
Gyros/Control Sign-al Processor (CSp). 
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still issuing valid attitude commands at 21 ,214 seconds since angular 
rates following depletion were small and the attitude reference was not 
lost. However, the pitch, yaw, and roll attitude errors had all reached 
their 6.0-degree ladder limit at that time. 

11.2 CONTROL SYSTEM DESCRIPTION 

Figure 10-1 (Section 10) shows the interconnection and signal flow paths 
of the control components as they re1 ate to the gui dance components. 

Vehicle attitude correction is accomplished in accordance with the require­
ments of the guidance system through attitude error signals. These signals 
ar'e generated by the LVDC and Launch Vehicle Data Adapter (LVDA). During 
SrlC stage burn, attitude steering commands are the result of the pre­
programmed yaw and roll maneuvers and the time tilt pitch program. At 
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analog computer which generates the proper commands for the S-IC, S-II, 
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S-IVB stage attitude control commands to the APS are provided to the roll 
axis during S-IVB stage burn and to all three control axes during coast. 

The Control-EDS Rate Gyros/CSP used on AS-503 were essentially identical 
to those used on AS-502. The Control-EDS Rate Gyros/CSP combination 
provides angular velocity signals to the FCC for dynamic feedback. The 
Control-EDS Rate Gyros contain nine rate gyros, three in each axis. On 
AS-503 the S-IC outboard engines were canted 2 degrees outboard beginning 
at about 20 seconds. 

11.3 S-IC CONTROL SYSTEM EVALUATION 

The AS-503 control system performed satisfactorily during S-IC powered 
flight with all control variables within predicted envelopes. The 2-degree 
outboard canting of the control engines was accomplished as planned. 

Vehicle liftoff acceleration was as predicted and was similar to the AS-502. 
The vehicle cleared the launch platform and tower using less than 25 percent 
of the available clearance. The pitch, yaw, and roll guidance maneuvers 
were executed as planned. 

The vehicle performed within flight dynamic constraints throughout flight. 
In the region of high dynamic pressure the maximum angles-of-attack were 
2.0 degrees in pitch and 2.5 degrees in yaw. The maximum average pitch 
engine deflection was -0.5 degree due to a wind shear and the maximum 
average yaw engine deflection was -0.5 degree due to the yaw maneuver. 

11.3.1 Liftoff Clearances 

The vehicle cleared the mobile launcher structure using less than 25 percent 
of the available clearance as shown in Table 11-1. The ground wind was 
from the north with a magnitude of 5.1 m/s (10 knots) at the 18.3 meters 
(60 ft) level. The liftoff vertical motion, as shown in Figure 11-1, was 
very close to predicted. The release. forces of the 12 lubricated rods 
were slightly higher than predicted. Table 11-2 compares the vehicle 
misalignments m~asured during flight with preflight measurements. 

The clearance between the vehicle thrust structure and .the holddown post 
as determined by liftoff cameras is shown in Figure 11-2. Also shown is 
the motion of engine No.2 with respect to the holddown post at position 
III. The motion of the vehicle was nearly vertical with 1.9 centimeters 
(0.75 in.) of lateral motion at the 61 centimeters (24.0 in.) level. The 
actual motion was within the predicted clearance envelopes. Following 
holddown arm release, the vehicle rolled to a trim angle of +0.4 degree. 
This roll motion r.esulted in 2.5 centimeters (1 in.) ·of tangential motion 
of the engines which compares to an aVailable clearance of 1.2 meters 
(3.9 ft).. _ . . . 
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Table 11-1. Summary of Liftoff Clearances 

POTENTIAL INTERFERENCE AVAILABLE ACTUAL 
CLEARANCE CLEARANCE 

VEHICLE GROUND EQUIPMENT cm (in.) cm (i n. ) 

Thrust Structure Holddown Post 8.26 (3.25) 7.1 (2.8) 
, 

Engine Bell Holddown Post 85.1 (33.5) 74.9 (29.5) 
" 

Service Module SM Swing Arm Variable * 
S-IVB Stage S-IVB Forward Swing Variable * 

Arm 

S-II/S-IVB S-IVB Aft Swing Arm Variable * 
Interstage 

S-U Stage S-II Forward Swing Variable * 
Arm 

S-II Stage S-II Intermediate Vari abl e * 
Swing Arm 

Fin Tip Swing Arms 862.79 (339.68) 650 (256) 
.~~ .. 

* Camera data indicates clearance, no quantitative data available. 

Figure 11-3 shows that the combination of the yaw maneuver and the wind 
blowing away from the tower resulted in a clearance of 11.0 meters (36 ft) 
between S-IC fin tip A and the top of the tower. Flight data were taken 
from a camera located due east of the mobile launcher. Center engine 
translation and the exhaust plume angles for each of the five S-IC engines 
during the first 240 meters (787 ft) of vertical flight are also shown in 
Figure 11-3. Center engine translation was a maximum of 12 meters 
(39.4 ft) south and 8 meters (26.2 ft) east. 

11.3.2 S-IC Flight Dynamics 

Table 11-3 lists maximum control parameters during S-IC burn. Pitch, yaw, 
and roll time histories are shown in Figures 11-4 through 11-6. Dynamics 
in the region between liftoff and 35 seconds resulted primarily from 
guidance. commands. Maximum yaw and roll dynamics occurred in this region 
as follows. Maximum yaw rate was -0.6 degree at 12.4 seconds, maximum yaw 
error was -1.3 degrees at 3 .1 seconds , and maximum y.aw engine def1 ecti on 
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Table 11-2. AS-503 Misalignment Summary 

PARAMETER 

Thrust Misalign­
ment, deg 

Inboard Engine 
Cant, deg 

Servo Amp Offset 
deg/eng 

Vehicle Stacking 
and Pad Misalign­
ment, deg 

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

Wind 

Thrust to Weight 
Ratio 

PREFLIGHT PREDICTED 

PITCH YAW J ROLL 

±0.20* ±0.20* ** ±0.20* 

+0.11 -0.08 -

to .1 ±O .1 to.l 

to. i "to.1 -

316,000 (71 ,000) 

95 Percentile Envelope 

1.247 

* Thrust vector measurement uncertainty. 

LAUNCH 

PITCH YAW ROLL 

+0.15 +0. 11 -0.10 

+0.11 -0.08 -

- - -

-0.05 -0.04 +0.0 

350,000 (78,700) 

5.1 m/s (10- knot,s) at 
18.3 meters (60 ft) 

1.247 

** A positive polarity was used to determine minimum fin tip/umbilical tower 
clearance. A negative polarity was used to determine vehicle/GSE 

, clearances. 

was -0.5 degree at 3.1 seconds. The maximum roll rate was 1.3 deg/s at 
14.2 seconds, and the maximum roll error was 0.7 degree at 32.3 seconds. 

The AS-503 was the first Saturn V vehicle to fly with the control engines 
canting radially outboard 2.0 degrees beginning at 20.64 seconds. This 
feature was added to improve engine out characteristics and performed as 
predicted. The canting of the control engines was not perceptible in the 
pitch and yaw dynamics and caused only a small transient in roll. Roll 
trans i ents show more osci 11 ati on at the roll contro 1 fY'equency than the 
simulation, indicating that the actual roll damping is lower than predicted. 
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PARAMETER 
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ment, deg 

Inboard Engine 
Cant, deg 

Servo Amp Offset 
deg/eng 

Vehicle Stacking 
and Pad Misalign­
ment, deg 

Peak Soft Release 
Force per Rod, 
N (1 bf) 
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Thrust to Weight 
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* Thrust vector measurement uncertainty. 
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350,000 (78,700) 

5.1 m/s (10- knot,s) at 
18.3 meters (60 ft) 

1.247 

** A positive polarity was used to determine minimum fin tip/umbilical tower 
clearance. A negative polarity was used to determine vehicle/GSE 

. clearances. 

was -0.5 degree at 3.1 seconds. The maximum roll rate was 1.3 deg/s at 
14.2 seconds, and the maximum roll error was 0.7 degree at 32.3 seconds. 

The AS-503 was the first Saturn V vehicle to fly with the control engines 
canting radially outboard 2.0 degrees beginning at 20.64 seconds. This 
feature was added to improve engine out characteristics and performed as 
predicted. The canting of the control engines was not perceptible in the 
pitch and yaw dynamics and caused only a small transient in roll. Roll 
transients show more oscillation at the roll control fY'equency than the 
simulation, indicating that the actual roll damping is lower than predicted. 
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Table 11-3. Maximum Control Parameters During S-IC Boost.Flight 

PITCH .l)LANE YAW PLANE ROLL PLANE 

PARAMETERS UNITS MAGNITUDE RANGE MAGNITUDE RANGE MAGNITUDE RANGE 
TIME TIME TIME 
(SEC) (SEC) (SEC) 

Atti tude Error deg +1.2 +76.4 . ~ 1.3 +3.1 +0.7 +32.3 

Angular Rate deg/s -1.0 +83.0 ±0.6 +4 to 13 +1.3 +14.2 

Average Gimbal Angle deg -0.5 +112.8 -0.5 +3.1 +0.2 +31.9 

Ang1e-of-Attack deg +2.0 +74.6 +2.5 +51.4 

Ang1e-of-Attack Dynamic deg-N/cm2 +7.1 +74.6 +5.05 +51.5 
Pressure Product (deg-lbf/i,n.2 (10,3) (7.32) 

.1 

Normal Acceleration m/s2 <0.4 <0.4 
( ft/s2) «1. 3) ( <1.3) 

In the region between 35 and 140 seconds, maximum dynamics were caused by 
the pitch tilt program, the wind, and wind shears. The pitch and yaw 
plane wind velocities and angles-of-attack are shown in Figure 11-7. The 
peak angle-of-attack in pitch was 2.0 degrees at 75 seconds and the peak 
yaw angle-of-attack was 2.5 degrees at 51 seconds. Peak engine deflection 
in pitch was -0.5 degree at 113 seconds. The maximum pitch rate was -1.0 
deg/s at 83 seconds and resulted from the combined effects of pitch 
guidance and winds. Maximum pitch error was 1.2 degrees at 76 seconds. 
Significant dynamics due to wind shears occurred in yaw at 80 seconds and 
in pitch at 106 seconds. Figure 11-8 shows the normal acceleration com­
ponents as seen in the IU and extracted from the platform accelerometer 
data. The maximum normal acceleration was less than 0.04 9 in pitch and 
yaw. 

I 

The transient at Inboard Engine Cutoff (IECa) indicates that the actual 
center engine cant was approximately equal to the predicted cant of +0.11 
degree in pitch and -0.08 degree in yaw. At outboard engine cutoff the 
vehicle had attitude errors to trim out the effects of thrust unbalance, 
offs:'!t center of gravity, thrust misalignment, and control system mis­
alignments. 

Engine response to slosh is shown in Figure 11-9. The figure was derived 
by passing measured engine deflection time histories through bandpass 
filters, retaining only slosh frequencies. The small engine motion at 
slosh frequencies other than at the time of known disturbances indicates 
that slosh was adequately stabilized. The engine response to slosh was 
approximately 0.05 degree peak-to-peak. The maximum slosh amplitude in 
the S-IC fuel tank was 0.27 meter (10.5 in.) in pitch at 13.8 seconds and 
0.24 meter (9.5 in.) in yaw at 11.4 seconds. The maximum slosh amplitude 
in tl~e S-IC LOX tank was 0.21 meter (8.4 in.) in pitch at 75.4 seconds 
and 0.22 meter (8.8 in.) in yaw at 78.6 seconds~ 
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PITCH .l)LANE YAW PLANE ROLL PLANE 

PARAMETERS UNITS MAGNITUDE RANGE MAGNITUDE RANGE MAGNITUDE RANGE 
TIME TIME TIME 
(SEC) (SEC) (SEC) 

Atti tude Error deg +1.2 +76.4 . ~ 1.3 +3.1 +0.7 +32.3 

Angular Rate deg/s -1.0 +83.0 ±0.6 +4 to 13 +1.3 +14.2 

Average Gimbal Angle deg -0.5 +112.8 -0.5 +3.1 +0.2 +31.9 

Ang1e-of-Attack deg +2.0 +74.6 +2.5 +51.4 

Ang1e-of-Attack Dynamic deg-N/cm2 +7.1 +74.6 +5.05 +51.5 
Pressure Product (deg-lbf/i,n.2 (10,3) (7.32) 

.1 

Normal Acceleration m/s2 <0.4 <0.4 
( ft/s2) «1. 3) ( <1.3) 

In the region between 35 and 140 seconds, maximum dynamics were caused by 
the pitch tilt program, the wind, and wind shears. The pitch and yaw 
plane wind velocities and angles-of-attack are shown in Figure 11-7. The 
peak angle-of-attack in pitch was 2.0 degrees at 75 seconds and the peak 
yaw angle-of-attack was 2.5 degrees at 51 seconds. Peak engine deflection 
in pitch was -0.5 degree at 113 seconds. The maximum pitch rate was -1.0 
deg/s at 83 seconds and resulted from the combined effects of pitch 
guidance and winds. Maximum pitch error was 1.2 degrees at 76 seconds. 
Significant dynamics due to wind shears occurred in yaw at 80 seconds and 
in pitch at 106 seconds. Figure 11-8 shows the normal acceleration com­
ponents as seen in the IU and extracted from the platform accelerometer 
data. The maximum normal acceleration was less than 0.04 9 in pitch and 
yaw. 

I 

The transient at Inboard Engine Cutoff (IECa) indicates that the actual 
center engine cant was approximately equal to the predicted cant of +0.11 
degree in pitch and -0.08 degree in yaw. At outboard engine cutoff the 
vehicle had attitude errors to trim out the effects of thrust unbalance, 
offs:'!t center of gravity, thrust misalignment, and control system mis­
alignments. 

Engine response to slosh is shown in Figure 11-9. The figure was derived 
by passing measured engine deflection time histories through bandpass 
filters, retaining only slosh frequencies. The small engine motion at 
slosh frequencies other than at the time of known disturbances indicates 
that slosh was adequately stabilized. The engine response to slosh was 
approximately 0.05 degree peak-to-peak. The maximum slosh amplitude in 
the S-IC fuel tank was 0.27 meter (10.5 in.) in pitch at 13.8 seconds and 
0.24 meter (9.5 in.) in yaw at 11.4 seconds. The maximum slosh amplitude 
in tl~e S-IC LOX tank was 0.21 meter (8.4 in.) in pitch at 75.4 seconds 
and 0.22 meter (8.8 in.) in yaw at 78.6 seconds~ 
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11.4 S-Il CONTROL SYSTEM EVALUATION 

The S-II stage attitude control system performance was satisfactory. 
Analysis of the magnitude of modal components in the engine deflections 
revealed that vehicle structural bending and propellant sloshing had 
negligible effect on control system performance. The maximum values of 
control parameters occurred in response to S-IC/S-II separation disturbances 
and nonuni form J -2 engi ne thrust buil dups ~ . At that time atti tude rates 
for pitch, yaw, anq roll were 0.2, 0.1 and 1.4 deg/s, respectively. The 
response at other times (such as initiation of IGM guidance, initiation of 
first artificial tau mode) was within expectations. 

11.4.1 Attitude Control Dynamics and Stability 

Between the events of S-IC OECO (153.82 seconds) and initiation of IGM 
{196.22 seconds}, attitude commands were held constant. Significant 
events which occurred during that interval were S-IC/S-II separation, S-II 
stage J-2 engine start, second plane separation, and Launch Escape Tower 
(LET) jettison. The attitude control dynamics throughout this interval 
indicated stable operation as shown in Figures 11-10 through 11-12. Steady 
state attitudes were achieved within 10 seconds from S-IC/S-II separation. 
The maximum control excursions occurred in the roll axis following S-IC/ 
S-II separation when 1.4 deg/s rate and -1.0 degree attitude error 
occurred, as shown in Table 11-4. The principal attitude error of 
approximately 0.5 degree for the roll axis was maintained throughout the 
S-II boost due to thrust and engine misalignments producing a constant 
roll torque. Similar roll offsets existed during the AS-SOl and AS-502 
flights. 

IGM was initiated at 196.22 seconds, and the flight control computer 
received thrust vector control commands to pitch the vehicle down as shown 
in Figure 11-10. During IGM, the vehicle pitched down at a constant com­
manded rate of approximately -0.1 deg/s. During the transient interval 
following initiation of IGM guidance, the. engines deflected 0.3 degree in 
pitch. This transient magnitude was significantly less than on the AS-SOl 
and AS-502 flights. 

The effects of steering misalignment corrections and flight control gain 
switch points 3 and 4 had no noticeable effect upon control performance. 
Steering misalignment corrections were less than !O.l degree in pitch and 
±O.2 degree in yaw. The effects of initiating the first artificial tau 
mode at 443.7 seconds were most apparent in the pitch axis when a -0.2 deg/s 
pitch rate occurred. At S-II stage engine cutoff, the attitude errors 
and rates were at or near null. 

During the interval 480 to 520 seconds, the attitude control rate gyros 
detected an 18 hertz oscillation. The magnitudes sensed were approximately 
1.0, 0.6, and 2.5 deg/s for the pitch, yaw, and roll axes, respectively. 
The filters of the flight control computer filtered this high frequency 
so that the control system did not respond to these oscillations. 
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Table 11-4. Maximum Control Parameters During S-11 Boost Flight 

PARAMETER S-IC/S-II FIRST PHASE FIRST ARTIFICIAL S-II 
SEPARATION IGM INITIATE TAU INITIATE CUTOFF 

Pitch Plane 
Attitude Error, deg -0,,5 +0.3 +0.4 -0.2 
Body Rate, deg/s +0.2 -0.1 -0.2 +0.2 
Average Gimbal Angle, deg +0.3 +C.3 +0.1 Nun 
Slosh Component of Average 

, 
I Gimbal Angle, deg - +0.07 +0.02 I -

Yaw Plane I 
\ 

Attitude Error, deg -0.4 +0. 1 -0. 1 -0.2 
Body Rate, deg/s +0.1 Null Null Null 
Average Gimbal Angle, deg +0.2 +0. 1 Null Null 
Slosh Component of Average 
Gimbal Angle, deg - +0.05 +0.01 -

Ro 11 Pl ane 
Attitude Error, deg -1.0 +0.5 +0.6 +0.4 
Body Rate, deg/s +1.4 Null Null Null 
Average Gimbal Angle, deg -0.3 +0.1 +0.1 +0.1 

-'-
Simulated data is shown for comparison in Figures 11-10 through 11-12. 
Differences between the simulated and actual flight data are attributed 
largely to uncertainties in the J-2 engine thrust buildup and engine and 
thrust misalignments. Thrust vector misalignments were estimated to be 
-0.22, -0.11 ,and 0.13 degree for pitch, yaw, and roll, respectively. 

11.4.2 Liquid Propellant Dynamics and Their Effects on Flight Control 

The effect of liquid propellant slosh upon the flight control system was 
estimated from the slosh mode components of the engine deflections as 
presented in Figure 11-13. The engine deflections were analyzed using 
bandpass filtering. The largest slosh component magnitudes at initiation 
of first phase IGM were 0.07 and 0.05 degree for pitch and yaw gimbal 
angles, respectively. Peak magnitudes of slosh components of engine gimbal 
angles at S-11 engine start were not determinable d~e to data dr~pout; 
however, the data indicated that slosh was adequately stabilized through­
out S-II boost flight. 
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Table 11-4. Maximum Control Parameters During S-11 Boost Flight 

PARAMETER S-IC/S-II FIRST PHASE FIRST ARTIFICIAL S-II 
SEPARATION IGM INITIATE TAU INITIATE CUTOFF 

Pitch Plane 
Attitude Error, deg -0 .. 5 +0.3 +0.4 -0.2 
Body Ra'i:.e, deg/s +0.2 -0.1 -0.2 +0.2 
Average Gimbal Angle, deg +0.3 +(;.3 +0.1 Null 
Slosh Component of Average 

, 
I Gimbal Angle, deg - +0.07 +0.02 
I 

-

Yaw Plane I 
• 

Attitude Error, deg -0.4 +0. 1 -0. 1 -0.2 
Body Rate, deg/s +0.1 Null Null Null 
Average Gimbal Angle, deg +0.2 +0. 1 Null Null 
Slosh Component of Average 
Gimbal Angle, deg - +0.05 +0.01 -

Roll Plane 
Attitude Error, deg -1.0 +0.5 +0.6 +0.4 
Body Rate, deg/s +1.4 Null Null Null 
Average Gimbal Angle, deg -0.3 +0.1 +0.1 +0.1 

"'-"-'C 

Simulated data is shown for comparison in Figures 11-10 through 11-12. 
Differences between the simulated and actual flight data are attributed 
largely to uncertainties in the J-2 engine thrust buildup and engine and 
thrust misalignments. Thrust vector misalignments were estimated to be 
-0.22, -0.11 ,and 0.13 degr~e for pitch, yaw, and roll, respectively. 

11.4.2 Liquid Propellant Dynamics and Their Effects on Flight Control 

The effect of liquid propellant slosh upon the flight control system was 
estimated from the slosh mode components of the engine deflections as 
presented in Figure 11-13. The engine deflections were analyzed using 
bandpass filtering. The largest slosh component magnitudes at initiation 
of first phase IGM were 0.07 and 0.05 degree for pitch and yaw gimbal 
angles, respectively. Peak magnitudes of slosh components of engine gimbal 
angles at S-11 engine start were not determinable d~e to data drppout; 
however, the data indicated that slosh was adequately stabilized through­
out S-11 boost flight. 

11-20 

.-



"'" "." 

:.. ' •• ~, ~.>,~., 

--:I 

--' 
I 

N 
--' 

z 
o -~ 

0.15 

~ 0.10 
-l en 
u.. aJ 
L&J ""0 
C 

:::t: • ..: 0.05 
<..> 0.. 
~ I 

- 0.. c..- o 

0.15 

~ 0.10 -~Cl 
L&JaJ 

ii '"0 0.05 
L&J .. 
c-

o.. 
3: I 

ceo.. 0 >-

150 

--
ill"' . 

,~ to·' 

J 4 olTA ORlpOUT lNTERvL 

\ 
~ '\ ~ ./ l\.L ~ ~ 

'V INITIATE IGM PHASE I, 196.22 
~ GUIDANCE SENSED MR SHIFT (INITIATE ARTIFICIAL TAU), 443.65 

I 1 

I 

./ 
/ \/\ 

~ ~ """ ./ ,./" 
VI W 
200 250 300 350 400 450 500 

RANGE TU1E, SECONDS 

Figure 11-13. S-II Engine Deflection Response to Propellant Slosh 

~. ;c.,...... .. ,.~--".~.~ .. --... -.. ~--.-.,. , ... I .M, F 'W"' ?urCi;linnlnnr we ••• i'''''''' fir ". /po '<i<i"""'_ .... 

'-. 

4.- . -'----_-.1. 

1 
., 

~ 

~ 

550 ~ 

. ... ~ ..... cJ.i"" ••••• 1' 'nlllil 

I 

--~- --- -- -~-~ 
~j 

z 
o -~ 

0.15 

~ 0.10 
-l en 
u.. aJ 
L&J ""0 
C 

:::t: • ..: 0.05 
<..> 0.. 
~ I 

- 0.. c..- o 

0.15 

z 
8 0.10 
~ u en 
L&JaJ 
-l '"0_ 
~ .. O.O~ 
c-

o.. 
3: I c:c 0.. 
>- 0 

150 

., 

, ' 

J 4 olTA ORlpOUT ~NTERvL 
\ 

I '\ ..I ~ ~/ ~ ~ -

W INITIATE IGM PHASE I, 196.22 
~ GUIDANCE SENSED MR SHIFT (INITIATE ARTIFICIAL TAU), 443.65 

I I 

./ 
vi \V\ 

~ ./ .... ./ ~/' 

VI _W 
200 250 300 350 400 450 500 550 

RANGE TU1E, SECONDS 

Figure 11-13. S-II Engine Deflection Response to Propellant Slosh 

..... ~ ..... cJ.i"" ••••• 1' 'nllil 



lIe 

. " 

11.5 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, chi bar guidance 
mode, chi freeze, and J-2 engine cutoff. These transients were expected 
and were well within the capabilities of the control system. 

11.5.1 Control System Evaluation During First Burn 

The S-IVB first burn attitude control system response to guidance commands 
for pitch, yaw, and roll are presented in Figures 11-14, 11-15, and 11-16, 
respectively. The significant events related to control system operation 
are indicated in each figure. Flight oscillations were experienced on the 
pitch and yaw guidance commands due to J-2 thrust oscillations. These 
oscillations were well within the capabilities of the control system. The 
maximum attitude errors and rates occurred at IGM initiation. A summary 
of the first burn maximum values of critical flight control parameters is 
presented in Table 11-5. 

Table 11-5. Maximum Control Parameters During S-IVB First Burn 

PARAMETER S- II /S-I VB BEGIN CHI S-IVB FIRST 
SEPARATION, BAR CUTOFF 
GUID. INITIATION 
AND ART. TAU 

Pitch Attitude Error, deg +2.2 +0.6 +0.4 

Yaw Attitude Error, deg -0.2 -0.3 -0.3 

Roll Attitude Error, deg ~0.8 +0.5 +0.2 
" 

'-.. 

Pitch Rate, deg/s , ':"1 . 3 +0.4 Null 

Yaw Rate, deg/s +0.1 Null Null 

Roll Rate, deg/s -0.6 -0. 1 +0.1 

Pitch Actuator PuS. , deg + 1 . 1 +0.6 +0.4 

Yaw Actuator Pos.,. deg -0.4 -0.4 -0.4 
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-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, chi bar guidance 
mode, chi freeze, and J-2 engine cutoff. These transients were expected 
and were well within the capabilities of the control system. 

11.5.1 Control System Evaluation During First Burn 

The S-IVB first burn attitude control system response to guidance commands 
for pitch, yaw, and roll are presented in Figures 11-14, 11-15, and 11-16, 
respectively. The significant events related to con~rol system operation 
are indicated in each figure. Flight oscillations were experienced on the 
pi tch and yaw gui dance commands due to 1..1-2 thrus t osci 11 ati ons. These 
oscillations were well within the capabilities of the control system. The 
maximum attitude errors and rates occurred at IGM initiation. A summary 
of the first burn maximum values of critical flight control parameters is 
presented in Table 11-5. 

Table 11-5. Maximum Control Parameters During S-IVB First Burn 

PARAMETER S-II/S-IVB BEGIN CHI S-IVB FIRST I 
SEPARATION, BAR CUTOFF 
GUID. INITIATION 
AND ART. TAU 

Pitch Attitude Error, deg +2.2 +0.6 +0.4 

Yaw Attitude Error, deg -0.2 -0.3 -0.3 

Roll Attitude Error, deg ~0.8 +0.5 +0.2 
" 
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Roll Rate, deg/s -0.6 -0. 1 +0.1 

Pitch Actuator PuS. , deg + 1 . 1 +0.6 +0.4 

Yaw Actuator Pos.,. deg -0.4 -0.4 -0.4 

11-22 

, 
i 

\ 
t 
f. 

f 

" 



WS-IVB ENGINE START COMMAND, 525.00 
W INITIATE IGM PHASE 3, 532.87 
~BEGIN CHI BAR STEERING, 652.87 
W BEGIN CHI FREEZE j 677.60 
~S-IVB VELOCITY CUTOFF COMMAND, 684.98 

-91 

-107 

4 

.--

---........ 

-

\ 
~ 

~ 
(ATTITUDE 

V .. _ .. ___ L 
COMMANDED ATTITlJDEJ';:::' ~--, , 

,.. 

J' ~(\., -:.;,. .... .-. -- r--- V 

... - " .. -- .... 

\ !)V 

r I'W_ .:::: :::a- -r---_ t---

- ~ "'-, V ··-t,,-! --y 

........ ....... 
IW ,.. 

-2~----~~~~----~~--~ __ ~L-__ -L ___ ~~~~ __ ~~~L-~ 
500 520 540 560 580 600 620 640 660 680 700 

RANGE nr·1E, SECONDS 

Figure 11-14. Pitch Plane Dynamics During S-IVB First Burn 

11-23 

WS-IVB ENGINE START COMMAND, 525.00 
W INITIATE IGM PHASE 3, 532.87 
~BEGIN CHI BAR STEERING, 652.87 
W BEGIN CHI FREEZE j 677.60 
~S-IVB VELOCITY CUTOFF COMMAND, 684.98 

-91 
CI 
Z w 
ct::> ...... 
w ...... 
CI ...... 0') 
::JV')QJ 
...... 0"'0 

-95 

~~ .. -99 ...... 
ct: a a. 
. z=> 

:J:ct: 
~ ~ ~ -103 
..... 00 
a. uz 

-107 

4 

- ..... 

\ 
\ 
~ 

[ATTITUDE 

V "'- _ .. _ ___ / 
COMMANDED ATTITlJDEJ";:::-~--, , 

A 

J' ~ f\v ~ .... .-.- IV -- ~ 
-r- V 

.... ..- ...... " ~. - .... ........ 
\ ,IV ~ 

r -~- ..::: =- -1'--- t-~ 

..... -" .. >.-." ... ~I ~ --.... 
... 

....... ....... - .... 

-2~--~~~~--~ ____ J-__ ~L-__ -L ___ ~~~~ __ ~~~L-~ 
500 520 540 560 580 600 620 640 660 680 700 

RANGE nr·1E, SECONDS 

Figure 11-14. Pitch Plane Dynamics During S-IVB First Burn 

11-23 



" 

W S-IVB ENGINE START COMMAND, 525.00 
~ INITIATE IGM PHAsE 3, 532.87 
~ BEGIN CHI BAR STEERING, 652.87 
~ BEGIN CHI FREEZE, 677.60 
~ S-IVB VELOCITY CUTOFF COMMAND, 684.98 

c 2 
z: 
~.-: 
~...-

Sa 1 ...... 
co::: 
z: « L.LJ 

UJ~ 0 
cz 
:=I 
...- L.LJ ...... > 
...- ...... -1 ...-...-« ...... 

V) 
300') 
«0.<1) 
> ......... "'0 -2 

--- -..A.: 

~ 

WW 

/ 
,.,-----t----1_ 

~:;...-- \ 
\ 

~ 

.... 

cOMMANdED ATTI~UDE 
---r-- .. ,...---_ ..... t----__ -71 -- --
~ATTITUDE 

.. 

.J 

W W VI 
520 540 560 580 600 620 640 660 680 700 

RANGE TIME, SECONDS 

Figure 11-15. Yaw Plane Dynamics During S-IVB First Burn 

11-24 

'.. '{j 

........... - .... ...,."'~ .. .;..;.;...~. "-';;."'1~/'''' .. 

, '. 

--., 
j 
I 

~.~ , 

:~F 
1-' 

t~ 

,-: 
h 

it , 
I' i~ 
! 

I 
:)f; 
'. 

," r~ 

t: 
0. 
1. 

t~ 
:-: 
fi 
~o'i 

r~ 
I' 
1]., 
*. .f 

;~ 
13' ,< 
ii 
~~ 
r< 

W S-IVB ENGINE START COMMAND, 525.00 
~ INITIATE IGM PHASE 3, 532.87 
~ BEGIN CHI BAR STEERING, 652.87 

BEGIN CHI FREEZE, 677.60 
S-IVB VELOCITY CUTOFF COMMAND, 684.98 

/ 
,.,-----r---'---- --A.: " ...... ~ \ -

\ 

~ .... 

WW 

COMMANdED ATTI~UDE 
--- t---- .. r----- ..... t"----- -71 ---
~ATTITUDE 

.. 

J 

~ VI VI 
520 540 560 580 600 620 640 660 680 700 

RANGE TIME, SECONDS 

Figure 11-15. Yaw Plane Dynamics During S-IVB First Burn 

11-24 

r;' 
:~F 
I.' 

t~ 

,-: 
h 

ff , 
" i~ 
! 

I 
i~; 

'. 

," r~ 

t: 
; ~ 
1. 

15 
:-: 
Ii 

~O'i 

I~ 
I' 
j}, 
*. .f il 
Il' ,< 
if 
~~ 
p 



t".', 

',' 

•• .* 

"1 
".i 

'I; 

V') 
~ z ..... 
0: ..... 
U-

V') 
Cl.. 
~ 

." .. 

'I IV 
Ip 

III 
II I I I 
II Ip 

1 II IV 

! 
S-IVB ENGINE START COMMAND, 525.00 
INITIATE IGM PHASE 3, 532.87 
BEGIN CHI BAR STEERING, 652.87 
BEGIN CHI FREEZE, 677.60 \V S-IVB VELOCTTY CUTOFF COMMAND, 684.98 

~, 

I 
. rATTITUDE 

~ / ~ ;Z 
~ - -"''''-':''' 

\" 
yV ~COMMANDED ATTITUDE 

--""", M ~ 
.- ~ --.. 

'-~, ., 

I 

*111 

I I I I I 
III 

WW I I I I W II ~ VI !iOO 520 540 560 580 600 620 640 660 680 

*PULSEWIDTH APPROX If.1ATEL Y 
600 MS (2 PLACES) 

RANGE TIME, SECONDS 

Figure 11-"16. Roll Plane Dynamics During S-IVB First Burn 

11-25 

-~ 

j 
I 

700 

t· 

.... IIIII_.~._~ ... ~. __ ~ .. _.:=' __ ~ ___ .. ~ .... ~~~' ~~;~ ... ~!~!!; ~. .!!! •. ~"iIj~.~.'!' .!j#i!:. m~ ~~~ .. _~. _~ .. ~~.:~_._~_~~_~~_~,~~ ... ~~ . .'. ~~~..,.._~. ~~!.!~~~~-~--~. ,,~ .. _~ .. ~ .. ·.IIIJII· I .~"~L' 

-;\ , 

'" 

'.,* 

,/.: 
" , 

Ol 2 (U 
"t:J 

UJ .. 
> ........ 

1 ..... ,0::: 
~ c:t: 
..... UJ 
U') 0::: 
0 
a..~ 

! 
S-IVB ENGINE START COMMAND, 525.00 
INITIATE IGM PHASE 3, 532.87 
BEGIN CHI BAR STEERING, 652.87 
BEGIN CHI FREEZE, 677.60 

\V S-IVB VELOCTTY CUTOFF COMMAND, 684.98 
~, 

I 
, £_ATTITUDE 

~ r-t /' ~ ~- --
UJ-O 0 0 0::: 
:;)01..1.. 
~z 
..... c:t:o \,-, Y 

i-"" 

~ COM'-1ANDED ATTITUDE 
1- ~ UJ 

-1 ~~:3: 
c:t:OUJ u ..... 
-' > 
-'0 
OZ:3: -2 0::: c:t: U 

Ol 
0::: (U 

2 0 "t:J 
0::: 
0::: 
UJ ........ 

UJ 0 0::: 
UJ>UJc:t: 0 O ..... ::-UJ 
:;)~Ll.O::: 
~ .......... 

-' ..... U'»~ 
-'~o 0 
0~a..:3:0::: 
0::: c:t: - U 1..1.. -2 

U') 

~ 
Z ..... 
0::: ..... 
1..1.. 

U') 
a.. 
c:t: 

'I IV 
Ip 

III 
II III 
II Ip 

1 II IV 

---.,. M 

"-.,.,-.,' ,', --
I 

*111 

III 

WW 
~)OO 520 540 560 

*PULSEWIDTH APPROX If.1ATELY 
600 MS (2 PLACES) 

~ 
.- .140. -. 

I I I I I 

1 I I W II 
580 600 620 640 660 

RANGE TIME, SECONDS 

~ W 
680 

Figure 11-"16. Roll Plane Dynamics During S-IVB First Burn 

11-25 

700 



The pitch and yaw effective thrust vector misalignments durinq first burn 
were +0.21 and -0.17 degree~ respectively. 

As experienced on previous flights a steady state roll torque of 8.54 N-m 
(6.3 lbf-ft), clockwise looking forward, required roll APS firings during 
first burn. This roll torque is considerably less than the previously 
experienced maximum of 54.2 N-m (40 lbf-ft) on AS-502. The previously 
experienced minimum roll torque of 8.1 N-m (6 lbf-ft) was on AS-203. 

During S-IVB burn mode and ullage burn following J-2 engine cutoff, an 18 
hertz oscillation was also seen in the rate signals; however, this was 
not unexpected as a similar condition was seen on previous flights. The 
pitch and yaw control system filter networks properly attenuated the 
signal. To prevent deterioration of the pseudorate modulator operation 
and saturation of the spatial amplifiers, low pass filters with a 1.9 
hertz cutoff frequency were installed in the spatial amplifiers. The 
filters apparently were satisfactory as there was no deterioration in the 
APS operation. 

Propellant sloshing during first burn was observed on data obtained from 
the Propellant Utilization (PU) sensors. The propellant slosh amplitudes 
and frequencies were comparable to those experienced on previous flights 
and did not have an appreciable effect on the control system. LH2 slosh 
during first burn was well damped by the LH2 baffle and deflector, as 
expected, resulting in negligible LH2 slosh amplitudes during first burn. 

11.5.2 Control System Evaluation During Parking Orbit 

The APS provided satisfactoty orientation and stabilization during parking 
orbit. Following S~IVB first cutoff, the vehicle was maneuvered to the 
local horizontal (through approximately 16 degrees), and an orbital pitch 
rate was established. The pitch, yaw, and roll control system responses 
are shown in Figures 11-17, 11-18, and 11-19, respectively. 

11.5.3 Control System Evaluation During Second Burn 

The S-IVB second burn attitude control system response to guidance commands 
for pitch, yaw, and roll are presented in Figures 11-20, 11-21, and 11-22, 
respectively. The significant events are indicated in each figure. The 
effect of the thrust oscillations on the pitch and yaw guidance commands 
was more pronounced during second burn, as seen in Figures 11-20 and 11-21. 
The maximum attitude errors and rates occurred near guidance initiation. 
A summary of the second burn maximum values of critical flight control 
parameters is presented in Table 11-6. 

The pitch and yaw effective thrust vector misalignments during second burn 
were +0.32 and -0.24 degree, respectively. The steady state roll torque 
during second burn was 7.34 N-m (5.41 1bf-ft). 
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The pitch and yaw effective thrust vector misalignments durinq first burn 
were +0.21 and -0.17 degree~ respectively. 

As experienced on previous flights a steady state roll torque of 8.54 N-m 
(6.3 lbf-ft), clockwise looking forward, required roll APS firings during 
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During S-IVB burn mode and ullage burn following J-2 engine cutoff, an 18 
hertz oscillation was also seen in the rate signals; however, this was 
not unexpected as a similar condition was seen on previous flights. The 
pitch and yaw control system filter networks properly attenuated the 
signal. To prevent deterioration of the pseudorate modulator operation 
and saturation of the spatial amplifiers, low pass filters with a 1.9 
hertz cutoff frequency were installed in the spatial amplifiers. The 
filters apparently were satisfactory as there was no deterioration in the 
APS operation. 

Propellant sloshing during first burn was observed on data obtained from 
the Propellant Utilization (PU) sensors. The propellant slosh amplitudes 
and frequencies were comparable to those experienced on previous flights 
and did not have an appreciable effect on the control system. LH2 slosh 
during first burn was well damped by the LH2 baffle and deflector, as 
expected, resulting in negligible LH2 slosh amplitudes during first burn. 

11.5.2 Control System Evaluation During Parking Orbit 

The APS provided satisfactoty orientation and stabilization during parking 
orbit. Following S~IVB first cutoff, the vehicle was maneuvered to the 
local horizontal (through approximately 16 degrees), and an orbital pitch 
rate was established. The pitch, yaw, and roll control system responses 
are shown in Figures 11-17, 11-18, and 11-19, respectively. 

11.5.3 Control System Evaluation During Second Burn 

The S-IVB second burn attitude control system response to guidance commands 
for pitch, yaw, and roll are presented in Figures 11-20, 11-21, and 11-22, 
respectively. The significant events are indicated in each figure. The 
effect of the thrust oscillations on the pitch and yaw guidance commands 
was more pronounced during second burn, as seen in Figures 11-20 and 11-21. 
The maximum attitude errors and rates occurred near guidance initiation. 
A summary of the second burn maximum values of critical flight control 
parameters is presented in Table 11-6. 

The pitch and yaw effective thrust vector misalignments during second burn 
were +0.32 and -0.24 degree, respectively. The steady state roll torque 
during second burn was 7.34 N-m (5.41 1bf-ft). 
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Table 11-6. Maximum Control Parameters During S-IVB Second Burn 

IGNITION AND CHI CHI S-IVB 
PARAMETER GUIDANCE BAR FREEZE CUTOFF 

INITIATION . 

- , 

Pitch Attitude Error, c!eg +1.1 +1.1 +0.4 +0.3 

Yaw A ttitude Error, deg -1 .7 -0.8 ~O .4 -0.4 

Roll Attitude Error, deg -0.2 +0.6 -0.1 -0.2 

Pitch o Re,te, deg/sec -0.8 -0.7 +0.2 +0.1 

Yaw R a~e,deg/sec +1.4 +0.4 -0. 1 -0.2 
., 

Roll Ra.te, deg/sec' +0.2 Null I Null +0. 1 

Pitch 'Actuator Position, deg +1.0 +0.7 +0.4 +0.4 
OJ' 

ctuator Position, deg -1.0 -0.5 -0.4 -0.4 
.' 

Yaw A 
,. 

I .--

Propellant sloshing during second burn did not have an appreciable effect 
on control system operation. The maximum LOX slosh was about 4.4 
centimeters (1.8 in.) peak-to-peak, and the maximum LH2 slosh was about 
6.9 centimeters (2.7 in.) peak-to-peQk. . 

11.5.4 Control System Evaluation After Second Burn 

The APS provided satisfactory orientation and stabilization during orbital 
coast. Each of the planned maneyvers was performed satisfactorily. 

Significant periods of interest related to attitude control during orbital 
coast include maneuvers to align the vehicle with the local horizontal 
fo 11 owi ng second cutoff, the maneuver to spacecraft sepa rati on atti tude, 
spacecraft separation, maneuver to slingshot attitude, LOX dump, and APS 
u11aging for slingshot. Each of the periods are discussed in the 
following paragraphs. 

Following S-IVB second cutoff the vehicle was maneuvered to the local 
horizontal alld an orbital pitch rate established and maintained until 
11,458.40 seconds, at which time the vehicle was commanded to the 
separation attitude .. Pitch, yaw, and roll control system responses during 
the maneuver to the local horizontal are shown in Figures 11-23, il-24, 
and 11-25, respectively. 
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Table 11-6. Maximum Control Parameters During S-IVB Second Burn 

Pitch 

Yaw A 

I Roll 

Pitch 

Yaw R 

Roll 

Pitch 

PARAMETER 

- , 

Attitude Error, c!eg 

ttitude Error, deg 

Atti tude Error, deg 

o Re,te, deg/sec 

ate,deg/sec 
" 

Rate, deg!sec 

'Actuator Position, deg 
OJ' 

Yaw A ctuator Position, deg 
" ,. 

.0 

IGNITION AND 
GUIDANCE 
INITIATION 

+1.1 

-1.7 

-0.2 

-0.8 

+1.4 

+0.2 

+1.0 

-1.0 

CHI CHI S-IVB 
BAR FREEZE CUTOFF 

+1.1 +0.4 +0.3 

-0.8 ~0.4 -0.4 

+0.6 -0.1 -0.2 

-0.7 +0.2 +0.1 

+0.4 -0. 1 -0.2 

Null I Null +0. 1 

+0.7 +0.4 +0.4 

-0.5 -0.4 -0.4 

I 

. 

Propellant sloshing during second burn did not have an appreciable effect 
on control system operation. The maximum LOX slosh was about 4.4 
centimeters (1.8 in.) peak-to-peak, and the maximum LH2 slosh was about 
6.9 centimeters (2.7 in.) peak-to-peQk. 

11.5.4 Control System Evaluation After Second Burn 

The APS provided satisfactory orientation and stabilization during orbital 
coast. Each of the planned maneyvers was performed satisfactorily. 

Significant periods of interest related to attitude control during orbital 
coast include maneuvers to align the vehicle with the local horizontal 
fo 11 owi ng second cutoff, the maneuver to spacecraft sepa rati on atti tude, 
spacecraft separation, maneuver to slingshot attitude, LOX dump, and APS 
u11aging for slingshot. Each of the periods are discussed in the 
following paragraphs. 

Following S-IVB second cutoff the vehicle was maneuvered to the local 
horizontal aild an orbital pitch rate established and maintained until 
11,458.40 seconds, at which time the vehicle was commanded to the 
separation attitude .. Pitch, yaw, and roll control system responses during 
the maneuver to the local horizontal are shown in Figures 11-23, il-24, 
and 11-25, respectively. 
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The spacecraft separation maneuver included a 120 degree pitch and 180 
degree roll maneuver. The pitch, yaw, and roll control system responses 
during this maneuver are presented in Figures 11-26, 11-27, and 11-28, 
respectively. 

Spacecraft separation appeared normal, as indicated by the relatively small 
disturbances induced on the S-IVB stage during separation. The pitch, yaw, 
and roll control system responses are shown i~ Figures 11-29, 11-30, and 
11-31, respectively. 

At 17,096.63 seconds the maneuver to slingshot attitude was begun. Once 
achieved, this attitude (180 degrees pitch relative to the local horizontal 
with position I down) Has maintained throughout the LOX dump and APS ullage 
burn. Due to the initial alignment of the vehicle at the start of this 
maneuver, less than a 2-deqree change in pitch attitude was required. LOX 
dump was initiated at 18,475.82 seconds to provide ~V for the slingshot 
trajectory. Attitude control during the LOX dump was provided by the APS. 
The auxil i a ry hydrau1 i c pump supp 1 i ed hydrau1 i c tJress ure to ma i ntai n the 
J-2 engine in a centered position and minimize disturbances during the 
LOX dump. APS impulse data converted from the APS high pressure helium 
supply spheres indicated the disturbances during the LOX dump were lower 
than expected. This;s attributed primarily to the thrust vector being 
more closely aligned to the vehicle center of gravity than the mean thrust 
vector alignment determined through statistical studies. The pitch and 
yaw thrust vector misalignments during the LOX dump were 0.17 and -0.36 
degree, respectively. These values of thrust misalignment are less than 
those experienced during the LOX dump on AS-205., Pitch, yaw, and roll 
attitude control during propellant removal is shown in Figures 11-32, 
11-33, and 11-34, respectively. 

Following completion of the LOX dump, the APS ullage engines were turned 
on at approximately 19,556 secOnds and burned until depletion of APS 
propellants. The thrust provided by the ullage engines decreased the 
vehicle velocity for slingshot trajectory by approximately 20 m/s (67 ft/s), 
insuring that the S-IVB would not impact the moon. Module 2 depleted 
first (fuel depletion), after a burn of approximately 733 seconds, at 
20,288.56 seconds. Module 1 depleted approximately 25 seconds after 
Module 2. Attitude control system data indicated the vehicle was con-
trolled as expected following depletion of Module 2. Following depletion 
of Module 1, the vehicle attitude remained relatively constant for 
approximately 60 seconds; after which the rate of divergence was approximately 
0.001, 0.01, and 0.0125 deg/s in pitch, yaw, and roll, respectively. Pitch, 
yaw, and roll attitude control during the APS ullage burn for the slingshot 
trajectory is shown in Figures 11-35, 11,·36, and 11-37, respectively. After 
propellant depletion the LVDC continued to issue valid attitude commands 
until at least 21,214 seconds, by which time the outputs to the ladders 
had reached their 6-degree limits. 
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attitude control during propellant removal is shown in Figures 11-32, 
11-33, and 11-34, respectively. 

Following completion of the LOX dump, the APS ullage engines were turned 
on at approximately 19,556 secOnds and burned until depletion of APS 
propellants. The thrust provided by the ullage engines decreased the 
vehicle velocity for slingshot trajectory by approximately 20 m/s (67 ft/s), 
insuring that the S-IVB would not impact the moon. Module 2 depleted 
first (fuel depletion), after a burn of approximately 733 seconds, at 
20,288.56 seconds. Module 1 depleted approximately 25 seconds after 
Module 2. Attitude control system data indicated the vehicle was con-
trolled as expected following depletion of Module 2. Following depletion 
of Module 1, the vehicle attitude remained relatively constant for 
approximately 60 seconds; after which the rate of divergence was approximately 
0.001, 0.01, and 0.0125 deg/s in pitch, yaw, and roll, respectively. Pitch, 
yaw, and roll attitude control during the APS ullage burn for the slingshot 
trajectory is shown in Figures 11-35, 11,·36, and 11-37, respectively. After 
propellant depletion the LVDC continued to issue valid attitude commands 
until at least 21,214 seconds, by which time the outputs to the ladders 
had reached their 6-degree limits. 
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APS propellant req~irements for attitude control during the AS-503 mission 
were generally lower than the mean ·predicted requirements. The total 
propellant (fuel and oxidizer) used prior to ullaging for slingshot ~V was 
40.4 kilograms (89 lbm) (Module 1) and 41.7 kilograms (92 lbm) (Module 2). 
The tota1 propellant available in each module was approximately 145 
kilograms (320 lbm), resulting in a total propellant usage for ullaging 
and attitude control (excluding slingshot) of approximately 30 percent of 
that available. 

11.6 INSTRUMENT UNIT CONTROL COMPONENTS EVALUATION 

11.6.1 Control-EDS Rate Gyros/Control Signal Processor Analysis 

The analysis of the Control-EDS Rate Gyros/CSP indicates satisfactory 
performance. 

11.6.2 Flight Control Computer Analysis 

The FCC performed properly throughout the boost and coast phases of flight. 
Analyses of the angular velocity and attitude error signals indicate that 
these. signals, as telemetered from the FCC, correlate well with the same 
signals telemetered from the originating components. 

The outboard engine cant was. accomplished in accordance with the design 
expectations . 
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12.1 SUMMARY 

SECTION 12 

SEPARATION 

S-IC retro motor performance was satisfactory, with negligible thrust 
imbalance in the pitch and yaw planes. The data indicate 3 parameters 
out of 3 sigma tolerances, but this caused no problem. SpIC/S-II 
separation occurred nominally with adequate clearance between stages. 

The S-II ullage motors performed as expected. There was no photographic 
coverage of the second plane separation, but there was no indication of 
any clearance problems. The simulation calculation indicated that the 
separation was nominal. 

The S-II retro motors performed satisfactorily during S-II/S-IVB 
separation. The total impulse was greater than maximum for each of 
the four motors .. but this had no detrimental effect on motor performance. 
S- IVB ull age motor performance was sati sfactory. There was no chamber 
pressure instrumentation on this flight. S ... II/S-IVB separation occurred. 
nominally with no clearance problems. 

Spacecraft separation after Translunar Injection (TLI) was no~inal. The 
launch-vehicle attitude errors were less than ±O.l degree during the 
separation maneuver. The Spacecraft Lunar Module Adapter (SLA) panels 
were retracted and jettisoned from the launch vehicle on this flight and 
therefore caused no problems during separation. 

A summary of separation events and times of occurrence is given in 
Table 12-1. 

12.2 S-IC/S-II SEPARATION EVALUATION 

12.2.1 S-IC Retro Motor Performance 

Ignition signal to the retro motors occurred at 154.48 seconds. The 
retro motors· performed satisfactorily and provided for a successful 
S-IC/S~II first plane separation. As was observed on previous flights, 
however, the telemetered chamber pressures were higher than expected . 
Since this has been attributed to instrumentation characteristics, the 
data were biased using a characteristic velocity and known propellant 
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12.1 SUMMARY 

SECTION 12 

SEPARATION 

S-IC retro motor performance was satisfactory, with negligible thrust 
imbalance in the pitch and yaw planes. The data indicate 3 parameters 
out of 3 sigma tolerances, but this caused no problem. SpIC/S-II 
separation occurred nominally with adequate clearance between stages. 

The S-II ullage motors performed as expected. There was no photographic 
coverage of the second plane separation, but there was no indication of 
any clearance problems. The simulation calculation indicated that the 
separation was nominal. 

The S-II retro motors performed satisfactorily during S-II/S-IVB 
separation. The total impulse was greater than maximum for each of 
the four motors .. but this had no detrimental effect on motor performance. 
S- IVB ull age motor performance was sati sfactory. There was no chamber 
pressure instrumentation on this flight. S ... II/S-IVB separation occurred. 
nominally with no clearance problems. 

Spacecraft separation after Translunar Injection (TLI) was no~inal. The 
launch·vehicle attitude errors were less than ±O.l degree during the 
separation maneuver. The Spacecraft Lunar Module Adapter (SLA) panels 
were retracted and jettisoned from the launch vehicle on this flight and 
therefore caused no problems during separation. 

A summary of separation events and times of occurrence is given in 
Table 12-1. 

12.2 S-IC/S-II SEPARATION EVALUATION 

12.2.1 S-IC Retro Motor Performance 

Ignition signal to the retro motors occurred at 154.48 seconds. The 
retro motors· performed satisfactorily and provided for a successful 
S-IC/S~II first plane separation. As was observed on previous flights, 
however, the telemetered chamber pressures were higher than expected. 
Since this has been attributed to instrumentation characteristics, the 
data were biased using a characteristic velocity and known propellant 
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Table 12-1. Separation Event Time~ 

EVENT 
ACTUAL TIME (SEC) PREDICTED TIME (SEC) 
RANGE T I~1E RANGE BA~~E+ TIME BIl.SE + TI"1E 

LVDC Interrupt (S-IC OECO SensEd), 
Start of Time Base 3 (T3) 153.82 -- 151 .37 --
S-II Ullage Motor Fire Signal 154.29 0.47 151 .87 0.5 

S-IC/S-II Separation Command 154.47 0.65 152.07 0.7 

S-IC Retro Motor EBW Fire Signal 154.48 0.66 152.08 0.71 

S-IC/S-II Physical Separation 154.64 0.82 

S-II Engine Start Command 155.19 1.37 152.77 1.4 

S-II Second Plane Separation Command 184.47 30.65 182.07 30.7 

LVDC Interrupt (S-I1 ECO Sensed), 
Start of Time Base 4 (T4) 524.04 -- 521 .19 --
S-IVB Ullage Motor Ignition Command 524.78 0.74 521.89 0.7 

. 
S-II/S-JVB .Separation Command 524.90 0.86 521.99 0.8 ' 

S-)I Retro Motor EBW Fire Signal 524.93 0.89 522.02 0.83 

90 Percent Retrc Thrust 525.0 

S-IVB Engine Start Sequence Command 525.00 0.95 522.19 1.0 

S-II/S-IVB Separation Complete 526.0 1. 95 

S-IVB"Second ECO Interrupt, start 
of Time Base 7 (T7) 10,555.73 -- 10,552.48 --
Spacecraft Separation Command. 12,056.3 1500.6 12,052.48 1500.0 

S-IVB IU/CSM Physical Separation 
Complete 12,059.3 1503.6 

Spacecraft RCS Ignition Command 12,059.5 1503.8 

weights. Table 12-2 shows the performance of the retro motors. Even 
with the chamber pressure bias included, several of the parameters were 
out of the 3 sigma limit. This did not cause any problems. The chamber 
pressure measurement data for the motor on fin 0, position I, was lost 
due to RF blackout, but the motor apparently performed nominally. 

Thrust unbalance was negligible. Figure 12-1 shows the thrust versus 
time curves for the retro motor with the highest maximum thrust (fin B, 
position III), and the one with the lowest maximum-thrust (fin A, 
po sit ion I I) . 
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Table 12-1. Separation Event Time~ 

EVENT 
ACTUAL TIME (SEC) PREDICTED TIME (SEC) 
RANGE T I~1E RANGE \~~lE TIME BIl.SE + TI~E BA iE + 

LVDC Interrupt (S-IC OECO Sensed), 
Start of Time Base 3 (T3) 153.82 -- 151 .37 --
S-II Ullage Motor Fire Signal 154.29 0.47 151 .87 0.5 

S-IC/S-II Separation Command 154.47 0.65 152.07 0.7 

S-IC Retro Motor EBW Fire Signal 154.48 0.66 152.08 0.71 

S-IC/S-II Physical Separation 154.64 0.82 

S-II Engine Start Command 155.19 1. 37 152.77 1.4 

S-II Second Plane Separation Command 184.47 30.65 182.07 30.7 

LVDC Interrupt (S-I1 ECO Sensed), 
Start of Time Base 4 (T4) 524.04 -- 521 .19 --
S-IVB Ullage Motor Ignition Command 524.78 0.74 521.89 0.7 

. 
S-II/S-JVB .Separation Command 524.90 0.86 521 .99 0.8 ' 

S-}I Retro Motor EBW Fire Signal 524.93 0.89 522.02 0.83 

90 Percent Retrc Thrust 525.0 

S-IVB Engine Start Sequence Command 525.00 0.95 522.19 1.0 

S-II/S-IVB Separation Complete 526.0 1.95 

S-IVB"Second ECO Interrupt, start 
of Time Base 7 (T7) 10,555.73 -- 10,552.48 --
Spacecraft Separation Command. 12,056.3 1500.6 12,052.48 1500.0 

S-IVB IU/CSM Physical Separation 
Complete 12,059.3 1503.6 

Spacecraft RCS Ignition Command 12,059.5 1503.8 

weights. Table 12-2 shows the performance of the retro motors. Even 
with the chamber pressure bias included, several of the parameters were 
out of the 3 sigma limit. This did not cause any problems. The chamber 
pressure measurement data for the motor on fin 0, position I, was lost 
due to RF blackout, but the motor apparently performed nominally. 

Thrust unbalance was negligible. Figure 12-1 shows the thrust versus 
time curves for the retro motor with the highest maximum thrust (fin B, 
position III), and the one with the lowest maximum-thrust (fin A, 
po sit ion I I) . 

12-2 

i ,. 



r 

, . , 

.-

Table 12-2. S-IC Retro Motor Performance 

RETRO MOTOR 

Fin A - Pas I 

Pas II 

Fi n B - Pas II 

Pas I II 

Fin C - Pas III 

Pas IV 

Fin 0 - Pas IV 

Pas 1* 

Average 

Nominal 288.72°K 

EFFEC- AVG EFFECTIVE 
TIVE PRESSURE 
BURN N/cm2 2 
TIME)l (psia) 
{c;.f"C 

0.656 1110 

0.670 

0.651 

0.668 

0.655 

0.659 

0.653 

0.658 

(1610) 
1069 

(1551) 
1111 

(1611) 
1132 

(1642) 
1100 

(1595 ) 
1109 

(1609) 
1116 

(1619) 

1107 
(1605 ) 

(GO°F) Motor 0.648 1114 
(1616) 

-30 Limit 
288.72°K (60°F) 
Motor 0.610 

+30 Limit 
288.72°K (60°F) 
Motor 0.695 

1038 
(1505 ) 

1190 
(1726 ) 

*No data, measurement failure. 

PARAMETER 

TOTAL 
IMPULSE 

N-s 
(lbf-s) 3 

273,521 
(61,490) 
267,663 

(60,173) 
272,253 

(61,205) 
276,057 

(62,060) 
270,981 

(60,919) 
272,187 

(61 ,190) 
272,965 

(61 ,365) 

272,231 
(61,200) 

No Spec 

No Spec 

No Spec 

EFFECTIVE 
IMPULSE 

N-s 4 
(lbf-s) 

247,757 
(55,698) 
239,755 

(53,899) 
245,933 

(55,288) 
256,876 

(57,748) 
244,363 

(54,935) 
248,362 

(55,834) 
248,451 

(55,854) 

247,357 
(55,608) 

247,156 
(55,563) 

242,659 
(54,552) 

251 ,654 
(56,574) 

AVG EFfECTIVE 
THRUST 

N 
(1 bf) 5 

377 ,676 
(84,905) 
357,842 

(80,446) 
377,774 

(84,927) 
384,544 

(86,449) 
373 t 072 

(83,870) 
376,875 

(84,725 ) 
380,474 

(85.,534 ) 

375,470 
(84,409) 

386,564 
(86,903) 

364,412 
(81,923) 

408,716 
(91,883) 

1 Effective Burning Time - The effective burning time is the interval from at­
tainment of the initial 75 percent of maximum pressure on the ascending por­
tion of the pressure trace to the same level on the d~cay portion of the pres-
sure trace. -

2 Average Effective Pressure ~ The average effective pressure is the pressure 
time integral between the limits of effective burning time divided by the ef­
fective burning time. 

3 Total Impulse - Total impulse is the area under the thrust-time trace from 
zero time until the thrust returns to zero. 

II Effecti ve Impul se - The effecti ve impul se is the area under the thrust-time 
curve, between the limits of effective burning time. 

~ Average Effective Thrust - The average effective thrust is the effective im­
pulse divided by the effettive burning time. 
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Table 12-2. S-IC Retro Motor Performance 

RETRO MOTOR 

Fin A - Pas I 

Pos II 

Fi n B - Pas II 

Pos I II 

Fin C - Pos III 

Pas IV 

Fin 0 - Pos IV 

Pos 1* 

EFFEC- AVG EFFECTIVE 
TIVE PRESSURE 
BURN N/cm2 2 

H~~)l (psia) 

0.656 

0.670 

0.651 

0.668 

0.655 

0.659 

0.653 

1110 
(1610) 

1069 
(1551) 

1111 
(1611) 

1132 
(1642) 

1100 
(1595 ) 

1109 
(1609) 

1116 
(1619) 

Average 0.658 1107 
(1605 ) 

Nominal 288.72°K 
(GO°F) Motor 0.648 

-30 Limit 
288.72°K (60°F) 
Motor 0.610 

+30 Limit 
288.72°K (60°F) 
Motor 0.695 

1114 
(1616) 

1038 
(1505 ) 

1190 
(1726 ) 

*No data, measurement failure. 

PARAMETER 

TOTAL 
IMPULSE 

N-s 
(lbf-s) 3 

273,521 
(61,490) 
267,663 

(60,173) 
272,253 

(61,205) 
276,057 

(62,060) 
270,981 

(60,919) 
272,187 

(61 ,190) 
272,965 

(61 ,365) 

272,231 
(61,200) 

No Spec 

No Spec 

No Spec 

EFFECTIVE 
IMPULSE 

N-s 4 
(lbf-s) 

247,757 
(55,698) 
239,755 

(53,899) 
245,933 

(55,288) 
256,876 

(57,748) 
244,363 

(54,935) 
248,362 

(55,834) 
248,451 

(55,854) 

247,357 
(55,608) 

247,156 
(55,563) 

242,659 
(54,552) 

251 ,654 
(56,574) 

AVG EFfECTIVE 
THRUST 

N 
(1 bf) 5 

377 ,676 
(84,905) 
357,842 

(80,446) 
377,774 

(84,927) 
384,544 

(86,449) 
373 t 072 

(83,870) 
376,875 

(84,725 ) 
380,474 

(85.,534 ) 

375,470 
(84,409) 

386,564 
(86,903) 

364,412 
(81,923) 

408,716 
(91,883) 

1 Effective Burning Time - The effective burning time is the interval from at­
tainment of the initial 75 percent of maximum pressure on the ascending por­
tion of the pressure trace to the same level on the d~cay portion of the pres-
sure trace. -

2 Average Effective Pressure ~ The average effective pressure is the pressure 
time integral between the limits of effective burning time divided by the ef­
fective burning time. 

3 Total Impulse - Total impulse is the area under the thrust-time trace from 
zero time until the thrust returns to zero. 

II Effecti ve Impul se - The effecti ve impul se is the area under the thrust-time 
curve, between the limits of effective burning time. 

~ Average Effective Thrust - The average effective thrust is the effective im­
pulse divided by the effettive burning time. 
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Figure 12-1 . S-IC Retro Motor Thrust 

12.2.2 S-11 Ullage Motor Performance 

The S-II ullage motors performed within the required limits. Performance 
parameters of the four ullage motors are summarized in Table 12-3. Ullage 
motor fi ri ng occurred at 15!L 29 seconds. The ull age motor composi te 
thrust-time curve is shown in Figure 12-2. Chamber pressu~e measurements 
again indicated that motor web burn-through occurred as predirted. 

12.2.3 S-IC/S-II Separation Dynamics 

S-IC/S-II separation and associated sequencing was accomplished as 
planned. Subsequent S-IC and S-II dynamics provided adequate positive 
clearance between the stages. The predicted and measured dynamic 
pressures at separation were 0.0345 and 0.0397 N/cm2 (7.2 and 8.3 
1bf/ft2), respectively. Dynamic conditions at separation fell within 
estimated end conditions and well within staging limits. 

The first plane separation was monitored by accelerometers and rate 
gyros on each of the two stages. Separation rate transducers (extenso­
meters) provided relative separation rate data. For evaluation purposes, 
first p1arae separation dynamics were calculated using a computet .. program 
which took int~ account F-l thrust decay, S-IC retro motor thrust, 
S-II ullage motor thrust, initial trajectory 'conditions, engine gimbal 
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12.2.2 S-II Ullage Motor Performance 

The S-II ullage motors performed within the required limits. Performance 
parameters of the four ullage motors are summarized in Table 12-3. Ullage 
motor fi ri ng occurred at 15!L 29 seconds. The ull age motor -composi te 
thrust-time curve is shown in Figure 12-2. Chamber pressuMe measurements 
again indicated that motor web burn-through occurred as predirted. 

12.2.3 S-IC/S-II Separation Dynamics 

S-IC/S-II separation and associated sequencing was accomplished as 
planned. Subsequent S-IC and S-II dynamics provided adequate positive 
clearance between the stages. The predicted and measured dynamic 
pressures at separation were 0.0345 and 0.0397 N/cm2 (7.2 and 8.3 
lbf/ft2), respectively. Dynamic conditions at separation fell within 
estimated end conditions and well within staging limits. 

The first plane separation was monitored by accelerometers and rate 
gyros on each of the two stages. Separation rate transducers (extenso­
meters) provided relative separation rate data. For evaluation purposes, 
first p1arae separation dynamics were calculated using a computet .. program 
which took int~ account F-1 thrust decay, S-IC retro motor thrust, 
S-II ullage motor thrust, initial trajectory 'conditions, engine gimbal 
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Table 12-3. S-1l Ullage Motor Performance 
-

ULLAGE MOTOR PERFOR~ANCE LIMITS PARAMETER UNITS 
1 2 3 4 MAXIMUM I1INIl~UM 

Effecti ve Burn Time 1 sec 3.91-i 3.918 3.95 3.88 4.75 3.25 
N/cm2 672 669 662 674 896 Average Effective 

'Pressure 2 psi 975 970 960 978 1300 
Average Effective N 101,050 100,534 99,498 101 ,749 66,723 Thrust 3 lbf 22,717 22,601 22,368 22,874 15,000 
Maximum Thrust" N 109,133 107,994 105,921 109,342 129,666 1 bf 24,534 24,278 23,812 24,581 29,150 

NOMINAL Effective Burn Time N-s 368,833 366,947 363,166 371 ,382 373,206 Impulse S 1 bf-s 82,917 82,493 81 ,643 83,490 83,900 
, 

The above par,ameters correspond to parameters defined in the NR procuremel~t specification M£-90l-0089 as follows: 
1 

Burn Time - The time interval beginning on the ignition pressure transient when the chamber pressure has risen to 75 percent of the maximum pressure, and ending when the pressure has dropped to 75 percent of the maximum chamber pressure. 
2 

' Burn Time Average Pressure - The average effective pressure is the integrated area under the 

3 

" 

pressure-time curve between the points defined by the burn time definition and divided by the effective burn time. 

Burn Time Average Thrust - The average effective thrust is the area under the thrust-time curve bet\'wen the points defined in the burn time definition and divided by the effective burn time. 

Maximum Thrust - The maximum recorded thrust in the interval between the ignition phase and the beginning of final thrust decay. 

S Burn Time Impulse - The integral of the thrust-time trace during burn time. 

angles, and mass properties. The simulated first plane separation dynamics and separation distances agreed very well with the actual data. 
Figure 12-3 shows separation distances and relative velocities of the two stages and their re$pective contributions to the total. These velocities are changes in velocity magnitudes from time of physical separation; whereas the distances are measured relative to the time from ~VDC sensed S-IC DECO. The plot for separation distance also shows the point where the S-IC stage clears the J-2 engines, which extend beyond the separation plane by 0.41 meter (16 in.). Close agreement between the AS-S0'2 and AS .. 503 fl i ghts is sef.!n. 
Lateral clearance and longitudinal accelerations for the separation were nominal. The minimum clearance was calculated to be 1.33 meters (S2.4 in.) between engine No.1 and the S-IC stage. The calculated longitudinal acceleration indicated that physical separation occurred approximately 0.1 second later than on AS-S02. This was due to the retro motor thrust rising to full thrust approximately 0.1 second later than on As-502. 
S-IC pitch and yaw angular dynamics following separatiqn are shown 'in Figure 12-4. Angular rates are S-IC rate gyro measurements. Attitude deviations following separation are the integrals of the rates, with 
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Table 12-3. S-11 Ullage Motor Performance 

ULLAGE MOTOR PERFOR~ANCE LIMITS PARAMETER UNITS 
1 2 3 4 MAXIMUM I1INIl~UM 

Effecti ve Burn Time 1 sec 3.91-i 3.918 3.95 3.88 4.75 3.25 
Average Effective N/cm2 672 669 662 674 896 'Pressure 2 psi 975 970 960 978 1300 
Average Effective N 101 ,050 100,534 99,498 101 ,749 66,723 Thrust 3 lbf 22,717 22,601 22,368 22,874 15,000 
Maximum Thrust" N 109,133 107,994 105,921 109,342 129,666 1 bf 24,534 24,278 23,812 24,581 29,150 

NOMINAL Effective Burn Time N-s 368,833 366,947 363,166 371 ,382 373,206 Impulse S 1 bf-s 82,917 82,493 81 ,643 83,490 83,900 
, 

The above par,ameters correspond to parameters defined in the NR procuremel~t specification M£-90l-0089 as follows: 
1 

Burn Time - The time interval beginning on the ignition pressure transient when the chamber pressure has risen to 75 percent of the maximum pressure, and ending when the pressure has dropped to 75 percent of the maximum chamber pressure. 
2 

' Burn Time Average Pressure - The average effective pressure is the integrated area under the 

3 

" 

pressure-time curve between the points defined by the burn time definition and divided by the effective burn time. 

Burn Time Average Thrust - The average effective thrust is the area under the thrust-time curve bet\'wen the points defined in the burn time definition and divided by the effective burn time. 

r·laximum Thrust - The maximum recorded thrust in the interval between the ignition phase and the beginning of final thrust decay. 

S Burn Time Impulse - The integral of the thrust-time trace during burn time. 

angles, and mass properties. The simulated first plane separation dynamics and separation distances agreed very well with the actual data. 
Figure 12-3 shows separation distances and relative velocities of the two stages and their re$pective contributions to the total. These velocities are changes in velocity magnitudes from time of physical separation; whereas the distances are measured relative to the time from ~VDC sensed S-IC DECO. The plot for separation distance also shows the point where the S-IC stage clears the J-2 engines, which extend beyond the separation plane by 0.41 meter (16 in.). Close agreement between the AS-S0'2 and AS .. 503 fl i ghts is sef.!n. 
Lateral clearance and longitudinal accelerations for the separation were nominal. The minimum clearance was calculated to be 1.33 meters (S2.4 in.) between engine No.1 and the S-IC stage. The calculated longitudinal acceleration indicated that physical separation occurred approximately 0.1 second later than on AS-S02. This was due to the retro motor thrust rising to full thrust approximately 0.1 second later than on As .. 502. 
S-IC pitch and yaw angular dynamics following separatiqn are shown 'in Figure 12-4. Angular rates are S-IC rate gyro measurements. Attitude deviations following separation are the integrals of the rates, with 
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initial values being ihe measured attitude errors at physical separation. 
The angular rate histories for the ,s" .. rc following separation are similar 
to those measured duri ng AS-SOl and AS .. 502· fl i ghts. 

Figure 12-5 presents the angular dispersions of the S-II stage during 
separation. No significant difference existed between the AS .. 502 and 
AS-503 flights. 
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initial values being ihe measured attitude errors at physical separation. 
The angular rate histories for the ,s,,-.rc following separation are similar 
to those measured duri ng AS-SOl and AS .. 502· fl i ghts. 

Figure 12-5 presents the angular dispersions of the S-II stage during 
separation. No significant difference existed between the AS .. 502 and 
AS-503 flights. 
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12.3 S-II SECOND PLANE SEPARATION EVALUATION 

In the two previous flights, photographic coverage provided the only 
means of adequately monitoring second plane separation (this capability 
did not exist for AS-503 due to the lack of onboard cameras). Therefore, 
the dynamics of both the second stage and the separating interstage were 
calculated. These calculations utilized appropriate initial trajectory 
data, postflight mass characteristics, and J-2 engine plume character­
istics obtained from flight data. The figures shown represent these 
calculated results. 

The relative separation velocities, relative velocity contribution of 
each body to the total, and relative longitudinal separation distance 
between the two bodies are shown in Figure 12-6. Very good agreement 
is seen between AS-503 and AS-502 data. The velocities are the changes 
in velocities from time of physical separation. As was the case for the 
two previous flights, better agreement in relative velocity was obtained 
by using an electrical disconnect force of zero. The relative separation 
data also indicate very good agreement between AS-502 and AS-503 results. 
The separation was complete when the interstage passed the bottom of the 
J-2 engines and was calculated to have occurred at approximately 
185.54 seconds. Attitude errors and rates remained near zero during 
second plane separation as they did on AS-502. 

The body rates of the separating interstage, and the lateral clearances 
between the interstage and the engines were computed and were similar 
to the clearances on AS-502. There was a minimum clearance of 1.02 
meters (40 in.) between engine No.3 and the interstage ring at vehicle 
station 39.73 meters (1564 in.). The separation plane is located at 
vehicle station 44.70 meters (1760 in.). 

12.4 S-II/S-IVB SEPARATION EVALUATION 

12.4.1 S-II Retro Motor Performance 
I 

The four retro motors mounted on the S-II stage performed satisfactorily 
and separated the 5-11 stage from the S-IVB stage. The pressure buildup 
for all four retro motors began within 0.02 second of each other at 
524.82 seconds. The thrust and chamber pressure profiles for the four 
motors were very simil ar, and the maximum di fference in burn times was 
0.10 second. 

Table 12-4 presents the performance parameters for the individual motors. 
The total impulse for all four motors, and the burn time for motor No.1 
was greater than the maximum specified value. All other parameters were 
within the specified limits. The greater total impulses were due to burn 
times which were approximately 0.15 second longer than on AS-502. A 
large portion of the incr~ase.in burn times resulted from a slower 
thrust increase at motor ~gnition.The higher total impulses and longer 
burn times had'no detrimental effect on motor performance. The retro 
motor thrusts are shown in Figure 12-7. 
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12.3 S-II SECOND PLANE SEPARATION EVALUATION 

In the two previous flights, photographic coverage provided the only 
means of adequately monitoring second plane separation (this capability 
did not exist for AS-503 due to the lack of onboard cameras). Therefore, 
the dynamics of both the second stage and the separating interstage were 
calculated. These calculations utilized appropriate initial trajectory 
data, postflight mass characteristics, and J-2 engine plume character­
istics obtained from flight data. The figures shown represent these 
calculated results. 

The relative separation velocities, relative velocity contribution of 
each body to the total, and relative longitudinal separation distance 
between the two bodies are shown in Figure 12-6. Very good agreement 
is seen between AS-503 and AS-502 data. The velocities are the changes 
in velocities from time of physical separation. As was the case for the 
two previous flights, better agreement in relative velocity was obtained 
by using an electrical disconnect force of zero. The relative separation 
data also indicate very good agreement between AS-502 and AS-503 results. 
The separation was complete when the interstage passed the bottom of the 
J-2 engines and was calculated to have occurred at approximately 
185.54 seconds. Attitude errors and rates remained near zero during 
second plane separation as they did on AS-502. 

The body rates of the separating interstage, and the lateral clearances 
between the interstage and the engines were computed and were similar 
to the clearances on AS-502. There was a minimum clearance of 1.02 
meters (40 in.) between engine No.3 and the interstage ring at vehicle 
station 39.73 meters (1564 in.). The separation plane is located at 
vehicle station 44.70 meters (1760 in.). 

12.4 S-II/S-IVB SEPARATION EVALUATION 

12.4.1 S-II Retro Motor Performance 
I 

The four retro motors mounted on the S-II stage performed satisfactorily 
and separated the S-II stage from the S-IVB stage. The pressure buildup 
for all four retro motors began within 0.02 second of each other at 
524.82 seconds. The thrust and chamber pressure profiles for the four 
motors were very simil ar, and the maximum di fference in burn times was 
0.10 second. 

Table 12-4 presents the performance parameters for the individual motors. 
The total impulse for all four motors, and the burn time for motor No.1 
was greater than the maximum specified value. All other parameters were 
within the specified limits. The greater total impulses were due to burn 
times which were approxim~tely 0.15 second longer than on AS-502. A 
large portion of the increase.in burn times resulted from a slower 
thrust increase at motor ~gnition.The higher total impulses and longer 
burn times had-no detrimental effect on motor performance. -The retro 
motor thrusts are shown in Figure 12-7. 
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Table 12-4. AS-503 S-II Retro Motor Performance-

MOTOR SPECIFICATION LIMITS 

PARAMETER 
AT 288.9 oK (60 OF) 

1 2 3 4 AVERAGE MAXIMUM MINIMUM pas IV .... I pas II·II pas I·II pos r II. Iii 
Burn Time 1, sec 1. 71 1.61 1.63 1.66 1.65 1.67 1.38 
Average Burn Time Chamber 1149 1180 1205 1167 1176 1293 1065 
Pressure 2 , N/cm2 (psia) ( 1667) (1711 ) (1747) (1693 ) (1705) (1875 ) (1545 ) 
Maximum Thrust 3

, N(lbf) 176,372 185,802 189,628 187,759 184,890 193,142 152,129 
(39,650) (41,770) (42,630) (42,210) (41,565) (43,420) (34,200) 

Average Burn Time Thrust4
, 155,772 159,709 163,832 158,486 159,451 175,416 134,292 

N (1 bf) (35,019) (35,904) (36,831 ) (35,629) (35,846 ) (39,435) (30,190) 
1 

;~urn Time Total Impulses, 266,368 257,134 267,044 263,086 263,410 250,435 232,597 
N-s (lbf-s) (59,882) (57,806) (60,034) (59,144) 

1 

2 
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4 
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:z 
(\") 

o ..... .. .... 
Vl 
::> 
0:: 

(59,217) (56,300) (52,290) 

Burn Time - Defined in Section 6.2.1.30 of Thioko1 Model Specification TEMS-11. 

Burn Time Average Chamber Pressure - The average chamber pressure during burn time is the 
area under the pressure curve over the burn time, divided by the burn. time. 

Maximum Thrust· The highest thrust developed by the retro motor under any normal operating 
condition excluding ignition. 

Burn Time Average Thrust - The average thrust during burn time is the burn time total 
impulse divided by the burn time. 

Burn Time Total Impulse - The area under the thrust-time curve over the burn time. 
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Figure 12-7. S-I1 Retro Motor Th.,~~~st 
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Table 12-4. AS-503 S-II Retro Motor Performance-

MOTOR SPECIFICATION LIMITS 

PARAMETER 
AT 288.9 oK (60 OF) 

1 2 3 4 AVERAGE MAXIMUM MINIMUM pos IV .... I pos II.II pos I·II pos III·IV 
Burn Time 1, sec 1. 71 1.61 1.63 1.66 1.65 1.67 1.38 
Average Burn Time Chamber 1149 1180 1205 1167 1176 1293 1065 
Pressure 2 , N/cm2 (psia) ( 1667) (1711 ) (1747) (1693 ) (1705) (1875 ) (1545 ) 
Maximum Thrust 3

, N(lbf) 176,372 185,802 189,628 187,759 184,890 193,142 152,129 
(39,650 ) (41,770) (42,630) (42,210) (41,565) (43,420) (34,200) 

Average Burn Time Thrust4 , 155,772 159,709 163,832 158,486 159,451 175,416 134,292 
N (1 bf) (35,019) (35,904) (36,831 ) (35,629) (35,846 ) (39,435) (30,190) 

1 

;~urn Time Total Impulses, 266,368 257,134 267,044 263,086 263,410 250,435 232,597 
N-s (lbf-s) (59,882) (57,806) (60,034) (59,144) (59,217) (56,300 ) (52,290) 
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Burn Time - Defined in Section 6.2.1.30 of Thioko1 Model Specification TEMS-11. 

Burn Time Average Chamber Pressure - The average chamber pressure during burn time is the 
area under the pressure curve over the burn time, divided by the burn. time. 

Maximum Thrust· The highest thrust developed by the retro motor under any normal operating 
condition excluding ignition. 

Burn Time Average Thrust - The average thrust during burn time is the burn time total 
impulse divided by the burn time. 

Burn Time Total Impulse - The area under the thrust-time curve over the burn time. 
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12.4.2 S-IVB Ullage Motor Performance 

Ullage motor performance was satisfactory. The ullage motor ignition 
command was given at 524.78 seconds, with the jettison command at 
536.80 seconds. These times were within 0.05 second of predicted 
times relative to engine start command. No instrumentation existed 
to measure the chamber pressure of the ullage motors. 

12.4.3 S-II/S-IVB Separation Dynamics 

The analysis of separation dynamics was done by comparing the data from 
the AS-503 flight to that of AS.50l. Since the data compared very 
closely, detailed reconstruction was not performed to determine pre­
cisely the lateral clearance used and the separation completion time. 
From the comparative analysis performed it can be estimated that a 
detailed reconstruction would yield a separation completion time of 
approximately 1.0 second, and a lateral clearance utilization of less 
than 12.8 centimeters (5 in.). 

Figure 12-8 shows the longitudinal accelerometer data -for the S-II and 
S-IVB stages. 

The angular rates for both the S-II and the S-IVB stages are presented 
in Figure 12-9. The S-IVB rates were small with pitch and yaw rates 
less than to.2 deg/s. - The S-II rates reached 1.0 and 1.5 deg/s in pitch 
and yaw, respectively. 

12.5 S-IVB-IU-LM TEST ARTICLE (LTA)/COMMAND SERVICE MODULE (CSM) 
SEPARATION EVALUATION 

Spacecraft separation from the S-IVB-IU~LTA was performed while the 
vehicle was in an inertially frozen retrograde attitude to minimize 
separation transients. Separation was initiated by a command from the 
spacecraft at 12,056.3 seconds which was received by the LV DC at 
12,056.48 seconds. At 12,059.3 seconds the separation devices were 
ignited and separation was detected by the CSM. The SLA panels were 
retracted and jettisoned by a spring-loaded piston device, completing 
the separation sequence. At about 12,059.5 seconds the first motion 
of the CSM was commanded through the use of the spacecraft translational 
hand controller. Launch vehicle and spacecraft attitudes during the 
separation indicated attitude changes of less than to.l degree, and 
attitude rates were under to.l deg/s. The separation was completed 
with no clearance or attitude problems. The S~IVB-IU-LTA after 
separation is shown in Figure 12-10. 
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12.4.2 S-IVB Ullage Motor Performance 

Ullage motor performance was satisfactory. The ullage motor ignition 
command was given at S24.78 seconds, with the jettison command at 
536.80 seconds. These times were within O.OS second of predicted 
times relative to engine start command. No instrumentation existed 
to measure the chamber pressure of the ullage motors. 

12.4.3 S-II/S-IVB Separation Dynamics 

The analysis of separation dynamics was done by comparing the data from 
the AS-S03 flight to that of AS.S01. Since the data compared very 
closely, detailed reconstruction was not performed to determine pre­
cisely the lateral clearance used and the separation completion time. 
From the comparative analysis performed it can be estimated that a 
detailed reconstruction would yield a separation completion time of 
approximately 1.0 second, and a lateral clearance utilization of less 
than 12.8 centimeters (S in.). 

Figure 12-8 shows the longitudinal accelerometer data "for the S-II and 
S-IVB stages. 

The angular rates for both the S-II and the S-IVB stages are presented 
in Figure 12-9. The S-IVB rates were small with pitch and yaw rates 
less than to.2 deg/s." The S-II rates reached 1.0 and 1.S deg/s in pitch 
and yaw, respectively. 

l2.S S-IVB-IU-LM TEST ARTICLE (LTA)/COMMAND SERVICE MODULE (CSM) 
SEPARATION EVALUATION 

Spacecraft separation from the S-IVB-IU-LTA was performed while the 
vehicle was in an inertially frozen retrograde attitude to minimize 
separation transients. Separation was initiated by a command from the 
spacecraft at l2,OS6.3 seconds which was received by the LV DC at 
l2,OS6.48 seconds. At 12,059.3 seconds the separation devices were 
ignited and separation was detected by the CSM. The SLA panels were 
retracted and jettisoned by a spring-loaded piston device, completing 
the separation sequence. At about 12,059.5 seconds the first motion 
of the CSM was commanded through the use of the spacecraft translational 
hand controller. Launch vehicle and spacecraft attitudes during the 
separation indicated attitude changes of less than to.l degree, and 
attitude rates were under to.l deg/s. The separation was completed 
with no clearance or attitude problems. The S~IVB-IU-LTA after 
separation is shown in Figure 12-10. 

12-12 



, .: 

,lif.l 

" .. 

" :; .'~ 

" 

," 
j •• ,. 
r·" 
I~ •• 

, 
.:.. ... 

.,'111' 

5 

0 
N 

Vl 
......... 
E 

Z 
0 
........ 
I-

~ 
W 
....J -5 w 
U 
U 
<C 

....J 
<C 
z 
........ 
a 
::::> 
I-
........ 
(!) 

z 
0 -10 ....J 

-15 
-0.5 

524.4 

Fin hfli&t#.=±{~r~ 

. i . 

--AS-503 
- - - AS-50l 

S-IVB V ~ 
/ 

V-S-II 

"l ~ 
I.:¥ 

V 

", 
~'-/ 

V' 
o 0.5 1.0 1.5 

TIME FROM SEPARATION COMMAND, SECONDS 

524.9 525.4 525.9 526.4 

RANGE TIME, SECONDS 

Figure 12-8. S-II/S-IVB Longitudinal Acceleration 

12-13 

- 10 

0 

l- -10 

I- -20 

I- -30 

I---40 

2.0 

526.9 

N 
Vl ...... ....., 
4-.. 
Z 
0 ........ 
I-

~ 
W 
....J 
W 
U 
u 
<C 

....J 
<C 
z 
........ 
a 
::::> 
I-........ 
(!) 
z 
0 
....J 

',' 

, ~. 

., 
~ 

I 

~ 
1 

j 
I 

--AS-503 
- - - AS-50l 

5 

S-IVB 
~ V 

/ 
0 

N 
Vl 

......... 
E 

lif.l 
.. 

Z 
0 
........ 
I-

~ 
W 
....J -5 w ,. u 
u 
<C 

....J 
<C 
z 
........ 
Cl 
::::> 

V-S- II 
I-
........ 
(!) 

z 
0 -10 ....J 

"l r{ II 
I ~ 

'\ ", '/ 
~"""">"'-~ 

-15 
-0.5 o 0.5 1.0 1.5 

TIME FROM SEPARATION COMMAND, SECONDS 

524.4 524.9 525.4 525.9 526.4 

RANGE TIME, SECONDS 

Figure 12-8. S-II/S-IVB Longitudinal Acceleration 

12-13 

I-

-

I-

I--

'--

2.0 

10 

o 

.. 
z 
o ........ 

-10 I­
~ 
W 
....J 
W 
U 
u 
<C 

-20 ....J 
<C z 
........ 
Cl 
::::> 
I-........ 
(!) 

-30 z o 
....J 

-40 

526.9 



w:E 
~>o 
ex:-~U'1 
-I ..... u.. .......... 
:::> - 0) 
c.!'V')ClQ) 
ZOW"'O 
c:(o...3: 

........ w '" ---IW>~ 
-I..... ex: 
o ex: 3:.W 
~~U~ 

--AS-503 
---AS-50l 

1.0~----------r--------r-------~~~--~ 

-- - -- ""-
"- ....... 

S - I 1 ---."- ~ ... -1.0L---______ -L ________ ~ ______ ~ ______ ~ 

2.0~------~--------_.-------

1.0~------~--·------+_-------~~----~ 

S-lVG 
O~------~~~~=__+---------~------~--I 

--~-- .............. 
....... ........ "" S-IVB.J ...... 

- 1. 0 ...-----+-----+------t-.. ,------PL-d 

S-11 

-2.0~ _________ ~ ___________ ~ ____________ ~ ________ ~ 

1.0~------~~------~-------_,-----~ 

0~-------_+~------~---------+------~~1 

---l.O~ _________ ~ _________ ~ ___ ~~~S_-_I_I:Jr _____ -~ 
.,.0.5 o 1.0 1.5 

TIt/lE FRor~ SEPARATION Cor\'~1AND, SECONDS 

J I L 
524.4 524.9 525.4 525.9 526.4 

RANGE TIME, SECONDS 
Fi gure 12-9. S- I I and S- I VB Angu1 ar Di spers ions 

During S-II/S-IVB Separation 

w:E 
~>o 
ex:-~U'1 
-I ..... u.. ......... , :::> _ 0') 

c.!'V')ClQ) 
zow-o 
c:(o...3: 

........ w '" ---IW>~ 
-I..... ex: 
o ex: 3:.W 
~~u~ 

--AS-503 
---AS-50l 

1.0~----------r--------r--------.~~----' 

-- - -- ""-
"- ....... 

S - I 1 ---."- ~'" -1.0L---_____ -L ________ ~ ______ ~ ______ ~ 

2.0~------_.--------_.-------

1.0~------~--·------+_------~~------~ 

S-lVB 
O~------~~~~~_+---------~------~--I 

--~-- .............. 
....... ........ "" S-IVB.J ...... 

- 1. 0 t------t-----+-------t--. ,--....:p.L-,d 

S-11 

-2.0~ ______ ~ ________ ~ ________ ~ _______ ~ 

1. 0 .---------w---------. -----~----.-_1 

S-II 

O~-------~~--------~---------~----~~I ---_l.O~ _________ ~ _________ ~ ___ ~~~S_-_I_I:Jr _____ -~ 
.,.0.5 0 1 .0 1 .5 

TIME FROM SEPARATION COMMAND, SECONDS 

J I L 

524.4 524.9 525.4 525.9 526.4 
RANGE TIME, SECONDS 

Figure 12-9. S-II and S-IVB Angular Dispersions 
During S-II/S-IVB Separation 

12-14 



.. .. ~ 

Fi gu re 12-1 0 . S- I 8- I U- lTA Af e Separation 

12-15/12-16 

Figure 12-1 0. S-I VB - IU-lTA A e Separation 

1 
12-15/12-16 



r 

" , 

. " 

.' 
'. , :-; ~ . . 

13. 1 SUMMARY 

SECTION 13 

ELECTRICAL NETWORKS 

The launch vehicle electrical networks are comprised of independently 
battery-powered electrical systems for the four stages with interconnecting 
cab 1 i ng to sa ti s fy stage to stage e 1 ectri ca 1 i nterfact: requi rements . Each 
stage electrical system distributes power to continuous users, such as 
instrumentation and communications, and responds to commands initiated 
either by the stage or the Instrument Unit (IU) through the stage switch 
selector. 

In general, all AS-503 launch vehicle electrical systems performed satis­
factorily. The power prof; 1 es of all stages were normal and all stage 
and switch selector commands were properly executed. The only deviation 
or out-of-to1erance conditions noted during the flight were: 

a. The intermittent operation of 3 temperature brtdge power supplies on 
the S-II stage. Two of these supplies were affected for approximately 
30 seconds through maximum dynamic pressure (Max Q) and the third for 
approximately 30 seconds starting at low Propellant Utilization (PU) 
step . 

b. The S-IVB aft 5 volt excitation module dropped below the minimum of 
4.975 vdc from apprOXimately 9410 to 10,691 seconds. 

13.2 S-ICSTAGE ELECTRICAL SYSTEM 

The S-IC stage electrical power i~ obtained from five 28-vdc batteries and 
is distributed to stage components through the power distribution system~ 
Battery No.1 furnishes operational power and battery No.2, instrumentation 
power. Batteries No.3, 4, and 5 furnish power for the optical instrumen­
tation system all of which will be deleted from AS-504 and subsequent 
vehicles. 

The electrical system performance during 'S-TCpowered flight was excel­
lent. 

Ba tteri es No. 1 and No. 2 performed near predi cti on. Both battery vO.l tages 
remained well wi thin the 1 i mi ts of 26.5 to 32 vdc and currents stayed 
be low 45 percent of the 1 im; t of 64 amperes for battery No. 1 and below 

13. 1 SUMMARY 

SECTION 13 

ELECTRICAL NETWORKS 

The launch vehicle electrical networks are comprised of independently 
battery-powered electrical systems for the four stages with interconnecting 
cabling to satisfy stage to stage electrical interfact: requirements. Each 
stage electrical system distributes power to continuous users, such as 
instrumentation and communications, and responds to commands initiated 
either by the stage or the Instrument Unit (IU) through the stage switch 
selector. 

In general, all AS-503 launch vehicle electrical systems performed satis­
factorily. The power profi 1 es of all stages were normal and all stage 
and switch selector commands were properly executed. The only deviation 
or out-of-to1erance conditions noted during the flight were: 

a. The intermittent operation of 3 temperature brii.dge power supplies on 
the S-II stage. Two of these supplies were affected for apprOXimately 
30 seconds through maximum dynamic pressure (Max Q) and the third for 
approximately 30 seconds starting at low Propellant Utilization (PU) 
step. 

b. The S-IVB aft 5 volt excitation module dropped below the minimum of 
4.975 vdc from apprOXimately 9410 to 10,691 seconds. 

13.2 S-ICSTAGE ELECTRICAL SYSTEM 

The S-IC stage electrical power i~ obtained from five 28-vdc batteries and 
is distributed to stage components through the power distribution system~ 
Battery No.1 furnishes operational power and battery No.2, instrumentation 
power. Batteries No.3, 4, and 5 furnish power for the optical instrumen­
tation system all of which will be deleted from AS-504 and subsequent 
vehicles. 

The electrical system performance during 'S-TCpowered flight was excel­
lent. 

Ba tteri es No. 1 and No. 2 performed near predi cti on. Both battery vO.l tages 
remained well wi thin the 1 imi ts of 26.5 to 32 vdc and currents stayed 
be low 45 percent of the 1 im; t of 64 amperes for battery No. 1 and below 
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80 percent of the limit of 125 amperes for battery No.2, as shown in 
Figures 13-1 and 13-2, respectively. (See Section 2, Table 2-2 for Event 
Times reference). No battery current steps, such as those noted around 
S-IC/S-II separation on both AS-SOl and AS-502, were experienced on this 
flight. 

Batteries No.1 and No.2 usage was very close to predicted operation as 
shown in Table 13-1. These batteries were not instrumented to measure 
temperatures. The three optical instrumentation batteries were not in­
strumented to measure voltage and amperage and their performance could 
not be evaluated. 

Seven 5-vdc power supplies provide closely regulated voltages for stage 
instrumentation. These power supply voltages stayed within design limits 
of 5 to.OS vdc. No power supply voltage drops were experienced as on 
AS-502. 

There were 20 switch selector functions programmed for S-IC. All switch 
selector channels functioned correctly as commanded by the IU. 

The separation and retro motor Explosive Bridge Wire (EBW) firing units 
were armed and triggered as programmed. Charging time and voltage 
characteristics of the EBW firing units were as predicted and within de­
sign specifications. Separation and retro motor ignition charging time 
and voltage characteristics were within predicted limits. 

13.3 S-II STAGE ELECTRICAL SYSTEM 

The S-II stage electrical system utilizies four 28-vdc batteries, the out­
put of which is distributed to stage components through the power distri­
bution system. Two of these batteries are connected in series to furnish 
56 vdc to the five LH2. recirculation pump inverters. 

The S-II electrical system perfor~ed satisfactorily during all phases of 
the AS-503 flight. 

Operation of the improved batteries, first used on this flight, were 
excellent. Battery bus voltages stayed well within specified limits 
during the flight, as shown in Figure 13-3 through 13-6. (See Section 2, 
Table 2-2 and Table 2-3 for Event Times reference). Main bus current 
averaged 38 amperes during S-IC boost and varied from 54 to 58 amperes 
during S-Il boost. Instrumentation bus current varied from 54 to 58 amperes 
during S-IC and S-II bpost. Recirculation bus current averaged 92 amperes 
during S-IC boost. Ignitio'n bus current averaged 28 amperes during the 
S-Il ignition sequence. No current spikes were experienced around J-2 
engine No.2 cutoff, as on AS-502. 

Battery usages, in ampere-hours and as a percent of rated capacity, to­
gether with battery temperatures, are shown in Table 13-2. Battery power 
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80 percent of the limit of 125 amperes for battery No.2, as shown in 
Figures 13-1 and 13-2, respectively. (See Section 2, Table 2-2 for Event 
Times reference). No battery current steps, such as those noted around 
S-IC/S-II separation on both AS-SOl and AS-502, were experienced on this 
flight. 

Batteries No.1 and No.2 usage was very close to predicted operation as 
shown in Table 13-1. These batteries were not instrumented to measure 
temperatures. The three optical instrumentation batteries were not in­
strumented to measure voltage and amperage and their performance could 
not be evaluated. 

Seven 5-vdc power supplies provide closely regulated voltages for stage 
instrumentation. These power supply voltages stayed within design limits 
of 5 to.OS vdc. No power supply voltage drops were experienced as on 
AS-502. 

There were 20 switch selector functions programmed for S-IC. All switch 
selector channels functioned correctly as commanded by the IU. 

The separation and retro motor Explosive Bridge Wire (EBW) firing units 
were armed and triggered as programmed. Charging time and voltage 
characteristics of the EBW firing units were as predicted and within de­
sign specifications. Separation and retro motor ignition charging time 
and voltage characteristics were within predicted limits. 

13.3 S-II STAGE ELECTRICAL SYSTEM 

The S-II stage electrical system utilizies four 28-vdc batteries, the out­
put of which is distributed to stage components through the power distri­
bution system. Two of these batteries are connected in series to furnish 
56 vdc to the five LH2. recirculation pump inverters. 

The S-II electrical system perfor~ed satisfactorily during all phases of 
the AS-503 flight. 

Operation of the improved batteries, first used on this flight, were 
excellent. Battery bus voltages stayed well within specified limits 
during the flight, as shown in Figure 13-3 through 13-6. (See Section 2, 
Table 2-2 and Table 2-3 for Event Times reference). Main bus current 
averaged 38 amperes during S-IC boost and varied from 54 to 58 amperes 
during S-Il boost. Instrumentation bus current varied from 54 to 58 amperes 
during S-IC and S-II bpost. Recirculation bus current averaged 92 amperes 
during S-IC boost. Ignitio'n bus current averaged 28 amperes during the 
S-Il ignition sequence. No current spikes were experienced around J-2 
engine No.2 cutoff, as on AS-502. 

Battery usages, in ampere-hours and as a percent of rated capacity, to­
gether with battery temperatures, are shown in Table 13-2. Battery power 
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Table 13-1. S-IC Stage Battery Power Consumption 

BATTERY BUS CAPACITY 
DESIGNATION At1P /~nN 

POHER CONsur·1PTION· 
At4P /t~IN, 

MAXIMUM 
EXPECTED ACTUAL 

PERCENT 
OF 

CAPACITY 

Operation No.1 

Instrumentation No.2 

Optical Instrumenta­
tion No. 3 

Optical Instrumenta­
tion No. 4 

Optical Instrumenta­
tion No. 5 

~ 010 

1020 

1030 

1040 

1050 

640 

1250 

640 

1250 

1250 

33.6 

378.2 

34.2 

391.5 

Not Instrumented 

Not Instrumented 

Not Instrumented 
I 

NOTES: 1. Battery capacities are based on 10 minute discharge time. 

5.3 

31.3 

2. Actual power consumption for Battery No.1 \'Jas calculated from -50 
seconds to S-IC/S-II stage separation. ~ 

3. Actual power consumption foy' Battery No.2 was calculated from -50 
. to 210 seconds. 

Table 13-2. S-11 Stage Battery Power Consumption 

*POWER CONSUMPTION 

BUS CAPACITY Sec PERCENT OF J TEMPERATURE 
BATIERY DESIGNATION (AMP-HR) AMP-HR CAPACITy MAX MIN 

Main 2011 35 8.64 24.7 308°K 304°K 
(95°F) (87°F) 

Instrumentation 2.021 35 11.1 31. 7 312°K 305°K 
rOl.50F) (90°F) 

Recirculation No. 1 2051 30 5.21 17.4 299°K 302°K 
(84 c F) (79°F) 

Recirculation No. 2 2051 30 5.25 17 .5 301°K 299°K 
and 2061 (83°F) 78.5°F) 

* Power consumption calculated from -50 seconds (Power Transfer). 
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consumptions and temperatures were very close to those experienced on 
AS-S02, except that percent usage of the t~/O reci rcul ati on batteri es 
was somewhat higher on AS-S03. 

Five S-vdc power supplies furnish closely regulated voltages for stage 
instrumentation. The pO~/er supplies satisfactorily provided proper 
measuring voltage to the telemetry and other instrumentation. 

Three of the lS S-II temperature bridge power supplies operated inter­
mittently for short periods, (see Figure 13-7) as follows: 

BRIDGE POWER SUPPLY 
MEASUREMENT NO. 

M046 

M059 

MOS3 

INTERMITTENT OPERATION, 
RANGE TIME,SECONDS 

71.S to 9S.0 

69.0 to 104.0 

443.0 to 470.0 

REMARKS 

During 
Max Q 

After low 
PU step 

This deviation resulted in the temporary loss of various temperature measure­
ments as detailed in paragraph 19.2.2. Indications are that the inter-
mi ttent ope rati on was caused by a d-imens i ona 1 to1 erance buil dup between 
the power supplies and the chassis, resulting in improper pin engagement 
of the mating connector (see Figure 13-8) during periods of higher than 
average vibration. Steps are being taken to correct this problem, but 
is is not considered a flight critical item. 

The fi ve LH2 reci rculati on inverters whl ch furni sh power for the reci r­
cu1ation pumps operated properly during the J-2 engine chilldown period. 

For the first time, two separate stage power supply sources (one on 
previous flights) were used to power the output section of the switch 
selector for increased reliability. Performance of the switch selector 
was (~xc!~l1ent. Also for the first time, redundant power supply sources 
(one on previous flights) were used to electrically control the separa­
tion system relay circuitry for the two EBW firing units, which are 
associated with each separation system function. This redundancy was 
for increased reliability. The system is completely redundant except 
in the case of the a11-engine-cutoff signals which are required for the 
trigger relay circuitry of S-II and S-IVB separation and retro motor' 
ignition. These signals originate from either: (a) switch selector 
channel 18, all-engine cutoff, (b) LH2 liquid level cutoff sensors dry 
(two out of five) or (c) LOX sensors dry (two out of five). On AS-S03, 
these signals obtained power only from a single source, the main power 
bus. On subsequent flights, switch selector channel 18 all-engine cut­
off rel ay ci rcui try wi 11 be powered from two separate power supply sources . 
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Figure 13-8. S-IVB Stage Bridge Power Supply 
Mounting and Chassis, Typical 

PO~JER SUPPLY 

Performance of the EBW circuitry for the separation system was satisfactory 
during the flight. EBW firing units charge and discharge responses were 
within predicted time and voltage limits. 

13.4 S-IVB STAGE ELECTRICAL SYSTEM 

The S-IVB stage electrical system includes three 28-vdc and one 56-vdc 
batteries to supply stage components through the power distribution system. 
The electrical system performed satisfactorily throughout all pras~s of 
flight and responded normally to IU commands. 

In general, battery voltages, currents and temperatures stayed well with'in 
acceptable limits during boost and restart, as shown in Figures 13-9 
through 13-12. Battery temperatures remained below the 322°K (120°F) 
limits for the powered portion of the flight (this limit does not apply 
after insertion into orbit). The highest tempe·rature of 324°K (124°F) 
was reached on forward battery No.2 during trans1unar coast (after injection). 

S-IVB stage battery usage in ampere-hours and as a percent of rated capa-
city are given in Table 13-3. These parameters were within design limits. 
Forward battery No. 2 was expended at approxi mate ly 27,000 seconds, at 
which time the voltage was 24 vdc, one volt below minimum and falling rapidly. 
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Table 13-3. S-IVB Stage Battery Power Consumption 

POWER CONSUMPTION PERCENT OF 
BATTERY CAPACITY CAPACITY 

(AMP-HRS) 'MAXIMUM ACTUAL EXPECTED 
AMP!'"HRS AMP-HRS 

Fwd No. 1 228 164 147 64 

Fwd No. 2 25 25 24 96 -Aft No. 1 228 58 46 20 

Aft No. 2 67 40 33 49 

1 • Capacities are specification values. 

2. Maximum expected power consumption based on maximum 
expected values for 6.5 hour flight. 

3. Actual power consumption for Fwd 1, Aft 1 and Aft 2 
based on 21,300 sec (5 hrs 55 min) of available flight 
data. 

4. Actual power consumption for Fwd No.2 based on 27,000 sec 
(7 hrs 30 min) of available flight data. 

~---------------------------,------------------------------~ 

Three 5-volt excitation modules provide closely regulated measuring voltage 
to instrumentation measurement transducers and signal conditioners. Two 
of these modules are mounted forward and one aft. The two forwardS-volt 
excitation modules provided proper measuring voltage at 5 to.025 vdc. 
The aft 5-volt excitation mjdule dropped below the minimum of 4.975 vdc 
to 4.970 vdc from'approximately 9410 to 10,691 seconds. Since the 5 volt 
reference did not reflect the low voltage condition, it is likely that 
the 5-volt excitation module signal conditioning network experienced a 
slight degradation. The telemetry performance was not affected by the low 
voltage. 

Eleven 20-vdc excitation modules provide signal conditioning power for 
event measuY'ements, and exci tati on power for temperature and vol tage 
measurements. The excitation modules performed satisfactorily. The LOX 
and LH2 chilldown inverters which fUrnish power to the LOX and LH2 recir­
cul ati on pumps, performed ina sati s factory manner and met thei r load 
requi rements . 

In general, the PU system performed satisfactorily. However, during 
restJ.rt the PU static inverter/converter indicated positive level shifts 
(above its limits of 5 to.1 vdc and 400 ±6 Hz) during the PU hardover 
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mode of operation. Since the 117-vdc summing potentiometer loads are 
removed when the PU hardover command is initiated, the unregulated out­
put of the oscillator module in the inverter/converter is affected, so 
that these shifts are to be expected and do not degrade PU system per­
formance. The PU static inverter/converter also exhibited a positive 
out of level frequency shift for a short period during PU hardover 
operation on AS-SOl and exceeded the upper voltage limit on AS-502 flight. 
Modifications to minimize the level shifts are being considered for ~ 
AS-504 and subsequent vehicles. 

The switch selector functioned correctly and all IU commands were properly 
executed. 

All EBW firing units responded as predicted. The ullage motor ignition 
EBW firing units were charge~ at 484.99 seconds and fired at 524.78 sec­
onds. The ullage motor jettison EBW firing units were charged at 533.80 
onds and fired at 536.80 seconds. 

13.5 INSTRUMENT UNIT ELECTRICAL SYSTEM 

sec-

The IU electrical system utilizes four 28-vdc batteries and a bus tHfttliork 
to distribute power to the various IU components. The followin9 {:onfi9<e 
uration changes were made effective on S-IU-503 to enhance the r'i~i~bnity 
of the unit for manned flight. 

a. A redundant power path was added to the Switch Selector st&ge \1@rif?",,' 
cation circuitry. 

b. Separate routi n9 paths from pri mary power sources (batteri es) to the 
Power Distributor were added. 

c. All printed wiring boards that routed critical signals were rede.signed 
by using a "double solder point" technique, to ensure greater relia­
bility of solder connections. 

d. A redundant power path was added to el imtnatf~ a si ngl e poi nt fail ure 
possibility in the wiring of the Electrical Subsystem to the Control 
Signal Processor. 

e. Addition of the 02/H2 burner malfunction signal from the S-IVB to the 
LVDA. 

f. Addition of circuitry in the Control Distributor to provide spacecraft 
control of the IU Command Subsystem. 

g. Addition of circuitry in the Control Distributor to provide commands 
to actuate bias currents in the Flight Control Computer. 
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IU electrical system data was available through approximately the first 
5.9 hours (21,240 seconds) of flight. Based on this data, the electrical 
system as modified for AS-503 operated satisfactorily. Battery voltages,· 
and currents remained well within predicted limits as shown in Figures 13-13 
through 13-16. As expected, voltages increased in proportion to battery 
temperature increases, ranging from approximately 27.5 vdc during launch 
to 28.8 vdc and after 5.9 hours (21,240 seconds) of flight. Highest 
current drain (35 amperes) was on the 6030 battery, which also registered 
the greatest temperature increase, from 291°K to 314.5°K (64.4°F to 106.7°F). 

Battery usage, in ampere-hours and as a percent of rated capacity, was 
well within design limits, as shown in Table 13-4. 

Table 13-4. IU Battery Power Consumption 

POWER CONSUMPTION 
BUS CAPACITY' PERCENT AVERAGE PREDICTED 

BATTERY DESIG- (AMP-HRS) AMP-HRS OF CURRENT L I FE (HRS) 
NATION (AMPS) CAPACITY 

No. 1 6010 350 192.3 54.9 32.6 10.74 

No. 2 6020 350 200.6 57.3 34.0 10.29 

No. 3 6030 350 209.4 59.8 35.5 9.86 

No. 4 6D40 350 177.0 50.6 30.0 11 .67 

NOTES: l. Capacity based upon 10.0 hours operation at 35 amp di scharge 
rate .. 

2. Actual power consumption based upon 5.9 hours operation 
from range zero. 

Analysis of the voltage trace envelope indicates that the 56-volt power 
supply, which supplies voltage to the gyro, accelerometer servoloops and 
accelerometer signal conditioner, remained well within the limits of 
56 ±2.5 vdc. 

The 5-vo1t measuring reference voltage supply measurements indicated 
approximately 5.04 vdc output, which is above the design specifications 
of 5.000 ±0.005 vdc. However, the telemetry tolerance of. 0.8 percent 
cou1 d account for the out. of 1 i mi ts condi ti on andte 1 emetry data showed 
no detectable inaccuracies. 

Available data indicates that the IU switch selector performed nominally 
throughout the flight. 
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IU electrical system data was available through approximately the first 
5.9 hours (21,240 seconds) of flight. Based on this data, the electrical 
system as modified for AS-503 operated satisfactorily. Battery voltages,· 
and currents remained well within predicted limits as shown in Figures 13-13 
through 13-16. As expected, voltages increased in proportion to battery 
temperature increases, ranging from approximately 27.5 vdc during launch 
to 28.8 vdc and after 5.9 hours (21,240 seconds) of flight. Highest 
current drain (35 amperes) was on the 6030 battery, which also registered 
the greatest temperature increase, from 291°K to 314.5°K (64.4°F to 106.7°F). 

Battery usage, in ampere-hours and as a percent of rated capacity, was 
well within design limits, as shown in Table 13-4. 

Table 13-4. IU Battery Power Consumption 
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NATION (AMPS) CAPACITY 

No. 1 6010 350 192.3 54.9 32.6 10.74 

No. 2 6020 350 200.6 57.3 34.0 10.29 

No. 3 6030 350 209.4 59.8 35.5 9.86 

No. 4 6D40 350 177.0 50.6 30.0 11 .67 

NOTES: l. Capacity based upon 10.0 hours operation at 35 amp di scharge 
rate .. 

2. Actual power consumption based upon 5.9 hours operation 
from range zero. 

Analysis of the voltage trace envelope indicates that the 56-volt power 
supply, which supplies voltage to the gyro, accelerometer servoloops and 
accelerometer signal conditioner, remained well within the limits of 
56 ±2.5 vdc. 

The 5-vo1t measuring reference voltage supply measurements indicated 
approximately 5.04 vdc output, which is above the design specifications 
of 5.000 ±0.005 vdc. However, the telemetry tolerance of. 0.8 percent 
coul d account for the out. of 1 i mi ts condi ti on andte 1 emetry data showed 
no detectable inaccuracies. 

Available data indicates that the IU switch selector performed nominally 
throughout the flight. 
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SECTION 14 
'. RANGE SAFETY AND COMMAND SYSTEMS 

14.1 SUMMARY 

Data indicated that the redundant Secure Range'Safety Command 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 vehicle destruct. The system properly safed the S-IVB 
SRSCS en command from Kennedy Space Center (KSC). The performance of the 
Command and Communications System (CCS) in the Instrument Unit (IU) was 
sa tis fa c to ry . 

14.2 RANGE SAFETY COMMAND SYSTEMS 

The SRSCS provides a means to terminate the flight of the vehicle by radio 
command from the ground in case of emergency situations in accordance 
with range safety requirements. After successful insertion into earth 
orbit, the system is deactivated (safed) by ground command. Each powered 
stage of the vehicle was equipped with two command receivers/decoders 
and necessary antennas. The SRSCS in each stage was completely independent 
of those in other stages. 

Three types of SRSCS commands were programmed for this manned flight as 
foll ows: 

a. Arm/fuel cutoff - Charging of the Exploding Bridge Wire (EBW) 
firing unit and thrust termination. 

b. Destruct - Propellant dispersion by firing of the EBW. 

c. Safe - Command system switched off. 

During flight, telemetry indicated that the command antennas, receivers! 
decoders, and destruct controllers functioned properly and were in the 
required state of readiness if needed. Since no arm/cutoff or destruct 
commands were required, all data except receiver signal strength remained 
unchanged during the flight. At 708.7 seconds the safing command was 
initiated, deactivating the system. Both S-IVB stage systems, the only'" 
systems in operation at this time, responded properly to the sa.fing , 
command. 
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Command and Communications System (CCS) in the Instrument Unit (IU) was 
sa tis fa c to ry . 

14.2 RANGE SAFETY COMMAND SYSTEMS 

The SRSCS provides a means to terminate the flight of the vehicle by radio 
command from the ground in case of emergency situations in accordance 
with range safety requirements. After successful insertion into earth 
orbit, the system is deactivated (safed) by ground command. Each powered 
stage of the vehicle was equipped with two command receivers/decoders 
and necessary antennas. The SRSCS in each stage was completely independent 
of those in other stages. 

Three types of SRSCS commands were programmed for this manned flight as 
foll ows: 

a. Arm/fuel cutoff - Charging of the Exploding Bridge Wire (EBW) 
firing unit and thrust termination. 

b. Destruct - Propellant dispersion by firing of the EBW. 

c. Safe - Command system switched off. 

During flight, telemetry indicated that the command antennas, receivers! 
decoders, and destruct controllers functioned properly and were in the 
required state of readiness if needed. Since no arm/cutoff or destruct 
commands were required, all data except receiver signal strength remained 
unchanged during the flight. At 708.7 seconds the safing command was 
initiated, deactivating the system. Both S-IVB stage systems, the only'" 
systems in operation at this time, responded properly to the sa.fing , 
command. 
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Radio Frequency (RF) performance aspects of the system are discussed in 
Section 19, paragraph 19.5.3.1. 

14.3 COMMAND AND COMMUNICATIONS SYSTEM 

Oral reports from Mission Control Center (MCC)/Houston indicate that the 
command section of the CCS performed satisfactorily. All commands trans­
mitted during this mission were sent from Guaymas (GYM) after S-IVB second 
burn as indicated in Table 14-1. A total of 2626 known command words, all 
of which were in connection with the CCS test, w~re sent as follows: 

a. Fourteen CCS antenna switching commands (one command word each) were 
transmitted by the ground station to select omnidirectional, low gain 
directional or high gain directional antennas. The CCS antenna 
switching commands also switched the Pulse Code Modulation (PCM) 
antennas. 

b. Fifty-one Special Test Pattern (STP) sequences consisting of 51 identi­
cal words each (total 2601 words) were transmitted by the ground 
station. 

c. Eleven terminate commands, consisting of one command word each, were 
transmitted by the ground station. " 

The CCS low gain directional antenna and the CCS high gain directional 
antenna were also selected by programmed switching at 11,756 seconds 
(3:15:56) and 19,636 seconds (5:27:16), respectively. 

Unofficial sources in Houston have stated that several commands had to 
be retransmitted, as shown in Table 14-1, because of inability to establish 
down link lock, during times of low signal strength, on the UHF telemetry 
link used to verify commands during the translunar coast period. No 
attempts were made to transmit commands after 21,730 seconds (6:02:10) 
due to increasing difficulties experienced in obtaining verification 
pulses occasioned by UHF down link lock problems discussed above. 

Good correlation cannot be made with the commanded switch selector events 
shown in Section 2, Table 2-4, due to the incomplete listing in Table 2-4. 
and the absence of some ground station command history. 

RF performance of the system is discussed in Section 19, paragragh 19.5.3.1. 
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Table 14-1. Command and Communications System Command History, AS-503 

RANGE TIME COMMAND ANTENNA SELECTEO 
Seconds 

(HRS:MIN:SEC) 
.. ,,~ 

From To 

13)500 13,830 STP every 30 seconds Low Gain 
(3:45:00) (3:50:30) (12 patterns) 

18,990 Terminate Command Low Gain 
(5:16:30) Uplink 

19,025 Switch to Omni Omni 
(5:17:05) 

19 .. 080 Switch to Low Gain Low Gain 
(5:18:00) (3 Commands) 

19,140 19,620 STP every 30 seconds Low Gain 
(5:19:00) (5:27:00) (14 patterns) . 

19,680 19,650 STP every 30 seconds High Gain 
(5:28:00) (5:27:30) (9 patterns) 

19,942 Terminate Command High Gain 
(5:32:22) Uplink 

20,430 20,730 STP every 30 seconds High Gain 
(5:40:30 ( 5: 45: 30) (11 patterns) 

21,060 Terminate Command High Gain 
(5: 51 : 00) Uplink 

21,116 Switch to Low Gain Low Gain 
(5: 51 : 56) (2 Commands) 

21,300 21,480 STP every 30 seconds Low Gain 
(5:55:00) (5:58:00) (5 patterns) 

21,519 Terminate Command Low Gain 
(5:58:39) Uplink (4 Commands) 

21,550 Swi tch to Omni Omni 
(5:59:10) (4 Commands) 
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RANGE TIME 
Seconds 

(HRS:~HN:SEC) 

From 

21,591 
(5:59:51) 

21,700 
(6: 01 : 40) 

21 ,730* 
(6: 02: 10) 

Table 14-1. Command and Communications System 
Command History, AS-503 (Continued) 

COMMAND 

Termin~te to clear 
(4 Commands) 

Terminate Commqnd Uplink 
(4 Commands) 

Switch to High Gain 
(4 Commands) 

ANTENNA SELECTED 

Omni 

High Gain 

* The CCS test was terminated at 21,730 seconds (6:02:10) due to loss of 
UHF lock and the subsequent loss of verification pulses. Corpus 
Christi (TEX) verified that the antenna was on high gain at 22,260 
seconds (6:11:00). 
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UHF lock and the subsequent loss of verification pulses. Corpus 
Christi (TEX) verified that the antenna was on high gain at 22,260 
seconds (6:11:00). 
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SECTION 15 

EMERGENCY DETECTION SYSTEM 

15.1 SUMMARY 

The AS-503 Emergency Detection System (EDS) configuration was essentially 
the same as AS-502 except that: 

1 

a. The presence of the crew provided the capability fori EDS manual abort. 

b. There was a display of launch vehicle tank pressures' in the spacecraft. 

The EDS performance was nominal; no abort limits wt;re r~ached. 
15.2 SYSTEM DESCRIPTION 

The EDS provided for automatic abort during S-IC burn by monitoring two 
parameters: two or more S-IC engines out and excessive dngu1ar rates. 
In addition, the following parameters were displayed to the crew for 
manual abort cues: 

a. Angle-of-attack (Q-Ball dynamic pressure). 

b. S-IC engines status (Thrust OK pressure switch discretes). 

c. S-II engines status (Thrust OK pressure switch discretes). 

d. S-IVB engine status (ThrJst OK pressure switch discretes). 

e. Staging functions (Stage separation discretes). 

f. Angular overrates (P, Y, R overrate discretes). 

g. Launch vehicle attitude reference failure (Platform gimbal angle 
discrete) . 

h. S-IVB propellant tank pressures (orbital phase). 

i. Vehicle attitudes, attitude rates, attitude errors (spacecraft sensed). 
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a. The presence of the crew provided the capability fori EDS manual abort. 

b. There was a display of launch vehicle tank pressures' in the spacecraft. 

The EDS performance was nominal; no abort limits wt;re r~ached. 
15.2 SYSTEM DESCRIPTION 

The EDS provided for automatic abort during S-IC burn by monitoring two 
parameters: two or more S-IC engines out and excessive dngu1ar rates. 
In addition, the following parameters were displayed to the crew for 
manual abort cues: 
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c. S-II engines status (Thrust OK pressure switch discretes). 

d. S-IVB engine status (ThrJst OK pressure switch discretes). 
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h. S-IVB propellant tank pressures (orbital phase). 
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15.3 SYSTEM EVALUATION 

15.3.1 General Performance 

All parameters monitored by the EOS remained well within design limits 
for the proper time periods throughout flight and all discrete indications 
occurred as expected. 

15.3.2 Propulsion System Sensors 

Three thrust OK pressure switches are used on each F-l engine and two 
on each J-2 engine. The F-l thrust OK switches are voted two out of three 
for both thrust OK (switches closed) and thrust not OK (switches open) 
indications. The J-2 thrust OK switches are voted one out of two for 
thrust OK (switches closed) and two out of two for thrust not OK (svJitches 
open) indications. 

All thrust OK pressure switches actuated within predicted times during 
engine startup and shutdown. There were no premature engine cutoffs as 
on AS-502 fl..ight. Thrust switch operation times are shown in Table 15-1. 

15.3.3 Angular Overrates 

Angular rates are sensed by three rate gyros in each axis. Outputs of 
the gyros a re fed through fi 1 ters to rate swi tches . Hhen two out of 
three rate switches in anyone axis indicate an overrate, an indication 
is given to the spacecraft. Abort is automatic until just prior to S-IC 
Inboard Engine Cutoff (IECO), after which abort is initiated manually at 
the discretion of the crew. 

Table 15-2 shows a tabulation of maximum angular rates reached on the 
AS-503 flight, wi~h abort limits in parenthesis. 

15.3.4 Angle-of-Attack 

The angle-of-attack dynamic pressure is sensed by a Q-Ball with redundant 
outputs. One output is displayed in and telemetered from the spacecraft; 
the other is telemetered from the Instrument Unit (IU). 

The angle-of-attack abort limit was 2.2 N/cm2 (3.2 psid) on AS-S03. The 
maximum delta pressure recorded on the flight was 0.48 N/cm2 (0.7 psid) 
at approximately 75 seconds. 

15.3.5 Tank Pressures 
.,~ 

The S-IVB LOX hydrogen tank ull age pressures were di spl ayed to the crew 
dur"ing ot'bital operations. The common bulkhead pressure differential 
aboy·t limits are +24.8 and -17.9 N/cm2 (+36 and -26 psid) (PLOX-PLH2). 
The AS-503 pressures remained within these limits. 

lS-2 

",~~,;t.;;;,,, . .. _. .... "' .... "'?"..:"._ ... __ "".-::...:..,,_;'~ •. _ .•• 

. . ~ 

. ~ 
I 
I 

15.3 SYSTEM EVALUATION 

15.3.1 General Performance 

All parameters monitored by the EOS remained well within design limits 
for the proper time periods throughout flight and all discrete indications 
occurred as expected. 

15.3.2 Propulsion System Sensors 

Three thrust OK pressure switches are used on each F-l engine and two 
on each J-2 engine. The F-l thrust OK switches are voted two out of three 
for both thrust OK (switches closed) and thrust not OK (switches open) 
indications. The J-2 thrust OK switches are voted one out of two for 
thrust OK (switches closed) and two out of two for thrust not OK (svJitches 
open) indications. 

All thrust OK pressure switches actuated within predicted times during 
engine startup and shutdown. There were no premature engine cutoffs as 
on AS-502 fl..i9ht. Thrust switch operation times are shown in Table 15-1. 

15.3.3 Angular Overrates 

Angular rates are sensed by three rate gyros in each axis. Outputs of 
the gyros a re fed through fi 1 ters to rate swi tches . Hhen two out of 
three rate switches in anyone axis indicate an overrate, an indication 
is given to the spacecraft. Abort is automatic until just prior to S-IC 
Inboard Engine Cutoff (IECO), after which abort is initiated manually at 
the discretion of the crew. 

Table 15-2 shows a tabulation of maximum angular rates reached on the 
AS-503 flight, wi~h abort limits in parenthesis. 

15.3.4 Angle-of-Attack 

The angle-of-attack dynamic pressure is sensed by a Q-Ball with redundant 
outputs. One output is displayed in and telemetered from the spacecraft; 
the other is telemetered from the Instrument Unit (IU). 

The angle-of-attack abort limit was 2.2 N/cm2 (3.2 psid) on AS-S03. The 
maximum delta pressure recorded on the flight was 0.48 N/cm2 (0.7 psid) 
at approximately 75 seconds. . 

15.3.5 Tank Pressures 
.,~ 

The S-IVB LOX hydrogen tank ull age pressures were di spl ayed to the crew 
dur"ing ot'bital operations. The common bulkhead pressure differential 
aboy·t limits are +24.8 and -17.9 N/cm2 (+36 and -26 psid) (PLOX-PLH2). 
The AS-503 pressures remained within these limits. 

lS-2 



.. 

Table 15-1. Performance Summary of Thrust OK Pressure Switches 

TIME CLOSED TIME OPENED STAGE ENGINE SWITCH (RANGE TIME, 
SEC) (RANGE TIME, SEC) 

S-IC 1 1 -1.85 153.99 
1 2 -1!86 153.99 
1 3 -1.84 153.99 
2 1 -1.48 153.99 
2 2 -1.48 153.99 
2 3 -1.44 153.99 
3 1 -1.88 153.99 
3 2 -1.81 153.99 
3 3 -1.85 153.99 
4 1 -1.41 153.97 
4 2 -1.40 153.97 
4 3 -1.40 153.97 
5 1 -2.21 126. 14 
5 2 -2.24 126.14 
5 3 -2.24 126. 14 

~ 

S-II 1 1 157.94 524.24 , 
~ .;:-, , 1 2 157.96 524.24 

\ 2 1 158.02 524.24 
2 2: 158.05 524.24 
3 J 157.94 524.23 
3 2 157.96 524.27 
4 1 157.94 524.24 
4 2 157.90 524.20 
5 1 157.94 524.24 
5 2 157.95 524.26 

S-IVB 1 1 · 529.78 685.18 
1ST 1 2 529.78 685.18 BURN 

S-IVB 1 1 10,239.34 10,555.73 
2ND 1 2 10,239.34 10,555.73 BURN 
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15.3.6_ EOS Sequential Events 

All EOS discrete events and indications occurred as expected. Table 15-3 
shows significant EOS related event times. 

Table 15-2. Maximum Angular Rates 

PHASE PITCH YAW ROLL 

S-IC burn -1.0 (4) deg/s :0.6 (4) deg/s +1.3 (20) deg/s 

Upper stages -1.3 (9.2) deg/s + 0.1 (9.2) deg/s + 1.4 (20) deg/s 

Note: Abort limits are shown in parentheses. 

Table 15-3. EDS Related Event Times 

FUNCTION STAGE RANGE TIMES FROM BASE 
TIME (s) 

Launch Vehicle Engines EDS Cutoff IU 30.44 Tl+29.77 
Enable (Timer) 

Launch Vehicle Engines ~DS Cutoff 
Enable (Switch Selector) 

IU 30.62, Tl+29.95 

S-IC Two Engines Out Auto-Abort IU 125.13 Tl+124.45 
Inhibit 

-
Excess Rate (P, Y, R) Auto-Abort IU 125.53 Tl+124.85 
Inhi.bi t and Swi tch Rate Gyros SC 
Indication A 

Excess Rate (Roll) Auto-Abort IU 126.84 T2+0.96 
Inhibit and Switch Rate Gyros 
SC Indication B 

Launch Escape Tower Jettison Space- 188.6 T3+34 . 78 
craft 
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SECTION 16 

VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT 

16.1 SUMMARY 

The vehicle internal, external, and base region pressure environments 
were monitored by a series of differential and absolute pressure gages. 
These measurements were used in confirming the vehicle external, 
internal, and base region design pressure environments. The flight 
data were generally in good agreement with the predictions and compared 
well with previous flight data. The pressure environment was well 
below design levels. 

The vehicle internal and external acoustic environment was monitored by 
a series of microphones positioned to measure both the rocket engine 
and aerodynamically induced fluctuating pressure levels. The measured 
acoustic levels were generally in good agreement with the liftoff and 
inflight predictions, and with data from previous flights. 

16.2 SURFACE PRESSURES AND COMPARTMENT VENTING 

16.2.1 S-IC Stage 

External and internal pressure environments on the S-IC stage were 
recorded by 43 measurements located on and inside the engine fairings, 
aft skirt, intertank, and forward skirt. Representative data from a 
portion of these instruments are compared with AS-501 and AS~502 data 
and with AS-503 predictions in Figures 16-1 through 16-4. Static 
pressure is presented as the difference between measurement pressure 
and free stream stati~ pressure (Pint-Pamb). Pressure loading is the 
difference between structural internal and external pressures defined 
such that a positive loading is in the outward direction. The pre­
dictions are based on available wind tunnel data and values from the 
Observed Mass Point Trajectory (OMPT). The ambient pressure history 
of AS-503 is virtually the same as that for AS-502 and slightly greater, 
approximately 0.10 N/cm2 (0.145 psid), than for AS-50l. . 

The AS-503 S-IC engine fairing compartment pressure differentials are 
shown in Figure 16-1. The AS-503 data agree very well with AS~501 and 
AS·502 data and the trends are the same. 
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shown in Figure 16-1. The AS-503 data agree very well with AS~501 and 
AS·502 data and the trends are the same. 
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Figure 16-1, S-IC Engine Fairing Compartment Pressure Differential 
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Figure 16-1, S-IC Engine Fairing Compartment Pressure Differential 
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The S-IC engine fairing pressure loading is shown in Figure 16-2. The 
AS-503, AS-502, and AS-50l data agree very well in magnitude and trend. 
The fairings experienced a crush loading over almost the entire flight. 
This is due to their geometry which deflected the air stream away from 
the S-IC engines. 

The S-IC engine, intertank, and forward skirt compartment pressure 
differentials are shown in Figure 16-3 as a function of range time. 
The AS-503 engine compartment differential pressure levels were less 
than those on AS-50l and AS-502. Fuel line boots were omitted on 
AS-503 and the resulting increase in engine compartment leakage area 
probably accounted for the lower internal pressure. The intertank 
pressure differential agreed very well with AS-50l and AS-502 as a 
function of range time. The forward skirt compartment differential 
pressure levels were higher than those of AS-501 and AS-502 until 
Mach 1 was reached and were lower thereafter. However, these differences 
are close to the accuracy level of the instrumentation and as the trends 
are the same the agreement for the three flights are considered to be 
satisfactory. The predicted bands were derived analytically using the 
maximum expected leakage area, and minimum leakage area. 

The intertank and forward skirt pressure differentials show an abrupt 
drop between 60 and 70 seconds on all three flights. This is associated 
with the vehicle passing through Mach 1 which occurred between 60 and 
62 seconds. 

The S-IC engine, intertank, and forward skirt compartment pressure 
loadings are shown in Figure 16-4. The AS-503 engine compartment 
experienced a greater crush pressure loading than the engine compart­
ments on AS-50l and AS-502. This was caused by the lower engine 
compartment pressure on AS-503 as discussed in the preceding paragraph. 
The intertank compartment pressure loadings agreed well with AS-50l and 
AS-502 data. The forward skirt loading was generally greater on AS-503 
throughout the first 90 seconds of flight. However, this gresented no 
problem since the maximum value of approximately 0.27 N/cm2 (0.39 psid) 
was well below the design value of 1.38 N/cm2 (2.0 psid). The pre­
dictions were based on wind tunnel data and predicted internal pressures . 

16.2.2 S-II Stage 

Surface pressure and compartment venting analyses were conducted using 
the AS-503 OMPT with angle-of-attack data obt~ined from the S~IC Flight 
Control Conditioned Data Tape (Q-ball). Atmospheric data were obtained 
from the Preliminary Meteorological Data Tape (Met Tape). . 

The external flow field at a point on the S-II stage was analyzed by 
means of a digital computer flow field program. This program assumes 
a clean configuration; i.e., disturbances caused by protuberances are 
not accounted for. However, due to location the flight instruments 
are affected by these disturbances. Internal pre$~Ures for the forward 
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The S-IC engine fairing pressure loading is shown in Figure 16-2. The 
AS-503, AS-502, and AS-50l data agree very well in magnitude and trend. 
The fairings experienced a crush loading over almost the entire flight. 
This is due to their geometry which deflected the air stream away from 
the S-IC engines. 

The S-IC engine, intertank, and forward skirt compartment pressure 
differentials are shown in Figure 16-3 as a function of range time. 
The AS-503 engine compartment differential pressure levels were less 
than those on AS-50l and AS-502. Fuel line boots were omitted on 
AS-503 and the resulting increase in engine compartment leakage area 
probably accounted for the lower internal pressure. The intertank 
pressure differential agreed very well with AS-50l and AS-502 as a 
function of range time. The forward skirt compartment differential 
pressure levels were higher than those of AS-501 and AS-502 until 
Mach 1 was reached and were lower thereafter. However, these differences 
are close to the accuracy level of the instrumentation and as the trends 
are the same the agreement for the three flights are considered to be 
satisfactory. The predicted bands were derived analytically using the 
maximum expected leakage area, and minimum leakage area. 

The intertank and forward skirt pressure differentials show an abrupt 
drop between 60 and 70 seconds on all three flights. This is associated 
with the vehicle passing through Mach 1 which occurred between 60 and 
62 seconds. 

The S-IC engine, intertank, and forward skirt compartment pressure 
loadings are shown in Figure 16-4. The AS-503 engine compartment 
experienced a greater crush pressure loading than the engine compart­
ments on AS-50l and AS-502. This was caused by the lower engine 
compartment pressure on AS-503 as discussed in the preceding paragraph. 
The intertank compartment pressure loadings agreed well with AS-50l and 
AS-502 data. The forward skirt loading was generally greater on AS-503 
throughout the first 90 seconds of flight. However, this gresented no 
problem since the maximum value of approximately 0.27 N/cm2 (0.39 psid) 
was well below the design value of 1.38 N/cm2 (2.0 psid). The pre­
dictions were based on wind tunnel data and predicted internal pressures. 

16.2.2 S-11 Stage 

Surface pressure and compartment venting analyses were conducted using 
the AS-503 OMPT with angle-of-attack data obt~ined from the S~IC Flight 
Control Conditioned Data Tape (Q-ball). Atmospheric data were obtained 
from the Preliminary Meteorological Data Tape (Met Tape). . 

The external flow field at a point on the S-11 stage was analyzed by 
means of a digital computer flow field program. This program assumes 
a clean configuration; i.e., disturbances caused by protuberances are 
not accounted for. However, due to location the flight instruments 
are affected by these disturbances. Internal pres~ures for the forward 
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skirt, interstage, and insulation regions were analyzed by means of a 
digital computer multiple venting program. The validity of these methods 
of analysis was established by favorable comparison between predicted 
values for AS-SOl and AS-S02 flight data. 

A plot of the pressure loading, acting across the forward skirt wall, is 
presented in the top graph of Figure 16-S. AS-S03 flight data and post­
flight predicted data are presented in the form of maximum-minimum data 
bands. AS-SOl and AS-S02 flight data bands are also shown for 
comparison. 

Both flight and predicted pressure loads were obtained by taking the 
difference between the respective external pressure values and the 
assumed uniform internal pressure which was measured at vehicle 
longitudinal station 74.S3 meters (293S in.), and a peripheral angle 
of 191 degrees. The flight and predicted values show the same trends, 
are in good agreement, and well within the design limits. 

Comparison of AS-S03 flight data and postflight predicted pressure 
loading acting across the LH2 sidewall insulation is presented in the 
lower graph of Figure 16-S. ,The time and magnitude of the peak bursting 
pressure agrees well with the postflight prediction. AS-SOl and AS-S02 
data are also shown and compare well with AS-S03 data. 

16.2.3 S-IVB Stage 

Pressures on the S-IVB stage were measured by one internal transducer 
in the forward compartment and one internal measurement for the aft 
compartment. 

The top graph in Figure 16-6 shows the predicted design pressure dif­
ferentials (Pint-Pamb) for the forward compartment together 
with flight data for both AS-S03 and AS-S02. The AS-S02 and AS-S03 
forward compartments had identical vent areas of 0.097 meter2 (lSO in. 2). 
The flight data, in general, was slightly lower than predicted up to about 
69 seconds after which the agreement was good. However, this data is 
preliminary and it is expected that the final data will give much closer 
agreement. The bottom graph in Figure 16-6 shows predicted and measured 
pressure differentials for the aft compartment. The flight data for 
the aft compartment agreed very well with predicted values up to 
8S seconds after which the data was slightly higher. 

16.3 BASE PRESSURES 

16.3.1 S-IC Base Pressures 

Static pressures on the S-IC base heat shield were recorded by six 
measurements, two of which were heat shield differential pressures. 
Representative AS-S03 data are compared with AS·SOl and AS-SOZ data, 
and with AS-S03 predictions based on pr~vious flight data. 
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skirt, interstage, and insulation regions were analyzed by means of a 
digital computer multiple venting program. The validity of these methods 
of analysis was established by favorable comparison between predicted 
values for AS-SOl and AS-S02 flight data. 

A plot of the pressure loading, acting across the forward skirt wall, is 
presented in the top graph of Figure 16-S. AS-S03 flight data and post­
flight predicted data are presented in the form of maximum-minimum data 
bands. AS-SOl and AS-S02 flight data bands are also shown for 
comparison. 

Both flight and predicted pressure loads were obtained by taking the 
difference between the respective external pressure values and the 
assumed uniform internal pressure which was measured at vehicle 
longitudinal station 74.S3 meters (293S in.), and a peripheral angle 
of 191 degrees. The flight and predicted values show the same trends, 
are in good agreement, and well within the design limits. 

Comparison of AS-S03 flight data and postflight predicted pressure 
loading acting across the LH2 sidewall insulation is presented in the 
lower graph of Figure 16-S. ,The time and magnitude of the peak bursting 
pressure agrees well with the postflight prediction. AS-SOl and AS-S02 
data are also shown and compare well with AS-S03 data. 

16.2.3 S-IVB Stage 

Pressures on the S-IVB stage were measured by one internal transducer 
in the forward compartment and one internal measurement for the aft 
compartment. 

The top graph in Figure 16-6 shows the predicted design pressure dif­
ferentials (Pint-Pamb) for the forward compartment together 
with flight data for both AS-S03 and AS-S02. The AS-S02 and AS-S03 
forward compartments had identical vent areas of 0.097 meter2 (lS0 in. 2). 
The flight data, in general, was slightly lower than predicted up to about 
69 seconds after which the agreement was good. However, this data is 
preliminary and it is expected that the final data will give much closer 
agreement. The bottom graph in Figure 16-6 shows predicted and measured 
pressure differentials for the aft compartment. The flight data for 
the aft compartment agreed very well with predicted values up to 
8S seconds after which the data was slightly higher. 

16.3 BASE PRESSURES 

16.3.1 S-IC Base Pressures 

Static pressures on the S-IC base heat shield were recorded by six 
measurements, two of which were heat shield differential pressures. 
Representative AS-S03 data are compared with AS·SOl and AS-SOZ data, 
and with AS-S03 predictions based on previous flight data. 
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Typical S-1C base pressure differentials are shown in Figure 16-7 as a 
function of altitude. In general, the agreement is good between the 
AS-503 base pressure data and the AS.502 data. 

S-1C base heat shield pressure loading versus altitude is shown in 
Figure 16-8. The levels of AS.503 data were less than that for previous 
flight data because of a decrease in engine corr.partment pressure resulting 
from the increase in compartment venting, as discussed in paragraph 16.2.1. 
These heat shield loadings were well within the 1.38 N/cm2 (2.0 psid) 
design values. 
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16.3.2 S-11 Base Pressures 

The postflight predictions of static pressures, on the aft face of the 
S-11 base heat shield, were evaluated from a semi~empirica1 correlation 
of base pressure with heating rate derived from hot flow model test 
results, and AS-501 and AS-502 flight data. AS·501 and AS-502 flight 
data indicated that aft face heat shield pressure measurements, located 
away from the reverse flow stagnation point, would be reduced after 
interstage separation~ The predictions of the heat shield forward face 
and thrust cone region static pressure were based on AS-501 and AS-502 
flight data. 

Figure 16-9 compares AS-503 measured static pressures,on the forward face 
of the heat shield and in the thrust cone region, with postflight pre­
dictions and with AS-501 and AS-502 flight data. The static pressure on 
the forward face of the heat shield and thtust cone region during the 
AS-503 flight was approximat~ly equal to the static pressure in these 
areas during the AS-501 and AS-502 flights. The pressure peak which 
occurred on the forward face of the heat shield and in the thrust 
r.egion during AS-503 interstage separation was observed in previous 
fl i ght data" 
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Figure 16-10 presents both the postflight predicted and AS-503 measured 
static pressures on the aft face of the heat shield. Also superimposed 
on Figure 16-10 are bands of static pressure data from the AS-501 and 
AS-502 flights. In general, the analytical predictions were in good 
agreement with the flight data from S-II engine ignition (155 seconds) 
up to Programmed Mixture Ratio (PMR) stepdown at 443 seconds. After 
PMR stepdown the analytical predictions were approximately 50 percent 
higher than the flight data. This discrepancy is believed due to errors 
in the assumed engine positions caused by uncertainties in structural 
compliance during flight. 

Figure 16-10 indicates that, except for a transient pressure peak, the 
static pressures near the stagnation point of the reverse flow Were 
nearly independent of interstage separation, as observed in previous 
flight data. There was, however, a slow decay of static pressure with 
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time after interstage separation up to approximately 350 seconds. The 
decay vanished between 350 seconds and PMR stepdown at 443 seconds. The 
observed pressure decay during this period may be due to an incremental 
pressure caused by outgassing from within the base heat shield. The 
analytical predictions were based on the assumptions that the interstage 
has no effect on the base pressures near the stagnation point. Th t s, 
the analytical predictions were constant from approximately 160 seconds 
up to PMR stepdown. For measurements located away from the stagnation 
point, the effect of interstage separation was to decrease the static 
pressure by about 27 percent. 

The pressure peak observed during interstage separation is believed due 
to the sudden increase in velocity and temperature of exhaust gases due 
to the confinertlent of the engine exhaust plumes by the interstage as it 
separated from the S~11 vehicle. 
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time after interstage separation up to approximately 350 seconds. The 
decay vanished between 350 seconds and PMR stepdown at 443 seconds. The 
observed pressure decay during this period may be due to an incremental 
pressure caused by outgassing from within the base heat shield. The 
analytical predictions were based on the assumptions that the interstage 
has no effect on the base pressures near the stagnation point. Tht s, 
the analytical predictions were constant from approximately 160 seconds 
up to PMR stepdown. For measurements located away from the stagnation 
point, the effect of interstage separation was to decrease the static 
pressure by about 27 percent. 

The pressure peak observed during interstage separation is believed due 
to the sudden increase in velocity and temperature of exhaust gases due 
to the confinement of the engine exhaust plumes by the interstage as it 
separated from the 5-11 vehicle. 
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16.4 ACOUSTIC ENVIRONMENT 

16.4.1 External Acoustics 

The external fluctuating pressure environments for the AS~503 vehicle 
were recorded by nine instruments located on the instrument unit, S~IVB 
forward and aft skirts, S~II forward and aft skirts, S~IC Intertank, 
S-IC aft skirt and Fin D. Instrument B0004~114, located on Fin 0, 
failed prior to launch and provided no valid data. Representative data 
for the remaining instruments, together with AS·501 and AS-502 data, 
are shown in Figures 16-11 through 16·14. 

The AS-503 external environment at liftoff is shown in Figure 16-11. 
Instrument B0019~427, located on the S~IVB aft skirt, displayed a data 
dropout from -1 second to 2 seconds; AS-503 liftoff data is not shown 
for this instrument. Data before and after the dropout display 
expected levels. The spread, noted in the data of the S.II forward 
skirt and aft skirt, is caused by circumferential position 
changes at a fixed vehicle axial station. The data indicate that up to 
a 6 decibel circumferential variation existed at these vehicle stations. 
The lowest levels are from the measurement located on the Launch 
Umbilical Tower side of the vehicle. All S·IC instruments have been 
corrected by -3 decibels to account for a Remote Automatic Calibration 
System error. No other appreciable differences with previous flights 
have been noted. 

Liftoff sound pressure spectral densities are compared with AS-501 and 
AS-502 data in Figure 16-12. Frequency characteristics generally appear 
similar for all flights. S-II instrument data from the AS .. 503 flight 
show some changes in spectrum shape, but these instruments have been 
moved 90 degrees from the corresponding AS-50l and AS-502 measurement. 
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corrected by -3 decibels to account for a Remote Automatic Calibration 
System error. No other appreciable differences with previous flights 
have been noted. 

Liftoff sound pressure spectral densities are compared with AS-501 and 
AS-502 data in Figure 16-12. Frequency characteristics generally appear 
similar for all flights. S-II instrument data from the AS .. 503 flight 
show some changes in spectrum shape, but these instruments have been 
moved 90 degrees from the corresponding AS-50l and AS-502 measurement. 
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Overall fluctuating pressure time histories to 140 seconds are shown in 
Figure 16-13. The data peak in the S~IC intertank instrument, after 
110 seconds, may be caused by flow separation and exhaust gas recircula­
tion due to the expanded exhaust plume. The majority of time-histories 
show reasonable agreement between all three flights; however, B0037-200 
(S-Il aft skirt) shows con5istently higher overall levels after 
20 seconds than previous data. The cause appears to be a strong narrow 
band random, or possibly sinusoidal component in the 600 to 700 hertz 
frequency range. B0038·200 (S-II aft skirt) also shows this component 
at 80 seconds. B0019-427 displays intermittent data dropouts from 
80 to 92 seconds, but the data otherwise appears to be valid. 

Pressure spectral densities at maximum aerodynamic noise are shown ~n 
Figure 16-14. The 600 to 700 hertz peak is evident in the spectra for 
B0037-200 and B0038-200. All other spectra show reasonable agreement 
between flights. 

16.4.2 Internal Acoustics 

16.4.2.1 S-IC Stage. Internal acoustics were measured at two locations 
on the S-IC stage. One measurement, located above the heat shield in 
the thrust structure, was not taken on previous flights. The acoustic 
data at this location are shown in Figure 16-15. The level of this 
measurement at liftoff app~ars as expected when compared to static 
firing data, and the drop off of the curve immediately after liftoff 
compares closely with the drop off of the intertank measurement. 
Therefore, the data appears to be valid until it reaches the noise 
floor at approximately 100 seconds . 

The inter-tank internal aco.ustic data are shown in Figure 16-16. Launch 
levels agreed with AS-501 and AS-502 levels. The levels during flight 
were slightly lower than on previous flights.-

16.4.2.2 S-Il Stage. Two internal microphones were located on the S-II 
stage as follows: 

MEASUREMENT S-Il AREA VEHICLE STATION AZIMUTH RADIUS 
(m) (i n . ) (deg) (m) ( in. ) 

B017-219 Forward Skirt, Internal 63.3 2492. 1 270 4.52 178 

B039-206 Thrust Cone, Internal 42.6 1677.2 270 3.30 130 

Figure 16-17 presents the measured overall acoustic internal levels 
versus range time for AS-503. AS-502 data is also shown for comparison 
purposes. AS-503 internal and external acoustics are shown in Table 
16-1 and compared with data from previous flights. 
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Overall fluctuating pressure time histories to 140 seconds are shown in 
Figure 16-13. The data peak in the S~IC intertank instrument, after 
110 seconds, may be caused by flow separation and exhaust gas recircula­
tion due to the expanded exhaust plume. The majority of time-histories 
show reasonable agreement between all three flights; however, B0037-200 
(S-Il aft skirt) shows con5istently higher overall levels after 
20 seconds than previous data. The cause appears to be a strong narrow 
band random, or possibly sinusoidal component in the 600 to 700 hertz 
frequency range. B0038·200 (S-II aft skirt) also shows this component 
at 80 seconds. B0019-427 displays intermittent data dropouts from 
80 to 92 seconds, but the data otherwise appears to be valid. 

Pressure spectral densities at maximum aerodynamic noise are shown ~n 
Figure 16-14. The 600 to 700 hertz peak is evident in the spectra for 
B0037-200 and B0038-200. All other spectra show reasonable agreement 
between flights. 

16.4.2 Internal Acoustics 

16.4.2.1 S-IC Stage. Internal acoustics were measured at two locations 
on the S-IC stage. One measurement, located above the heat shield in 
the thrust structure, was not taken on previous flights. The acoustic 
data at this location are shown in Figure 16-15. The level of this 
measurement at liftoff app~ars as expected when compared to static 
firing data, and the drop off of the curve immediately after liftoff 
compares closely with the drop off of the intertank measurement. 
Therefore, the data appears to be valid until it reaches the noise 
floor at approximately 100 seconds. 

The inter-tank internal' aco.ustic data are shown in Figure 16-16. Launch 
levels agreed with AS-501 and AS-502 levels. The levels during flight 
were slightly lower than on previous flights.-

16.4.2.2 S-Il Stage. 
stage as follows: 

Two internal microphones were located on the S- I I 

MEASUREMENT S-Il AREA VEHICLE STATION AZIMUTH RADIUS 
(m) (i n . ) (deg) (m) ( in. ) 

B017-219 Forward Skirt, Internal 63.3 2492. 1 270 4.52 178 

B039-206 Thrust Cone, Internal 42.6 1677.2 270 3.30 130 

Figure 16-17 presents the measured overall acoustic internal levels 
versus range time for AS-503. AS-502 data is also shown for comparison 
purposes. AS-503 internal and external acoustics are shown in Table 
16-1 and compared with data from previous flights . 
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Special prelaunch channelization and calibration checks I~ere made on the 
AS-503 acoustic measurements to assure acquisition of valid acoustic 
data. Indi cati ons are. that all acousti c measurements were val i d, 

The internal acoustic data shown in Figure 16-17 is in excellent agree­
ment with AS-502 data during the liftoff period. This would indicate 

. that both AS-502 and AS-503 internal acoustic levels were valid. 

16.4.2.3 S-IyB Stage. The S-IVB acoustic environment was measured at 
four positions, internal and external on the forward skirt and internal 
and external on the aft skirt. 

Composite levels,.50 to 3000 hertz, time histories for these locations 
are presented in Figure 16-18. The AS-503 structural transmittability 
for the sound pressure at liftoff, and for the boundary layer pressure 
fluctuations in the transonic portion of flight, is indicated by the 
difference (shaded band) between the external measurements and the . 
internal measurements. The maximum external levels and the minimum in­
ternal levels measured during the AS-50l and AS-502 flights are also 
depicted, indicating that the AS-503 levels were nominal. 
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Special prelaunch channelization and calibration checks I~ere made on the 
AS-503 acoustic measurements to assure acquisition of valid acoustic 
data. Indications are. that all acoustic measurements were valid. 

The internal acoustic data shown in Figure 16-17 is in excellent agree­
ment with AS-502 data during the liftoff period. This would indicate 

. that both AS-502 and AS-503 internal acoustic levels were valid. 

16.4.2.3 S-IyB Stage. The S-IVB acoustic environment was measured at 
four positions, internal and external on the forward skirt and internal 
and external on the aft skirt. 

Composite levels,.50 to 3000 hertz, time histories for these locations 
are presented in Figure 16-18. The AS-503 structural transmittability 
for the sound pressure at liftoff, and for the boundary layer pressure 
fluctuations in the transonic portion of flight, is indicated by the 
difference (shaded band) between the external measurements and the . 
internal measurements. The maximum external levels and the minimum in­
ternal levels measured during the AS-50l and AS-502 flights are also 
depicted, indicating that the AS-503 levels were nominal. 
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SECTION 17 

VEHI CLE THERr~AL .ENVI RONMnfr 

17. 1 SUMMARY 

The AS-503 S-IC base region thermal environment was similar to that 
experienced on earlier flights. The base region environment was not 
notably altered by the outboard engine cant. With the exception of a brief 
transient, the effects of early Inboard Engine Cutoff (IECO) on the base 
region thermal environment were minor. Again the radiation hump at the 
base heat shield was correlated with the hot recirculated exhaust gases, 
as shown by the, base TV cameras. As on the previous flights, M-31 insula­
tion was lost from the heat shield but caused no problems. Heating rates 
and structural temperatures forward of the heat shield were similar to 
those of earlier flights until IECO. Lower heat rates due to receding 
point of plume induced flow separation were then reflected in lower 
structural temperatures for the S-IC stage. 

The S-IC forward skirt thermal environment after S-IC/S-II separation was 
simn ar to that measured on previous fl ights .. 

Base thermal environments on the AS-503 S-11 stage were similar to those 
measured on AS-502 and were well below design. A reduction in heating rate 
was noted after Propellant Mixture Ratio (PMR) step down. 

The aeroheating rates on the AS-503 S,-II stage interstage, body structulre, 
and fairings, though slightly lower, were similar to those on previous 
flights and no problems were noted. 

The thermal environment in the S-IVB J-2 engine area appeared normal as 
evidenced by the skin temperatures on the Augmented Spark Igniter (ASI) 
lines. 

Structural temperatures on the AS-503 IU stage were similar to those on 
previous flights and no problems were noted. 

17.2 S-IC BASE HEATING AND SEPARATION ENVIRONMENT 

17.2.1 S-IC Base Heating 

Thermal environments in the base region of the S-IC stage were recorded by 
39 measurements which were located on the heat shield, F-l engines, and 
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base of Fin D. This instrumentation included 6 radiation calori~eters, 1~ 
total calorimeters, and 14 gas temperature probes. Representative data 
from these instruments are compared with AS-501 and AS-502 flight data in 
Figures 17-1 through 17-3. 

The radiation and total heating rates measured in the base region of the 
S-IC stage were approximately the same as those measured during the AS-502 
flight. This similarity was expected since both AS-503 and AS-502 vehicles 
were flown without base flow deflectors. One instrument, C14-10l located 
on the lip of engine 101 facing the inboard engine, measured a total heat­
ing rate which was higher throughout flight than had been measured at this 
location during AS-50l and AS-502 flights. Data from the radiation 
calorimeter and gas temperature probe at the same engine location' did not 
deviate significantly from the AS-502 flight data, indicating that instru­
ment C14-101 gave questionable readings for AS-503. 

Maximum base heating occurred at approximately 22 kilometers (11.9 n mi) 
on AS-503 and is principally radiation, as anticipated from prevtous 
Saturn V flight data. The initial rise in the AS-503 radiation heating 
rate correlates with the presence of hot recirculated gases near the 
heat shield as recorded by the S-IC base TV cameras. This is consistent 
with the conclusion, based upon AS-502 flight evaluation, that hot gas 
recirculation is the main cause of the radiation hump. 

Comparisons of AS-502 and AS-503 flight data show that the 2-degree 
outboard engine cant on the AS-503 vehicle had a negligible effect on the 
base environment. IECO at 126 seconds on AS-503 produced a 2 to 10 
watt/cm2 (1.76 to 8.81 Btu/ft2-s) spike in the base heat flux environmen~ 
of approximately 4 seconds duration. The magnitude and duration of this 
spike was anticipated, based upon AS~501 and AS-502 flight data at IECD. 
The base environment for the stable four engine flow field after IECD, 
from 130 to 154 seconds, had approximately the same trend as the five 
engine environment prior to IECD. 

No appreciable difference is noted in the convective heating measured on the 
heat shield or engines when comparing the AS-503 ve~ic1e with previous 
Saturn V ~light data. A convective cooling rate was measured at the base 
heat shield up to approximately 12 kilometers (6.5 n mi) altitude, after 
which a small convective heating rate was measured. A convective heating 
rate ~as present on the F-l engine nozzle extension from liftoff and 
~eached a maximum value at an altitude of 22 kilometers (11.9 n mi). Con­
vective heating to the nozzle extension was negligible above 40 kilometers 
(21.6 n mi). ~. 

The total heating rate measured on the base of Fin D is compared with the 
AS-SOl and AS-502 flight data.in Figure 17-3. It is evident that fin total 
heating measurements for all three flights' were approximately the same. 
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The initial rise in heating rate occurring at 15 kilometers (8.1 n mi) 
correlates with the recirculated exhaust gases reaching the heat shield as 
observed by TV cameras. The peak in the AS-503 data is coincident with 
the AS-5Q1 data, and occurred at the time that flow separation was first 
observed. 

The thermal response of the heat shield is delineated in Figures 17-4,' 
17 -5, and 17-6 wh i ch show the forward s uI"face, bondl i ne, and M-31 i nterna 1 
temperatures, respectively. The upper edge of the data bands in all three 
figures is very clearly defined by measurements on the position lines 
where maximum heating occurred. Only 3 of the 14 thermocouples are located 
on the fin lines, as shown in Figure 17-7, and the traces from these give 
the lower edge of the data bands for the forward surface and hond1ine. 
As expected, fin line temperatures were low since the engines partially 
shield this area from the base environment. 

Temperature histories of the heat exchanger bellows, exhaust manifold, 
and the nozzle are shown in Figure 17-8. The thermocouple on the engine 
nozzle did not experience the expected temperature ris~ during the latter 
half of flight and is suspel'!t. The heat exchanger bellow's thennocoup1e 
apparentiy failed at 100 seconds. In general, the valid data compares 
favorably with the expected temperatures on the engines. 
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The initial rise in heating rate occurring at 15 kilometers (8.1 n mi) 
correlates with the recirculated exhaust gases reaching the heat shield as 
observed by TV cameras. The peak in the AS-503 data is coincident with 
the AS-5Q1 data, and occurred at the time that flow separation was first 
observed. 

The thermal response of the heat shield is delineated in Figures 17-4, 
17 -5, and 17-6 wh i ch show the forward s uI"face, bondl i ne, and M-31 i nterna 1 
temperatures, respectively. The upper edge of the data bands in all three 
figures is very clearly defined by measurements on the position lines 
where maximum heating occurred. Only 3 of the 14 thermocouples are located 
on the fin lines, as shown in Figure 17-7, and the traces from these give 
the lower edge of the data bands for the forward surface and hond1ine. 
As expected, fin line temperatures were low since the engines partially 
shield this area from the base environment. 

Temperature histories of the heat exchanger bellows, exhaust manifold, 
and the nozzle are shown in Figure 17-8. The thermocouple on the engine 
nozzle did not experience the expected temperature ris~ during the latter 
half of flight and is suspel'!t. The heat exchanger bellow's thermocouple 
apparentiy failed at 100 seconds. In general, the valid data compares 
favorably with the expected temperatures on the engines. 
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The M-31 loss to the crushed core level of the S-IC base heat shield, which 
means the 0.407 centimeter (0.16 in.) aft layer of M-31 broke away, was 
visually observed via the base region TV cameras. Losses were noted during 
initial flow reversal at approximately 70 to 90 seconds. 

Figure 17-9 shows an area on the aft face of the S-IC base heat shield as 
recorded by the inf1ight TV monitor at 68 seconds and at 122 seconds. No 
loss of M-3l is shown in the 68-second frame; however, the frame taken at 
122 seconds, which views the identical area, shows a single missing patch 
ofM-3l. The loss of this material seems to be less severe than on AS-502, 
based on TV observation for the two vehicles. 

Although not in the same area of the heat shield as that viewed by the TV 
monitor, a similar missing patch of M-3l probably accounts for the 
divergence of measurement C038-ll5 from the nominal data band at 100 
seconds, as shown in Figure 17-4. Based on the thermal environment at the 
heat shield and previous studies, the M-3l loss which caused this thermo­
couple response could have occurred as early as 50 seconds. 
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The M-31 loss to the crushed core level of the S-IC base heat shield, which 
means the 0.407 centimeter (0.16 in.) aft layer of M-31 broke away, was 
visually observed via the base region TV cameras. Losses were noted during 
initial flow reversal at approximately 70 to 90 seconds. 

Figure 17-9 shows an area on the aft face of the S-IC base heat shield as 
recorded by the inf1ight TV monitor at 68 seconds and at 122 seconds. No 
loss of M-3l is shown in the 68-second frame; however, the frame taken at 
122 seconds, which views the identical area, shows a single missing patch 
ofM-3l. The loss of this material seems to be less severe than on AS-502, 
based on TV observation for the two vehicles. 

Although not in the same area of the heat shield as that viewed by the TV 
monitor, a similar missing patch of M-3l probably accounts for the 
divergence of measurement C038-ll5 from the nominal data band at 100 
seconds, as shown in Figure 17-4. Based on the thermal environment at the 
heat shield and previous studies, the M-3l loss which caused this thermo­
couple response could have occurred as early as 50 seconds. 
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- 31 loss has been experie ced on all S-IC boost rs ·1aunc ed to da e. On · 
AS-~Ol the loss w s no ted a 110 seconds. On AS-S02 - 31 was lost at 9S 
second3 in the vicinity of t 0 measurements and at 108 seconds near another 
measu ment as shown in Fi re 17-4 f the AS-S02 Evalua ion Report ( PR 
SAT-FE 68-3 ~ dated June 25 1968) . The AS-S02 TV camera fil m showed M-31 
loss and s stanti a ed t e separation at the crushed core l evel as did 
analytical reconstr ction using gas temperature and radiome er data. 

As reported in the AS-S02 Evaluati on Report analysi s conducted for AS-SOl 
and AS-S02 has indicated that 1 ss of M-31 subsequent to flight tim s of 
80 to 90 seconds ill not result in any detrimental effects on t he S-IC 
stage af t t hrust str ct re/engine c mpartment .. 

17 .2.2 S- IC/S-ll Separation Environment 

As shown in Figure 17-10 , gas t emperatures d ring separation were similar 
to those measured on previous flights. Two spikes in gas temperature are 
e ident; one immedi ately following s paration and resulting from ullage 
motor gas es enteri ng the forward s i rt ar a and e other correspond ' ng 
to the S-Il stage J-2 engine t hrust ildup. Data from t he sepa ation 
transducers indica e separation rates and attit des essenti ally the same 
as t hose experienced pre iously. 
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-31 loss has been experienced on all S-IC boo ters ·1 aunc ed to da e. On · 
AS-~Ol the loss was noted a 110 seconds. On AS-502, -31 was lost at 95 
second3 in the vicinity of t 0 measurements and at 108 seconds near another 
measu ment as shown in Fig re 17-4 of t he AS-502 Evalua ion Report (MPR­
SAT-FE 68-3 ~ dated June 25 1968). The AS-502 TV camera i1m showed M-31 
loss and s bstanti ated the separation at the crushed core l evel as did 
analytical reconstr ction using gas temperature and radiometer data. 

As reported in the AS-502 Evaluati on Report analysis conducted for AS-50l 
and AS-502 has indicated that 1 ss of M-31 , subsequent to flight imes of 
80 to 90 seconds will not resul in any detrimental effec t s on the S-IC 
stage aft thrust str cture/engine compartment., 

17 .2. 2 S-IC/S-II Separation Environment 

As shown in Figure 17-10 , gas temperatures dur~ng separation were similar 
to those measured on previous flights. Two spikes in gas temperature are 
e ident; one immediately following s paration and resulting from u1l ge 
motor gases enteri ng the forward s i rt ar a and e other correspondi ng 
to the S-11 stage J-2 engine t hrust . uildup. Data from the sepa at"on 
transducers indicate separation rates and attitudes essentially the same 
as those experienced pre ·ously. 
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The S- C forward skirt skin temperatures measured d ring separation are 
shown in Figure 17-11. The maximum temperature reached was slightly 
higher than those previously experi nced nd occurred about 3 seconds 
later but presented no problem. 

The S-IC LOX t ank dome temperatu res, Figure 17-12 show that no appreciable 
heating occurred during separation and corresponding temperatures on 
previous flights ere practically duplicated. 

The maximum internal pressures, in the S-IC f ard skirt area , were less 
than 1.0 /cm2 (1.45 psi a) and occurred during S-II main engine start­
up. Pressure spikes during ullage ma ~ r firing w~re small and did not 
reach magnitudes equal to AS 501 . 

17 .3 S-Il BASE HEATING A~D SEPARATIO E VIRO E T 

he postflight predicted convecti ve heating rates are based on hot flow 
model test data. The recovery tem era ure of the r erse flow gas was 
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The S- C forward skirt skin temperatures measured d ring separation are 
shown in Figure 17-11. The maximum t emperature reached was slightly 
higher than those previously experienced and occurred about 3 seconds 
later but presented no problem. 

The S-IC LOX tank dome temperatures , Figure 17-12 show that no appreciable 
heatlng occurred during separation and corresponding temperatres on 
previous flights ere practically duplicated. 

The maximum internal pressures, in the S-IC fo ard skirt area , were less 
than 1.0 N/cm2 (1.45 psia) and occurred during S-II main engine start­
up. Pressure spikes during ullage mo 0 . firing w~re small and di d not 
reach magnitudes equal to AS-SOl. 

17.3 S-Il BASE HEATING A~D SEPARATION E VIRO ENT 

he postflight predicted convective heating rates are based on hot flow 
model test data. The recovery t empera ure of the r erse flow gas was 
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determined to be 978°K (130 OF) prior to P R stepdown and 894°K (1150° F) 
after P R stepdown . The c ld wall convective and radia ion hea flux , 
and gas recovery temperatures were then used to establi sh the hea shiel d 
surfac temperat re and the corres ponding postflight col d wall total 
heating rate predictions. Engine performance, i. e. , mixture ratio, 
chamber pressure tempera ure and gimb a1 ling effects on convecti ve heat­
ing r tes were cons idered . 

The AS-503 S-1I measured base hea ing and separati on environment was, in 
general below design dat and ln good agreement with AS-SOl and AS-502 
fli g t data and AS-503 po tf1i ght predictions. 

Figure 17-13 presents a b nd of total heating rates to the calorimeters 
on the aft face of t he base heat shield for the S-I1 boost period . The 
AS-503 pos tflight predicti ns of t hese heating rates is shown together 
wi t h AS -50l and AS-502 fli ht data for comparison. Figure 17-13 indicates 
that the analytical predictions are ,n good agreement with t he f1i ht 
data. 
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Figure 17-12. S-IC. ' ... OX Tank Forward Dome Temperature 
During S-lC/S-11 Stage Separation 
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determined to be 978°K (130 OF) prior to P R stepdown and 894°K (1150°F) 
after P R stepdown . The c ld wall convective and radia ion hea flux, 
and gas recovery temperatures were then used to establish the heat shield 
surfac temper t re and the corresponding postflight cold wall total 
heating rate predicti ons. Engine performance, i.e. , mixture ratio, 
chamber pressure tempera ure and gimba11ing effects on convecti ve heat­
ing r tes were considered . 

The AS-503 S-II measured base hea ing and separation environment was, in 
general below design dat and in good agreement with AS-SOl and AS-502 
fli g t data and AS-503 po tf1ight predictions . 

Figure 17-13 presents a b nd of total heating rates to the calorimeters 
on the a t face of the base heat shield for the S-II boost period. The 
AS-503 pos tflight predicti ns of these heating rates is shown together 
with AS-50 l and AS-502 fli ht data for comparison. Figure 17-13 indicates 
that the analytical predictions are ,n good agreement with the f1i ht 
data. 
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It is observed in Figure 17-13 that the maximum heating rate increased 
sharply after interstage separation. This change was noticed in data 
from a measurement located near the stagnation point of the reverse flow. 
Similar trends were observed on the previous flights but the increases 
were not as sharp as on AS-503. 

The decrease in PMR at 443 seconds resulted in a 25 percent reduction in 
heating rate. 
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It is observed in Figure 17-13 that the maximum heating rate increased 
sharply after interstage separation. This change was noticed in data 
from a measurement located near the stagnation pOint of the reverse flow. 
Similar trends were observed on the previous flights but the increases 
were not as sharp as on AS-503. 

The decrease in PMR at 443 seconds resulted in a 25 percent reduction in 
heating rate. 
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Postflight predicted and AS-503 measured thrust cone region total heating 
rates are presented in Figure 17-14. AS-SOl and AS-502 flight data are 
also presented for comparison. The postflight predictions are in good 
agreement with the AS-503 flight data. 

Figure 17-14 shows that the data band of total heating rates for AS-SOl 
and AS-502 flights is wider prior to interstage separation when compared 
with the present flight data. This difference could be caused by a slight 
variation of the reversal flow phenomena and/or by variations in engine I 

, performance. 
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Postflight predicted and AS-503 measured thrust cone region total heating 
rates are presented in Figure 17-14. AS-SOl and AS-502 flight data are 
also presented for comparison. The postflight predictions are in good 
agreement with the AS-503 flight data. 

Figure 17-14 shows that the data band of total heating rates for AS-SOl 
and AS-502 flights is wider prior to interstage separation when compared 
with the present flight data. This difference could be caused by a slight 
variation of the reversal flow phenomena and/or by variations in engine I 

, performance. 
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Gas recovery temperature at the 5-11 stage base heat shield aft face is 
shown in Fi gure 17-15. The pas tfl i ght. predi cted gas recovery temperature 
is based on model test data, and on AS·501 and AS-S02 base heat shield 
heating rates. A gas recovery temperature was calculated from flight 
transducer temperature data, using a probe emissivity factor of 0.425, 
and is also shown in Figure 17-15. 
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Figure 17-15. S-II Base Gas Temperature 
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Gas recovery temperature at the 5-11 stage base heat shield aft face is 
shown in Fi gure 17-15. The pas tfl i ght. predi cted gas recovery temperature 
is based on model test data, and on AS·501 and AS-S02 base heat shield 
heating rates. A gas recovery temperature was calculated from flight 
transducer temperature data, using a probe emissivity factor of 0.425, 
and is also shown in Figure 17-15. 
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Temperatures recorded during the AS-S03 flight on the aft face of the base 
heat shield were well below design values, and compared favorably with 
previous flights. Figure 17-16 presents a comparison of AS-S03 base heat 
shield aft face temperature data with AS-SOl and AS-S02 flight data and 
design temperatures. The lower temperatures in the AS-SOl band were due 
to the added heat capacitance of special steel transducer mounts used for 
two of the AS-SOl measurements. The extended flight time for the AS-S02 
was due to loss of two engines at 413 seconds. Thus, the AS-S03 band is 
the first true indication of expected ncminal flight data. The maximum 
recorded AS-503 temperature of 764°K (91S0F) occurred at 443 seconds, 
immediately prior to the PMR shift which reduced the heating rate, and 
was slightly higher than the maximums of 742°K (87S0F) and 73soK (86S0F) 
recorded on AS-SOl and AS-502, respecti ve1y. The desi gn temp,aratures 
were calculated using the maximum design environment. 

The effectiveness of the heat shield and flexible curtains as a thermal 
protection system was demonstrated by the relatively low temperatures of 
the heat shield forward surface, as shown in Figure 17-17, when compared 
to the high tem\Je~"ature on the heat shield aft face shown in Figure 17-16. 
The range of heat shield forward surface temperatures measured on AS-503, 
shown in Figure 17-17, was below design and similar to the range Jf 
temperatures measured on AS-SOl and AS-502. 

17.4 S-IVB ENGINE AREA THERMAL ENVIRONMENT 

The S-IVB engine area thermal environment showed a normal response as 
evidenced by the J-2 engine ASI skin temperatures. These skin temperatures 
are discussed in paragraph 7.3 and are shown in Figure 7-10 of Section 7. 

17.S VEHICLE AEROHEATING THERMAL ENVIRONMENT 

17.S.1 S-IC Stage Aeroheating Environment 

The aerodynamic heating environments were measured using thermocouples 
attached to the backside of the structural skin on the S-IC forward skirt, 
intertank, engine fairings1and fins. In addition, external skin temperature 
measurements were made on the forward skirt. Generally, the aerodynamic 
heating environments and skin temperatures were within prediction bands, 
below design limits, and were slightly lower than AS-SOl and AS-S02 flight 
data. 

Comparisons of measured skin temperatures and heating rates derived from 
thes~ temperatures for AS-SOl, AS-502, and AS-S03 flights are presented 
in Figures 17-18 through 17-26. Postflight simulated skin temperatures 
are a1s~ included. The fin skin temperature simu1ati~n includes 0.284 
watt/em (0.25 Btu/ft2-s) for sea level plume radiation and a factor for 
variation with altitude. In addition, the flow separation environments 
were included in the fin temperature simulations. 
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Temperatures recorded during the AS-S03 flight on the aft face of the base 
heat shield were well below design values, and compared favorably with 
previous flights. Figure 17-16 presents a comparison of AS-S03 base heat 
shield aft face temperature data with AS-SOl and AS-S02 flight data and 
design temperatures. The lower temperatures in the AS-SOl band were due 
to the added heat capacitance of special steel transducer mounts used for 
two of the AS-SOl measurements. The extended flight time for the AS-S02 
was due to loss of two engines at 413 seconds. Thus, the AS-S03 band is 
the first true indication of expected ncminal flight data. The maximum 
recorded AS-503 temperature of 764°K (91S0F) occurred at 443 seconds, 
immediately prior to the PMR shift which reduced the heating rate, and 
was slightly higher than the maximums of 742°K (87S0F) and 73soK (86S0F) 
recorded on AS-SOl and AS-502, respecti ve1y. The desi gn temp,aratures 
were calculated using the maximum design environment. 

The effectiveness of the heat shield and flexible curtains as a thermal 
protection system was demonstrated by the relatively low temperatures of 
the heat shield forward surface, as shown in Figure 17-17, when compared 
to the high tem\Je~"ature on the heat shield aft face shown in Figure 17-16. 
The range of heat shield forward surface temperatures measured on AS-503, 
shown in Figure 17-17, was below design and similar to the range Jf 
temperatures measured on AS-SOl and AS-502. 

17.4 S-IVB ENGINE AREA THERMAL ENVIRONMENT 

The S-IVB engine area thermal environment showed a normal response as 
evidenced by the J-2 engine ASI skin temperatures. These skin temperatures 
are discussed in paragraph 7.3 and are shown in Figure 7-10 of Section 7. 

17.S VEHICLE AEROHEATING THERMAL ENVIRONMENT 

17.S.1 S-IC Stage Aeroheating Environment 

The aerodynamic heating environments were measured using thermocouples 
attached to the backside of the structural skin on the S-IC forward skirt, 
intertank, engine fairings1and fins. In addition, external skin temperature 
measurements were made on the forward skirt. Generally, the aerodynamic 
heating environments and skin temperatures were within prediction bands, 
below design limits, and were slightly lower than AS-SOl and AS-S02 flight 
data. 

Comparisons of measured skin temperatures and heating rates derived from 
thes~ temperatures for AS-SOl, AS-502, and AS-S03 flights are presented 
in Figures 17-18 through 17-26. Postflight simulated skin temperatures 
are a1s~ included. The fin skin temperature simu1ati~n includes 0.284 
watt/em (0.25 Btu/ft2-s) for sea level plume radiation and a factor for 
variation with altitude. In addition, the flow separation environments 
were included in the fin temperature simulations. 
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External skin temperatures and corresponding heating rates on the S-IC 
forward skirt are presented in Figures 17-18 and 17-19. The measurements 
shown in these f1gures were not installed on previous vehicles. Figur~ 
17-18 shows a higher heating rate than Figure 17-19 due to one measurement 
being located in a protuberance wake interference area and the other being 
located in a clean skin area. A comparison of forward ~kirt skin tem­
peratures for AS-501, AS-502, and AS-503 vehicles is shown in Figure 17-20. 
Measurement C316-120, located on the forward skirt inner skin and shown 
in the bottom graph of this figure, was not installed on previous 
vehicles but shows the same temperature response as adjacent measurements. 
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External skin temperatures and corresponding heating rates on the S-IC 
forward skirt are presented in Figures 17-18 and 17-19. The measurements 
shown in these f1gures were not installed on previous vehicles. Figur~ 
17-18 shows a higher heating rate than Figure 17-19 due to one measurement 
being located in a protuberance wake interference area and the other being 
located in a clean skin area. A comparison of forward ~kirt skin tem­
peratures for AS-501, AS-502, and AS-503 vehicles is shown in Figure 17-20. 
Measurement C316-120, located on the forward skirt inner skin and shown 
in the bottom graph of this figure, was not installed on previous 
vehicles but shows the same temperature response as adjacent measurements. 
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Intertank skin temperatures are shown in Figures 17-21 and 17-22, along 
with heating rates derived from these temperatures. The AS-503 measured 
temperatures are below those of AS-SOl and AS-502, thus reflecting a 
slightly less severe heating trajectory than that flown by AS-SOl and 
AS-502 and a recession of the forward point of flow separation which 
was observed during AS-503 flight after IECO. 

Measured skin temperatures and the corresponding heating rates for the 
engine fairings and fins are presented in Figures 17-23 through 17-26. 
These measurements indicate that flow separation reached the fins and 
engine fairings at approximately 110 seconds. The thermal environment 
during the period of flow separation was due to radiation. A sharp' 
decrease in the flow separation environment is indicated at approximately 
130 seconds, which represents a transition period of approximately 4 
seconds after IECO. The temperature simulations include the predicted 
flow separation environment from 110 to 130 seconds and a reduced flow 
separat~on environment based on empirically established heating rates 
after 130 seconds. 

Measurements made of the forward point of flow separation from flight 
optical data at various flight times are shown in Figure 17-27 for the 
AS-501, AS-502 and AS-503 flights. At IECO (125.93 seconds) this data 
indicates that separation receded rapidly and re-established at approxi­
mately 130 seconds at or near vehicle station 12.7 meters (500 in.). 
This recession in the forward point of flow separati'on was not confirmed 
by AS-50l o~tical data since IECO for AS-50l occurred at 135 seconds and 
optical dati was not available beyond 135 seconds. Also, flow separation 
recession on AS-502 was not discernible due to IECO at 145 seconds and 
Outboard Engine Cutoff (DECO) a few seconds later. Fin and engine fairing 
temperatures did, however, show similar responses during AS-501 and AS-503 
flights after IECO. 

Skin temperatures on the forward skirt remained nearly constant until 90 
seconds and then increased to a maximum of 303.l6°K (86°F) just prior to 
S-ICjS-II separation, as shown in Figure 17-28. These temperatures closely 
resembled previous flight experience. 

To assist in assessing the thermal environment that is actually present on 
the exterior of the forward skirt during flight, 0.1 inch-thick aluminum 
plates were installed on the outside of the silicone rubber insulation, on 
top of the hat sections at four locations. Figure 17-29 presents the 
preflight maximum plate temperature predictions, the1measured temperature, 
and the postflight correlation for one of these p1at7s. 

Due to improved thermocouple installation techniques, the AS-503 flight 
is the first on which accurate LOX tank skin temperatures have been 
measured. The abbreviated previous flight data band shown in Figure 17-30 
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Intertank skin temperatures are shown in Figures 17-21 and 17-22, along 
with heating rates derived from these temperatures. The AS-503 measured 
temperatures are below those of AS-SOl and AS-502, thus reflecting a 
slightly less severe heating trajectory than that flown by AS-SOl and 
AS-502 and a recession of the forward point of flow separation which 
was observed during AS-503 flight after IECO. 

Measured skin temperatures and the corresponding heating rates for the 
engine fairings and fins are presented in Figures 17-23 through 17-26. 
These measurements indicate that flow separation reached the fins and 
engine fairings at approximately 110 seconds. The thermal environment 
during the period of flow separation was due to radiation. A sharp' 
decrease in the flow separation environment is indicated at approximately 
130 seconds, which represents a transition period of approximately 4 
seconds after IECO. The temperature simulations include the predicted 
flow separation environment from 110 to 130 seconds and a reduced flow 
separat~on environment based on empirically established heating rates 
after 130 seconds. 

Measurements made of the forward point of flow separation from flight 
optical data at various flight times are shown in Figure 17-27 for the 
AS-501, AS-502 and AS-503 flights. At IECO (125.93 seconds) this data 
indicates that separation receded rapidly and re-established at approxi­
mately 130 seconds at or near vehicle station 12.7 meters (500 in.). 
This recession in the forward point of flow separation was not confirmed 
by AS-50l o~tical data since IECO for AS-50l occurred at 135 seconds and 
optical dati was not available beyond 135 seconds. Also, flow separation 
recession on AS-502 was not discernible due to IECO at 145 seconds and 
Outboard Engine Cutoff (DECO) a few seconds later. Fin and engine fairing 
temperatures did, however, show similar responses during AS-501 and AS-503 
flights after IECO. 

Skin temperatures on the forward skirt remained nearly constant until 90 
seconds and then increased to a maximum of 303.l6°K (86°F) just prior to 
S-IG/S-II separation, as shown in Figure 17-28. These temperatures closely 
resembled previous flight experience. 

To assist in assessing the thermal environment that is actually present on 
the exterior of the forward skirt during flight, 0.1 inch-thick aluminum 
plates were installed on the outside of the silicone rubber insulation, on 
top of the hat sections at four locations. Figure 17-29 presents the 
preflight maximum plate temperature predictions, the1measured temperature, 
and the postflight correlation for one of these p1at7s. 

Due to improved thermocouple installation techniques, the AS-503 flight 
is the first on which accurate LOX tank skin temperatures have been 
measured. The abbreviated previous flight data band shown in Figure 17-30 
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represents the extent to which good data was received from the AS-SOl and 
AS-502 flights. The AS-503 temperatures are well below the predicted 
maximum. 

Intertank skin temperatures at liftoff were below those previously 
experienced, as seen in Figure 17-31. This is attributed to lower ambient 
temperatures and lower sea level wind velocities prior to liftoff. The 
temperatures at S-IG/S-II separation were well below those previously 
experienced which is attributed to the lack of plume-induced flow 
separation in this area for a significant period of time due to early IEGD. 

As was the case for the LOX tank, improved thermocouple installation 
techniques have permitted, for the first time, accurate fuel tank skin 
temperature measurements. These temperat\IJres follow predicted trends, as 
seen in Figure 17-32. 

As seen in Figure 17-33, the thrust structure skin temperature followed 
trends similar to those experienced on the first two flights. The sudden 
change of slope at 130 seconds, and failure to reach previously experienced 
temperatures is attributed to the sUdden change in the extent and strength 
of the plume-induced flow separation region at IEGO. 
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represents the extent to which good data was received from the AS-SOl and 
AS-502 flights. The AS-503 temperatures are well below the predicted 
maximum. 

Intertank skin temperatures at liftoff were below those previously 
experienced, as seen in Figure 17-31. This is attributed to lower ambient 
temperatures and lower sea level wind velocities prior to liftoff. The 
temperatures at S-IG/S-II separation were well below those previously 
experienced which is attributed to the lack of plume-induced flow 
separation in this area for a significant period of time due to early IEGD. 

As was the case for the LOX tank, improved thermocouple installation 
techniques have permitted, for the first time, accurate fuel tank skin 
temperature measurements. These temperat\'Jres follow predicted trends, as 
seen in Figure 17-32. 

As seen in Figure 17-33, the thrust structure skin temperature followed 
trends similar to those experienced on the first two flights. The sudden 
change of slope at 130 seconds, and failure to reach previously experienced 
temperatures is attributed to the sUdden change in the extent and strength 
of the plume-induced flow separation region at IEGO. 
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Temperatures on the aluminum portion of the fairings (forward of the he~t 
shield) closely resembled those previously experienced, as is evident in 
Figure 17-34. Once-again, the sudden leveling off of temperatures at 130 
seconds is attributed to IECO and the resultant changes in the plu~p.­
induced flow separation region. 

Temperatures on the titanium portion of the fairings (aft of the heat 
shield) are similar to the temperatures from previous flights, as shown in 
Figure 17-3S. 

As seen in Figure 17~36, temperatures on the wedge or forward section of 
the fins closely resemble the data obtained from previous flights until 
130 seconds,after which temperatures remain nearly constant until S-IC/ 
S-Il separation. This is due to the collapse of the region of plume­
induced flow separation at IEGD. Temperatures on the flat or aft portion 
of the fi n are not shown for the sake of brevi ty, but are s imil ar to those 
measured on the wedge portion. 

Temperatures measured on the aft face of the fins were lower than those 
measured on earlier flights, as shown in Figure 17-37. 

17.S.2 S-II Stage Aeroheating Environment 

Aeroheating on the S-II stage was analyzed using the AS-S03 preliminary 
Observed Mass Point Trajectory and angle-of-attack data from Q-ball 
measurements. Atmospheric data were obtained from the Meteorological 
Data Tape. The aeroheating rates were then calculated by means of a 
digital computer program. These predicted aeroheating rates were corrected 
to calorimeter conditions for purposes of direct comparison with flight 
data: 

Postflight predicted heating rates to calorimeters on the S-II aft inter­
stage are compared to AS-S03 flight data in Figure 17-38. AS-501 and AS-S02 
flight data are also shown in Figure 17-38. These calorimeters are not 
affected by protuberances. The agreement of AS-S03 data with postflight 
prediction and with previous flight data is good. 

The heating rates to calorimeters on the forward conical fairings of ullage 
motors on the 5-11 aft interstage are compared with the postflight 
prediction in Figure 17-39. The agreement between the postflight prediction 
and AS-S03 flight data is good. 

The heating rate to a calorimeter on the aft boattail of an LH2 feedline 
fairing is shown in Figure 17-40 together with a postflight prediction 
and AS-501 and AS-S02 data. 

A postflight heating rate prediction,_together with the AS-S03 heating rate 
to calorimeters located on the forward conical portion of the LH2 feedline 
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Figure 17-34. Once-again, the sudden leveling off of temperatures at 130 
seconds is attributed to IECO and the resultant changes in the plu~p.­
induced flow separation region. 

Temperatures on the titanium portion of the fairings (aft of the heat 
shield) are similar to the temperatures from previous flights, as shown in 
Figure 17-3S. 

As seen in Figure 17~36, temperatures on the wedge or forward section of 
the fins closely resemble the data obtained from previous flights until 
130 seconds,after which temperatures remain nearly constant until S-IC/ 
S-Il separation. This is due to the collapse of the region of plume­
induced flow separation at IEGD. Temperatures on the flat or aft portion 
of the fi n are not shown for the sake of brevi ty, but are s imil ar to those 
measured on the wedge portion. 

Temperatures measured on the aft face of the fins were lower than those 
measured on earlier flights, as shown in Figure 17-37. 

17.S.2 S-II Stage Aeroheating Environment 

Aeroheating on the S-II stage was analyzed using the AS-S03 preliminary 
Observed Mass Point Trajectory and angle-of-attack data from Q-ball 
measurements. Atmospheric data were obtained from the Meteorological 
Data Tape. The aeroheating rates were then calculated by means of a 
digital computer program. These predicted aeroheating rates were corrected 
to calorimeter conditions for purposes of direct comparison with flight 
data: 

Postflight predicted heating rates to calorimeters on the S-II aft inter­
stage are compared to AS-S03 flight data in Figure 17-38. AS-501 and AS-S02 
flight data are also shown in Figure 17-38. These calorimeters are not 
affected by protuberances. The agreement of AS-S03 data with postflight 
prediction and with previous flight data is good. 

The heating rates to calorimeters on the forward conical fairings of ullage 
motors on the 5-11 aft interstage are compared with the postflight 
prediction in Figure 17-39. The agreement between the postflight prediction 
and AS-S03 flight data is good. 

The heating rate to a calorimeter on the aft boattail of an LH2 feedline 
fairing is shown in Figure 17-40 together with a postflight prediction 
and AS-501 and AS-S02 data. 
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fai ri ng, . is shown in Fi gure 17 -4·1. Also shown are AS-501 and AS-502 fl i ght 
data. The AS-503 flight data agrees well with the postflight prediction, 
and with previous flight data. 

The AS ... S03 flight aeroheating rates were considerably lower than the design 
values. 
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fai ri ng, . is shown in Fi gure 17 -4,1. Also shown are AS-50l and AS-502 fl i ght 
data. The AS-503 flight data agrees well with the postflight prediction, 
and with previous flight data. 

The AS ... S03 flight aeroheating rates were considerably lower than the design 
values. 
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Representative AS-503 structural and fairing surface temperature data are 
shown in Figures 17-42 through 17-44. In general, temperatures based on 
postflight predicted heating rates are in good agreement with flight data. 
Flight data and prediction for forward skirt skin temperature are shown . 
in Figure 17-42. The pqstflight prediction is only slightly higher than 
flight data. Figure l7~43 presents AS-503 aft interstage stringer cap 
temperature data. Predicted and flight values of temperature are in good 
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Representative AS-503 structural and fairing surface temperature data are 
shown in Figures 17-42 through 17-44. In general, temperatures based on 
postflight predicted heating rates are in good agreement with flight data. 
Flight data and prediction for forward skirt skin temperature are shown . 
in Figure 17-42. The pqstflight prediction is only slightly higher than 
flight data. Figure l7~43 presents AS-503 aft interstage stringer cap 
temperature data. Predicted and flight values of temperature are in good 
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Figure 17-40. S-II LH2 Feedline Aft Fairing Heating Rates 

agreement. For comparison, AS-SOl and AS-502 aft interstage stringer 
temperature data are also shown in Figure 17-43. Feedline fairing 
temperature data and predictions are presented in Figure 17-44. 

17.5.3 S-IVB Stage Aeroheating Environment 
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Sufficient instrumentation to perform a thermal analysis was not scheduled 
for the AS-503 S-IVB stage. 
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agreement. For comparison, AS-SOl and AS-502 aft interstage stringer 
temperature data are also shown in Figure 17-43. Feedline fairing 
temperature data and predictions are presented in Figure 17-44. 
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Figure 17-42. S-11 Body Structural Temperature 
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Figure 17-43. S-11 Aft 1nterstage Structural Temperature 
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Figure 17-43. S-11 Aft 1nterstage Structural Temperature 
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17.5.4 IU Aeroheating Environment 

The IU inner skin temperatures, from launch through the end of first burn 
at 685 seconds, are presented in Figure 17-45. These data, in general, 
show good agreement with AS-502 data and no problems were noted. 
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Figure 17-45. IU Inner Skin Temperatures for Ascent 

17.6 VEHICLE ORBITAL HEATING ENVIRONMENT 

The IU inner skin temperature" for portions of the time in earth orbit, 
are shown in Figure 17-46. The temperatures are shown to be cycling 
between the same maximum and minimum values that were observed on the 
AS-502 flight, as the vehicle orbital path alternated between zones of 
earth shadow and solar heating. 
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17.5.4 IU Aeroheating Environment 

The IU inner skin temperatures, from launch through the end of first burn 
at 685 seconds, are presented in Figure 17-45. These data, in general, 
show good agreement with AS-502 data and no problems were noted. 
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Figure 17-45. IU Inner Skin Temperatures for Ascent 

17.6 VEHICLE ORBITAL HEATING ENVIRONMENT 

The IU inner skin temperature" for portions of the time in earth orbit, 
are shown in Figure 17-46. The temperatures are shown to be cycling 
between the same maximum and minimum values that were observed on the 
AS-502 flight, as the vehicle orbital path alternated between zones of 
earth shadow and solar heating. 
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Figure 17-46. IU Inner Skin Temperature, Earth Orbit 
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lS.l SUMMARY 

SECTION lS 

ENVIRONMENTAL CONTROL SYSTEM 

The S-IC canister conditioning system and the aft environmental 
conditioning system performed satisfact6rily during the AS~503 
countdown. 

The S-II thermal control and compartment conditioning system maintained 
temperatures within the design limits throughout the prelaunch operations. 

The IU Environmental Control System (ECS) performed well throughout the 
flight. Coolant temperatures, pressures, and flowrates remained within 
the predicted ranges and design limits for the first 3 hours of available 
flight data. 

lS.2 S-IC ENVIRONMENTAL CONTROL 

The ambient temperature of the lS canisters in the S~IC stage forward 
skirt compartment must be controlled at 299.S tll .1oK (SO ±20°F) during 

:~ equipment operation prior to J-2 engine chilldown, and between 324.S to 
277.6°K (125 to 40°F) during J-2 engine chilldown. No canister con­
ditioning is required after S-IC forward umbilical disconnect. 

" 

f 
", 

i 
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The canister temperatures remained within the required limits during the 
countdown, as shown in Figure lS-l. Canister No.6 recorded the lowest 
temperature 2S5.9°K (55°F) during prelaunch. The lowest canister 
temperature measured in flight was 256.soK (2.5°F) in canister No.2, 
as shown in Figure 18-1. 

During J-2 engine chilldQwn the thermal env"lronment is at the most 
critical point. Within this period the ambient temperature in the 
forward skirt compartment dropped as shown in Figure lS-2. The lowest 
temperature, 173.2°K (-lASOF), was recorded at instrument C207-l20 which 
is located under a J-2 engine nozzle and receives the maximum effect of 
the cold helium. All other ambient temperatures were above th~ 205~4°K 
(-90°F) predicted minimum. 

The design requirements for the aft compartment are that the prelaunch 
temperature be maintained at 299.7 tS.3°K (SO t15°E) near the 
batteries and the remainder of the ,compartment be maintained at 
299.8 ±11.1 C K(80 t20°F}. 

lS-l 
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Aft compartment prelaunch temperatures were maintai·ned within the design 
requirements, as shown in Figure 18-3. The lowest prelaunch temperature 
recorded was 293.2°K (68°F) at instrument number C203~115~ During flight 
the lowest recorded temperature of 272.6°K (31°F) was also at instrument 
C203-115. 

18.3 S-II ENVIRONMENTAL CONTROL 

The ~,,.II stage Environmental Control System consists of two parts. 

a. The engine compartment conditioning system provides a means of 
purging the engine and aft interstage area of explosive mixtures 
during propellant loading operations, and maintaining proper 
temperature control for stage components. The compartment purge 
is effected by means of warm GN2 and is operational only during 
the prelaunch period. The compartment vents have been designed 
to meet these objectives and to relieve internal pressure during 
S-IC boost. 

b. The thermal control system is designed to provide both temperature 
control and an inert atmosphere for the electronic equipment 
containers in the aft compartment. Ground equipment provides 
conditioned air for cooling during ground checkout, and GN2 for 
purging and heating during and after propellant loading. The 
conditioned gas is directed to the equipment containers through 
ducting, and exhausts to the interstage area. The flow is fixed 
by orifices and is continuous until·terminated at umbilical 
disconnect. During flight, thermal inertia and c.ontainer in~ 
sulation will preclude out-of-tolerance equipment temperatures. 

The engine compartment conditioning system maintained the compartment 
temperature within the design limit throughout the prelaunch operations. 
Engine compartment ambient temperature transducers, which were common 
to AS-502 and AS-503, generally indicated temperatures throughout the 
AS-503 countdown similar to thos~ during AS~502 countdown. 

AS-502 and AS-503 temperatures were generally lower than AS-501 because 
the purge temperature was adjusted to produce average compartment 
temperatures at the control thermistor (12Kll) on the low side of the 
275 to 2800K (35 to 45°F) tolerance. The new thrust cone aft ambient 
measurements and the new engine area ambient measurements indicated a 
relatively narrow temperature range in this zone of 283 to 294°K (50 to 
70°F) prior to thrust chamber chilldown. However, a considerable 
temperature gradient relative to azimuth location was indicated by 
these measurements after thrust chamber chilldown. For example, the 
thrust cone ambient after chilldown was 2l3°K (-75°F) at position II, 
and was 255°K (O°F) at position I. The minimum engine area ambient 
was 194°K (-110°F) at position II, and the maximum was 2410K (~25°F) 
at position IV. It is suspected that the ambients in the vicinity of 
position I are lower than the others due to dissimilar helium flow rates 
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and/or temperatures issuing from the thrust chambers during chi'lldown. 
Supporti ng data for thi s theory are the thrust chamber jacket temper.3.tures, 
and the fuel injection temperatures, which indicate that engines No.1 
and No.2 (straddling position II) cooled faster and to lower temperatures 
than the other three engines. 

Ambient temperature measurements, in the vicinity of the S-IC thermal 
control containers, indicated temperatures at liftoff of 243°K (-30°F) 
and 253°K (_4°F), respectively, indicating that the ambient temperature 
in this vicinity was above the minimum requirement of 205°K (-gO°F). 

Thrust cone temperature measurements indicated that the thrust cone 
structure was below the required 255°K (O°F) maximum design temperature 
at liftoff. . 

There were no indications of hydrogen or oxygen in the S-IC/S-II 
interstage throughout the countdown. 

The forward thermal control system maintained the equipment mount 
temperatures in the middle of the design range throughout countdown and 
flight. The temperatures at liftoff were 4.5 to 9.5°K (8 to 17°F) colder 
than those of AS-SOl and 0 to 4°K (0 to 7°F) colder than AS~S02. Similar 
to AS-SOl, the greatest drop in equipment mount temperature during flight 
was 4.5°K (8°F) and the greatest rise was 10 K (2°F). These changes 
occurred in containers 221 and 22S, respectively. 

Container 214 was the only instrumented container in the aft thermal 
control system. The equipment mount tempet"ature history in this 
container was within 2.7soK (SOF) of that recorded on AS~SOl and AS.S02. 
On the basis of this one measurement and the absence of any anomalies 
in equipment housed in the other containers, it is assumed that the aft 
thermal control system performed satisfactorily. 

18.4 S-IVB ENVIRONMENTAL CONTROL 

Temperature control for S-IVB forward skirt electronic components is 
provided by mounting the container on cold plates. A Methanol/Water 
(M/W) coolant, supplied by the IU Thermal Conditioning System (TCS), is 
circulated through these cold plates to carry away waste heat. The 
containers on AS~S03 were not instrumented for temperature measurements, 
however, normal operation of the electronic components indicate that 
temperatures were maintained within proper limits. 

The S-IVB Environmental Control System for the aft skirt and interstage 
provides the following: 

a. Thermal conditioning of the atmosphere, during ground operations, 
around electrical equipment in the aft skirt. 
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b. Thermal conditioning of the Auxiliary Propulsion System (APS), 
hydraulic accumulator reservoir, and ambient helium bottle. 

c. P~rging of the aft skirt, aft interstage and thrust structure, 
and the S-II stage forward skirt of oxygen and combustible gases. 

Temperature-controlled air or GN2 is supplied at the rate of 3500 SCFM 
to accomplish the thermal conditioning. The GN2 purge is initiated at 
LOX loading and is continued until umbilical disconnect. The system 
performance appea~~ed to be satisfactory; however, a detailed analysis 
was not made. 

18.5 IU ENVIRONMENTAL CONTROL 

The ECS maintained acceptable operating conditions for components mounted 
within the Instrument Unit (IU) and the S~IVB stage forward skirt during 
preflight and flight operations. The ECS is composed of a Thermal Con­
ditioning System (TCS) and a Gas Bearing Supply System (GBS). A Preflight 
Purge Subsystem provided compartment conditioning prior to launch. 

18.5.1 Thermal Conditioning System 

A conditioned environment in the IU/S-IVB stage compartment is maintained 
prior to launch by a temperature and flow regulated supply of air or 
GN2. The environmental conditioning duct distributes the regulated 
ground supplied air throughout the compartment through orifices in the 

, duct during the preflight checkout phases. During fueling operation, 
GN2 is used to purge the IU compartment. Purging terminates with 
umbilical separation. Preflight data received from Kennedy Space Center 
indicate satisfactory operation. The required 290.2 to 295.BoK (63 to 
73°F) compartment temperature was maintained. 

The IU TCS, shown in Figure lB-4, maintained an acceptable M/W coolant 
temperature of 288 to.56°K (59 tlOF) for the IU and S-IVB stage 
electrical components during prelaunch and 2BO.4 to 293.l5°K (45 to 6BOF) 
during flight operations. A coolant pump circulates the M/W fluid to 
the IU and S-IVB stage TCS. Flowrate distribution is controlled by 
fixed orifices. The IU flowrate is proportionally distributed to the 
16 IU cold plates and the 4 internally cooled components. These 
components are: stabilized platform, Flight Control Compyter (FCC), 
Launch Vehicle Data Adapter (LVDA), and Launch Vehicle Digital Computer 
(LVDC). The IU and S-IVB stage coolant is then returned to a heat 
exchanger assembly. This heat exchanger is cooled by a sUblimation 
process. Water, supplied from a pressurized accumulator, passes through 
a porous plate in the sublimator where the pressure is reduced to 
compartment ambient. The water is then cooled to the frozen state and 
evaporates by sUblimation at the near vacuum compartment pressure. This 
then serves as a heat sink. At 5 seconds after liftoff a switch selector 
command diverts 100 percent of the M/W coolant flow through the heat 
exchanger. At about 180 seconds, a switch selector command opens the 
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b. Thermal conditioning of the Auxiliary Propulsion System (APS), 
hydraulic accumulator reservoir, and ambient helium bottle. 

c. P~rging of the aft skirt, aft interstage and thrust structure, 
and the S-II stage forward skirt of oxygen and combustible gases. 

Temperature-controlled air or GN2 is supplied at the rate of 3500 SCFM 
to accomplish the thermal conditioning. The GN2 purge is initiated at 
LOX loading and is continued until umbilical disconnect. The system 
performance appea~~ed to be satisfactory; however, a detailed analysis 
was not made. 

18.5 IU ENVIRONMENTAL CONTROL 

The ECS maintained acceptable operating conditions for components mounted 
within the Instrument Unit (IU) and the S~IVB stage forward skirt during 
preflight and flight operations. The ECS is composed of a Thermal Con­
ditioning System (TCS) and a Gas Bearing Supply System (GBS). A Preflight 
Purge Subsystem provided compartment conditioning prior to launch. 

18.5.1 Thermal Conditioning System 

A conditioned environment in the IU/S-IVB stage compartment is maintained 
prior to launch by a temperature and flow regulated supply of air or 
GN2. The environmental conditioning duct distributes the regulated 
ground supplied air throughout the compartment through orifices in the 
duct during the preflight checkout phases. During fueling operation, 
GN2 is used to purge the IU compartment. Purging terminates with 
umbilical separation. Preflight data received from Kennedy Space Center 
indicate satisfactory operation. The required 290.2 to 295.BoK (63 to 
73°F) compartment temperature was maintained. 

The IU TCS, shown in Figure lB-4, maintained an acceptable M/W coolant 
temperature of 288 to.56°K (59 tlOF) for the IU and S-IVB stage 
electrical components during prelaunch and 2BO.4 to 293.l5°K (45 to 6BOF) 
during flight operations. A coolant pump circulates the M/W fluid to 
the IU and S-IVB stage TCS. Flowrate distribution is controlled by 
fixed orifices. The IU flowrate is proportionally distributed to the 
16 IU cold plates and the 4 internally cooled components. These 
components are: stabilized platform, Flight Control Compyter (FCC), 
Launch Vehicle Data Adapter (LVDA), and Launch Vehicle Digital Computer 
(LVDC). The IU and S-IVB stage coolant is then returned to a heat 
exchanger assembly. This heat exchanger is cooled by a sublimation 
process. Water, supplied from a pressurized accumulator, passes through 
a porous plate in the sublimator where the pressure is reduced to 
compartment ambient. The water is then cooled to the frozen state and 
evaporates by sUblimation at the near vacuum compartment pressure. This 
then serves as a heat sink. At 5 seconds after liftoff a switch selector 
command diverts 100 percent of the M/W coolant flow through the heat 
exchanger. At about 180 seconds, a switch selector command opens the 
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water solenoid valve and starts the sublimation cooling cycle. Starting 
at 480 seconds the LVDC senses the M/W coolant temperature once every 
300 seconds. If the coolant temperature is above the thermal switch 
set point upper limit of 288.6°K (60°F) at this time, the water valve 
is commanded open to initiate a cooling cycle. If the coolant 
temperature is less than the thermal switch set point lower limit of 
288.3°K (59.6°F), the water valve is commanded closed and sublimator 
cooling is terminated until the tempe~ature is sampled again. 

Figure 18-5 shows the ~VW control temperature cycling within the required 
280.2 to 293°K (45 to 68°F) temperature band during the period that data 
is available. Pressures and flowrates remained within the required 
ranges. Shortly after liftoff the MFCV went toward the full sublimator 
flow position. Figure 18-6 shows the sublimator performance during 
ascent. The water valve opened at 184.77 seconds and gradually 
increasing cooling was evident until approximately 500 seconds. At 
this time, the sublimator ~ompleted its fill cycle and a high level of 
cooling was apparent. -Th~ '~S GN2 usage, shown in Figure l8~7, was 
slightly less than nominal. A 0.0322 kg/hr (0.07 lbm/hr) usage rate 
was within the allowable range of 0.03 to 0.044 kg/hr (0.066 to 0.097 
1 bm/hr) . 
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water solenoid valve and starts the sublimation cooling cycle. Starting 
at 480 seconds the LVDC senses the M/W coolant temperature once every 
300 seconds. If the coolant temperature is above the thermal switch 
set point upper limit of 288.6°K (60°F) at this time, the water valve 
is commanded open to initiate a cooling cycle. If the coolant 
temperature is less than the thermal switch set point lower limit of 
288.3°K (59.6°F), the water valve is commanded closed and sublimator 
cooling is terminated until the tempe~ature is sampled again. 
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Figure lB-6. IU Sublimator Performance During Ascent 

Selected component temperatures are shown in Figure 18~B. 

lB.5.2 Gas Bearing Supply System 

The Gas Bearing System (GBS), shown in Figure lB~4, supplies GN2 at a 
regulated pressure and temperature to the ST-124M Inertial Platform 
Assembly (Platform) for preflight and flight operation. The GBS consists 
of a storage sphere, heat exchanger, pressure regulator, low~pressure 
swi tch, t~JO fi 1 ters, a supply and emergency vent, sol enoi d valve, 
calibration line, and associated tubing. 

During system operation, GN2 flows from the storage sphere at an initial 
pressure of 2068N/cm2 (3000 psig). After the GN2 is filtered, the 
pressure regulator drops the pressure to an acceptable value for the 
air bearing operation. The GN2 flows through the heat exchanger and a 
second filter to the Platform gas bearing inlet. The heat exchanger 
thermally conditions the GN2. A line from the Platform to the dome of 
the pressure regulator supplies the reference prF";sure required to 
control the pressure differential across the ga~ oearings. 
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Figure lB-6. IU Sublimator Performance During Ascent 

Selected component temperatures are shown in Figure lB~B. 

lB.5.2 Gas Bearing Supply System 

The Gas Bearing System (GBS), shown in Figure lB~4, supplies GN2 at a 
regulated pressure and temperature to the ST-124M Inertial Platform 
Assembly (Platform) for preflight and flight operation. The GBS consists 
of a storage sphere, heat exchanger, pressure regulator, low~pressure 
switch, t~JO filters, a supply and emergency vent, solenoid valve, 
calibration line, and associated tubing. 

During system operation, GN2 flows from the storage sphere at an initial 
pressure of 206BN/cm2 (3000 psig). After the GN2 is filtered, the 
pressure regulator drops the pressure to an acceptable value for the 
air bearing operation. The GN2 flows through the heat exchanger and a 
second filter to the Platform gas bearing inlet. The heat exchanger 
thermally conditions the GN2. A line from the Platform to the dome of 
the pressure regulator supplies the reference prF";sure required to 
control the pressure differential across the ga~ oearings. 
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Figure 18-7. Thermal Conditioning System GN 2 Pressure 
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The gas bearing sj'..)tem performance is shown in Figure 18-9. A gradual 
increase in the inlet pressure differential can be seen starting during 
the second S-IVB stage burn, and a 0.31 N/cm2 (0.45 psid) shift-can be 
seen at spacecraft separation at 12,056.3 seconds after which the 
gradual increase continued. The 10.7 N/cm2 (5.5 psid) specification 
maximum was exceeded when this shift occurred. The probable cause of 
this occurrence was a shift in spring displacement in the gas bearing 
pressure regulator. This shift has been seen during component testing 
and has been shown to be the result of low torque on the a9justment 
screw locknut. No problems occurred as a result of this~hiftin pressure 
differential. The GBS usage, as shown in Figure 18-10, was slightly less 
than that nominally expected. A 0.35 SCFM usage rate, which was within 
the 0.3 to 0.5 SCFM allowable range, is indicated. 
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Figure 18-7. Thermal Conditioning System GN 2 Pressure 

The gas bearing sj'..)tem performance is shown in Figure 18-9. A gradual 
increase in the inlet pressure differential can be seen starting during 
the second S-IVB stage burn, and a 0.31 N/cm2 (0.45 psid) shift-can be 
seen at spacecraft separation at 12,056.3 seconds after which the 
gradual increase continued. The 10.7 N/cm2 (5.5 psid) specification 
maximum was exceeded when this shift occurred. The probable cause of 
this occurrence was a shift in spring displacement in the gas bearing 
pressure regulator. This shift has been seen during component testing 
and has been shown to be the result of low torque on the a9justment 
screw locknut. No problems occurred as a result of this~hiftin pressure 
differential. The GBS usage, as shown in Figure 18-10, was slightly less 
than that nominally expected. A 0.35 SCFM usage rate, which was within 
the 0.3 to 0.5 SCFM allowable range, is indicated. 
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19.1 SUMMARY 

SECTION 19 

DATA SYSTEMS 

The AS-503 launch vehicle data system consisted of 2670 active flight 
measurements, 21 telemetry links, onboard tape recorders, film and tele­
vision cameras, and tracking. With the exception of the onboard film 
cameras, all data system "elements performed very satisfactorily. As 
discussed in paragraph 19.6, only one of the four S-IC film cameras was 
recovered. 

The performance of all vehicle telemetry systems was excellent. The last 
usable VHF data were received by the Guaymas and Texas stations from 
telemetry links CF-1 and CP-1 at 15,660 seconds (4:21 :00). 

Performance of the Radio Frequency (RF) systems was satisfactory. 
Measured flight data, with few exceptions~ agreed favorably with expected 
trends. Final loss of RF carrier signals after translunar injection were 
as follows: VHF telemetry was last received by Guaymas at approximately 
29,230 seconds (8:07:10), Command and Communication System (CCS) was lost 
by Guaymas at approximately 44,357 seconds (12:19:17), and the C-Band 
radar transmission was last received by Grand Turk Island (GTI) at 
approximately 21,325 seconds (5:55:25). 

Ground camera coverage was good as evidenced by 81.5 percent system 
efficiency. The onboard television (TV) systems performed satisfactorily 
and provided useful data. 

19.2 VEHICLE MEASUREMENTS EVALUATION 

Flight measurements transmitted by the AS-503 instrumentation systems 
provided data for real time monitoring and postflight evaluation of the 
launch vehicle. The received data were reviewed and their respective 
measurel11ents classified according to successfulness to achieve assigned 
flight requirements. This measurements evaluation provided an indication 
of the instrumentation system's performance and apprised data users of 
any limitations in the data for other vehicle systems analyses. 
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Definitions of the adopted flight measurement classifications follow as 
a guide for the interpretation of subsequent material: 

Measurements, 
Scheduled 

Measurements, 
Waived 

Measurements, 
Active 

Measurements, 
Fail ed 

Measurements, 
Partially Failed 

tvleas u remen ts , 
Successful 

Measurement 
Reliability 

Measurements, 
Out of Range 

Measurements, 
Questionable 

L 

Those measurements listed in the Instrument 
Program and Components (IP&C) List for the 
particular flight and stage, which are wholly on 
the stage. 

Scheduled measurements which have been de1eteG 
as a flight requirement by NASA prior to start 
of automatic countdown sequence, but are not 
necessarily inoperative. 

Scheduled flight measurements that have not been 
waived when automatic countdown sequence starts. 

Active flight measurements which, due to 
malfunction, fail to achieve their intended 
purpose. 

Active flight measurements which successfully 
achieve their intended purpose despite a 
malfunction during flight. 

Measurements which achieve their intended purpose 
and include total successes and partial failures. 

The percentage of active flight measurements 
which achieve their intended purpose (including 
partial failures). Questionable measurements 
are excluded from assessment. The measurement 
reliability is determined as follows: 

% Reliability = No. of successful measurements X 
100 
No. of active flight measurements 

Measurements which register above or below the 
assigned information bandwidth during any part 
of the flight are defined as being out of range. 
All out of range measurements, which are not also 
c1 ass i fi ed as fail ures or parti a 1 fail ures, are 
listed in the Out of Range Measurements table. 

Any meas ur£\ments that have not been judged as 
being successful, failed, or partially failed 
(at time of this report issuance)' shall be 
referred to as questionable measurements. 
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There were 2675 scheduled flight measurements on the AS-503 launch vehicle 
of which only 5 were waived prior to automatic countdown. Of the remaining 
2670 active measurements, 27 failed, resulting in a launch vehicle measure­
ment reliability of 99.0 percent. A summary of the launch vehic1e 1 s measure­
ments performance is presented in Tpb1e 19-1. 

Measuring system perfonnance for the AS-503 launch vehicle was excellent. 
The only abnormality of interest vIas the temporary loss of several S-II 
temperatL!res due to the interm';ttent operation of three power supplies. 
However, no critical operational parameters were affected and the data 
loss did not impair flight performance evaluation. 

19.2.1 S-IC Stage Measurement Analysis 

There were 893 flight measurements scheduled for the S-IC stage. Prior to 
the start of automatic countdown sequence, 3 measurements gave malfunction 
indications and were waived. (See Table 19-3 for a summary). However, 
two waived measurements did provide usable flight data. Of the remaining 
890 active flight measurements, 6 failed, 23 partially failed, 5 were 
improperly ranged, and 2 were questionable. The failures and partial 
failures are summarized in Table 19-3. Table 19-4 gives a summary of the 
improperly ranged measurements and questionable measurements are presented 
in Table 19-5. Ba.sed upon the numbers of active and failed measurements, 
the S-IC stage flight measur'ement reliability was 99.3 percent. 

Table 19-1. AS-503 Flight Measurement Summary 

S-IVB 
MEASUREMENTS S-IC S-II STAGE INSTRUMENT TOTAL 

CATEGORY STAGE STAGE PHASE I * PHASE II* UNIT VEHICLE-

Scheduled 893 1001 404 404 377 2675 

Waived 3 2 0 0 0 5 

Failures 6 16 '2 5. 0 27 

Partial Failures 23 49 0 0 3 75 

Improper Range 5 0 0 1 0 6 

Questionable 2 0 0 0 'J 3 . 
Re 1 ~ a b i 1 i ty, % 99.3 98.4 99.5 98.8 100.0 99.0 

*Notes: 1. S-IVB Phase I period of performance is from liftoff to parking 
-orbit insertion. 

2. S-lVB Phase II period of performance is from liftOff until end 
of S-IVB stage flight period of performance. 

19-3 

There were 2675 scheduled flight measurements on the AS-503 launch vehicle 
of which only 5 were waived prior to automatic countdown. Of the remaining 
2670 active measurements, 27 failed, resulting in a launch vehicle measure­
ment reliability of 99.0 percent. A summary of the launch vehic1e 1 s measure­
ments performance is presented in Tpb1e 19-1. 

Measuring system perfonnance for the AS-503 launch vehicle was excellent. 
The only abnormality of interest vIas the temporary loss of several S-II 
temperatL!res due to the interm';ttent operation of three power supplies. 
However, no critical operational parameters were affected and the data 
loss did not impair flight performance evaluation. 

19.2.1 S-IC Stage Measurement Analysis 

There were 893 flight measurements scheduled for the S-IC stage. Prior to 
the start of automatic countdown sequence, 3 measurements gave malfunction 
indications and were waived. (See Table 19-3 for a summary). However, 
two waived measurements did provide usable flight data. Of the remaining 
890 active flight measurements, 6 failed, 23 partially failed, 5 were 
improperly ranged, and 2 were questionable. The failures and partial 
failures are summarized in Table 19-3. Table 19-4 gives a summary of the 
improperly ranged measurements and questionable measurements are presented 
in Table 19-5. Ba.sed upon the numbers of active and failed measurements, 
the S-IC stage flight measur'ement reliability was 99.3 percent. 

Table 19-1. AS-503 Flight Measurement Summary 

S-IVB 
MEASUREMENTS S-IC S-II STAGE INSTRUMENT TOTAL 

CATEGORY STAGE STAGE PHASE I * PHASE II* UNIT VEHICLE-

Scheduled 893 1001 404 404 377 2675 

Waived 3 2 0 0 0 5 

Failures 6 16 '2 5. 0 27 

Partial Failures 23 49 0 0 3 75 

Improper Range 5 0 0 1 0 6 

Questionable 2 0 0 0 'J 3 . 
Re 1 ~ a b i 1 i ty, % 99.3 98.4 99.5 98.8 100.0 99.0 

*Notes: 1. S-IVB Phase I period of performance is from liftoff to parking 
-orbit insertion. 

2. S-lVB Phase II period of performance is from liftOff until end 
of S-IVB stage flight period of performance. 

19-3 

1 
j:; 

~.~ 
! 
" <-I; 

f' 
~. 
I 

I 
I. 

r 
!-

t 
I 
t· 

" q 
; ~ 
! 

i: 
1::: , 
:: 
II' 
.;" 

l~r 

1\ 



" 

-

Performance of the S-IC POGO suppression system measurements was satisfac­
tory and a significant improvement was noted in the quality of acoustic 
and high frequency vibration data on this flight. Several of the latter 
category of measurements had increased ranges and low pass filters added. 
These modifications resulted in a 95.9 percent reliability in the acquisi­
tion of these measurements compared to 90.2 percent for AS-502. 

19.2.2 S-II Stage Measurement Analysis 

There were 1001 flight measurements scheduled for the S-11 stage. Prior 
to the start of automatic countdown sequence, 2 measurements gave malfunc­
tion indications and were waived. The waived measurements, summarized. in 
Table 19-2, provided no useful flight data. The remaining 999 active 
flight measurements, 16 failed, and 49 partially failed (44 of which were 
associated with the intermittent performance of three temperature bridge 
power supplies). The failed and partially failed measurements are sum­
marized in Table 19-3. Based upon the number of active and failed measure­
ments, the S-11 stage flight measurement reliability was 98.4 percent. 

Twice during the flight, power supplies for temperature measurement 
bridges intermittently open-circuited. As discussed in paragraph 13.3, 
output voltages M046 and M059 were intermittent for approximately 30 
seconds through the period of Max Q. During this time, all 25 temperature 
measur~ments connected to these power supplies similarly went off scale. 
A 11 affected measurements returned to normal fo 11 owi ng the return of 
correct power supply voltage. At approximately 443 seconds, power supply 
voltage M053 became intermittent and caused 19 temperature measurements 
to go off scale for approximately 30 seconds and then .return to normal 
when correct power was reapplied. All 44 measurements provided satisfactory 

Table 19-2. AS~503 Flight Measurements Waived Prior to Launch 

r~EASURE~lENT MEASUREMENT TITLE NUMBER NATURE OF FAILURE REMARKS 
.... :, .. -~ 

S-IC STAGE 

C04l-1l5 Temperature, Helium Inlet Manifold Remained at Maximum 'Haiver L1A-1-47; No Va.1id Datu. 

0027-101 Pressure, Surface, Outboard Engine Inoperative Gefore Waiver L1A-1-46; Valid C1ata During 
Flight Flight. 

N020-115 Film Camera Timer Opemtion Indicator Time Code Not Per Waiver LlA-1-48; Partially Valid 
Specification Data. 

S-II STAGE 

C063-218 Temperature, LH2 Dome External Indicated Maximum No Valid Data. 
Insulation Surface . Temperature Before And 

During Flight 

0030-201 Pressure, E1 LH2 Recirculation Pump Abnormally low Indica- No Valid Data. 
Discharge tion Before And During 

Fl i ght 

. 
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C063-218 Temperature, LH2 Dome External Indicated Maximum No Valid Data. 
Insulation Surface . Temperature Before And 

During Flight 

0030-201 Pressure, E1 LH2 Recirculation Pump Abnormally low Indica- No Valid Data. 
Discharge tion Before And During 

Fl i ght 

. 
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Table 19-3. AS-503 Flight Measurement Malfunctions 

MEASUREMENT 
NUMBER 

B004-114 

NOOl-12D 

0046-106 

0015-103 

E039-101 

E042-104 

C852-218 

C895-218 

0030-202 

0030-203 

0030-204 

0030-205 

0112-219 

0115-219 

0116-219 

0117 -219 

0131-218 

0134-218 

0152-202 

0158-206 
Eo02-203 
G001-Z0S 

MEASUREMENT TITLE NATURE OF FAILURE 

TOTAL MEASUREMENT FAILURES, S-le STAGE 

Acoustic Rear Fin 0 High amplitude, low 
frequency noise 

Telemetry Antenna Reflec- No data 
ted Power Link F-1 
Pressure, Diff, Heat 
Shield 

Data high throughout most 
of f1 ight 

TIME OF 
FAILURE 
(RANGE 
TIME) 

-5 seconds 

-5 seconds 

DURATION 
SATISFACTORY 

OPERATION 

None 

None 

Entire Flight None 

Pressure Engine Gimbal 
System Pitch Actuator 
Return 

Data reads 40 psi low but -5 seconds None 
shows normal trend through-
out f1 ight 

Vibration, Fuel Pump Inlet Data does not agree with 
previous flight data 

Vibration, Fuel Pump 
Flange 

Data does not agree with 
previous flight data 

TOTAL MEASUREMENT FAILURES, S.II STAGE 

E1 LH2 Feedline Q FWD 

LH2 Tank Insulation 
Surface T 
E2 LH2 Recirc Pump 
Disch P 

E3 LH2 Recirc Pump 
Disch P 

E4 LH2 P?circ Pump 
Disch P 

E5 LH2 Reclrc Pump 
Disch P 

Forward Skirt Static P 

Forward Skirt Static P 

Forward Skirt Static P 

Forward S'irt Static P 

Offscal e. Low 

Erratic Signature 

Offscale. Low 

Offsca 1 e, Low 

Abnormal pressure 
indication 

Offsca 1 e. Low 

Slow Pressure Decay 

Slow Pressure Decay 

Slow Pressure Decay 

Slow Pressure Decay 

-5 seconds None 

-5 seconds None 

33 seconds None 

-90 seconds None 

-300 seconds None 

-300 seconds None 

-300 seconds None 

-300 seconds None 

60 secondo None 

60 seconds None 

Entire flight None 

Entire flight None 

LH2 Tank Insu1~tlon 
Ext P 

No Pressure Decay Until 0 seconds None 

LH2 Tank Insulation 
Ext P 

LH2 Reclrc Pump Inlet P 

Heat Shield Aft Face P 
E3 Radial Vib LOX Pump 
ES Turbine Bypass V1v Pos 

20 Seconds 
Incomplete Pressure Decay 90 seconds None 

Remained at Atmospheric 0 seconds None 
Pressure 

No increase at ignition 
Data transients 
Data intermittent 

40 seconds None 
Entirp. flight None 
Prior to 
1 iftoff 

None 

TOTAL MEASUREMENT FMLURES, S-IVB STAGE, PHASE 'I 

REMARKS 

Saturation of system due 
to high vibration level 
Failure of VSWR monitor 

Port cap probably left 
on 
Reason unknown 

System saturation due to 
high vibration lev21 
System saturation due to 
high vibration level 

Apparent open transducer 
circuit 
Apparent transducer 
failure 
Transducer installation 
Incompatible with 
thermal environment 
Transducer Installation 
Incompatible with 
thermal environment 
Transducer installation 
incompatible with 
thermal environment 
Transducer installation 

, Incompatible with 
thermal environment 
Possible moisture or Ice 
In sensing tube 
Possible moisture or ice 
1 n sens I ng tube 
Possible moisture or Ice 
in senslng tube 
Possible moisture or ir.e 
In sensing tube 
Possible moisture or Ice 
in sensing tube 
Possible moisture or Ice 
in sensing tube 
Transducer Installation 
Incompatible with 
thermal environment 
Transducer failure 
Transducer failure 
Transducer failure 

----------------r_--------------~r_----------------~~----~~------~-------- ------
00020-403 

E0209-401 

C0149-401 

C0208-40S 

C2041-403 

Press - Fuel Tank He 
Bottle Repress 
Vib - Combustion Chamber 
Dome - Long 

Only data trends useful 

No useable data 

o seconds 

o seconds 

TOTAL MEASUREMENT FAILURES, S-IVB STAGE, PHASE Il 

Temp - GG Oxid Bleed Valve Erratic data 18500 seconds 
Wall 
Temp - Cold He Sphere Large data shift 9700 seconds 
No. I Gas 
Temp - Cold He Fill Line Erratic data 9793 seconds 

NOTE: Phase 1 failures 
not rel1sted . 

19·-5 

. , 

None 

None 

17229 secon~ 

9700 seconds 

9793 seconds 
and 11630 to 
LOS 

Cause unknown : 

Loose cable connector 
suspected 

Sensor open circuited 

Poss1ble calibration 
error 
Sensor op~n circu1ted 

Table 19-3. AS-503 Flight Measurement Malfunctions 

MEASUREMENT 
NUMBER 

B004-114 

NOOl-120 

0046-106 

0015-103 

E039-101 

E042-104 

C852-218 

C895-218 

0030-202 

0030-203 

0030-204 

0030-205 

0112-219 

0115-219 

0116-219 

0117 -219 

0131-218 

0134-218 

0152-202 

0158-206 
E002-203 
G001-Z05 

MEASUREMENT TITLE NATURE OF FAILURE 
TIME OF 
FAILURE 
(RANGE 
TIME) 

DURATION 
SATISFACTORY 

OPERATION 

TOTAL MEASUREMENT FAILURES, S-le STAGE 

Acoustic Rear Fin 0 High amplitude, low 
frequency noise 

Telemetry Antenna Ref1ec- No data 
ted Power Link F-l 
Pressure, Diff, Heat 
Shield 

Data high throughout most 
of f1 ight 

-5 seconds None 

-5 seconds None 

Entire Flight None 

Pressure Engine Gimbal 
System Pitch Actuator 
Return 

Data reads 40 psi low but -5 seconds None 
shows normal trend through-
out flight 

Vibration, Fuel Pump Inlet Data does not agree with 
previous flight data 

Vibration, Fuel Pump 
Flange 

Data does not agree with 
previous flight data 

TOTAL MEASUREMENT FAILURES, S.II STAGE 

El LH2 Feed11ne Q FWD 

LH2 Tank Insulation 
Surface T 
E2 LH2 Recirc Pump 
Disch P 

E3 LH2 Recirc Pump 
Olsch P 

E4 LH2 P?circ Pump 
Disch P 

Offsca1 e. Low 

Erratic Signature 

Offsca1e. Low 

Offsca 1 e, Low 

Abnormal pressure 
indication 

Offsca 1 e. Low 

-5 seconds None 

-5 seconds None 

33 seconds None 

-90 seconds None 

-300 seconds None 

-300 seconds None 

-300 seconds None 

-300 seconds None 

REMARKS 

Saturation of system due 
to high vibration level 
Failure of VSWR monitor 

Port cap probably left 
on 
Reason unknown 

System saturation due to 
high vibration 1ev21 
System satUration due to 
high vibration level 

Apparent open transducer 
circuit 
Apparent transducer 
failure 
Transducer Installation 
incompatible with 
thermal environment 
Transducer installation 
Incompatible with 
thermal environment 
Transducer installation 
Incompatible with 
thermal environment 
Transducer installation E5 LH2 Reclrc Pump 

Disch P , Incompatible with 
thermal environment 

Forward Skirt Static P 

Forward Skirt Static P 

Forward Skirt Static P 

Forward S'lrt Static P 

LH2 Tank Insul~tlon 
Ext P 

LH2 Tank Insulation 
Ext P 

LH2 Recirc Pump Inlet P 

Heat Shield Aft Face P 
E3 Radial Vib LOX Pump 
E5 Turbine Bypass V1v Pas 

Slow Pressure Decay 60 secondo None 

Slow Pressure Decay 60 seconds None 

Slow Pressure Decay Entire flight None 

Slow Pressure Decay Entire flight None 

No Pressure Decay Until 0 seconds None 
20 Seconds 
Incomplete Pressure Decay 90 seconds None 

Remained at Atmospheric 0 seconds None 
Pressure 

No increase at ignition 
Data transients 
Data intermittent 

40 seconds None 
Entirp. flight None 
Prior to 
1 iftoff 

None 

Possible moisture or Ice 
In sensing tube 
Possible moisture or ice 
1 n sens i ng tube 
POSSible moisture or ice 
in senslng tube 
Possible moisture or ir.e 
in sensing tube 
Possible moisture or ice 
in sensing tube 
Possible moisture or ice 
in sensing tube 
Transducer installation 
incompatible with 
thermal environment 
Transducer failure 
Transducer failure 
Transducer failure 

TOTAL MEASUREMENT FMLURES, S- IVB STAGE, PHASE 'I 
--------------~------~~~~~~~~~~~~~~~~~--_r------~-------- ------I 

00020-403 

E0209-401 

C0149-401 

C0208-405 

C2041-403 

Press - Fuel Tank He 
Bottle Repress 
Vlb - Combustion Chamber 
Dome - Long 

Only data trends useful 

No useable data 

o seconds None 

o seconds None 

Cause unknown 

Loose cable connector 
suspected 

TOTAL MEASUREMENT FAI~URES, S-IVB STAGE, PHASE Il 

Temp - GG Oxid Bleed Valve Erratic data 
Wall 
Temp - Cold He Sphere 
No. 1 Gas 
Temp - Cold He Fin line 

Large data shift 

Erratic data 
NOTE: Phase 1 failures 

not rel1sted. 

19·-5 

18500 seconds 17229 secone Sensor open circuited 

9700 seconds 9700 second! POSSible calibration 
error 

9793 seconds 9793 second! Sensor op~n circuited 
and 11630 to 
LOS 
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Table 19-3. 

MEASUREHENT 
NUHBER 

AOOl-118 

C003-l02 

C020-105 

C087 -11 0 

C093-110 

C132-10l 

C228-1(lS 

C342-115 

DOOB-IOl 

0038-106 

0089-115 

0120-115 

0151-115 

E042-102 

E042-103 

K0l4-1l8 

K043-115 

K047-115 

L011-119 

L020-l19 

5009-120 

SOll-120 

S046-1b 

AS-503 Flight Measurement Malfunctions (Continued) 

MEASUREHENT TITLE NATURE OF FAILURE 
TIME OF 
FAILURE 
(RANGE 
TIME) 

DURATION 
SATlSFM:TORY 

OPERATION 
REflARKS 

PARTIAL MEASUREMENT FAILURES, S-IC STAGE 

Acceleration, Longitudinal Measurement shows -4gs at -1 to 11 144 seconds Data satisfa~tory after 
T+11 seconds 5 seconds seconds 

Temperature, Turbine Measurement failed at 18 seconds 
Manifold 18 second~ 

23 seconds Failed transducer 

Temperature, Engine, 
Total Calorimeter 
Temperature, Skin Shroud, 
Internal 
Temperature, Skin Shroud, 
Inner Surface 
Temperature, Heat 
Exchanger Bellows 

Data erratic between 
80 and 105 seconds 
Loss of data from 125 to 
130 seconds 
Data erratic until 
130 seconds 
Data ·erratic after 
105 seconds 

Temperature, Calorimeter Data erratic from 80 to 
Body 105 second s 
Temperature, LOX Prevalve Measurement failed at 
1. Engine No.5 70 seconds 
Pressure, Combustion Measurement did not 
Chamber respond correctly at OECO 
Pressure, Base Heat Shield Data noisy and erratic 

from ignition until 
80 seconds 

Pressure, Differential 
Skin 

Pressure, Surface, Aft 
Skirt 

Pressure, LOX Pump Inlet 

Vibration, Fuel Pump 
Flange, Radial 

Vibration, Fuel Pump 
Fl ange, Radi a 1 

LOX Level Cutoff 4 

Thrust OK Pressure 
Switch 2, Engine No.4 
Thrust OK Pressure 
Switch 3, Engine No.5 
Segment Identification, 
Fuel Di screte 
Segment Identification, 
Position III 
Strain, Forward Skirt, 
Longitudi na 1 
Strain, Forward Skirt, 
Longitudinal 
Strain, Lower Skirt, 
Longitudi na 1 

Measurement did not 
respond correctly 

Data does not track from 
70 to 105 seconds 

Measurement failed at 
30 seconds 
Measurfments contained 
high amplitude, low 
frequency noise 
Measurements contained 
hi gh amplitude, low 
frequency noise 
Measurement switched 
throughout flight 
Measurement switched 
throughout flight 
Measurement switched 
throughout flight 
Measurement did not lock 
on until 0.3 seconds 
Indicated incorrect 
segment throughout flight 
Data shifted throughout 
fl ight 
Data shifted throughout 
fl ight 
Data shifted throughout 
flight 

19-6 

......... 

80 seconds 

125 seconds 

-5 seconds 

105 seconds 

135 seconds Apparent electrical 
connector chatter 

155 seconds Transducer failure 

25 seconds Transducer failure 

110 seconds I Installation problem. 
Weld broken. 

80 seconds ,135 seconds Apparent electrical 
I connector chatter 

70 seconds \ 75 seconds Apparent transducer 
failure 

158 seconds 150 seconds Apparent clogged sensing 
port 

-5 seconds 60 seconds Apparent connector 

80 seconds 

70 seconds 

30 seconds 

o to 20 
seconds 

o to 20 
seconds 

-5 seconds 

-5 seconds 

-5 seconds 

Prior to 
o . 35 second s 

Prior to 
f1 ight 
Prior to 
flight 
Prior to 
flight 

chatter 

15 seconds Clogged sensi ng pm·t. 
Measurements 0089-115 
and 0120-115 connected 
to same port 

125 seconds Clogged sensing port. 
Measurements 0089-115 
and 0120-115 connected 
to same port 

35 seconds Transducer failed due to 
excessive environment 

130 seconds Saturation of system 
due to hiQh vibration 

130 seconds 

Inter­
mittent 
Inter­
mittent 
Inter­
mittent 
After 0.3 
seconds 
Segments 11 
10,9.3,2 
Shifted 

Shifted 

Shifted 

level -
Saturation of system 
due to high vibration 
level 
Apparently triggered by 
strobe light 
Pressure switch chatter 

Pressure switch chatter 

Cause unknown 

Probable cable failure 

Strain ~aQe installation 
failurp- . 

Strain g,.ge installation 
fail ure 
Improper adjustment 

Table 19-3. 

MEASUREHENT 
NUHBER 

AOOl-1l8 

C003-l02 

C020-105 

C087 -11 0 

C093-110 

C132-101 

C228-1(lS 

C342-115 

0008-101 

0038-106 

0089-115 

0120-115 

D151-115 

E042-102 

E042-103 

K0l4-1l8 

K043-115 

K047-115 

LOll-1l9 

L020-119 

5009-120 

S011-120 

S046-lb 

AS-503 Flight Measurement Malfunctions (Continued) 

MEASUREMENT TITLE NATURE OF FAILURE 
TIME OF 
FAILURE 
(RANGE 
TIME) 

DURATION 
SATISFM:TORY 

OPERATION 
REflARKS 

PARTIAL MEASUREMENT FAILURES, S-IC STAGE 

Acceleration, Longitudinal Measurement shows -4gs at -1 to 11 144 seconds Data satisfa~tory after 
T+11 seconds 5 seconds seconds 

Temperature, Turbine Measurement failed at 18 seconds 23 seconds Failed transducer 
Manifold 18 second~ 
Temperature, Engine, 
Total Calorimeter 
Temperature, Skin Shroud, 
Internal 
Temperature, Skin Shroud, 
Inner Surface 
Temperature, Heat 
Exchanger Bellows 
Temperature, Calorimeter 
Body 
Temperature, LOX Prevalve 
1, Engine No.5 
Pressure, Combustion 
Chamber 

Data erratic between 
80 and 105 seconds 
Loss of data from 125 to 
130 seconds 
Data erratic until 
130 seconds 
Data ·erratic after 
105 seconds 
Data erratic from 80 to 
105 seconds 
Measurement failed at 
70 seconds 
Measurement dio not 
respond correctly at OECO 

Pressure, Base Heat Shield Data noisy and erratic 
from ignition until 

Pressure, Differential 
Skin 

Pressure, Surface, Aft 
Skirt 

Pressure, LOX Pump Inlet 

Vibration, Fuel Pump 
Flange, Radial 

Vibration, Fuel Pump 
Fl ange, Radi a 1 

LOX Level Cutoff 4 

Thrust OK Pressure 
Switch 2, Engine No.4 
Thrust OK Pressure 
Switch 3, Engine No.5 
Segment Identification, 
Fuel Oi screte 
Segment Identification, 
Position III 
Strain, Forward Skirt, 
Longitudi na 1 
Strain, Forward Skirt, 
Longitudinal 
Strain, Lower Skirt, 
Longitudi na 1 

80 seconds 
Measurement did not 
respond correctly 

Data does not track from 
70 to 105 seconds 

Measurement failed at 
30 seconds 
Measurfments contained 
high amplitude, low 
frequency noise 
Measurements contained 
hi gh ampl itude, low 
frequency noise 
Measurement switched 
throughout flight 
Measurement switched 
throughout flight 
Measurement switched 
throughout flight 
Measurement did not lock 
on until 0.3 seconds 
Indicated incorrect 
segment throughout flight 
Data shifted throughout 
f1 ight 
Data shifted throughout 
f1 ight 
Data shifted throughout 
flight 

19-6 

80 seconds 135 seconds Apparent electrical 
connector chatter 

125 seconds 155 seconds Transducer failure 

-5 seconds 25 seconds Transducer failure 

1D5 seconds 110 seconds I Installation problem. 
Weld broken. 

80 seconds ,135 seconds Apparent electrical 
I connector chatter 

70 seconds \ 75 seconds Apparent transducer 
failure 

158 seconds 150 seconds Apparent clogged sensing 
port 

-5 seconds 

80 seconds 

70 seconds 

30 seconds 

o to 20 
seconds 

o to 20 
seconds 

-5 seconds 

-5 seconds 

-5 seconds 

Prior to 
o . 35 second s 

Prior to 
f1 ight 
Prior to 
flight 
Prior to 
flight 

60 seconds Apparent connector 
chatter 

15 seconds Clogged sensi ng pOI·t. 
Measurements D089-115 
and D120-115 connected 
to same port 

125 seconds Clogged sensing port. 
Measurements D089-115 
and D120-115 connected 
to same port 

35 seconds Transducer failed due to 
excessive environment 

130 seconds Saturation of system 

130 seconds 

Inter­
mittent 
Inter­
mittent 
Inter­
mittent 
After 0.3 
seconds 
Segments 11 
10,9.3,2 
Shifted 

Shifted 

Shifted 

due to hiQh vibration 
level . 

Saturation of system 
due to high vibration 
level 
Apparently triggered by 
strobe light 
Pressure switch chatter 

Pressure switch chatter 

Cause unknown 

Probable cable failure 

Strain ~aQe installation 
failurp- . 

Strain g,.ge installation 
failure 
Improper adjustment 
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Table 19-3. 

MEASUREMENT 
NUMBER 

C043-202 

0256-203 

EOOI-204 
E002-204 
E003-204 

*C018-219 

*C021-219 

*C024-219 

*C045-218 
*C051-218 
*C054-218 
*C063-218 
*C066-218 
*C076-219 

*ClI5-218 
*{:121-218 
i:122-2l8 
"1:195-216 
i:355-220 
"1:361-222 
"1:516-225 
*C763-2l8 
*C764-2l8 
*C807-219 
*C889-2l8 

*C89l-2l8 

*C892-2l8 

*C893-2l8 

*C894-218 

*C895-2l8 

"C001-204 

*C001-205 
"1:002-204 
*c002-205 
*C004-204 
*C004-205 
't005-204 
'C005-Z05 
*C006-204 
'C006-205 
*COOIl-204 
*c00H-205 
*(.009-204 
*r,009-20b 

AS~503 Flight Measurement Malfunctions (Continued) 

MEASUREMENT TITLE NATURE OF FAILURE 
TIME OF 
FAILURE 
(RANGE 
TIME) 

DURATION 
SATISFACTORY 

OPERATION 
RHlARKS 

PARTIAL MEASUREMENT FAILURES, S-II STAGE 

E2 ASI Fuel Line Skin T 

E3 Fuel Pump Interstage P 

E4 Long Vib Combstn Dome 
E4 Radial Vib LOX Pump 
E4 Radial Vib Fuel Pump 
Forward Skirt Internal 
AmbT 

Forward Skirt Internal 
AmbT 
Forward Skirt Internal 

. Surf T 

LH2 Dome Internal Amb T 
LH2 Dome Internal Surf T 
LH2 Dome Internal Surf T 
LH2 Dome Ext Insul Surf T 
LH2 Dome Ext Insul Surf T 
Forward Skirt Internal 
Surf T 
LH2 Tank Insulation Surf T 
LH2 Tank Insulation Surf T 
LH2 Tank Insulation Surf T 
Systems Tunnel Int Wall T 
PM Contr Equip Mt T 
Instr Contr Equip Mt T 
TIm Contr Wall Surf T 
LH2 Tank Liquid T 
LH2 Tank Liquid T 
Temperature at C805 
LH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 

E4 Fuel Pump Discharge T 

E5 Fuel Pump Discharge T 
E4 LOX Pump Discharge T 
E5 LOX Pump Discharge T 
E4 LOX Turbine Inlet T 
E5 LOX Turbine Inlet T 
E4 Electric Control Box T 
E5 Electric Controi Box T 
E4 Primary Instr Pkg T 
E5 Primary Instr Pkg T 
E4 GG Fuel Va.lve Inlet T 
[5 GG Fuel Valve Inlet T 
[4 GG LOX Valve Inlet T 
f5 GG LOX Valve Inlet T 

Loss of data, indicated 
max temp 
Loss of data, indicated 
min press 
Noise spikes 
Noise spikes 
Noise spikes 
Data out of range for 
approximately 30 seconds 

1>'1 ta (lut l1f 1',11\(1(' fO!' 
,lpproxillliltl'ly 30 seconds 

299 seconds 1299 seconds r· .. lIisducer opens 

298 seconds .1 298 seconds Transducer failure 

349 seconds 349 seconds Intermittent 
353 seconds 353 seconds Intermittent 
345 seconds 345 seconds Intermitteht 
69 seconds 732 seconds Intermittent operation 0 

69 seconds 

443 seconds 

bridge power !upplies 
M046 and M059 

Intermittent operation 0 
bri dge pOl1er 5 upp 1 i es 
M046 and '-'059 
Intermittent operation 
of temperature bridge 
power supply N053 

I 
443 sl'cnnds 732 5l'rnmls Intermittent (lpel'ation 

(If t('llIperature bridge 
1'''I~l'I' SIINlly ~1(l53 

*Cunsidl!red ~ucLe'i~ful IIIC'i1SUr('\IIPrits by st,ICI" cClnt.rolctor, 
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Table 19-3. 

MEASUREMENT 
NUMBER 

C043-202 

D256-203 

EOOI-204 
E002-204 
E003-204 

*C018-219 

*C021-219 

*C024-219 

*C045-218 
*C051-218 
*C054-218 
*C063-218 
*C066-218 
*C076-219 

"ClI5-218 
*{:121-218 
i:122-2IB 
i:195-216 
i:355-220 
i:361-222 
i:5l6-225 
*C763-2IB 
*C764-21B 
*CB07-219 
*CBB9-21B 

*CB91-21B 

*C892-218 

*CB93-21B 

*CB94-218 

*C895-21B 

"C001-204 

*C001-205 
"(;002-204 
*C002-20S 
*C004-204 
*C004-205 
't005-204 
*C005-iW5 

"C006-204 
*C006-205 
*COOIl-204 
*C00H-205 
*(.009-204 
*r,009-20b 

AS~503 Flight Measurement Malfunctions (Continued) 

MEASUREMENT TITLE NATURE OF FAILURE 
TIME OF 
FAILURE 
(RANGE 
TIME) 

DURATION 
SATISFACTORY 

OPERATION 
RHlARKS 

PARTIAL MEASUREMENT FAILURES, S-II STAGE 

E2 ASI Fuel Line Skin T 

E3 Fuel Pump Interstage P 

E4 Long Vib Combstn Dome 
E4 Radial Vib LOX Pump 
E4 Radial Vib Fuel Pump 
Forward Skirt Internal 
AmbT 

Forward Skirt Internal 
AmbT 
Forward Skirt Internal 

. Surf T 

LH2 Dome Internal Amb T 
LH2 Dome Internal Surf T 
LH2 Dome Internal Surf T 
LH2 Dome Ext Insul Surf T 
LH2 Dome Ext Insul Surf T 
Forward Skirt Internal 
Surf T 
LH2 Tank Insulation Surf T 
LH2 Tank Insulation Surf T 
LH2 Tank Insulation Surf T 
Systems Tunnel Int Wall T 
PM Contr Equip Mt T 
Instr Contr Equip Mt T 
TIm Contr Wall Surf T 
lH2 Tank Liquid T 
lH2 Tank liquid T 
Temperature at CB05 
lH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 
LH2 Tank Insulation 
Surf T 
lH2 Tank Insulation 
Surf T 

E4 Fuel Pump Discharge T 

E5 Fuel Pump Discharge T 
E4 lOX Pump Discharge T 
E5 lOX Pump Discharge T 
E4 LOX Turbine Inlet T 
E5 LOX Turbine Inlet T 
E4 Electric Control Box T 
E5 Electric Controi Box T 
E4 Primary Instr Pkg T 
E5 Primary Instr Pkg T 
E4 GG Fuel Valve Inlet T 
[5 GG Fuel Valve Inlet T 
[4 GG LOX Valve Inlet T 
15 GG LOX Valve Inlet T 

Loss of data, indicated 
max temp 
Loss of data, indicated 
min press 
Noise spikes 
Noise spikes 
Noise spikes 
Data out of range for 
approximately 30 seconds 

1>'1 ta (lut of .',11H!.:' fOl' 
.lpproxillliltl'ly 30 secol1ds 

299 seconds 1299 seconds r· ,.lIisducer opens 

29B seconds .1 29B seconds Transducer failure 

349 seconds 349 seconds Intermittent 
353 seconds 353 seconds Intermittent 
345 seconds 345 seconds Intermitte~t 

69 seconds 732 seconds Intermittent operation 0 

69 seconds 

443 seconds 

bridge power !upplies 
M046 and M059 

Intermittent operation 0 
bri dge pOl1er 5 upp 1 i es 
M046 and '-'059 
Intermittent operation 
of temperature bridge 
power supply N053 

443 Sl'cOlld~ 732 $l'roml~ Intermittent (\pe.'ation 
(If t('Juperature bridge 
1'''I~l'I' SIINlly ~1(l53 

*Cuosit]I!red ~ucLe'i~ful lIIC'i1SUr('IIIPrits by st,ICI(' cClI11.rolctor. 
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Table '19-3. AS-503 Flight Measurement Malfunctions (Continued) 

TIME OF DURATION MEASUREHENT FAILURE 
NUHBER MEASUREHENT TITLE NATURE OF FAILURE (RANGE SATISFAC.TORY RH'ARKS 

TIHE) OPERATION 

PARTIAL MEASUREMENT FAILURES. S-II STAGE 

*C180-206 02 Vent Ln Surf T at Exit Data out of range for 443 seconds 732 seconds Intermittent operation 
approximately 30 seconds of temperature bridge 

I 
power supply M053 

*C191-206 Thrust Cone Fwd Amb T 

I *C236-206 Thrust Cone Fwd Amb T 
*C515-208 Instr Contr Cover Surf T 
*C672-206 Engine Compartment Gas T Data out of ranne for 443 seconds 732 seconds Intermittent operation 

approximately 30 seconds of temperature bridge 
power supply H053 

PARTIAL MEASUREMENT FAILURES. S.IU STP.GE 
G19-601 Cold Plate Exit Coolant Instantly dropped off- 75 seconds 75 seconds 

Temp (Loc 5) scale low and remained 
·there throughout data 
reviewed 

G30-603 Heat Exchanger. Meth/Water Instantly dropped off- 83 seconds 83 seconds Recovered at SIC 
Inlet Temp scale low and remained separation; provided 

there until SIC useable data thereafter 
separati on 

C44-603 IU Inner Skin No.8 Went off-scale low between 87 seconds 37 seconds 
(Loc 20) Temp 87 and 157 seconds. then and 157 sec-

normal indication returned onds to end 
of data 
reviewed 
(10.700) 
seconds 

*Considered successful measurements by stage contractor. 

Table 19-4. AS-503 Flight Measurements With Improper Range 
MEASUREMENT MEASUREMENT TITLE NATURE OF TIME NUMBER OUTPUT REMARKS 

S-IC STAGE 

E059-118 Vibration Bending, Offscale high T-3 to T+15 Valid data except between noted 
Pitch seconds time 

E061-118 Vibration Bending, Offscale high T-3 to T+15 Valid data except between noted 
Pitch seconds time 

E094-120 Vibration Destruct Low through- Duration of Valid data; vibration environ-
Sys tern Mounti ng out flight flight ment low 
Panel 

F049-115 Fl owrate. Joi nt Offscale high Duration of Measurement saturated full 
Leakage fli ght scale because of flange leak 

(-

LOO3-1l9 Lox Level. Position Exceeded full 55.3 to 56.3 Electronics out of alignment 
3 scale seconds Data useable at other times 

79.3 to 80.0 
seconds 

S-IYB STAGE 

*C0391-403 Temp - He Heater Offscale low During He Measurement ranged for longer 
Support 2 he.atel' burner times than occurred 

operation 
t--

*Stage contractor considers measurement correctly ranged. r 
r 

I I I 
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Table '19-3. AS-503 Flight Measurement Malfunctions (Continued) 
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S-IYB STAGE 
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t--
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I I I 
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data except for the short time periods mentioned and none of these measure­
ments, nor measurements powered by twelve other similar temperature bridge 
power supplies, were associated with operational functions of the stage. 
Their intermittent operation, therefore, did not constitute a hazard to 
the flight. 

The quality of vibration data showed considerable improvement compared 
with that from AS-502. Modifications were incorporated that increased 
measurement ranges and added low pass filters to several of these 
measurement channels. As a result, the acquisition of vibrational data 
was 98.4 percent successful on AS-503 compared with 70.0 percent on AS-502. 

19.2.3 S-IVB Stage Measurement Arialysis 

The S-IVB stage had 404 flight measurements scheduled for AS-503, all of 
which. were active at the start of automatic countdown. There were only 
2 measurement failures in Phase I, which begins at liftoff and ends at 
parking orbit insertion. Three other measurements failed durin~ the latter 
part of Phase II, which also starts at liftoff but continues until the 
end of S-IVB stage flight period of performance. These failures are 
summarized in Table 19-3. Measurement C0391-403, Table 19-4, was co'nsidered 
improperly ranged because it remained offscale low during the short 02/H2 
burner operation. The measurement was ranged for much longer burner times 
and was therefore not expected to read onscale on AS-503. Based upon the 
number of active and failed measurements, the S-IVB stage flight measurement 

. reliability was 99.5 percent for Phase I and 98.8 percent for Phase II. 
Thirty eight other measurements were handled by the S-IVB stage though not 
wholly on the stage and therefore excluded from the reliability assessment. 
An evaluation of these measurements, however, indicated that they were all 
successful. 

Table 19-5. AS-503 Questionable Flight Measurements 

MEASUREMENT MEASUREMENT TITLE REASON QUESTIONED REMARKS NUMBER 

S-IC STAGE 

C014-l0l Temp Eng T Cal Abnormally high 
throughout flight. 

Measurement appears valid but does 
not correlate with related measure-
ments nor with previous flight data. 

C138-l0l Temp Aft Nozzle External Expected temperature Data after 100 seconds indicates 
rise not indicated. the possibility of thermocouple 

failure. 

S-LU STAGE 

J032-602 RF Reflect Power, Sl Telemeter Abnonnally high Measurement appears valid but 
reading. related measurements and telemetry 

performance do not substantiate 
validity. 
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data except for the short time periods mentioned and none of these measure­
ments, nor measurements powered by twelve other similar temperature bridge 
power supplies, were associated with operational functions of the stage. 
Their intermittent operation, therefore, did not constitute a hazard to 
the flight. 

The quality of vibration data showed considerable improvement compared 
with that from AS-502. Modifications were incorporated that increased 
measurement ranges and added low pass filters to several of these 
measurement channels. As a result, the acquisition of vibrational data 
was 98.4 percent successful on AS-503 compared with 70.0 percent on AS-502. 

19.2.3 S-IVB Stage Measurement Arialysis 

The S-IVB stage had 404 flight measurements scheduled for AS-503, all of 
which, were active at the start of automatic countdown. There were only 
2 measurement failures in Phase I, which begins at liftoff and ends at 
parking orbit insertion. Three other measurements failed durin~ the latter 
part of Phase II, which also starts at liftoff but continues until the 
end of S-IVB stage flight period of performance. These failures are 
summarized in Table 19-3. Measurement C0391-403, Table 19-4, was co'nsidered 
improperly ranged because it remained offscale low during the short 02/H2 
burner operation. The measurement was ranged for much longer burner times 
and was therefore not expected to read onscale on AS-503. Based upon the 
number of active and failed measurements, the S-IVB stage flight measurement 
reliability was 99.5 percent for Phase I and 98.8 percent for Phase II. 
Thirty eight other measurements were handled by the S-IVB stage though not 
wholly on the stage and therefore excluded from the reliability assessment. 
An evaluation of these measurements, however, indicated that they were all 
successful. 

Table 19-5. AS-503 Questionable Flight Measurements 

MEASUREMENT MEASUREMENT TITLE REASON QUESTIONED REMARKS NUMBER 

S-IC STAGE 

C014-10l Temp Eng T Cal Abnormally high Measurement appears valid but does 
throughout flight. not correlate with related measure-

ments nor with previous flight data. 

C138-10l Temp Aft Nozzle External Expected temperature Data after 100 seconds indicates 
rise not indicated. the possibility of thermocouple 

failure. 

S-lU STAGE 

J032-602 RF Reflect Power, Sl Telemeter Abnormally high 
reading. 

Measurement appears valid but 
related measurements and telemetry 
performance do not substantiate 
validity. 
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19.2.4 S-IU Stage Measurement Analysis 

There were 377 flight measurements scheduled for the S-IU stage. None of 
the measurements were waived prior to the start of automatic countdown and 
all measurements provided usable data. Only 3 measurements partially 
failed and they are summarized in Table 19-3. Measurement J032-602, Sl 
Telemeter RF Reflected Power, indicated abnormally high throughout the 
flight while the RF output power indicated normal performance, and data 
from the link were satisfactory. This measurement problem has not been 
resolved and is listed in Table 19-5 as questionable. The flight measure­
ment reliability of the S-IU stage was 100.0 percent based upon zero 
totally failed measurements. 

19.3 AIRBORNE TELEMETRY SYSTEMS 

The AS-503 launch vehicle contained 21 telemetry links: 6 on the S-IC 
stage, 6 on the S-II stage, 3 on the S-IVB stage, and 6 on the S-IU stage. 
Table 19-6 presents a listing of the vehicle's telemetry links and sum­
marizes their performances by stage. The 19 VHF and 1 of the 2 UHF telemetry 
links performed very satisfactorily; however, lack of data precluded an 
evaluation of UHF link DP-1. Predicted real time data losses occurred during 
S-IC/S-II separation, S-II main engines ignition, and S-II second plane 
separation. However, onboard tap~ recorders stored pertinent data during 
these blackout periods and later successfully transmitted the data to ground 
stations. Four unpredicted data dropouts were experienced, all of which 
were of short duration. Three of the data losses pertained to the S-II stage, 
and one affected both the S-IVB stage and IU stage links for approximately 
3 seconds over Hawaii a~ 10,375 seconds. 

19.3.1 S-IC Stage Telemetry System 

The S-IC stage telemetry system for AS-503 consisted of six data links and 
all performed very satisfactorily. Data were lost only during S-IC retro 
motor firing at approximately 154.4 seconds, and S-II engine ignition at 
approximately 157.9 seconds for periods of 1.4 and 1.2 seconds, respectively. 
The real time data lost on the AF-l and AF-2 links were later recovered 
from playback of tl~e onboard tape recorder as planned. Inflight calibrations 
were initiated at 24.6 and 115.8 seconds. Data show that the inflight cal- . 
ibrator and multiplexer calibrator performed within specified flight 
requirements. 

The three PAM/FM/FM telemetry links performed well within established flight 
criteria. Noise f~gures for the multiplexers were well within tolerance 
and the systems' accuracy, lin~arity and noise f·igures were very acceptable. 

The single PCM/FM link, AP-1, performed as predicted. System noise was very 
low with no synchro:1ization errors occurring for 99.2 percent of the flight. 
Only during separation and S-II main engine ignition were synchronization 
errors large enough to make the data not usable . 
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these blackout periods and later successfully transmitted the data to ground 
stations. Four unpredicted data dropouts were experienced, all of which 
were of short duration. Three of the data losses pertained to the S-II stage, 
and one affected both the S-IVB stage and IU stage links for approximately 
3 seconds over Hawaii a~ 10,375 seconds. 

19.3.1 S-IC Stage Telemetry System 

The S-IC stage telemetry system for AS-503 consisted of six data links and 
all performed very satisfactorily. Data were lost only during S-IC retro 
motor firing at approximately 154.4 seconds, and S-II engine ignition at 
approximately 157.9 seconds for periods of 1.4 and 1.2 seconds, respectively. 
The real time data lost on the AF-l and AF-2 links were later recovered 
from playback of tl~e onboard tape recorder as planned. Inflight calibrations 
were initiated at 24.6 and 115.8 seconds. Data show that the inflight cal­
ibrator and multiplexer calibrator performed within specified flight 
requirements. 

The three PAM/FM/FM telemetry links performed well within established flight 
criteria. Noise f~gures for the multiplexers were well within tolerance 
and the systems' accuracy, lin~arity and noise f'igures were very acceptable. 

The single PCM/FM link, AP-1, performed as predicted. System noise was very 
low with no synchro:1ization errors occurring for 99.2 percent of the flight. 
Only during separation and S-II main engine ignition were synchronization 
errors large enough to make the data not usable. 
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Table 19-6. AS-503 Launch Vehicle Telemetry Links 

LINK FREQUENCY MODULATION STAGE FLIGHT PERIOD PERFORMANCE SUMMARY (~1Hz ) (RANGE TIME, SEC) 

AF-l 240.2 PAM/H1jFM S-IC 0-408 Satisfactory 
AF-2 252.4 PAM/FM/FM S-IC 0-408 Data Droeouts AF-3 231.9 PAM/FM/FM S-IC 0-408 
AP-l 244.3 PCM/Ff~ S-IC 0-408 Range Time (sec) Duration (sec) 
AS-l 235,,0 SS/FI4 S-IC 0-408 154.4 1.4 , AS-2 256.2 SS/FM S-IC 0-408 157.9 1.2 

BF-l 241.5 PAM/FM/FM S-II 0-762 Sati sfactory 
BF-2 234.0 PAM/FM/FM S-II 0-762 Da ta Dropouts BF-3 229.9 PAM/FM/FM S-II 0-762 
BP-l 248.6 PCM/FM S-II 0-762 Range Time (sec) Duration (sec) 
BS-l 227.2 SS/FM S-II 0-762 78.5 BP-l only 2.3 BS-2 236.2 SS/FM S-II 0-762 135 BP-1 only 3.5 

154 2.8 
185 2.e 
200 BP-l only 1. 7 

CF-1 253.13 FM/FM S-IVB Flight Duration Sati s factory 
CP-1 258.!5 PCM/FM S-IVB Flight Duration Data Dropouts C5-1 . 246.:3 SS/FM S-IVB 0-707; 9670-10580 , 

RanJle Time tsec) Duration (sec' 
154 1.0 

10375 (Intermittent) 3.0 

DF-1 250.]' FM/FM/FM S-IU Fl ight Duration 5ati sfactory 
DF-2 245.3: PAM/FM/FM S-IU Flight Duration Data Dropouts DS-1 259. ]' SS/FM S-IU 0-695 
DP-1 255.1 PCM/FM S-IU Fl ight Duration Range Time ~secl Duration ~sec) 
DP-1A 2277.51 PCM/FM S-IU Flight Duration 154 1.1 DP-1B 2282.5i PCM/FM S-IU F1 ight Duration 10375 (DF-2 only) 3.0 I 
Data requlrlng a frequency response between 30 and 3000 hertz are acquired 
and transmitted by single side band telemetry links AS-l and AS-2. All 
performance requirements for these links were met. Except for the data 
loss at separation and S-11 mainstage, data quality was excellent. 

19.3.2 S-,II Stage Telemetry System 

The telemetry system for the S-11 stage consisted of six data links, 
three of which were PAM/FM/FM, two SS/FM, and one PCM/FM. All telemetry 
links performed exceptionally well throughout the flight. Three short 
data dropouts occurred during the 762 seconds of telemetry operation which 
had not been predicted. Further discussion of these data losses is 
presented in paragraph 19.5. Predictable data dropouts due to S-IC retro 
motor firing, at approximately 154 seconds, and S-II second plane separa­
tion, at about 185 seconds, did occur and lasted for approximately 3 
seconds and 2 seconds, respectively. Inflight calibrations of the S-II 
telemetry links were initiated at approximately 126.2, 278.8, 378.8 and 
542.3 seconds. Analyses indicated that all systems operated within 
required specification limits. All Time Division Multiplexers (TDM) and 
Inter Range Instrumentation Group (IRIG) calibration levels were within 
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three of which were PAM/FM/FM, two SS/FM, and one PCM/FM. All telemetry 
links performed exceptionally well throughout the flight. Three short 
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had not been predicted. Further discussion of these data losses is 
presented in paragraph 19.5. Predictable data dropouts due to S-IC retro 
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3 percent of required values. Judged by the quality of data recc~ved and 
evaluated to assess vehicle flight performance, all 6 telemetry links of 
the S-II stage performed satisfactorily. 

19.3.3 S-IVB Stage Telemetry System 

The S-IVB stage telemetry system for AS-503 consisted of three data links 
a 11 of whi ch performed sati sfactorily. Two data dropouts were experi enced 
during the flight; the first occurred at S-IC/S-II separation (154 seconds) 
of l-second duration, and the second was a 3-second intermittent dropout 
over Hawaii at 10,375 seconds (see paragraph 19.5.1 for discussion). 
Inflight calibrations were conducted four times and the data revealed a 
possible malfunction in the DPIBO model 270 multiplexer. The abnormality 
consisted in a negative level being produced when the zero level of the 
five step calibration sequence was expected. This condition has not been 
displayed on previous flights and its cause has not yet been identified. 
However, flight data quality were not affected and no data reduction 
difficulties were experienced due to this multiplexer abnormality. 

Performance of the PCM/FM system was excellent except for the minor cali­
bration difficulty previously discussed. Data reveal that all multiplexers 
were properly synchronized. 

Performance of the FM system was excellent. The center and band edge 
frequencies of all voltage controlled oscillators remained well within 
their specified tolerances. 

Analysis of data taken from the single side band telemetry link verified 
its proper operation. The model 245 multiplexer properly sampled the 
measurements assigned to the subchannels and the 1700 hertz calibration 
signal was within the tolerance limits. The system was commanded ON prior 
to launch and OFF at 707 seconds for S-IVB first burn. It was turned ON 
for second burn at 9670 seconds and OFF at 10,580 seconds. 

19.3.4 S-IU Stage Telemetry System 

The S-IU stage telemetry system consisted of six data links. Evaluations 
of received data indicate that the FM/FM/FM and PAM/FM/FM telemetry links 
performed satisfactorily, had very little system noise &nd produced high 
quality information. Only two data dropouts occurred; the first 
occurred at S-IC/S-II separation (154 seconds) of 1.1 second duration, 
and the second was a 3-second intermittent dropout of DF-2 at 10,375 
seconds over Hawaii (see paragraph 19.5.1 for discussion). 

Two of the 3 PCM/FM links performed nominally. There were insufficient 
data to evaluate DP-1A. All received data were of good quality. Very 
little loss of synchronization was seen or reported. No redundant UHF 
data from DP-1A were available for comparison with the CCS PCM data. 
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The per'formance of the one SS/FM link was satisfactory. The ref1ected power 
for this link was above the specification of 9 percent of the forward power. 
However', this power level was also out of specification prior to launch. 
This discrepancy is thought to be a measurement problem. 

19.4 AIRBORNE TAPE RECORDERS 

Airborne tape recorders were installed on the S-IC, S-II and S-IU stages 
of the AS-503 launch vehicle to store necessary real time data during 
predicted transmission blackouts. All tape recorders operated as expected. 
Data stored during the predicted S-IC/S-II separation, S-II main engines 
ignition, and S-II second plane separation blackout periods were success- . 
fully transmitted to ground stations with little degradation. 

19.4.1 S-IC Stage Recorder 

Performance of the 2-track tape recorder on the S-IC stage was very 
satisfac:tory. The recording and playback of telemetry links AF-l and AF-2 
was accomplished successfully. 

Record and playback commands were initiated on schedule as shown in Table 
19-7. Data was recorded for approximately·129.2 seconds. The duration of 
the airborne timer which initiates playback was 24.9 seconds and was within 
design limits of 24 t 1.5 seconds. Airborne recorder playback amplifier 
gain was within specification limits of ±3 db of the corresponding real 
time data. 

19.4.2 S-II Stage Recorders 

There were two tape recorders on the S-II stage to record the BF-l, BF-2, 
and BF-3 PAM/FM telemetry links and the output of the BT-l time division 
multiplexer during anticipated RF blackout periods (S-IC/S-II and S-II/ 
S-IVB separations). 
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The S- I I ai rborne tape recorders and associ ated hardware performe-E1-a-s----_______ • ~ 
requi red duri ng thi s fl i ght. Tab 1 e 19-7 s ummarL~es the S- II tape recorder-------'J~ 
subsystem operation. Operation of the timers used to provide the necessary' 
tape recorder sequence after S-II/S-IVB separation was satisfactory. ,I 
Calibration accuracy of the BT-l multiplexer reco.rder on track 2 of the ~l 
No. 2 tape recorder was revi ewed and determi ned to be wi thi n 3 percent of :1 
the desired nominal calibration levels. :f 
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19.4.3 S-IU Stage Recorder 

The AS-503 Instrument Unit (IU) had one magnetic tape recorder which 
recorded the outputs of links DFl and DF2 during retro firings to insure 
that no data were lost. Two record periods were programmed during the 
mission. A summary of tape recorder operation is given in Table 19-7. 
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Table 19-7. Tape Recorder Summary 

LINK RECORD TIME PL/'YBACK TIME 
RECORDER (RANGE-TIME) (RANGE TIME) RECORDED 

START STOP START STOP 

LAUNCH PHASE 
;';r "I , 

S-IC Recorder AF-1,AF .. 2 50.2 179.5 179.5 309.3 

S-II Recorder BF-l,BF .. 2 74.6 I 165.7 547.3 700.0 
No. 1 486.3 547.3 

S-I I Recorder BF-3 ,BT-l 74.6 165.7 . 547.3 699.6 
No.2 486.3 547.3 

S-IU Recorder DF-l,DF-2 124.4 165.5 696.4 767.2 
486.1 538.4 

Theswi tch selector program di d not a 11 ow enough time for playback. There 
were 93.4 seconds of data recorded and only 70.8 seconds allowed for play­
back. Hm-Jever t an the data lost due to retro firings were played back. 

19.5 RF SYSTEMS EVALUATION 

The launch vehicle RF systems provide telemetrYt tracking, command system 
and television transmission and reception. Not all of the data required 
to perform a detailed RF analysis were available for this evaluation. 
Based on available data, the overall performance of launch vehicle RF 
systems was satisfactory and measured flight data, with few exceptions, 
agreed favorably with expected trends. Telemetry propagation was qood, 
as was tracking performance. Preliminary data indicate that the Command 
and Communications System (CCS) performance was satisfc.ctory. Insufficient 
data were received to evaluate the video RF propagation, however, video 
tape quality indicates that signal levels were adequate. 

Final lo~s of VHF telemetry signals was at approximately 29,230 seconds 
(8:07:10) at Guaymas (GYM)~ loss of CCS signals at approximately 44,357 
seconds (12:19:17) at GYM and C-Band radar signals at approxi~ately 21,325 
seconds (5!55:25)at Grand Turk Island (GTI). Other stations viewing the 
vehicle during these time periods lost signal at earlier times. ~ 
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19.5.1 Telemetry Systems RF Propagation Evaluation 

The RF propagation of all 19 VHF telemetry links was excellent. The systems 
performance w~th the few exceptions noted agreed with predicted data. 
Gross main engine effects, causing 18-20 db attenuation were observed 
between 110 and 150 seconds at Cape Telemetry 4 (TEL 4) and Central 
Instrumentation Facility (CIF). Main engine effects were not noted at 
Grand Bahama Island (GBI). 

The 2-second period of RF signal dropout which occurred shortly after 
Inboard Engine Cutoff (IECO) for the AS-50l and AS-502 flights did not 
recur on AS-503 probably due to the earlier IECD on AS-503, with the result 
that the flow separation field did not reach the S-IC antennas as on previous 
flights. 

Staging effects at approximately 154 seconds were as expected with all 
telemetry links dropp'ing to threshold, resulting in VHF telemetry data loss 
to all sites except for that which could be recovered by tape recorder 
playback. The S-IC stage blackout period was approximately 1.4 seconds 
duration, S-II approximately 2.8 seconds duration, S-IVB approximately 
1.0 second duration, and lU approximately 1.1 seconds duration. 

S-II stage ignition effects on the VHF telemetry system were observed at 
158 seconds. The S-IC VHF telemetry signal strength dropped to thresrold 
resulting in 1.2 seconds of data loss. The upper stages experienced 20 
to 25 db drop during this period; however, signal levels remained 
sufficiently high to transmit usable data. The AF-l, AF-2, and AF-3 links 
continued to experience short periods of low RF signal level due to a 
partial antenna breakdown occasioned by the S-1I engine flame effects until 
approximately 167 seconds at which time the antennas recovered. These short 
periods of low RF signal strength did not cause any loss of data since 
recovery occurred prior to S-1 C tape recorder playback. 

S-II telemetry signal strength level at TEL 4, CIF, and Bermuda (BDA) 
dropped to.threshold at approximately 185 seconds during S-11 second plane 
separatiJn resulting in approximately 2 seconds of data dropout. The S-IVB 
stage and the IU experienced a 20 to 22 db drop in signal level at this 
time. These effects were not noted at GBl during this period. Antenna 
recovery of 15 db occurred at 187 seconds. .. 

The S-11 stage telemetry experienced 3 additional dropout periods on the 
BP-l link which were not expected: at 78.5 seconds for approximately 2.3 
seconds duration, at 135 seconds for approximately 3.5 seconds duration, 
and at 200 seconds for approximately 1.7 seconds duration. High resolution 
signal strength data indicated that a number of momentary RF transients 
were experienced during these time periods. These phenomena were noted 
on the BP-l link only, and were observed on signal strength data from all 
sites. The BP-l RF assembly is of an earlier configuration than that used 
for the other five links. The suspected cause of these transients is 
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intermittent operation of the BP-l RF assembly. On AS-504 and subsequent 
vehicles the later configuration will be used on all links; and it is 
expected that this problem will not recur. 

The performance of the S-IVB and IU telemetry systems during orbit, 
Translunar Injection (TLI) burn, and final coast was satisfactory. The 
telemetry signal received at Hawaii (HAW) showed an unexpected drop in 
signal level from 10,370 to 10,380 seconds with a 3-second intermittent 
data dropout at approximately 10,375 seconds on all S-IVB telemetry links 
and link DF-2 on the IU telemetry. This intermittent dropout can be 
partially related to S-IVB and IU onboard antenna pattern nulls. 

VHF coverage was provi~~j during the final coast phase by BDA, GYM, and 
Corpus Christi (TEX). Final loss of signal (LOS) from these sites, for all 
telemetry links active during this period, as shown in Table 19-8, were 
derived from PLIM summaries. 

Tab'le 19-8. Final RF LOS, VHF Telemetry 

STATION RANGE TIME RANGE TIME 
(SECONDS) (HRS:MIN:SEC) 

----~-------- ------~--------------------~ 
BOA 21,614 6:00:14 

GYM 29,230 8:07:10 

TEX 26,490 7:21:30 

The times to which usable data were acquired for all VHF telemetry links 
active during the final coast phase are shown in Table 19-9. 

Table 19-9. Last Usable VHF Telemetry Data 

TELEMETRY LINK STATION RANGE TIME RANGE TIME 
,.-

(SECONDS) (HRS:MIN:SEC) 

CF-l GYM, ~EX 15,660 4:21 :00 

CP-l GYM, TEX 15,660 4:21 :00 
~ 

DF-l GYM 13,640 3:47:20 

DF-2 GYM •. I"! '0 It. j:"U' 3:36:20 

DF-3 GYM 12,600 3:30:00 
-

During the time period between last usable data and final LOS, data were so 
degraded that in effect only the RF carriers were traCked. 
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A summary of telemetry coverage showing acquisition of signal (ADS) and 
LOS is presented in Table 19-10. 

19.5.2 Tracking Systems RF Propagation Evaluation 

Sufficient data were not received to provide a complete assessment of the 
ODOP and C-Band tracking systems. Based upon the limited data available, 
however, RF performance of these systems appears to have been satisfactory. 

19.5.2.1 ODOP. The Offset Doppler (ODOP) transponder was carried on the 
S-IC stage of the vehicle; therefore, ODOP tracking was limited to the 
flight of first stage only. Signal strength data for the ODOP ground 
stations were not available for analysis, so evaluation was limited to 
performance as indicated by the onboard data from the MARGO interrogating 
station. 

S-IC main engine flame attenuation on the ODOP transponder uplink signal 
strength seen onboard occurred from 80 seconds to S-IC/S-II separation. 
Valid PCM data used for evaluating the ooOP immediately after IECO were 
available for the first time on this flight permitting evaluation during 
this time period. Signal strength to the OOOP transponder dropped 
approximately 40 db immediately after.IECO and remained low for 2.9 seconds. 
Static phase error was abnormal indicating that the transponder lost phase 
lock during this period; however, the ODOP phase lock measurement did not 
confi rm th is. Phase lock between the ground i nterre-gati ng s tati on and 
t~ansponder was lost at S-IC/S-II separation due to the staging blackout 
but was recovered shortly thereafter at approximately 159.8 seconds. 

19.5.2.2 C-Band Radar. Insufficient data were received to compile a 
comprehensive analysis of the C-Band radar system throughout the mission 
in time for thi~ report. Available data, however, indicate that the C-Band 
radar functioned satisfactorily during flight although several ground 
stations experienced tracking problems because of antenna nulls, main 
engine flame attenuation, and malfunctions of ground equipmert. 

\ 

Two data dropouts were reported at 60 to 84 seconds and 135 to 153 seconds by 
station operator~ at the Patrick Air Force Base (PAFB) and MILA radar 
stations, respectively. The PAFB dropout (60 to 84 seconds) was caused 
by a balance point shift (sudden drop in signal or distorted beacon return) 
which produced antenna pointing errors. The MILA dropout (135 to 153 
seconds) was caused by a series of balance point shifts and flame attenua­
tion. Automatic track was reacquired by MILA skin tracking for 10 seconds 
before switching back to automatic beacon tracking at 163 seconds. At 300 
seconds MILA switched from beacon to skin track due to a weak beacon return 
signal and remained on skin track through the remainder of the pass. Cape 
Kennedy Ai r Force Site (CKAFS) a 1$.0 swi tched to skin track at 252 seconds 
because of a weak beacon return signa 1 and rema i ned on sk in tr.ack until the 
ground transmitter was turned off. The GBI radar station reported modula­
tion of 30 to 50 percent on the beacon returns. The cause of the modulation 
has not been determined due to unavailability of signal strength data. 
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Table 19-10. VHF Telemetry Systems RF Summary 

=-.- --,,-

STATION STAGE 
LAUNCH 1ST ORBIT 2ND ORBIT TLC 

REMARKS 
AOS LOS AOS LOS AOS LOS AOS LOS 

CIF S-IC 00;00;00 00~06;50 (B) , 
S-Il " " " 
$-IVB " " " .. ,~ S-IU " " " , 

MIL S-IU 00;00;00 00:09:00 (D) 01:35:00 01 :42:36 (D) 03;01:18' 03:21:00 (D) 

CT4 S-IC OO:OO:OD 00;09:55 (E) 
03:01 :18 07;39;16 (D) 

S-II " " " S-IVB " II " S-IU " II " 
GBI $-IC 00:00:40 00:10:00 (E) 

S-II II " .. 
S-IVB " " " 
S-IU " " " 

GBM S-IU 00:00:56 00:09:20 (D) 01:35:29 01:42:42 (D) 

BDA S-II 00:03:40 00:12:40 (A,B) 
S-IVB 00:03:40 00:12:58 (A,B) 01:38:00 01:1\6:03 (A) 03:03:14 04:59:00 (A) 
S-IU " 

II II II " (A) . 03,03:14 06:00:00 (A) 

c tl ~ t' ~ ..... 
• j (X) 
, ! 
;-,. 

! 

.ANT S-IVB 03:57:20 05:58:00 (D) 
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II II II II " 
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S-IU II II (A,B) -, II (A) 
. S-IU " " (D) u " (D) 

MER S-IVB 02: 44: 11 02:51:3] {A) 
S-IU II (A) 
S-IU II (D) . 
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II II II II II " ~ 
,-

, A - STRIPCHART 
B - 4020 PLOT 
C - OPERATORS LOG 
o - PLIM SUMMARY 
E - ALL OF ABOVE 

. 

,;:.. '-~lfY'. ,~-,;;. 

" 

·;l 

_~ _.. __ • ___ ._.....OIIL j ~--

...... 
1.0 
I ...... 

(X) 

STATION 

CIF 

MIL 

CT4 

GBI 

GBM 

BDA 

.ANT 

VAN 

CYI 

TAN 
CRO 

MER 

HAW 

GYM 

TEX 

, 

STAGE 

S-IC 
S-Il 
S-IVB 
S-IU 

S-IU 

S-IC 
S-II 
S-IVB 
S-IU 

$-IC 
S-II 
S-IVB 
S-IU 

S-IU 

S-II 
S-IVB 
S-IU 
S-IVB 
S-IU 
S-IVB 
S-IU 
S-IVB 
S-IU 
S-IU 
S-IVB 
S-IU 

. S-IU 
S-IVB 
S-IU 
S-IU 

S-IVB 
S-IU 
S-IVB 
S-IU 

S-IVB 
S-IU 

AOS 

, 00;00;00 
" 
" 
" 

00;00;00 

OO:OO:OD 
" 
" 
" 

00:00:40 
" 
" 
" 

00:00:56 

00:03:40 
00:03:40 

n 

" 

Table 19-10. VHF Telemetry Systems RF Summary 

-.. --'-0 

LAUNCH 1ST ORBIT 2ND ORBIT TLC 
REMARKS 

LOS AOS LOS AOS LOS AOS LOS 

00~06;50 (B) 
" " 
" " 
" " , 

00:09:00 (D) 01:35:00 01 ;42;36 (D) 03;01:18' 03;21:00 (D) 

00;09:55 (E) 
03:01 :18 07;39:16 (D) 

" " 
" " 
" " 

00:10:00 (E) 
" .. 
" " 
" " 

00:09;20 (D) 01:35:29 01 :42:42 (D) 

00:12:40 (A,B) 
00:12:58 (A,B) 01:38:00 01:1\6:03 (A) 03:03:14 04:59:00 (A) 

n n n " (A) . 03,03:14 06:00:00 (A) 
03:57:20 05:58:00 (D) 
03:04:51 03:57:19 (D) 

00:09:03 00:15:59 (B,D) 
n II II '01:42:14 01:49:43 (0) 

00:16:13 00:24:10 (D) 01:49:35 01:56:08 (0) 
n II II 

" " 
00:36:31 00:42:55 (0) 02:0£1;57 02:16:25 (D) 
00:51:21 00:58:47 (A,B) 02:;~5:01 02:32:18 (A) 

" " (A,B) ., n (A) 
" " (D) u " (D) 

02: 44: 11 02:51:3] {A) 
n (A) 
" (D) . 

02:49:55 02:58;15'(A,B,O) 
" " " 

01:26:45 01:35:42 (B) 02:55:45 08:07:10 (0) 
" " " " " n 

01:30:54 01 :38:40 (B,O) 02:59:08 07:21 :30 (D) 
n " " " " " 

A - STRIPCHART 
B - 4020 PLOT 
C - OPERATORS LOG 
o - PLIM SUMMARY 
E - ALL OF ABOVE 
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The California (CAL) radar station tracked on a side lobe for the first 
27 se<:onds during the first revolution. The main lobe signal 'was then 
acquired and good signal was received for the remainder of the pass. 
Recorded data from CAL during the first pass was from 5358 to 5577 seconds. 
Four data dropouts were recorded by CAL during the final coast phase 
occurring at 11,687 to 11,706 seconds (3:14:47 to 3:15:06), 13,110 to 
14,297 seconds (3:38:30 to 3:58:l7)~ 16,992 to 17,016 seconds (4:43:12 to 
4:43:36), and 17,050 to 17,101 seconds (4:44:10 to 4:45:01). The cause 
of these dropouts, as verified by telecon with the ground station, was 
site oriented. Final loss of signal for the C-Band radar was reported 
from GTI as occurring at 21,325 seconds (5:55:25). 

A summary of C-Band tracking coverage showing AOS and LOS is presented 
in Table 19-11. 

19.5.2.3 CCS Tracking.: There is no mandatory tracking requirement of 
the CCS; however, the CCS transponder has turnaround ranging capabilities 
and provides u backup to the Command and Service Module (CSM) transponder 
used for tracking in case of failure or desire for a cross check. Ranging 
data for AS-503 were provided by MILA, Vanguard (VAN), HAW, and GYM. All 
ranging data, with the minor exceptions discussed below, looked good and 
di d not affect other CCS functi ons i ndi cati ng sati s factory pel'formance 
of the system. 

Both MILA and VAN lost lock during the RF blackout period experienced 
from 155 to 161 seconds due to S-IC/S-II staging. 

During the second revolution, range modulation was turned on and off 3 
times at VAN because of problems experienced due to lock on to a spurious 
signal from the CCS transponder. 

During the S-IVB second burn period, HAW experienced no problems. During 
the translunar coast period there were several intervals of special test 
pattern commands at GYM when ranging data were not available. There were 
no problems experienced ufttil 21,293 to 21,361 seconds (5:54:53 to 5:56:01) 
during which period down link was lost. The system was on low gain antenna 
at that time and the lock angles on low gain were poor during this period. 
No further ranging data were obtained after this time . 

. 
19.5.3 Command Systems RF Evaluation 

The AS-503 Command Systems consisted of the Secure Range Safety Command 
System (SRSCS) and the CCS. All indications were that these systems 
performed ,sati sfactori ly. ' 

19'.5.3.1 Secure Range Safety Command System. VHF telemetry measurements 
received by the ground stations from the S-IC, S-II and S-IVB stages 
indicated that the SRSCS RF subsystems functioned properly. Canaveral 
(rNV) and BDA were the only command stations used for this flight. 
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l The California (CAL) radar station tracked on a side lobe for the first 
27 se~onds during the first revolution. The main lobe signal 'was then 
acquired and good signal was received for the remainder of the pass. 
Recorded data from CAL during the first pass was from 5358 to 5577 seconds. 
Four data dropouts were recorded by CAL during the final coast phase 
occurring at 11,687 to 11,706 seconds (3:14:47 to 3:15:06), 13,110 to 
14,297 seconds (3:38:30 to 3:58:l7)~ 16,992 to 17,016 seconds (4:43:12 to 
4:43:36), and 17,050 to 17,101 seconds (4:44:10 to 4:45:01). The cause 
of these dropouts, as verified by telecon with the ground station, was 
site oriented. Final loss of signal for the C-Band radar was reported 
from GTI as occurring at 21,325 seconds (5:55:25). 

A summary of C-Band tracking coverage showing AOS and LOS is presented 
in Table 19-11. 

19.5.2.3 CCS Tracking.: There is no mandatory tracking requirement of 
the CCS; however, the CCS transponder has turnaround ranging capabilities 
and provides u backup to the Command and Service Module (CSM) transponder 
used for tracking in case of failure or desire for a cross check. Ranging 
data for AS-503 were provided by MILA, Vanguard (VAN), HAW, and GYM. All 
ranging data, with the minor exceptions discussed below, looked good and 
di d not affect other CCS functi ons i ndi cati ng sati s factory pel'formance 
of the system. 

Both MILA and VAN lost lock during the RF blackout period experienced 
from 155 to 161 seconds due to S-IC/S-II staging. 

During the second revolution, range modulation was turned on and off 3 
times at VAN because of problems experienced due to lock on to a spurious 
signal from the CCS transponder. 

During the S-IVB second burn period, HAW experienced no problems. During 
the translunar coast period there were several intervals of special test 
pattern commands at GYM when ranging data were not available. There were 
no problems experienced ufttil 21,293 to 21,361 seconds (5:54:53 to 5:56:01) 
during which period down link was lost. The system was on low gain antenna 
at that time and the lock angles on low gain were poor during this period. 
No further ranging data were obtained after this time . 

. 
19.5.3 Command Systems RF Evaluation 

The AS-503 Command Systems consisted of the Secure Range Safety Command 
System (SRSCS) and the CCS. All indications were that these systems 
performed ,sati sfactori ly. ' 

19'.5.3.1 Secure Range Safety Command System. VHF telemetry measurements 
received by the ground stations from the S-IC, S-II and S-IVB stages 
indicated that the SRSCS RF subsystems functioned properly. Canaveral 
(rNV) and BDA were the only command stations used for this flight. 
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STATION STAGE 

CNV S-IU 

MIL S-IU 

PAT S-lU 

G8l S-IU 

GTK S-IU 

BDA S-IU 
(FPS-16) 

BOA S-IU 
(FPQ-6) 

VAN S-IU 

CVI' S-IU 

TAil S-lU 

CRO S-.IU 

RED S-IU 

MER S-IU 

HMJ S-IU 

CAL S-IU 

WHS S-IU 

~~ 

Table 19-11. C-Band Tracking System RF Summary 

LAUNCH 1ST ORBIT 2ND ORBIT TLC REMARKS 

AOS LOS AOS LOS AOS LOS AOS LOS 

00:00.00 00:04:59 (A) 

, 

00:00:00 00:08:52 (A) (C) • 01:35:15 01:24:21 (A)(C) 

i 
00:00:24 00:09:10 (A)(C) 01 :35:12 01: 42: 00 (A)(C) 03:06:01 05 :55: 12 (A)(C) 

00:01:37 00:08:46 (C) 01 :36:09. 01:41:59 eC) 

00:03:20. 00:10:07 (A)(C) 01:38:33 01:43:18 (A) (C) 03:06:03 05:55:25 (A)(C) 

". 

00:04:02 00:12:59 (cHp) 
, .. , 

00:04:00 00:13:08 (c)(o) 01:38:15 01:46:10 (c)(o) 03:03:54 05:54:06 (C) (D) " 

00:11:18 00: 15 :56 (C)(O) 01:24:22 01 :49:45 (C)(O) 

J 
00:16:25 00:23:52 (D) 01;50:10 01:56:01 (D) 

, 

00:37:40 00: 42: 29 (C )(0) 02:09:37 02:16:14 (c)(o) 
, 

(A) (A) 

00:52:00 00:58:18 (C)(O) 02:25:00 02:32:06 (C) (D) 

02:44:39 02:44:43 (C)(O) 

(A) 
02:44:40 02: 51: 38 (C)(O) 

02:51:04 02:57:24 (C)(O) 

(A) 
(A) 

~ 

01:29:18 01:32:57 (C)(O) 03:12:56 05: 50: 40 (c)to) 
A = STRIPCHART 
B = 4020 PLOT 
C = OPERATO~ LOG 

01:30:28 01 :35:04 (D) 03:01 :02 05:53:28 (D) 
o = PL 1M SUMMARY 
E - ALL OF ABOVE 
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STATION 

CNV 

MIL 

PAT 

G8l 

GTK 

BDA 
(FPS-16) 

BOA 
(FPQ-6) 

VAN 

CVI' 

TAil 

CRO 

RED 

MER 

HMJ 

CAL 

WHS 

. 
STAGE 

AOS 

S-IU 00:00.00 

S-IU 00:00:00 

S-lU 00:00:24 

S-IU 00:01:37 

S-IU 00:03:20. 

S-IU 00:04:02 

S-IU 00:04:00 

S-IU 00:11:18 

S-IU 

S-lU 

S-.IU 

S-IU 

S-IU 

S-IU 

S-IU 

S-IU 

Table 19-11. C-Band Tracking System RF Summary 

LAUNCH 1ST ORBIT 2ND ORBIT TLC REMARKS 

LOS AOS LOS AOS LOS AOS LOS 

00:04:59 (A) 

, 

00:08:52 (A) (C) , 01 :35:15 01:24:21 (A)(C) 

i 
00:09:10 (A)(C) 01 :35:12 01: 42: 00 (A)(C) 03:06:01 05 :55: 12 (A)(C) 

00:08:46 (C) 01 :36:09· 01:41:59 (C) 

00:10:07 (A)(C) 01:38:33 01:43:18 (A)(C) 03:06:03 05:55:25 (A)(C) 

". 

00:12:59 (cHp) 
, ;, 

00:13:08 (c)(o) 01:38:15 01:46:10 (c)(o) 03:03:54 05:54:06 (C) (D) 
, .. 

00: 15 :56 (C)(O) 01:24:22 01 :49:45 (C)(O) 

J 
00:16:25 00:23:52 (D) 01 ;50: 10 01 :56;01 (D) 

, 

00:37:40 00: 42: 29 (C )(0) 02:09:37 02:16:14 (C)(O) 

(A) (A) 

00:52:00 00:58:18 (C)(O) 02:25:00 02:32:06 (C)(O) 

02:44:39 02:44:43 (C)(O) 

(A) 
02:44:40 02:51 :38 (C)(O) 

02:51:04 02:57:24 (C)(O) 

(A) 
(A) 

01:29:18 01:32:57 (C)(O) 03:12:56 05:50:40 (c)to) A = STRIPCHART 
B = 4020 PLOT 
C = OPERATO~ LOG 

01:35:04 (D) 05:53:28 (D) 
o = PL 1M SUMMARY 

01:30:28 03:01:02 E = ALL OF ABOVE 
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CNV used an omni antenna until approximately 116.3 seconds when a switch 
was made to a high power helical antenna. A signal loss for approximately 
0.5 second on the S-IC, S-II and S-IVB receivers occurred at this time 
due to the mechanical switching arrangements. This dropout is normal 
during this period. At approximately 136 seconds a data spike was observed 
on the S-IVB Range Safety System No.2 low level signal strength. Review 
of data indicates a loss of data synchronization during this period. At 
S-IVB first burn engine start and cutoff, the Range Safety System No.2 
low level signal strength exhibited level perturbations of approximately 
0.18 volt and 0.1 volt maximum, respectively. This is believed to be due 
to S-II retro motor firing at engine start and S-IVB ullage motor firing 
after cu~off. Handover from CNV to BDA occurred at 409 seconds. Evalua­
tion of the SRSCS is discussed in paragraph 14.2. 

19.5.3.2 Command and Communications System. Preliminary assessment based 
on the limited data available for this report indicate that there were no 
onboard equipment malfunctions. 

Downlink dropouts occurred at MILA from 155 to 161 seconds, 163.5 to 176 
seconds, 186 to 191.5 seconds, and 300 to 332 seconds. The first dropout 
was due to S-IC/S-II staging, the--second dropout was probably the resul t 
of faul ty acqui s i ti on procedures, and the thi rd dropout was caused by 
signal interference during the time theS-II interstage was' passing through 
the S-II stage flame after second plane separation. 

The last dropout o~curred during handover from MILA to BDA. This dropout 
was longer than is normally experienced during handover periods; however, 
the cause of this dropout cannot be determined at this time since -data 
received from MILA are incomplete and no data have been received from BDA. 

Acquisition problems apparently occurred at VAN during launc~ phase. An 
uplink dropout from 630.5 to 634 seconds indicates that handover to VAN 
occurred at this time. -The exciter sweep voltage was ON at VAN from 
631 to 641 seconds, and downlink phase lock was established at 634.5 
seconds; however, the continued exciter sweep after acquisition caused 
large static phase errors and phase lock was lost at 643 seconds when 
rang~ modulation was turned on. The exciter sweep voltage was ON again 
from 646 to 661.5 seconds, and down link phase lock reestablished at 647.5 
seconds. Another downlink phase 10ck dropout occurred at VAN from 680 to 
684.5 seconds, the reason for which is unknown at this time. 

During the second revolution VAN experienced additional problems due to 
lock on to a spurious signal from the CCS transponder. 

Sufficient data have not been received to make any additional assessment 
of the CCS per-formance dUY'ing the launch and orbital flight phases. 

Performance during the TLI burn, and final coast phase was satisfactory,. 
Signal transmission to GYM was lost at approximately 44,357 seconds 
(12:19:17) and to TEX approximately 600 seconds earlier, at which time 
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CNV used an omni antenna until approximately 116.3 seconds when a switch 
was made to a high power helical antenna. A signal loss for approximately 
0.5 second on the S-IC, S-II and S-IVB receivers occurred at this time 
due to the mechanical switching arrangements. This dropout is normal 
during this period. At approximately 136 seconds a data spike was observed 
on the S-IVB Range Safety System No.2 low level signal strength. Review 
of data indicates a loss of data synchronization during this period. At 
S-IVB first burn engine start and cutoff, the Range Safety System No. 2 
low level signal strength exhibited level perturbations of approximately 
0.18 volt and 0.1 volt maximum, respectively. This is believed to be due 
to S-II retro motor firing at engine start and S-IVB ullage motor firing 
after cu~off. Handover from CNV to BDA occurred at 409 seconds. Evalua­
tion of the SRSCS is discussed in paragraph 14.2. 

19.5.3.2 Command and Communications System. Preliminary assessment based 
on the limited data available for this report indicate that there were no 
onboard equipment malfunctions. 

Downlink dropouts occurred at MILA from 155 to 161 seconds, 163.5 to 176 
seconds, 186 to 191.5 seconds, and 300 to 332 seconds. The first dropout 
was due to S-ICjS-II staging, the--second dropout was probably the resul t 
of faul ty acqui s i ti on procedures, and the thi rd dropout was caused by 
signal interference during the time theS-II interstage was' passing through 
the S-II stage flame after second plane separation. 

The last dropout o~curred during handover from MILA to BDA. This dropout 
was longer than is normally experienced during handover periods; however, 
the cause of thi s dropout cannot be determi ned at th is time since ,data 
received from MILA are incomplete and no data have been received from BDA. 

Acquisition problems apparently occurred at VAN during launc~ phase. An 
uplink dropout from 630.5 to 634 seconds indicates that handover to VAN 
occurred at this time .. The exciter sweep voltage was ON at VAN from 
631 to 641 seconds, and downlink phase lock was established at 634.5 
seconds; however, the continued exciter sweep after acquisition caused 
large static phase errors and phase lock was lost at 643 seconds when 
rang~ modulation was turned on. The exciter sweep voltage was ON again 
from 646 to 661.5 seconds, and down link phase lock reestablished at 647.5 
seconds. Another downlink phase 10ck dropout occurred at VAN from 680 to 
684.5 seconds, the reason for which is unknown at this time. 

During the second revolution VAN experienced additional problems due to 
lock on to a spurious signal from the CCS transponder. 

Sufficient data have not been received to make any additional assessment 
of the CCS per'formance dUY'ing the launch and orbital flight phases. 

Performance during the TLI burn, and final coast phase was satisfactory,. 
Signal transmission to GYM was lost at approximately 44,357 seconds 
(12:19:17) and to TEX approximately 600 seconds earlier, at which time 
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the CCS lost lock. These were the only stations tracking the CCS during 
this period. UHF telemetry link DP-1B, which is in parallel with links 
DP-l and DP-1A, is transmitted through the CCS transponder an~ provided 
good data until 39,990 seconds (11:06:30). The data indicated that the 

. I U batteri es were decayi ng at this ti me. Projection of the decay rate 
indicated that the batteries would be depleted sufficiently at approximately 
44,000 seconds (12:13:20) to materially affect the performance of the CCS 
transponder. There we.re no data received fo~ unified S-Band (USB) telemetry 
link DP-1A to enable evaluation of the USB. 

Approximately 20 minutes after TLI a programmed switch of antennas from OMNI 
to low gain was observed in tihe TEX and GYM data. This switch was Y'ecom­
mended to maintain acceptable signal transmission during the final coast 
phase. Additional signal level changes were observea at these sites and 
fluctuations agree in time with antenna switching commands reported 
verbally as having been sent from GYM. These commands are listed in Table 
14-1, Section 14 which discusses performance of the CCS. Ground Station 
Command Histories have not yet been received to confirm these commands. 

A summary of CCS coverage showing AOS and LOS is presented in Table 19-12. 

19.5.4 Television Propagation Evaluation 

Ground signal strength data of the television station were not available in 
time for this report to permit evaluation of the television RF prop·agation. 
However, video tape data quality indicated satisfactory signal strength 
during S-IC powered flight. 

19.6 OPTICAL INSTRUMENTATION 

19.6.1 Onboard cameras 

There was a total of four recoverable film camera capsules carried onboard 
the AS-503 vehicle, all on the S-IC stage. Two camera capsules were 
located on the S-IC forward interstage at positions I and III looking 
forward to view S-IC/S-II first plane separation and S-Il engine start. 
The two remaining camera capsules were mounted on top of the S-IC stage 
LOX tank at positions 11 apd IV, and contai~ed pulse cameras which viewed 
aft into the LOX tank through fiber optics bundles. 

There were also two television cameras located in the S-IC base region to 
view propulsion and control system components. 

Only one camera capsule, the LOX camera located at position II, was 
recovered. It is not knov.Jn whether the other three camera capsules were 
ejected. Radio acquisition of the recovered capsule was about 2 to 3 
mi nutes before impact at about 15 to 20 mil es from the recovery he 1 i copter. 
The capsule was retrieved at 30 degrees 13 minutes north latitude, 73 degrees 
58 minutes west longitude at approximately 8:15 AM EST. Inspection of the 
recovered capsule showed that 3 of the ~}round pl aries sheared off and 5 of 
the shroud lines on the drag skirt were broken. 
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mended to maintain acceptable signal transmission during the final coast 
phase. Additional signal level changes were observea at these sites and 
fluctuations agree in time with antenna switching commands reported 
verbally as having been sent from GYM. These commands are listed in Table 
14-1, Section 14 which discusses performance of the CCS. Ground Station 
Command Histories have not yet been received to confirm these commands. 

A summary of CCS coverage showing AOS and LOS is presented in Table 19-12. 

19.5.4 Television Propagation Evaluation 

Ground signal strength data of the television station were not available in 
time for this report to permit evaluation of the television RF prop·agation. 
However, video tape data quality indicated satisfactory signal strength 
during S-IC powered flight. 

19.6 OPTICAL INSTRUMENTATION 

19.6.1 Onboard cameras 

There was a total of four recoverable film camera capsules carried onboard 
the AS-503 vehicle, all on the S-IC stage. Two camera capsules were 
located on the S-IC forward interstage at positions I and III looking 
forward to view S-IC/S-II first plane separation and S-Il engine start. 
The two remaining camera capsules were mounted on top of the S-IC stage 
LOX tank at positions 11 apd IV, and contai~ed pulse cameras which viewed 
aft into the LOX tank through fiber optics bundles. 

There were also two television cameras located in the S-IC base region to 
view propulsion and control system components. 

Only one camera capsule, the LOX camera located at position II, was 
recovered. It is not knov.Jn whether the other three camera capsules were 
ejected. Radio acquisition of the recovered capsule was about 2 to 3 
mi nutes before impact at about 15 to 20 mil es from the recovery he 1 i copter. 
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Table 19,-12. CCS RF Summary 

LAUNCH 1ST ORBIT 2ND ORBIT TLC 
STATIO): STAGE - REMARKS: 

AOS LOS AOS LOS AOS LOS AOS LOS 
--

(A) 
MIL S-IU 00:00:00 00:10:40.1 (C)(D 01:35:00 P1 :42:35.1 (A)(D *DATA REQ'D 

GBM . S-IU 01:35:40 ~1 :42:29 (B) (D) 

BDA s-ru 00:03:48 00:13:12 (C)(D) 01 :38: 12 01 :46:12 (D) 

VAN S-IU 00:09: 12 00: 15:45 (C)(D) 01:42:23 01 :49:46 (C)(D) 

CYI S-IU NO DATA 
. '. 

"V 

CRO S-IU 00:51 :49 00:58:24 (C){D) 02: 15 :09 02:22:18 (C)(O) 
--' 
l.O 
I 

N HSK S-IU 01:00:34 01 :04:38 (C)(D) 
(..oJ 

HAW S-IU 02:50: 23 02:57:40 (D) 07:18:43 12:14:45 (C)(D) 

(A) 

GYM S-IU 01:28:03 01 :35:45 (C)(D) 02:57:45 12:27:00 (C)(D) , 

I 

GDS S-IU 01:2°::;, vI :31 :52 (C)(D) 

I S-IU 

(A) 
TEX 2:59:10 12:17:00 (C)(D) 

GWM S-IU 11 :30:00 12:18:30 (D) 
~ 

ACN S-IU 

ANG S-IU 

A - STRIPCHART 

MAD S-IU B - 4020 PLOT 
C - OPERATORS L06 

t~ER S-IU 02 :44: 17 02:51 :36 (C)(D) 
o - PLIM SUMMARY 
E - ALL OF ABOVE . 
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ST:\TIO~ 

MIL 

GBM 

BDA 

VAN 

CYI 

"V 

CRO 

HSK 

HAW 

GYM 

GDS 

TEX 

GWM 

ACN 

ANG 

MAD 

t~ER 

STAGE 
LAUNCH 

AOS LOS --
(A) 

S-IU 00:00:00 00: 10:40. 1 (C) (0 

. S-IU 

s-ru 00:03:48 00:13:12 (C)(D) 

S-IU 00;09: 12 00:15:45 (C)(D) 

S-IU 

S-IU 

S-IU 

S-IU 

S-IU 

S-IU 

I S-IU 

S-IU 

S-IU 

S-IU 

S-IU 

S-IU 

Table 19,-12. CCS RF Summary 

1ST ORBIT 2ND ORBIT TLC - REMARKS: 
AOS LOS AOS LOS AOS LOS 

01:35:00 P1:42:35.1 (JI.)(o *OATA REQ'O 

01:35:40 ~1 :42:29 (B) (D) 

01 :38: 12 01 :46:12 (D) 

01:42:23 01 :49:46 (C)(D) 

NO DATA 
, '. 

00:51 :49 00:58:24 (C){O) 02: 15 :09 02:22:18 (c)(o) 

01:00:34 01 :04:38 (C)(D) 

02;50:23 02:57:40 (D) 07:18;43 12:14:45 (C)(D) 

(A) 
01:28:03 01 :35:45 (C)(D) 02:57:45 12:27:00 (C)(D) 

01:20 ::;, vI :31 :52 (C)(D) 

(A) 
2:59:10 12:17:00 (C)(D) 

11 :30:00 12:18:30 (D) 

A - STRIPCHART 
B - 4020 PLOT 
C - OPERATORS LOC 

02 :44:17 02:51 :36 (C)(D) 
o - PLIM SUMMARY 
E - ALL OF ABOVE . 
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Dye marker operation was sati s factory on the recovered caps ul e. Si gni fi cant 
quantities of water and dye marker leaked into the camera compartment 
through the electrical connector causing film damage; however, the film 
provided usable data. 

The TV cameras provided good quality data. 

19.6.2 Ground Engineering Cameras 

In general, ground camera coverage was good. Eighty one items were received 
from KSC and evaluated. Eight cameras had unusable data due to bad timing, 
five cameras did not provide film due to film jamming, one film had no image, 
and one film was extremely underexposed providing no usable data. As a 
result of the 15 failures listed above, system efficiency was 81.5 percent . 
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Dye marker operation was sati s factory on the recovered caps ul e. Si gni fi cant 
quantities of water and dye marker leaked into the camera compartment 
through the electrical connector causing film damage; however, the film 
provided usable data. 

The TV cameras provided good quality data. 

19.6.2 Ground Engineering Cameras 

In general, ground camera coverage was good. Eighty one items were received 
from KSC and evaluated. Eight cameras had unusable data due to bad timing, 
five cameras did not provide film due to film jamming, one film had no image, 
and one film was extremely underexposed providing no usable data. As a 
result of the 15 failures listed above, system efficiency was 81.5 percent . 
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SECTION 20 

VEHICLE AERODYNAMIC CHARACTERISTICS 

20 . 1 SUMMARY 

The AS-S03 vehicle, as with prior Saturn flights, flew at very low angles­
of-attack that-did not exceed 2.S degrees during the period of interest. 
Because of this a reliable stability and fin load analysis could not be 
made. 

The AS-S03 average base differential pressure fell within a predicted band 
based on AS-S02 data even though AS-S03 had a 2-degree outboard engine 
cant and only six valid base pressure measurements whereas AS-S02 had eight 
measurements. 

20.2 VEHICLE AXIAL FORCE CHARACTERISTICS 

The vehicle axial force characteristics are shown in Figur~s 20-1 and 20-2. 
Experience with AS-SOl, AS-S02, and AS-S03 flight data has shown that the 
base differential pressure is a function of altitude and is insensitive to 
slight Mach number variations. An average base differential pressure which 
can be used to calculate the base axial force is shown in Figure 20-1. 
This average was calculated using the six valid base pressure measurements 
on the AS-S03 vehicle whereas eight pressure measurements were used on 
AS-502. The data for AS-S02 and AS-503 show fair agreement. The AS-503 
S-IC engines were canted outboard 2 degrees from 20 seconds throughout 
first stage boost. The small differences that exist are probably a combina­
tion of outboard engine cant on AS-503 and the number of base measure(t'~nts 
on each flight. Therefore, the effects of engine cant on AS-503 are ~ot 
readily discernible. The predictions shown are based on AS-502 data. The 
AS-50l data is also shown, but it should be noted that this vehicle flew 
with S-IC base flow deflectors installed. A drop off of the data occurred 
after inboard engine cutoff on each flight. 

Theforebody axial force coefficient remains a function of Mach number as 
shown in Figure 20-2. The AS-SOl coefficient is greater because of the 
base flow deflectors. These coefficients are predictions based on wind 
tunnel data. 

The total aerodynamic axial force is then the sum of the base axial force 
calculated from the base differential pressure and the forebody axial 
force, as calculated from the forebody coefficient. 
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20.3 VEHICLE STATIC STABILITY 

A reliable evaluation of the static aerodynamic stability characteristics 
of the AS-503 flight was not possible due to the small vehicle angle-of­
attack anu resulting small engine deflections. 

20.4 FIN PRESSURE LOADING 

External static pressures on the S-IC fins were recorded by 16 measurements. 
Each surface of fins Band D had four measurements located in the same 
relative position. 

Comparisons with predictions or with previous flight data would be 
misleading because the vehicles flew different angle-of-attack time 
histories and insufficient low angle-of~attack wind tunnel data are 
avai'lable for accurate predictions. The AS-503 flight angle-of-attack 
was well below the 10-degree design angle, hence the fin differential 
pressures were well below design values. Typical fin pressure dif­
ferentials are shown in Figure 20-3. 
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A reliable evaluation of the static aerodynamic stability characteristics 
of the AS-503 flight was not possible due to the small vehicle angle-of­
attack anu resulting small engine deflections. 

20.4 FIN PRESSURE LOADING 

External static pressures on the S-IC fins were recorded by 16 measurements. 
Each surface of fins Band D had four measurements located in the same 
relative position. 

Comparisons with predictions or with previous flight data would be 
misleading because the vehicles flew different angle-of-attack time 
histories and insufficient low angle-of~attack wind tunnel data are 
avai'lable for accurate predictions. The AS-503 flight angle-of-attack 
was well below the 10-degree design angle, hence the fin differential 
pressures were well below design values. Typical fin pressure dif­
ferentials are shown in Figure 20-3. 
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SECTION 21 

MASS CHARACTERISTICS 

21.1 SUMMARY 

Postflight analysis indicates that vehicle mass from S.IC stage ignition 
through spacecraft separation deviated less than 0.8 percent from pre~ 
dicted with the exception of the mass at spacecraft separati~ni This 
value was 1.8 percent greater and was due to a higher than expected 
S-IVB LOX residual. Center of gravity and moment of inertia deviations 
throughout flight were negligible except at the beginning and end of 
flight. The larger deviations at these times were due primarily to 
inexact S-IC propellant loading (less LOX, more fuel) and excess S~IVB 
residuals. 

21.2 MASS EVALUATION 

Postflight mass characteristics are compared with the final predicted 
mass characteristics (R-P&VE-VAW-69~2) which were used in the 
determination of the final operational trajectory (SSR-237/ Memorandum 
Number 5-9600-H-18l). 

The postf1ight mass characteristics were determined from ~n analysis of 
all available actual and 'reconstructed data from S-IC stage ignition 
through S-IVB stage/spacecraft separation. Dry weights of the launch 
vehicle were based on ~ctual stage weighings and evaluation of the 
weight and balance 10gbooks'~SFC Form 998). Propellant loading and 
utilization was evaluated fro~propulsion system performance reconstruc­
tions. Spacecraft data was obtained from the Manned Spacecraft Center 
(MSC) . 

Deviations in dry weights of the inert stages and the loaded spacecraft 
were all less than 1.4 percent which is well within the predicted 
3 sigma deviation limits. Major items that contributed to these small 
deviations were as follows: 

a. Actual weight of some vehicle components were slightly different 
from predicted weight . 

b. S-IC stage engine changeout at Kennedy Space Center (KSC) • 

c. Removal of S-IC/S-II interstage ullage motor fairings. 
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d. Deletion of th~ A%usa transponder and filter from the Instrument 
Unit (IU). 

e. Engineering Change Proposals (ECP) listed below were not 
incorporated. 

1. £CP 0219 - Proposed modification to protect ~ngine interface 
connectors from eXcess moisture. 

2. £CP 0252 - Proposed modification to eliminate possible hydraulic 
actuator ~upport interference with engine fairings during flight. 

3. ECP 0299 - Proposed modification for sealing of S-IC stage 
structure to prevent equipment damage from precipitation. 

4. £CP 0442 - Proposed installation of LOX dUct helium injection 
system for POGO suppression. 

During S-IC stage powered flight, mass of the total vehicle was determined 
to be 0.03 percent higher than predicted at ignition and 0.10 percent 
higher at S-IC/S~II separation. ihese very small deviations are 
attributed to a slightly higher than predicted total vehicle propellant 
loading. The vehic1~' pitch and yaw moment of inertias at liftoff were 
about 4.5 percent higher than expected due primarily to the S-IC fuel 
mass being greater and the LOX mass being less than predicted.S.IC 
burn phase total vehicle mass is shown in Tabl~ 21-1 and Table 21-2. 

During S-11 burn deviations from predicted of vehicle mass, center of 
gravity, and lUoment of inertia were insignificant except near the end 
of flight. Vehicle mass and pitch and yaw moment of inertia Were 
0.29 percent and 0.74 percent, respectivelyj belOW predicted at S.II/S-IVB 
separation. Total vehicle maSs for the S-II burn phase is shown in 
Table 21-3 and Table 21-4~ 

The largest deviations during the two S-IVa burns occurred at second 
bur~ engine cutoff and are attributed to excess S-IVB LOX residual .. 
The vehicle mass at second cutoff was 0.78 percent higher than 
predicted, longitudinal Center of Gravity (CG) was 0.19 meter (7.61 in.) 

aft of predicted, and moment of inertia was 2.58 percent (pitch) and 
2.62 percent (yaw) higher than predicted. Total vehicle mass at S.IVB/ 
spacecraft separation was 2.08 percent greater than predicted. Tables 
21-5 through 21-8 show total vehicle mass from first S-IVB ignition 
through spacecraft separation. 

A summary of mass uti 1 i zafA on and loss, actual and predi cted, from S-IC 
stage ignition to spacecraft separation is presented in Table 21-9. A 

compari son of actual and predi eted mass, center of gravi ty, and moment 
of inertia, is shown in Table 21~10. Figures 21-1 through 21-3 present 
the mass, center Of gravity, and moment of inertia for each stage burn. 
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aft of predicted, and moment of inertia was 2.58 percent (pitch) and 
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stage ignition to spacecraft separation is presented in Table 21-9. A 
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of inertia, is shown in Table 21~10. Figures 21-1 through 21-3 present 
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Table 21-1. Total Ve~icle Mass, S-IC Burn Phase, Kilograms 

----------~---------~--- .---~~--------------------------------------------------------------------~-----. s-r~ HOLOOOWN S~ICI_"IeOAR~ ___ S-rc. OUT90ARO S-ICIS-It. 
EVENTS GROUNO IGNITIO~ AR~ RELEASE ENGINE CUTOFF ENGINE CUTOFF SEPAR,l.iI cr,; 

--~--- .~- - ---------------~---------------------------------------------------------~ PRED ACT PREO ACT PREO ACT PREO AC,T ;:tREO ACT 

,--------------------------------------------------------------------------------------------RANGE TIME--SEC -6.51 -6.59 0.33 0.27 125.92 125.95 15l.37 153.19 15'2.07 154.41 

---~---~------~~~--------------------------------------------------------------------------s-tc STAGE.DRY 136641. 138451. 138641. 138451. 138641. 138451. 138641. 133451. 136641. 13a.~51. 
...LOS IN tANK 1199769. 1397925. 1369536. 1365103. 190240. 2071lS. 1041. 1990. 953. 1990. 
LOX BELOW TANK 20824. 20928. 21584. 2168&. 2.1583. 2.1617. 16615. leg04. 14509. 155es. 
LOX ULLAGE GAS '02. 4ge. 532. 541. 2e29. 2921. 333a. 3515. 3344. 3521. 
FUEL IN TANI( 608'66,. 611441. 591414. 60130.0. 91280.. S6260. 8262. 6056. 1l59. 4;;29. 
ala lanW TANK .311. .372. 5996. 6055. 5996. 6055. 5958. 60l1. 5953. 6017~ 
FUEL ULLAGE GAS 86. 99. 90. '104. 259. 2ge. 293. 341. 2~3. 3~2. 
N2 puaGE.GAS 36. 36,., 36. .36. 20. 20. 20. 20. lOt ~(;. 
HELIUM IN 80TTLE 211. 288. 284. 284. U5. 90. 81. 47. 80. 46. 
FROST 635. 635. 635. 635. 340. 340. 340. 340. 34v. 34~. 
RETROMOTOR PROP 1027. 10.21. 1027. 1027. 1027. 1021. 1027. 1021. 1027. 1027. 
OTHER 219. 219. 239. 239. 219. 239. 239. 239. 239. 239. 

-- ------------~------~-------------------------------------------------------------------------~-toTAL. Sale STAGE' 2175011. 21 75940. 213607 1.. 21'35462. 452568. 474436. 175855. 116947. 112564.173510. 

--------~ ---------~----------------------------------------------------------------------------------s'-IC/s~n IS-SM,u L 658. 654. 658. 654. 658. 654. 65S. 654. 558. 
S-IC/S-II IS-LARGE 4445. 4376. 4lf45. 4376. 4445. 4376. 4445. 4316. 4445. 
S_ICI$_tJ IS-PROP 617., 611. &17. 611. 617. 6'11. 61'ILu ___ 6JLl .. __ _ s~a4. 

654. 
4376. 

57S. 

--------. ~---~~----~------------------------------------------------~-----------------------~----------TOTAL. S-le/S-1I IS 5720. 561t1. 5720. 5641. 5120. 5641. ;720. 564-1. 5557. 56~g .' 

-----~------------------------------------------------------------~----------------------------------------toTAL. S-lI STAGE 471C01. 471114. 471003. 471114. 47Q144. 470855. ...10744-. 4-70655. 47074~. 47055~. 
TOTAL S-Il/S-lve: 3973. 3960. 3973. 3960. 3973. 3960. 3913. 3960. 3973. 39S~. 
ToTAL. S-I"B stAGE 119634. 11955 2 • 119634. 117652. 119589. 11';61. 119589. 119541. ",958';. ll9541, 
TOTAL lU 2214. 2196. 2l14. 2196. l214. 2.196. 2214. 2196. 22l4. 2.196. 

-IOIAL S/~ 43806. "3668. 41806. 43668. 438'06. 43669. 43a06. 43665. "'380Q. 43\:155. 

-------~-------~------~----------------------------------------------------------------------------------TOTAL UPPER STAGE 640629. 640590. 640629. 640'90. 640325. 64C241. 640325. 640241. 640325. 64~~41. 

-----------------------------------------------------------------------------------------------------------TOTAL 1 AUNCK VEH 28Z138Q. 2822171. 2782424. 2721694. 1098613. 1120319, 321901. 822~2~, 516576. el~3S9. 

------------------------~------------------------------------------------------------------------------
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Table 21-1. Total Ve~icle Mass, S-IC Burn Phase, Kilograms 

----------~---------~--- .---~---------------------------------------------------------------------------. $-1, HOLQQOWN 5-1C INBOARP S-IC OUTeOARO S-ICIS-II 
EVENTS GROUNO IGNITIO~ AR~ RELEASE ENGINE CUTOFF ENGINE CUTOFF SEPAR,l.iI cr,; 

--~--- .~- - ---------------~---------------------------------------------------------~ PRED ACT PReD ACT PReo ACT PREO AC.T ;:tREO ACT ___ a_a____ _ _____________________________________________________________ --------------------------------
RANGE TIME--SEC -6.51 -6.59 0.33 0.27 125.92 125.95 151.37 153.79 15·2.07 154.47 

----------~---~------~~~--------------------------------------------------------------------------s-tc STAGE.DRY 136641. 138451. 138641. 138451. 138641. 138451. 138641. 133451. 136641. 13a~51. . ~ , ' 

...LOS IN taNIe 1399169. 1397925. 1369536. 1365103. liCZ{tQ. ZQI1U. 1Q41 • 1~9Q. 95:3. 1990. 

LOX BELOW TANK 20824. 2092e. 21584. 2168&. 21583. 21617. 16615. lS;04. 14509. 1sses. 
LOX ULLaGE Gas 502. 'i ... 532. S§l .. ZeZi. Zi21. 3331h 321~f ~344. 3521.. .. 
FUEL IN TANI( 608'66,. 611441. 591414. 60.130.0. 91280.. S6260. 8,62. 6056. 7l59. 4;;29. 
EUEI lEI OW IaeiK .. :113. l1li322 • 5ii6. 6Q55. 5ii6. 6Q~2. 29211 faO~7. 5953. 601.7.-
FUEL ULLAGE GAS 86. 99. 90. 104. 259. 2ge. 293. 341.. 2~3. 3 ... 2. 
r.2 l!!UaGE .. GaS 36. 361!1' 36. ·36. 2Q. 2~h 20. 20. lO. ~v. 

HELIUM IN BOTTLE 211. 288. 284. 284. 115. 90. el. 47. ao. 46. 

N EROSt 635. 635. 635. 632. ~4Q. 340. 340. 340. 34u. 34~. - RETROMOTOR PROP 1027. 10.27. 1027. 1027. 1027. 1021. 1021. 1027. 1027. 10.27. 
I 

W OII:tER 239. 219. 23i· Z39. Z39. 239. 239. 239. Z39. 239. .- --- . ------------~------~---------------------------------------------------------------~---------~-
to~AL. S-IC stAGE' 2175031. 2175940.. 21 3607 1.. 2135462. 452568. 474436. 175855. 116947. 112564. 173510.. 

---------~ ---------~---------------------------------------------------------------------------------
-S--IC/S~n IS-SMALL 658. 65{t,. 6SS. 659:. 6ae. 624. 62g. 654. £ISS. 654. 

S-IC/S-11 IS-LARGE 4445. 4376_ 4lf45. 4376. 4445. 4376. 4445. 4376. 4445. 4376. 
S-ICtS-11 IS-Rioe 611. 611. 6l.2. 6U. ~a1. g'U. fall fa~ll 551 4 • 576. -------. ~~--~~-----------------------------------------------------------------------------~----------TOTAL. S-le/S-1I IS 561*1· 5120. 56§1. 5120. 5641. :;720. 564-1. 5557. 

-----~~---------------------------------------------------------~----------------------------------------TorAt. s-u StAGE {t,11CC3. !i1Ul§. §11CQ3. ~11U,4. 47Q744. 47ga~~~ ",70.744. 470655. 47074~. 47055~. 

TOTAL S-II/S-IYB, 3973. 3960. 3973. 3960. 3973. 3960.. 3973. 3960. 3973,. 39S~. 

rOIAL. S-I.tS SIAGE 1]963". 119S52. 11963lt. 112652. 1125:a2. lli~gl. 11i2112. Ui2~"·. ~.i2~91 U 9 2w!. 
TOTAL lU 2214. 2196. 2214. 2196. 2214. 2196. 2214. 2196. 2214. 2.196. 

-IOIaL SIC 43806. ll366S. §3SQ6. 43668. {t3SC6. 43669. 43a06. 43665. ...380';'. 43\:155. 

-------~-------~------~----------------------------------------------------------------~-----~-----------IoraL U~2ea StAGE 6t.Q62i. 6§05iC. 6§CflZ2. 6iQ590. 6~Q1Z2. ~4Q,411 ~40~221 640241. 640325. 64~~41. 

-------------~--------------~---------------------------------------------------------------------------IOTal 'auNCK VEH 28Z138Q. 2822121. 2282424. 21e1694. 1098613. 1120319, 321901. 822~2~. 516576. el~3S9. 

------------------------~------------------------------------------------------------------------------
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Table 21-2. Total Vehicle Mass, S-IC Burn Phase, Pounds Mass 

------------------------------------------------------------------------------------------------------------
S-1C HOlDDOW~ 5-IC INBOARD 5-IC OUTBOARD S-IC/5-1 I 

EVENTS GROUND IGNITtOi't ARM REL.EASE ENGINE CUTOFF ENGINE CUTOFF SEPARATION 
-------~----------------------------------------------------------------------------------

PREO ACT PREO ACT PREO ACT PREO ACT PREO ACT 

-~--------------------------------------------------------------------------------------------~------------
RA~GE TIME--SEC -6.51 -e.59 0.33 0.27 125.92 125.95 151.37 153.79 l5-~.07 154.47 
------------------------------------------------------------------------------------------------------------
S-IC STAGE.DRY 30~6~O. 305232. 305650. 305232. 305650. 305232~ 305&50. 
LQXf.'.,il'A~K 30~~963.30S1596.3017105. 3~09S3Eu 41j4C7. ~56618. 2294. 
Lax BELOW TA''l'' 45910. 46138. 47585. 47813. 475S3. 47658. 3!:630. 
~x ~LLAGE GAS _ 1106. 1099. 1112. 1193. 6236. 6439. 7358. 
)UEL 1M TAN~ 1341e86. 1347996. 1319410. 1325639. 20l237. 21221e. 18214. 
FUI!:L BELQ~ Ti\:\,ll{ _ 950~. _ 9638._ ~32~9~ _13~4a. 13219. 13345. 13l36. 
FUEL ULLAGE GAS le9. 219. 199. 229. 512$ 657. 646. 

.li2._.2u.RGE. GAS 80. so. ao. 80. 43. 43. 43. 
HELIUM I~ eOTTLE 636. Sl6. ~2&. S26. 253. Iva. 179. 
EgOST 1400. 1400. 1400. 1400. 750. 750. 750. 
~ETROMOTOR P~OP 2264. 2264. 2ZS4. 2264. 2264. 2264. 226~. 
aIHEti u_ __..52.8: ____ 5~ 528. __ ...5.2S. __5Z8~ ~2a.._52S. 

305232. 
438S. 

41677. 
7749. 

l3351so 
13265. 

152. 
43. 

103. 
750. 

2264. 
52e. 

305650. 
2101. 

31986. 
7372. 

15781. 
l3l36. 

647. 
43 • 

177. 
150. 

2264. 
52E. 

305232. 
4388. 

36570. 
7762. 

10867-. 
13265. 

753. 
43. 

102. 
750. 

2264. 
528. 

----------------------------------------------------------------------------~---------~---------------------
TOTAL S-1' STAGE 4795123. 4797126. 47092~S. 47078e8. 997742. 1045953. 387694. 3901Q2. 3aQ~3e. 382524. 

------~-------------------------------------------------------------------------------------------~~--------S-IC,S-II IS-SMALL 145C. 1441. 1450. 1441. 1450, 1441. 1450. 1441. 145D~ 

S-lC/S-U IS-LARGE 9800. 9646. 9800. 9648. 9800. 9648. 9800. 9648. 9800. 
S.~t.O~lLLS.o-P.aruL nflQ.__ 1341- __ U6::1.. 1341.1360 .• _ 1347. 1360. 1347. 1287. 

l441. 
9646. 
1214. 

--~~---------~----------------------------------------------------------------------------------------------. 
fotAl S-rCIS-U IS 12610. 12436. 12'610. 12436. 12610. 12436. 12610. 12436. 12537. 12363. 
------------------------------------------------------------------------------------------------------------, 
TOTAL $-11 STAGE le32333. 1038628. 1038383. lC3SSZS. le37s13. 103805e. 1037S13. 1038058. 1037813. 
rOTAL S-lI/S-lvB ~7eO. 91!1. e76C. 9731. 8760. 9731. e760. 873l. 8760. 
TOT:'! S_IVR STA~F' 263749. 26371'7. 26'274a. 2631.S.7.11~2.ll~.2.~.3.5e1.._263.648. 263587. 263648. 
TOTAL tu 4Seo:. 4S42. 4SeO. 4!!42. 4S60. 4842. 4880. 48~2.. 48eO. 
T.n'!'AL SJ~___ ~&.51S. iA212..;E1375. 96272. 96515. ~6272. 96575. 96272~_ 96575. 

l038058. 
8731. 

263587. 
4842.. 

96272. 

--~--------~------------------------------------------~-----------------------------------------------------TOTAL upp~g SrAGF 1412346. 1412260. 141234~. 14-12.260. l~!1676. 14l1490. lito1l676. l411490. 1411676. 1411490. 
____________________________ • ________________________________________________________ 1" ______________________ _ 

TCTAL ! A!!M'H VEH 62 7P079, 6771523. 6134195. 6132595, 2422028 9 2469879. 1811981. 18l4Q28. 16046S1. 1806377. 

-----------~----------------------------------------------------~------------------~------------------------
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Table 21-2. Total Vehicle Mass, S-IC Burn Phase, Pounds Mass 

------------------------------------------------------------------------------------------------------------
S-IC HOLCCOWN S-IC INBOARC S-IC OUTBOARD S-IC/S-I I 

EVENTS GROUND IGNITtON ARM REL.EASE ENGINE CUTOFF ENGINE CUTOFF SEPARATION 
------------------------------------------------------------------------------------------

PREO ACT PREO ACT PREO ACT PREO ACT PREO ACT 
----------------------------------------------------------------------------------------------~------------
RA~GE TIME--SEC -6.51 -e.59 0.33 0.27 125.92 125.95 151.37 l53.79 15-~.07 l54.47 
------------------------------------------------------------------------------------------------------------
S-IC STAGE.DRY 305650. 305232. 305650. 305232. 305650. 305232. 3056.50. 30~232. 305650. 305232. 
L.OX I-'~ I~~K 30!Si63. 30alS2{i. 3Q111Q2. 3009~3fz. 419407. 456618. 2294. 438S. 2101. 4388. 
Lax BELOW TA''l" 45910. 46138. 47585. 47813. 475S3. 47658. 3!:630. 41677. 31986. 36570. 
. L!l~ UI.LAGE GAS 1.1C6. 1Cii • 1172. ~1:i~. 6236 1 6439. 7358. 7749. 7372. 7762. 
FUEL. Ir-J. TAN~ 1341e86. 1347996. 1319410. l325639. 2'01237. 212218. 18214. 13351so 15781. 10867-. 
FUEL aELa"~ 18~!( 25Qi. ig~e· l32~2· 1.334§. 13219. 13345. 13136. 13265. 13136. 13265. 
FUEL. UL.L.AGE GAS le9. 21.9. 1;9. 229. 512$ 657. 646. 152. 647. 153, 

..N.2._Eu.RGE.. GAS eQ • ec. ~Q. 80. 43. 43. 43. 43. 43. 43. 
HELIUt-1 I" .~ eOTTL.E 636. S36. !l2&. S26. 253. 19!h 179. 103. 177. 102. 
EgoS I - 140Q. 14QQ. 1400. 1400. 750. 750. 750. 750. 750. 750. 
~ETROMOTOR P~OP 2264. 2264 •. 2ZS4. 2264, 2264. 2264. 226.~. 2264. 2264. 2264. 
Clt:lEa 5~lh 2~(:i. ~,a. ~,a. =,a. ~2a. Sla. 528. 52E. 528. 

----------------------------------------------------------------------------~---------~---------------------TOTAL. S-1' STAGE 4795123. 47971Z~. 47092~S. 41078e8. 991742. 1045953. 387694. 39Q1Q2. 3aO~38. 382524. 

--------------------------------------------------------------------------------------------------~---------
S-IC/S-II IS-SMALL 
S-IC/S-It IS-LARGE 
S-[c/:-rr IS-PRoP 

145C. 
9800. 
1360. 

1441. 
9646. 
1347. 

1450. 
9800. 
1360· 

1441. 
9648. 
1347. 

1450. 
geoo. 
1:360 .• 

1441. 
9648. 
1347. 

1450. 
9800. 
1360. 

1441. 
9648. 
1347. 

1450~ 
9800. 
1287. 

l441. 
9646. 
1214. 

--~~--------------------------------------------------------------------------------------------------------. 
IO!AL. S-IClS-II IS 12610. 12,-36. 1Z:610. 12.36. 1261C. 12!tl6. 1261C. 12~J~· 12237. 1236~. 

------------------------------------------------------------------------------------------------------------, 
IOIAL oS-II STAGE lC3S:aa3. lC3S62S. 1C36JSl. lC3S:'ZS. 1C37S1~. 1Q3P.Q~~. 10~7S13. l038058. 1037813. 1038058. 
rOTAL. S-II/S-lvS 5'7~C. 8731. e76C. 9731. 8760. 9131. e760. 8131. 8760. 8731-
TQI .. L. S-I~a SI:AiiE 2632!t:!3. 26321'2. 26'21~a. 26l1f:1. 2~l6~a. ~~~2e1. 2~~S!4al 26~2Bl! 26~64~. 263587. 
TOTAL. tu 4Sec:. 4S42. 4SeO. 4!!42. 4S60. 4842. 4880. 4·9~2.. 48eO. 4842.. 
tOTAL. SiC: ~65151 26222. 26:15. 96212. ~6~?51 ~6Z1Z. ~6~1~· 9§Z12. 96515. 96272. 

-~~---~-----------------------------------------------------------------------------------------------------
TOTAL. U5?PS-S STAGF 1!t:12.34Ch 1412260. 14123"Eu 14-12.260. l4!1676. 141149C. lit<1l676. 141149Q. 1411616. 14l1490. 
____________________________ • ________________________________________________________ 1" ______________________ _ 

TCTAL. LA!!M'H VEh 622n079 • 6' 71 8 2 3. 6 134195. 6132595. Z422028 9 Z46ge79. 1611ie1. le14Q26. 1604651. 1806377. 
----------------------------------------------------------------~------------------~------------------------
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Table 21-'3. Total Vehicle Mass, S-11 Burn Phase,. Kilograms 

-~------------------------------------~------'----- ----------------------- -------------------------- -----­_ ... _-- .. -
Ef'~~I!'!~ C:Ui:lFF 

CO~"'''A~:O 

S-II/S-IV9 
SEPA~ATI0~ 

-~---------------------------------------------------------------------------------------~ 
PR~O A~T PREO AC:T PREO -"cr PREO AC:T PRE!) ACi 

------------------------------------------------------------------------------------------------------------
QA~.!_:~ ,.!-.==-__ ~::l"" 1;.2.77 15§.19 155.77 l.5S.47 52:1.19 524.04 52:1 .. 99 524-.9C 

---------------~--------------------------------------------------------------------------------------------
c;;_'t~ .I~_tr t'-'M4.LL ~5~L. 654. 

S-tC/S-II IS-~A~~E 4445. 4376. 444.5. 4376. 4445. 4376. 
,_tC.I't;._tr l,,-DQt\P' €.17~ 611.. 30G.. J:JO .. 

----------------------------------------------------------------~.-------------------------------------------
T('\,.4.1 ~_I~/.'i-rr IS :;72::l .. ~U'"----___ ~7S1. ~f..2~ __ ~~ 4376. 

---------------------------------------------------~-------------------------------------------------------_. 
5-11 S!.lG~."'.l;:y ... ;;u,::z. ~$l143. 4C18S. ,:0143. 40186. 4C14~. 40188. 4·C!4~ .• 
~OX 1,-.1 iA:'!K 35~.53'. 35932.,. 35653,. 35.;3~'. 355515. 35~OC6. 1905. 1544. 
tox aE~O~ iA¥' 737. 737. 737. 737. acc. sco. sao. sao. 
r.ox U~r.A~E GAS 250. 240. 25~. 240. 254. 2.44. l778. leez. 
t~, r~<J "":'~~il!l:; 7C'l48L. 7n16C. 7n452. 7016::1. 7C2J3,1.·. e9~61. 1961. 1960. 
f.h2 aE.r.o~ rA~!<.. 105. 105. les. lOS.. 12.S. 12.8. 12.8. l2.8. 
L.:-;< LiLt AGE GAS lwl. 1;:. ;01. 100. lC3. 102. 599. 576. 
I:-1SUr.ATtC:, P~RGE: 54. 54. 
j::r.nST 2~4. 204. .. 
SiA~T TA~K GAS 14. l4. 14. 14. 2.. 2... 14. 2.. 
r6Y~Q4C c..~. 

·:lTHER. 34. 34. 34. 3~. 34. 3t... 34 .. 34. 

40182'. 
1756.~ 
800. 

1783. 
le95. 

12.9:. 
701. 

1.4. 

34. 

4'.J143. 
13~6. 
a.o~Je 

reel. 
16,4. 

12.3. 
575. 

2 .• 

!:4-. 

--------------------------------------------------------------- --------------------------------------------
T~TAL S-Il ST~GE 47l003. 47l1l4. 47:J744. 470655. 47C3ce. 

-~-------------------------------------------------------
T:J:T S-ItlS-IV3 IS 3973. 3960. 3973. 
TnTAL ~-IVB STAGE 11~634. 119652. 119589. 
TOTAL IU 2.2..14. 2.196. 
TQT~L SIC 43B06. 436~e. 

22.14. 
*~8\J6. 

3960. ~97J. 
119561.. 1195S9. 

2196. 22l4. 
4366S. 43806. 

4-7~42..C. 

3960. 
1195Sle 

Z196 .• 
4356E. 

47508. 4707l. 472.99. ~QS~6 .. 

---------------------------------
3973. 3.950 .. 3973. 3~C:C. 

1l9559. 119551 •. 119585. 1!'9:~9. 

22.14. 2.196. 22:14. 2.:!-'':6: .. 
397eO. 3963b. ;97S,~ ., '::O"-"'t:. .J .. , ...... _~. 

------------------------------------------------------------------------------------------------------------
IClIAL UCpER STAGE'S 1$%21. 159~77. l69Sal. 1693eS. 1,6~Se.l. 16~3·S5. 1655S~. 155353. 1&5554. 155:3:=1. 
-------------------_._-----------------------------------------.-----------------------------------------------
iQTbl L od.-'Cn Y~H e4~3"ie 64:~231. §-4~q77. S4491S. 64433~;' ~t..4-1e.2. 21;Co4. 212:42.5. Z:ZSS:2:. ,122.:7. ----.-.---------------------------------------------------------_ .... _-------------------------------------------

+#i ill! IPMlf·:_-.. _~_·73;r· .. ~_.t! ___ ~ ~~M~~-..-.;(;,.~+t;~'~~ 'k: (~-.~" .-!. ,~ :~;:~,-.;....,:;.,+ " "" tW'.' •• ,I.Ii 

~ Z. S J 

N 
~. 

I 
U1 

Table 21-'3. Total Vehicle Mass, S-11 Burn Phase" Kilograms 

-~------------------------------------~------'----- ----------------------- -------------------------- ------
ENGI~!~ C:Ui:lFF 

90 0/0 TH:lUST 
S-t I1S-IV9 
SEPA~ATIOt~ 

------------------------------------------------------------------------------------------
PREP AC:T PREO PREO AC:T ACi 

------------------------------------------------------------------------------------------------------------
152.77 155·19 155.77 15S.47 521.19 524.04 524.9C 

------------------------------------------------------------------------------------------------------------
S-IC/S-II IS-~A~GE 
SpIe'S-II IS-PRO? 

65S. 
4445. 

617. 

654. 
4376. 
ell. 

444.5. 
304. 

4376. 
30Q. 

4445. 4376. 

--~-------------------------------------------------------------~.-------------------------------------------
C;7Z0· 5641. 47S1. 4445. 4376. 

---------------------------------------------------~-------------------------------------------------------_. 
5-11 S!.lG~,"'.l;:y ;.;!le:z. 4$l143. 4C18S. ,:0143. 4.0186. 4C14~. 40188. 4·C14~ .• 40182'. 4'.J143. 
~Ox. 1,-.1 iA:'!K 35~.53'. 359::2,. 3565:32:. 35.;3~'. 355515. 35~OC6. 1905. 1544. 1756.~ 13~6. 

! ;!X aE~O'r: iA\l.';: J37, 737. 7:31. 7:;7. 8CC. BOO. SOOt sao. 800. 8.00. 

LOX. U~LA~E GAS 250. 240. Z5~. 240. 254. 244. 1778. laeZ. 17S3. lee,. 
t ::j·2 r:v tA '-'i' 5 704Sc. 7016;"'· J04.82. 70160. 70284. &9961. 1961. 1960. le9S. 16,4. 
Lh2 aELO~ rA~!<.. 105. lOS. les. lOS .. 1za. 12S. 128. 12S. 1,9:. 1,3. 
L.::tl UI.LAGE Gi!JS l~a. lw;:. ;; ~Jl. I ~COI ~C3. 102. 59~. 576. 701. 575. 
I:-1SUL.,ATtC:, P~RGE: 54. 54. 
E'iOSI 2~~. 20!u 
SiA~T TA~ .. K GAS 14. 14. 14. 14. 2. ,. 14. 2.· 14. 2 .• 
iii ~~E'i.a i C. n·. 

":liHER. 34, 34. 34. 34. 34. 3t... 34 .. 34. 34. !:4-. 

------------------------------------------------------------ -- --------- ------------ ---------- --------
T~TAL S-It ST~GE 47l003. 47l1l4. 47~744. 470655. 47C3Ce. 47~42C. 47508. 47071. 47299. ~QS~6. 

-~~------------------------------------------------------ --- - ------------------ --------
T:J:T S-I tiS-Iva IS 3973. 3960. 3973. 3960. 397~., 3960. 3973. 3950. 3973. 3~C:C. 

TnI~L S"IilS SrA!::iE 11~g;a~. U2~2~. ".:Z2a2! 1;L92g;1. 1192,S9. 1195Sle 1l9559. 119551 •. 119585. 1!'9:~9. 

TOTAl.. II.! 2,14. 21..95. 2214. 2196. 2:214. 2196" 2214. 2196. 2Z14 .. 2.:!-'':6: a 

IOI~L SlC ~:i iHlil. ~3§§.!e· *~8\J6. 4;S6S. 4;805. 4356E. 397eO. 3963b. ;97S,~ e. '::0"-"'':' .J ... ...... _-...J . 

------------------------------------------------------------------------------------------------------------
-------------------_._----------------------------------------.---------------------------------------------
----~----------------------------------------------------------,._-------------------------------------------
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Table 21-4. Total Vehicle Mass, 5-1I Burn Phase, Pounds Mass 

------~----------------------------------------------------------------------------------------------_ .. -----!:NGINE CI.:.TOFF 
~\l~I\!.TS_ ~~l~ I~tlnoy __ ICmrrrQl.! CC~·t"~AXO 90 :'lIa THRuST _C::OMi':::M~D 

s-n.! S-!\'6· 
SEPARA nON, 

------------------------------------------------------------------------------------------
pI:t~rl A~T PREO J.~T P~EO .. A..CT_ _ 2RED ACT PRe:) ACT 

-----------------_ .. _-----------------------------------------------------------------~------------~-----~ !:Il. ... .lt:=- T'r~~ __ s~l" tt;~.77 t§~.d 1§§.77 1~8.47 ~21.19 _..52..4c.O!L_S.lld9_· _~4.9Q 

------------------~---------------------------------------------------------~-----------------~-----~-~~ 
~t~s:_t 'L tS_c;.'.t!.LL 1~§O_ 1.~41 .. 

S-IC/S-U lS~LAr\GE 9800. 9648. 9800. 96 .. 8. 9800. 9648. 
-S-I"'I$-II 15-:2909 13So • 13.7. 675. 662. 

---------------------------------~--------------------------------------------------------------------------T"'TM. S-IC/S-P IS 1261"', 12lt3S. 1 "47,. 10,10. ssep. 9648. 

----------------------------------------~-------------------------------------------------------------------S-u STACie-,ORY ~S6Qo.att'''O. C!e$r.~. ·f~!eO. aeapO. ee,oq. !esoc. ee~o.o. 3S~OO. 
LOX I~t TA:'.!!{ 79'1099. 792170. 79:10.$09. 792.170. 7110391. 791473. ~200. 3~05. ~e72.. 
lOY Bet"",' TA"I~ 162§. le2S:. 16Z5. IS25. 17E4. 1764.. 1754. 1754.. 17~4. 
LOX: ULLAGE GAS 552. 5:30. 5:5'2.. 5:30... ~5~. ~37. ~9:!.O. 4150.. 193C. 
LH'_t.~ t~J.I!.S._ _..1t;.§~~_ 1.§4.~~e..1~~~L __ ~SiS.._ 1540~4.~1L .1~42S!:.. 1+.~2.4.._ 4,~22'. 4177. 
LH2 BELO!;! TANI(. 231. 23'1. 231. 2.31.. 262.. Ze:1. 252:. 29.2:. 2.9 7 • 

LN2 flU"AG£ GAS 22'. 720. ""'. 220. 2ZS. 224. 1:41. 1270. 1~45. 
I~·!SUL.AnCN PU~GE: 120. 1,20. 
~.,n~'T' "so. 4~'C'. 

S1 A~T TA'!!{ GAS 3:l. 3~. :30. 30. 5. 5. ~,o. 5 .... 3C. 
~.I\",.~~t:!:' .~. ~. 

OT~~~ 7~. 7~. 76. 76. 76. 7S. 1~. 75 •. 7·, .... 

!!5~C .• 
3077. 
17=~., 
~-l5C. 
417~' • 

'7Q:.,. --_. 
l ?'~"" _,.,e 

c: .... 
:5 .• 

T;;:~~.-s:t!-ST;G~---1;;;;;i:-l~;;~2;:-1~;7~13:-1;~~~70::::;7;=:=-71::::;::::i::::~::::;::::;-==Z=.=-:::l;.::;;.::;:::7::::0:.::9::::8=.:.=-:.::-=-=1:.:,~:.:~~.7:.::~·:.:!:::==-:.::1::;o:.::i:.:7=;;:~::, .::-=:1::;:;':;;:::;2;:;:;;:;:::::-==::;:. ;;:;;:i;:9;:;;::::',-
--------------------------------------------------------
T,T S-tt/S.-'IV~ IS e76C. a731. 87G':>. S,731. 8760. S7~1. S7~~. 8:731. 
'T"'T',!.! !:_!V~ ST't.~~2L~74g.. 26~,!~~. 25~el;.n.. Z635~'''._ :!635.49... 2.63~!.1... 2c..364.!._ 2~3S:!!·7. 
T''''T·AL I" 4ct~~ 4Q4'" I.'le" 4 C 'l.."'· 1.':1,00 l·a4" 4 QQ .., 1. 0 42 v'" ,!.,J, g- ... ~. . ... , £'. ~. __ ._",. ..,~,. ....."'_. e" .. - ~., --_..... .. ..• , 

Y...~'!"4.L.SJ1"~~ ..Jl52.'l2:... _ c6s..~....Cl.~ll2:.L _~S:27~_. __ 2.62:.7'. __ . _!:.77_CO._ __973e2. 

=7f~O • 
Z5:~:643. 

4 e 9:C.. 
a770':J. 

::'''r'o:. " -" -... ~ 
., . .c:,. '2:C:Q: 7' 
---.~--. 

u!'.;2:. 
S71EZ. --...... ----------------------------------------------------------, .-"'----------- .-- -----. ---------------------------

T~TAt t!~~~a STAGES 373S63. '2:~3f~2. 37!S~3. ~7343Z. !7~S6:. !1!~!Z. !~49;~. !~4~4Z. !64.9a !. :54~:"'. -----------------------------------------------------------_ .. __ ... _-- -- .--- .. --~.-. --'"' -_ .. _- _ .... -- -' --.---- - ._--_ ... - ------
I~·T.!l Lnt.J"'rH V~u. l42495r-, 14"'4~ClS. 14.221;,1. 14.71$00'. 14205-1;, 14,'017';. 4§~72~·. It,:~';·le. 1.&9,Z=-~. 1.I.~7S;6. 

------------------------------------------------------.. _---- ----- - _.-._- -- -- -- ----.-- .. -- - ... _. ----- -- ..... ------ ------

:-F"";':~'"'.,," "v,.;'~_'" 

~? 

""- m r 2 1.1 

~ -•• 0\ 

Table 21-4. Total Vehicle Mass, 5-1I Burn, Phase, Pounds Mass 

------~----------------------------------------------------------------------------------------------_ .. -----
EVENTS $-1' IG!':1 IIIO'l IGO ITIQ~; CCW··A:-iQ 0Q :UQ THRUST 

s-ttJ S-!\'6· 
SE?ARA Xl ON, 

------------------------------------------------------------------------------------------PRED ACT peep ACT PSFO ACT ?REO ACT ACT 

-----------------_ .. _-----------------------------------------------------------------~------------~-----~ 151.77 _ 15,.11 1".77 1'8.47 ,21.19 521.99 ,24.9Q 

------------------~---------------------------------------------------------~-----------------~--------~~ 
SpIC/S-It I «:-SMALL 
S-lC/S-U IS~LAr\GE 
~-iC/S-II ISe1290P 

1450. 
9800. 
]350

'. 

9648. 
13 .. 7. 

9800. 
675. 

96 .. 8. 
662. 

9800. 9648. 

-~-------------------------------~--------------------------------------------------------------------------2Sg0. 9648. 

----------------------------------------~-------------------------------------------------------------------
S:!I!U SIAGe-,oe'! ~!36QO. Qtt5l'1a. C!es;c~. ·f~SQa. ffe~aQ. ~e2Q". =!~QQ. ge~o.o. 3e~oo. !!5~C .• 

LOX I~t TA:\t!{ 791099. 792170. 79:1C!9-. 792.170. 7110391. 791473. 4200. 3405. !:!:12:. 3077. 
LOY BEl.""·' TA"I~ 1625· 16-25'. 16Z5. 1S25. 17S4. 17;4.. 1754. 1754-. 11~4. 1754 •. 
LOX: ULLAGE GAS 552. 5:30. 5:5:2 •. 530 .• S59. 5-37. ~9!O. 4150 .• 19lC. ~-l5C. 

lH2 tl'l TA'lYS 1 C.5381. 154,..-'6· 11;1;3117. 154 $7$. 154-;4.9. 1;'42;7, 4?Z4.. 4·';22'_ 4177. 417~'. 

LH2 BELO!;! TANI(. 231. 23'1. 231. 2.31 .• 2.62 .• - Cc'" ,--,. 232. 2"S1. 29 7 • 2!Z. 
L~2 flUILAGE GAS 22'. 220. z.". 220. 2ZS. 224. 1: 4.1. 1270. 15'45. 1?'~'" _,.,e 

I~·!SUL.AnCN PUFtGE: 120. 1,20. 
F"OSI 450. 450'. 
STA~T T'A'!!{ GAS - 3:l. 3~. :30. 30, 5. 5. ~.O. 5 .... 3C. c: 

.. t, 

c~··e-eHS ,. ... • • 
OT~::~ 76 •. 76. 76. 76. 76, 7S, 1~. 7S, 7' .... 75 .• 

---------------------------------------------- --, .. _-----------------------------_ ... ----------- ----------- --~-

TCTA,L. s-n STAGE 1C3e3e3. 103~62~. lO37e13. 103S055. 1036852., 1~.37C98 • lC~.7;~ • 1031711" 1:4216. rO~2.99. 

-------------------------------------------------------- ----------------- ----. -_. ---- .- - -----
T~T s-t t IS.-'IV~ IS e76C. a731. 87G':>. e,731. 8760. S7~1. S7~~. 8:731. =7f~O • ::'''r'-:: " -" -... ~ 
T''''tT,:,~ S-IV~ STA'ir 26374". 2t·~"S7. 263';4:1 • Z6l5~". 24:549. 2.63;'1. 2;';5~g:f ZI: 3S:!p. 25:~:64~ • "'.c:..'2:C.Q. 7' - ---.~--. 

TOTAL 1.U: 46S0. 4S.42, 4'3cC. 454.2., 4a~O. 4942. 49!~. 4?42 •. 4 e 9:C.. u!'.;2:. 
I~TAl. 5 f C 0&575. 96'77. Cf;~"5. 9~27Z. 9$575. 96?7'_ :7700. 97~e;. a770':J. e:71E2, --...... -------------------~-------------------------------------_ .. -....- ---------- .-- -----. ---------------------------
-----------------------------------------------------------_ .. _-... _-- -- .--- .. --~.-. --'"' --"-- _ .... -- -' --.---- - ._--_ ... - ------
------------------------------------------------------.. _---- ----- - _._._- -- -- -- ---_._- .. -- - ... _. ----- -- ..... ------ ------
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Table 21-5. Total Vehicle Mass, S-lVB First Burn Phase, Kilograms 

.--~------~------~------~---~---------------------~.----
------------------------------~-------------------

S-I'iB ENGIN,; c:uTOFF END THRUST 

EVENTS S-IC IG~aTION' IGNIT10N C:OMMANO 90 0/0 THRUST COr-1t-tAND o ECAY 

-----------~--------------------~-----------------------------
-----------~---------------, 

P,RED ACT PREO ACT PR:O AC.T PRED ACT PREO ACT 

--~-------------~------------------------------------------
--------,--------~---------------------------~~ 

RANGE Tl"'E'--:;E~ 52Z.1C;: 52t.OO 527.69 53.0.53 6aJ.99 6B4.9S 6.85.69 62"6.6.7 

11709. 11673. 
59l2.4.. 59732. 

l.ax BELOW' TANI{ 166. 166. If,6. 166. 18e. lec. leo. 180. lSO. lsa. 

-LI'\)C ULLAGE GAS ~ ___ i~ ___ ~C}. _ L9. _L9L 2Q__20. 66. toa. 67. lOIS. 

LH2 IN TANI( • 1964.3. 196~2. 196.39. 19657. 195.96. 196C7. 1390~. 13689. 13596. 13e77. 
..,.'" 

I H2 9~1 now TAI\''C 22. 22. '.eli 20. 26. Z6L 26. 26. '''. 2b. 

L.H2 ULLAGE GAS 2:6. 7. 2(:. 7. 26. e. 11'1. 50. 7:J. 5'. 
II! I ar:Fr ~~~~ ___ ~40.. ____ ~IL.. ___ Hl. _ 9,,. 

A.PS, PROP:LL.AN.T 28.6. 289. 286. 289. 286. 289. 285. 288. 285. 28:3 • 

HEll""" tt)l BOttLES lOl. '03. lOl. 203. 202. 202. 179. 177. 179. 111. 

S.T4RT' TANK GA.S 2. 2:. 2.. 2. 

~~n~,.. 4§. 136. 0. 4.5. o. ~S. O. 45. o. 4:-. 

OT~EP 33. 2S. 33. 2:8. 33. 2B. 33. 28. 33. 2,9. 

--~--~---~---~~------~----~----------------------
------------------------------~------------------

----, 

T~TAl S-lva 5TA.GE 119(:34. 1196~2. 119522. 119492. 119327. 119311. 85-621. a62&3. eS513. e61e~ • 

~-----------~-------~-------------------~--------------
----------------------------------------------------

TOTAL INST~U UNIT 2214. 2196. 2.2.-14. 2.196,. 2214. 21.96. 221~. 2196. 2Z1~. ZlSS. 

--------------------------------------------------------,----------- --------------------.---------.------------
TnTAL SP,ACECR,AFT' 4:3806. 43!>68. 397eo .• 39~36. :97S0. :3C:636. 39180. 39~35. 3:9790. 396:35-. 

-..-_-----... ------------------------------------------------------..---,-------... ----------------------~------------

TOTAl. UPIOEQ STAGE: 46.019. 45-e6~. 41994. 41612. 419S'~. 41£33,. - 419,.~4. 419:3'Z:~- 4-199~. I, ,. Cl'2:" 
... .. .",~&... .. 

~~~---... ~-~--~---------------------------------------------------------------------~------~-------
-------

TOT'AL VEHtCLE 1!!5653. 165S16. 161516. 161324. 161321. 1.&114.3. 12,76:2.0.. 12,9095. 12.7~S7C\ 12:~C:?l. 

~-.-.--__ -----------
-----------

-----------
-----------

----____ , ________________ .0. ________ ,_- ______ _ _________ __ 

,," ... " .. ' - ~ ,.'" 

• If"' minT" 'Jnrn*l-l'R?·1flfWi __ ii' .. .,.f'ir .......... ·.~J,~·" ill -"., ..... n .. --.,i .. ··"'_.:n_'f.~~.;; __ .. c._ .. ~,.,'. --. ,., Ill. --.M'. 
~ 

...... ell 

Table 21-5. Total Vehi'c1e Mass, S-lVB First Burn Phase, Kilograms 

.--~--------------~------~---~---------------------~.---
-------------------------------~-------------------S-I\j8 ENGIN~ c:uTOFF END THRUST 

EVENTS S-IC IG~aTION' IGNITION C:OMMANO 90 0/0 THRUST COr-1t-tAND o ECAY 

---------------------------------~-----------------------------
-----------~---------------. 

ACT PREO ACT PR:O AC.T PREO ACT PREO ACT 

--~-------------~----------------------------------------
----------,--------~---------------------------~~ 

RANGE Tl~E--5EC 52Z.1C;: 52t.OO 527.69 53.0.53 6aJ.99 664.9S 6.85.,69 686.6.7 

--------_ ... __ .... _--------------------------------------------- -- ---.-------... --------- ------------------ -------
46.019. 

I. 't Cl '2. . ., 
..... .",~&... .. 

--~-----~-~--~~---------------------------------
------------------------- ------------ --~--------------

TOT'AL VEHtCLE 1!!5653. 165516. 1~1516. 16.1324. 161321. 1,6114.3. 127SoZ,O.. 1Z,!09S. lz'7~S7C\ 12:~CZ1. 

__ -----------
-----------

-----------
-----------

---------______ , ________________ .0. ________ ,__ ______ _ _________ _ 
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Table 21-6. Total Vehicle: Mass s S-IVB First Burn Phase» Pounds Mass 

--~------~-------------~--~--------------------~~-------~--~------------------------------------~-~ S-IVB E~GINE CUTOFF END THRust 
EVEN.TS 5-1C IGNlt~ON: IGN.tTION CO~1MANC 90 0/0 THRUST COMMAN.D o ECAy 

-----~1-~~------------------------~-----~~--________ ~------------------~-----------~ 
PRED A.CT PREO A C.! PRED ACT PRED AC.T PREO ACT 

~_~ _____ _._ ....... _____________ :::i..,-------------~-------------------------------------------------------------------
RANGE Tl~1E--SE~ 521.1.9 --- --525 .. 52.7.69 S'30 .53 683.99 684.98 68~.69 

LH2' 'IN TANI( 433C5. 43347. 43295. 43337. 43184. 43225. 30654. 30620'. 3.0636. 
ltd SF' ow TANIt 48. ~U~aL __ ~StL __ 58. 58. 58. 58. 5e. 

-..,- _.- ---
LH2. UL.LAGE GAS 58. 1.5.. sa. 1.5.. se.. 17. 154. 111.. 154. 
Ull~~!C'i~JlOP __ ~~__ .118.. 22&.. ~ l.~. 
-.~ 

APS PROPEL.LANT 630. 637. 630. 637. 630. 637 •. 
~l tUM tN BOT'tilS... ____ "6. _ 4!t~L _446. 448. 445. 446. 
START TANK GAS 5. 5. 5. 5. 1. 1. 
F~~ST 100. !oo. ~. 100. 0.. 100. 
OTHER 73. 61. 73. 61. 13. 61. 

628. 
395. 

7. 
o. 

73. 

635. 
391., 

7. 
100. 
61. 

628. 
395. 

7 •. 
o. 

73'.!J 

686.61 

25735. 
131686. 

3n. 
239. 

30593. 
58. 

111. 

63'. 
391. 
" 7. 
100. 

Q1.. 
~_ .. _~ _____ .. ____ .,,----.. ----...----------------_---------------_________________________________________ . ________ r. 

TOTAL S-IVB STAGE 2637&1oS. 263787. 263501. 263435. 263071.. 263036. 18S775. 190177.188656. 190013 • 
... --------~----------.... ------... --------------------------------------------.---------.---,------------------,'-----, 
TeTAl IN5TRU U~lT 48S0. 4642. 4880. 4842. 488"0. 4842. 48ao. 4842. 4880. 4642. 

-------------------------------~-----------------------------------------~----------~------------~--------~ 
TOTAL. SPACE.CRAFT 96515. 96272.. 87700. 87382 .• 57700. 87382. 87700. 87362. 87700. 87382. 

-~--------~-----------------------------------------------------------------~-------------------------------TOTAL UPPER STAGE 1014~5. 101114. 92580. 92224. 92.5S0. 922.24. 92580. 9222,4. 92580. 92224. 

----------~-----------------------~----------------~--------------------------------------~---------~-------TOTAL VEHICLE 
-------------------------------------~--------------------------------------------------~-----~----~--------, 

.,' .... 

~ 2 $ iii 

Table 21-6. Total Vehicle Mass s S-IVB First Burn Phase» Pounds Mass 

-----------~---------~-~--~--------~----------~~-------~--~------------------------------------~-~ s-Iya E~GINE CUTOFF END THRust 
EVE~ns S-IC l.GNlt.~ON: IGN.tTION CO~1MANC 90 0/0 THRUST COMMAN.D o ECAY 

__________________ --~-~--~-_-_-=-1-~~------------------------------~~----------------------~-----~-------~--~ 
PRED A.CT PREO Act PREO ACT PREO AC.T PREO ACT ~_~ ____ ... ~_ ....... _____________ :::i.., _____________ ~ _________________________________ ... _______________________________ __ 

RANGE Tl~1E--SEC 521.1.9 525 .. 52.7.69 S'30 .53 686.67 
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Table 21-7. Total Vehicle Mass, S-I\18 Second Burn Phase, Kilograms 

-----.. ~-... ~----~--.. ---------.... -----------------------,--------------,-------.------------------,------.._-------
ENGINE CUTOFF ENO THRUST SPACECRAFT 

EV£"!TS IG~U lION C.OM~A~O 90 0/0 THRUST C:O~!'Io1A~O OE.CAY SE.?ARA T ION --......... ---------------------.. ----------~----------.--.----------.-------~----------------.---.--
PREO ACT ()REO ACT PREO ACT PREO ACT PRE.O ACT 

----------------~-- .... -------------------------------------------,---------------,-----------.-------------------
R.'N.G£ TI."'£--SEC 102ZI •• ' 10211.'1 10239.13 10240.02 .. 10552.26 10555.51 10553.98 10551.2.1 12055 •. 48 1.2059 •. 30 -.... ------_ .. ..-..,-----..... ---------------------.. --------------.--------------.---.--.--.-,------------~-.-,-,-----.----.----

A~S PROPELLANT 181. 235. 183. 235. 179. 235. 179. 235. 14~. 220. 
HELIUM IN BOTTLES 158. 165. ISS. 164. loa. 110. lOS. 110. 108. 11C. 
START TA'~ GAS 2. 2. 
Feost O. 45. O. 45. O. 45. O. 45. O. 45. 
OTH!~ 33. 28. 33. 28. 33. 28. 33. 28. 33. 28 • 
..... ---.. --~--.,------,..-----------.. -----.,--------.----.. ---.---------------------------------.--,-------.--------------. 
TOTAL S-IV8 STAGE ('4311. 85121. 84131 .• 84948. 16835 •. 1.1453. 167e7. l7379. l6734. 17346. --------... .".-----------.... --~-.,--------------.-~-.------------.-----------,------.--------.--------.--.-----.----.---------
TOTAL INST~U U~IT 2,14. 2196. 2214. 2196. 2214. 219~. Z214. 21'16. 22.14. 2196. _____ c. _____________ . __________ ---_____________ • ________ --_. ___ .-_______ , __ -. ___________ .-_____ , _____ -, __________ ... ____ _ 

tOT~L SPA.CeCRAFT 39190. ~,.;.:~636 .• 39190. 39636. 3976C. 39636. 39160. 39~36. 9b6-7. ':.'ot.·7 •. 
___________ ttII __________________ ... 1S1 ~-._------------------- ... ----_-------._...,----_---------------___ ,---. ____ .-__ • ___ -~ ____ , 

TOTAL UPPER STAGE 41994 • 41832. 41994. 41632. 41994. 41632 .• 41994. 41a32~ 11880. llao3. 
.... ___ c. ____________________ , __ .... -------_. ____________ ._._----__________________ --.--_____ .-_____ .-_______ ~-____ ---____ . 

TOTAL VEHICLE 12630~. 126953. 126124. 126760 • 56929. S92.SS. 56761. 59212. 2861.4. 2.9210. 
......... -----------------------------------------,-------,-----.-.. ,----_ .... -.-....... -.---------.---------------------.--.-.-------

~~ - ,.:, ., · ... ~h .... ~ .. ·<.'''' •• ~.." ,. 

~ 7 ss.l 

Table 21-7. Total Vehicle Mass, S-IVB Second Burn Phase, Kilograms 

-----.. ~-... ~----~--.. ---------.... ------------------------,--------------,-------.------------------,------,-.-------
ENGINE CUTOFF ENO THRUST SPACECRAFT 

EVE"!TS IGNITION COM~A~O 90 0/0 THRUST OE.CAY SE.?ARA T ION --......... --------------------------------~----------.--.----------.-------~----------------.---.--
PREO ACT ACT PREO ACT PREO ACT PRE.O ACT 

----------------~-- .... -------------------------------------------,---------------,-----------.-------------------
102ZI •• ' 10211.'1 10239.13 10240.02 .. 10552.26 10555.51 1055.3.98 10551.2.1 12055 •. 48 1.2059 •. 30 -.... ------_ .. ..-..,-----.... -----------------------------------------------------.--.--.-,------------~-.-,-,-----.---------

S-IVB STAGE,DRY 11709. 11.673. 11709. 11673. 11109. 11673. 11709.' 11673. 11709. 11673. 
LOX H' IA~IC ~9C~5. 59~26. 5&821. 2i2~~. 22Q3. 347~! 2862. 3416. 2.862. 3416. 
LOX BELOW tANK 166. 166. 180. lao. 180. 1.80. 180~ 180. 166. 166. 
LOX ULLAGE GAS 131. l~~h lli. '~l! 20~. 255! ZOl· 256. ZOl· Z56. 
LH.2 11\1 TA~I( '1.2.716. 12.837. 12665. 12.784. 1245. 1225. 1238. 1213. 1238. 1213. 
L~Z BEl elll' lA~1r: ~fI. ~tll ~!a. ,~. ~g. 2;, 26. 26. 22. Z2!.. 
LH2 ULLAGE GAS 151.. 107. 151 •. 109. 245 •. 195. 2.45. 195. 245 •. 195 •. 
UlLAGE MOIea ~RO~ c. Q. . 
AI)S PROPELLANT 183. 23S. 183. 23S. 179. 23S. 179. 235. 1.44. 220. 
liELIUM I~ BOItLES l!U. 165. 158. 1~~. lQ8. Ulh lOS! 110. lOS. lle. 

N START t4"1(. GAS 2. 2. -I feaSI a. ~5. g. {t:a. Q. !J:~. g. 4:2. o. 45. 
\0. 

OTH!.~ 33. 2e. 33. 28. 33. 28. 33. 28 •. 3.3. 28. .... ---.. -.. ~-~----..,,..-----------------.,--------.----.. ---.---------------------------------,--,-------.--------------. 
TOTAL S-IVB STAGE ('4311. 85121. 84131 .• 84948. 16835 •. 1.7453. 167e7. l7379. l6734. 17346. ---------.".-----------.... --~-.,--------------,-~-.------------.-----------.------.--------.--------.--.-----.----.---------
TOTAL INST~U U~IT 2.196. 2214to. 2196. 2214. Z214. 22.14. 21.9C). 
_____ CoI _____________ . __________ --_________ -. ____ • ________ - __ , ___ .-_______ , __ -. ___________ .-_____ , _____ -, __________ ... ____ _ 

tOT~L SPA.CECRAFt 39790. .",.:. ·:~636 .• 39190. 39636. 39760. 39636. 39760. 39636. 9b6-7. 
___________ ttII ________ .. _________ ... 1S1 ~-.--------------------.. ----_--------~-----_--------..---____ , ___ • ____ .-__ • ___ -~ ____ , 

TOTAL UPPER STAGE 41994 • 41994. 41632. 41994. 41632 .• 41994. 
.... ___ c. ____________________ , __ .... ____________________ ._.-----__________________ --.--_____ . ______ .-_______ ~---_----____ . 

TOTAL VEHICLE 12630~. 126953. 126124. 126760. 56929. S92.Ss.se761. 59212. 
......... ----------------------.. _-----------------,-------,-----.- .. ,----_ .... -.-, ...... -.---------.---------------------.--.-.-------
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r" Table 21-8. Total Vehicle Mass, S-IVB Second Burn Phase, Pounds Mass 

i, 

--------------~--------------------------------------~---------------------------------------------------~--ENGINE CU10FJ ~ __ END THRUST SPACECRAFT 
EVENTS 1 GN 1 T ION COMrJ.AND 90 % TH~UST COMMAND DECAY SEPARATION 

--------------------------------------------------~----------~----------------------------FRED ACT PRED ACT PRED ACT PRED ACT PRED ACT 

------------------------------------------------------------------------------------------------------------RANGE T It~E--SEC 10211.11 1021 •• 51 10239.13 10240.02 10552.28 10555.51 10553.98 10557.21 12055,,48 12059.30 

------------------------------------------------------------------------------------------------------------S-IVB STAGE,ORY . 25814. 25735. 25814. 25735. 25814. 25735. 25814.' 25735. 25814. 25735. 
~~~ALTA1IIIL__ _1~49. __ 13160a •. 129833. 131311. 6401. If,-67_~ 6309. 7530. 6309. 7530. 

367. 367. 
h.J.~_ 564. 

2730. 2674. 

LOX BELO~ TA~K 367. 367. 397. 397. 397. 397. 397. 397. 
LOX uLLAGE GAS zsg. 309. 290, 310. 441. 563. 441. 564. 
LH2 IN TANK 29033. 28300. 27922. 28184. 2744. 2701. 2730. 2674. 
L~' R~L~WTAN~ sea 5S. SS. SSe 58. 5e. 58. 58. 4S. 4e. 
LH2 ULLAGE GAS 333. 215. 334. 240. 541. 430. 541. 430. 
ULLAt;~ M~TCIi e:»ROP o. __ _Q. 

541. 430. 

APS PROPELLANT 403. 519. 403. 519. 395. 517. 395. 517. 31S. 484. 
237. 243. 

6. 6. 
N ...... 
I 

HEL!UM IN BOTTLES 349. 363, 348. 362. 237. ~43. 231. 243. 
START TANK GAS 5. 5. 1. 1. 6. 6. 6. 6. 

O. lOC, 
73. 61. 

...... 
o FQ("\ST_~..C"'"____ __ 1.QO'____ ____ ._a.. 100. O. 100. O. 100 • 

OTHER 73. 61. 73. ~1. 73. 61. 73. 61. 

----~--------------------------------~----------------------------------------------------------------------
TOTAL S-Iva STAGE 185874. 187660. 185476. la7218. 37115. 38478. 37009. 38315. 36892. 38242. 

-~----------------------------------------------------------------------------------------------------------
TOTAL INSTRU U~IT 4S80 il 4842. 4880. 4e42. 48eo. 4842. 4880. 4842. 4880. 4842. 

------------------------------------------------------------------------------------------------------------
TeTAl SPACt;CRAFT 87100. S73e2. 97700. 87382. 87700. 87382. 87700. e7382. 21312. 21312. 

-----------------------------------------------------------------_ .. _----------------------------------------
TOTAL UPPER S7AGE 92560. 92224. 92580. 92224. 925eo. 92224. 92580. 92224. 26192. 26154. 

-----------------------------------~------------------------------------------------------------------------
TOTAL VEHICLe: 278454. 279aS4. 278056. 279502. 129~95. 130102. 129589. 130539. 63084. 643"96. 

--------------------------------------------------------------------- --------------------~-----------------

'. 
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Table 21-8. Total Vehicle Mass, S-IVB Second Burn Phase, Pounds Mass 

--------------~--------------------------------------~---------------------------------------------------~--
~rHHrU; C!./TQFF ~ND THRUST SPACECRAFT 

EVENTS IGNITION COMrJ.AND 90 0/0 TH~UST COWJ.ANO DECAY SEPARATION 

--------------------------------------------------~----------~----------------------------
F~EC ACT PRED ACT PRED ACT PRED ACT PRED ACT 

------------------------------------------------------------------------------------------------------------RANGE TIt~E--SEC 102D.II 102a ••• 10239.13 10240.02 10552.28 10555.51 10553.98 10557.21 12055,,48 12059.30 

------------------------------------------------------------------------------------------------------------S-IVB STAGE,DRY 25814. 25735. 25814. 25735. 25814. 25735. 25814.· 25735. 25814. 25735. 
LOX fb' IANk 13Cl!t9. l~lgCal 129a~~. 131~UI 64Ql. 7667. 6309. 7530. 6309. 7530. 
LOX BELOIf: TAr<.IK 367. 367. 397. 397. 397. 397. 397. 397. 367. 367. 
LOX UI LAGE GAS ZS2. 302. 22011 :UQ. ~~11 ~CtJ, 441. ~~4. 447. 564. 
LH2 IN TANI< 29033. 28300. 27922. 28184. 2744. 2701. 2730. 2674. 2730. 2674. 
11::12 BElOW IAblIIC ~a. ~Sl 2e. 2~h 5e! 58! 58. 58. 4a. 4e. 
LI-I2 ULLAGE GAS 333. 2~S. 334. 240. 541. 430. 541. 430. 541. 430. 
ULLAGE MOIne" ea02 c. c. 
APS PROPELLANT 403. 519. 403. 519. 395. 517. 395. 517. 318. 484. 

N HELIUM Ibi BOTTLES 342. 363, 348. 362. 237. -243. 237. 243. 237. 243. ...... 
I START TANK GAS 5. 5. 1. 1. 6. 6. 6. 6. 6. 6. 

...... E90SI g. lee. Q. lCg. Q. lQQ. Q. 'QQ. o. lOC, 
0 

OTHER 73. 61. 73. ~1. 73. 61. 73. 61. 73. 61. 

----~--------------------------------~----------------------------------------------------------------------
TOTAL S-Iva STAGE 185874. 187660. 185476. 1a7278. 37115. 38478. 37009. 38315. 36892. 38242. 

-~----------------------------------------------------------------------------------------------------------TOTAL INSTRU U~IT 4S80a 4842. 4880. 4e42. 48eo. 4842. 4880. 4842. 4880. 4842. 

------------------------------------------------------------------------------------------------------------
TCTAL SPACEC~AFT 87700. S73e2. 97700. 87382. 87700 .. 87382. 87700. e7382. 21312. 21312. 

-----------------------------------------------------------------_ .. _----------------------------------------
TOTAL UPPER SiAGE 92560. 92224. 92580. 92224. 925!0. 92224. 92~80. 92224. 26192. 26154. 

-----------------------------------~------------------------------------------------------------------------
TOTAL VEHICLe: 278454. 279aS4. 278056. 279502. 129~95. 130702. 129589. 130539. 63084. 

--------------------------------------------------------------------- --------------------~-----------------
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Table 21-9. Flight Sequence Mass Summary 

-- -----------------------------ACTUAL PREDICTED 
K.G LBM KG LBM 

5-1' STAGE. TCTAL 2175940. 4797126. 2175030. 4795120. 
S-le/S-II I~TERSTAGE-S~ALL 654. 1441. 65S. 1450. 
5-IC/S-11 INT~RSTAGE-LAeGE 4987. 10995. 5062. 111bO. 
S-II STAGE. ToTAL 471114. 1036628. 471003. 10393e3. 
S-II'SIIIfS li~i;;RsrAGE ;3960. 8131. 3973. 97~0. 
S-lve STAGE. TOTAL 119652. 263787. 119634. 263749 • 
..liEd I CLE __ l.Ns..IiiU:.1Ef\;T U\LlI.-.-_________ ~~2~1~9~6 ...... -___::_:4~St.:;:4~2ol1..-____::_:2:'_:2:-"1!.::!4~. __ =_=4~8~8~0~. 
SPACECRAFT INCLUD~~G LES 43668. 96272. 43906. 96575. 

lSI FLI STG AI IG~ , 2822171. 6221823. 28213eo. 6220078. 
5-le THRUST BUILDUP -40476. -89237. -38955. -85884. 

---' --_. ------ ------ -.------:----~-----=-----:--'---:---:-:----::-:---------::----
1ST FLT STG HOLOCOWN AR~ REL 2781694. 6132585. 2782424. 6134194. 
s- Ie _FJiOS.T __________________ --=-:62.z.9.!!t.4 ..... __ ~.LI _~-=-;s&2~9~4 ..... __ -=-:.Iiii6~5.jtQ..L. 
S-IC MAINSTAGE PROPELLANT -1957147. -4314773. -1958894. -4318624. 
5-IC P IWRGE -16. -37. -16. -37. 
S-IC INBD ENGINE T.D. PROP -864. -1~07. -822. -la14. 
~IC INao...-.£NG EXPENOEO PROP -le9, -418. -le9. -418. 

S-Il INSULATION PURGE GAS -53. -120. -53. -120. 
_ S.-ll_..E'Jios..L ______________ ; _____ ~-::;2'_10L;3u.L_ _ _=-4!t2.!5OILJ.l_ _ _=-'-201.l.3~.l__~-~42.5!.l.Q.l... 

S-IVe FROST -iO. -200. -44. -100. 

1ST FLT STAGE AT S-lC OECOS 
S-lC 0180 E~GINE 1.0. peop 
S-IC/S-II ULLAGE RKT PROP 

822829. 1814028. 
-3436. -7578. 

-32. -73. 

821901. 
-3290. 

-32. 

1811981. 
-7256. 

-'73. 

-------'.-------------.,- ----~----::-:---:-:------::-:-:-=-=~-~~--

1ST FLT STAGE AT SICISII SEP 819359. 1806377. 818577. 1804653. 
s-I e STAGe: AT SEPARATI ON -173509. -382524. -172563e -3A01.39. 
S-IC/S-II INTERSTAGE SMALL -653. -1441. -657. -14SU, 
S-le/S-II "l L.AGE RICI PROP -277. -612. -277. -612 .... 

.21\,0 F LT STAGE ~A~T ......... S<=-,""l-4-I--+I ~G!lI.N ________ ..Il6~4~4cz2 ... 1A.B ..... ~1~4u2ul ... 8L100UolO'_l.._.....I6il.!4Lo5w.Qu.7...L7..I.._.lL14~2LJ2 .... 1L..iSulu.~ 
SaIl THRUST BUILDUP -423. -935. -423. -935. 
S-II START TANK -10. -25. -10. -25. 
S-IC/S-!: ULLAGE RKT PROP -299. -662. -305. -675. 

2~lD FLT STAGE 90 PC THRUST 644182. 1420178. 644335. 1420515. 
_~AUN~ESCAP.~E~T~OW~E~RL_ __ , _________________ ~-~4~0~3~lu.L_ __ ~-~a~e9~0~.L-__ =-~4~O~2S~.L-__ ~-~e~e~7~5L-t 

s-te/S-II INTERSTAGE LARGE -4375. -9648. -4444. -9800. 
--l$ ... -.... I'""l....-il1M~A ..... I~I~~S"'"'U~G~E;,....(," ..... .Jjvt.C:E.Ai\; ..... I~IJ:lIN.u.G _______ ---!!-=.i1+k-'2:..:;3L..:13o!t4.L7 .... ----'-~9L3~3a..:13 23 • -422 799 • -932 114 • 

~O-f~ STAGE AT S-Il C.O.S. 
SaIl T.O. PROPELLANT 
S-Iye ULLAGE PROPELLANT 

2~O fLT STG AT SII'SIve SEQ 

L 

2'2425. 468316. 213064. 469726. 
-214. -474. -l10. -465. 

-1. -5. -1. -5. 

212207. 467836. 2128'3. 469259. 

,·21-11 

,< 
i' 
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.. 

Table 21-9. Flight Sequence Mass Summary 

---- .---------------------------------------------ACTUAL. PREDICTED 
K.G LBM KG LBM 

~-1' STAG~E~,~T~ru,I~A.~L--~--~--------------~2~1~7LS9~4~O~.~_~4u7~9~7~1&26~.~2~1~7~5~0~'70~.~4~7~9~5~1~2~O~. 
5-1C/S-I1 I~TERSTAGE-S~ALL 654. 1441. 65e. 1450. 
5-1'/5-11 INI~RSTAGE-LAeGE 4987. 10995. 5062. 111bO. 
5-11 STAGE. ToiAL 471114. 1036628. 471003. 10393e3. 
5-11/51111B li,icRstAGE ;3960. 8131. 3973. 97~O. 
S-lva STAGE. TOTAL 119652. 263787. 119634. 263749 • 
..liEd 1 'LE._l.NS.IiiU:.1Ef\;T U\Lt.I.--. ________________ ~~2~1~9~6..1...-~:_=4~S~4~2 .... ----:__'2~2;.jl~4:.!. ____ ....:4:!.:8~8~0~. 
SPACECRAFT I~CL.UDr;'"G LES 43668. 96272. 43906. 96575. 

1ST ELI STG AT IG~ . 28221 n. 6221823 • 28213eo. 6220078. 
S-le THRUST BUILDUP -40476. -89237. -38955. -85884. 

----'--_. ------ ------.-----------~--------------'------------~-----------
1ST FL.T STG HOLDCOWN AR~ REL 2781694. 6132585. 2782424. 6134194. 
s- Ie .FJiOS.T _______________________ --=-:..2~9~4..1... __ ~, -294. -65 O.,L 
S-le MAINSTAGE PROPELLANT -1957147. -4314773, -1958894. -4318624, 
5-Ie P FIlRGE -16. -37. -16. -37, 
S-le INBD ENGINE T.D. PROP -864. -1~07. -822. -la14. 

-SP-IC INClO--£NG EXPENOEO PROP -lEg, -418. -189, -418, 
SaIl INSULATION PURGE GAS -53. -120. -53. -120. 

_ S.-ll . .E'JiOSL ___ .. __________ , _____ -:-=..2"-!O.L;,3;u.l-..._--=-!%.4JL5 Ow..Il-_--=-.2 !olO. 3OL..L' __ -=-:!!4,-,!5.!J1.Q.L' 
S-lva FROST -90. -200. -44. -100. 

1ST FLT STAGE AT S-IC OEeos 
S-IC 0180 ENGINE 1.0. peop 
S-IC/S-II ULLAGE RKi PROP 

822829. 1814028. 
-3436. -7578. -'2. -73. 

821901. 
-3290. 

-32. 

1811981. 
-7256. 

-"73, 

-----.-.. -------------..,--------:----:-::--~--=:--'"-~-:-----
1ST FLT STAGE AT SICISII SEP 819'59. 1806377. 818577. 1804653. 
_~ STAGe: AT SEPARATION -173509. -382524. -172563e -380439. 

S-IC/S-II INTERSTAGE SMAL.L -653. -1441. -657. -145(.). 
S-IC/S-II lit L.AGE RKI peop -277. -612. -277. -612.1.... 

..2n. D F LT STAGE ~A~TI.--iiSa=-:...61_4I~I.wGWlN ________ _'6~4!..!:!4l:22:..t.l.a.B ...... _~14!t.A2'""'lu8;u,0.u.OUl. _ _"60l.!4:L5uQLJ7w7..1.~ .... 1!!..4~2 ~21LiSjL,lL..!'!.... 
SaIl THRUST BUILDUP -423. -935. -423. -935. 
S-II START IANK -10. -25. -10, -45. 
S-IC/5-I~ ULLAGE RKT PROP -299. -662. -305. -675. 

2~lD FL.T STAGE 90 PC THRUST 644182. 1420178. 644335. 1420515. 
-~AUN~ESCAP.E TOWER -4031. -SS90. -4025. -ee75. 

S-le/S-II INTERSTAGE LARGE -4375. -9648. -4444. -9800. 
~S"'.41~l...--.il1M~A .... I Olj.(.II:.ST~AiL.\GoME"_"& .... ..JIV~E""i\; .... I""I.I:&N~G _______ ~-=.i1+~2~3~3.!t4.L7 .... ........:-::.:9t,;:3l..:31..:13 23 • -422 799, -9:3 2114. 

~O-f~ STAGE AT S-Il e.O.5. 
5-11 T.D. PROPELLANT 
S-IVe ULL.AGE 2ROPELLANT 

2~O fLT STG AT SII/SIVa SEQ 

2' 242 5. 
-214. 

-1· 

212207. 

,·21-11 

468316. '13064. 469726. 
-474. -llO. -465. 

-5. -1. -5. 

,< 
i' 

.' 

.. 
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Table 21-9. F1i~ht Sequence Mass ~ummary (C~n~inued) 

MASS H'STORY 

2ND FLI SIC AT SIX/SIve S£P 

S-II STAGE AT SEPARATION 
S-Il/s-lye INTEBSTAGE-pRY 
SIllS IVB INTESTG PROP 
S-IVe AFT FRAM£ . 
SulVB ULLAGE ROCKET PROP 
serve OET PAC (AGE 

390F~T STG AT 1ST &~C 
Salve ~~LAGE ROCKET PROP 
S-Ive lUfL lEAD LOSS 

3[.(0 EU_...5.I.G....A! lST stva IGN 

S-lv~ ULLAGE ROCKET PROP 
S~IV8 HZ IN START TANK 
Selva T.a. PROPELLANT 

3RO FLT STG AT 90 PC THRUST 
$-Iya ULLAGE ROCKET CASES 
Selva MAINSTAGE PROP 

~_IJLIi.. AP_S _ P.RQREw..A.CII 

ACTI.:AL 
KG LBM 

212207. 
-46855. 
-3477. 

-482. 
-21. 

O. 
-1. 

161366. 
-41. ... w. 

161324. 
-6. 
-1. 

-169. 

-32984. 
-0. 

467836' 
-10:1299. 

-7667. 
-1064. 

-4S. 
-1. 
-5. 

355752. 
-93. 

O. 

'3,5659. 
"19. -4. 

-375. 

355260. 
-US. 

-12719. 
-29 

PREDICTED 
KG LBM 

2128". 
-41298 • 
-'492. 

-480. 
-21. 
-0. 
-0. 

161"'6. 
-'9. 

O. 

161516' 

-1.' 

161321. 
-60. 

"33637. 
-0. 

469259. 
-104276. 

-7700. 
-1060. 

-48. 

'56169. 
-8e. 

O • 

356081t­
-22. 
-4, 

-403. 

3S56S1~ 
-135. 

-74159. 
-2. 

3RD FL r SUi .n aT ~,[~v .. O_COw..S"--______ -&l12 .... a"""Q~9~S:.a'_..,j2 .... aol.l2~lt~Q~1 .... _ .... 11062...r.7,a6~2C~. _ .. 2..ii.8 ..... 1~1~5S~.L. 

Selva T.o. PROPELLANT -73. -163. -54. -121. 

3Ro FLT STG AT ST OF COAST 12S021. 2i2237. 127567. 281236. 

~~-ENG-eaQ2.~Ex~P~E~N~O~E~O~~ ______________ ~-?l~7u,~ __ ~-~4~O~.~ __ ~-~1~1~. ____ ~e~4~0~. 

S-IVe FLJL TK VNT--1-1/2 o~e -976. -2153. -1094. -2415. 

S_IYB LOX: II< VNt--l-ll2 ORB 0, O. -28. -6S~ 

S--lv,.a APS ?ROPELLAfliT -52. -116. -101. -225. 

_ s-Iva 112 IN START TANK. -0, -2. -Q, -2. 

S-lvS 02/H2 eURNfR -6. -16. -6. -16. 

------
3Ro FLT SrG AT 2ND SSe: lC!6965. 279909. 126312. 218471. 

~S~-~I~v~a~F~u.eL~L~E~A~P~LMOs~S~ ____________________ ~-~lO~~ _____ -~,~'4~'L-____ ~-~7~, ____ ~-~lu7~. _ 

__ 3.&0 F LIS I G AT iN D--ll~..I;IB-.A.iI G~N.lI-_________ -&jl'21OJ6iUi!.llS~3~'_..,j2 ... 7LJ91Ui8Uj6L:!4 ..... __ ..... 1.Jij2i.516~3.w.O~' .L' _.Ji2w,7.518.:tlt .. 54:!.1-' 

Selva HZ IN START TANI<. -1. -4. -1. -4. 

~~ 1.1l.tl.J_& B_LPBOw.JPI:.IEiLJIL ... I..elAwNu-T _______________ ...:-:.,t1r...!,7"l1!Q..!., ___ ...:-~3w7.:.a.!... ____ -=-£1.L,77.!-.!-_-=-,£,3:z..9 ~3.!-

3BO llT STG AT 90 PC THRuST 

l~P-PLT STG AT 90 p, THRUST 

S-IVB ~AINSTAGE PROP 
S-Ive APS PROPELLANT 

3RP, ELI STG AT 2NP SIva COS 
S-IV9 T.O. ~ROPELLANT 

3RO FLT STG AT END 2ND T.O. 
s-IVa ENG PROP EXPENOEO 
Selva APS PROP.ELLANT 
JET! rsQN SLA 

S1C LESS LEM AND SLA 

LAUNCH VEH AT SIC SEP 
LUNAR ~ODur..E 

SLA--NOT JETTISONEO 
iNSTRUMENT UNIT 

S-IV! STAGE AT SEP 

12678Q, 

1,6780. 279502. 126124. 27i1056. 

-67493. -148798. -61291. -148353. -0. -2. -, . -8. 
5928', 

-73. 

59211. 
-17. 
-14. 

-11.51. 
-2B816. 

29210. 
-2025, 
-639. 

-2195. 

21-12 

130702. 
-163. 

130539. 
-40, 
-n •. 

-25'9, 
-63511. 

6t~396. 
-19900, 

-~7. 

58781. 
-17, 
-34. 

-1200, 
-2cl911. 

29615. 
·902', 

-639. 
-22U. 

-167". 

-105. 

129589. 
-40. 
-77. 

-2647. 
-63141. 

63084. 
-19900. 

-1412. 
-4880, 

-36992. 

" 

Table 21-9. Flight Sequence Mass Summary (Con~inued) 
- .... 

ACTI.:AL PREDICTED 

MASS HISTORY KG LBM KG LBM 

2b1D ELI SIC. ~I SIlLSBlB SEE! ZU'Ql. 4271~6. ,ueu. 46!259. 

S-II STAGE AT SEPARATION -46855. -10:1299. -1+1298 • -101+276. 

S-U is-,~e 'tlIIEB~IAgE-QRY -3477. -7667. -'492. -7700. 

S illS IVB INTESTG PROP -482. -1064. -480. -1060. 

S-I~B aEI EBAt:1E I -'A' -48. -u· -48. 

S .. lva ULLAGE ROCKET PROP O. -1. -0. -3. 

s-Iva DEI pACKAGE -1. -5. -0. -3. 

UO~1.t SIG At lSI s~c 161:261u ~.a22~2 • lIU~~6 • ~~61~il 

S-IV8 I.I~LAGE ROCKET PROP -41. -93. -'9. -8e. 
S-Iya 'FUeL lEAD LOSS 

... O. O. O. w. 

3~O EU_...s..I.G AI 151 Sl~a 1 Gt~ 161329. ' l5lHI.ai. 16UUu 3~6Qel,-

S-lvti ULL.AGE ROCKET PROP -6. "19. -9. -22. 

S"'l~a 1':t2. HI SIABI IAtlIl<. -1. -4, -~ .' -4. 

SelVa T.8. PROPELL.ANT -169. -375. -182. -403. 

:aRO FLT SrG AT 90 PC THRUST 1~U43. 355260. 161321. 355651~ 

:i-I~a !.H..LAwE BQ'K.EI '~iE~ -62. , -U8. -60. -135. 

S-lV8 r-1AINSTAGE PROP -32984. -12719. ""6'7. -74159. 

~J . .v..1i.. AP.S _ P.RQRE1..l..AHI -0. -29 -0. -2. 

3SD EL I SIG AT l~T ·1 ~C cos Uiig2~ • 2U!tQ;!. • U16Zw. Za.:U2. 
SelVa T.o. PROPEL.LANT -731 -163. -54. -121. 

3Ro FLT STG AT ST OF COAST 128021. 2i2237. 127567. 281236. 

~.l¥a-fl:.:G....2RQ2 EXPEf:IIQED -17. -~gl -11! .. 40. 

S-IVa FLJL TI<. VNT--1-1/2 o~a -976. -2153. -1094. -2415. 

$!lI~B L CJX a ~~I--l-ll2. caB Q. w. -ZI. -§~~ 

S--lv,a APS ?ROPELL.AfliT -52. -116. -101. -225. 

. S-I:\lB b2 lt~ SIABI IA~l<. -c. -Z. -Q. -2. 

S-IVS 02/H2 eURNfi~ -6. -16. -6. -16. 

----
3Ro FLT srG AT 2ND sse: 126965. 279909. 126312. 278471. 

S_lva FUEL LEAP LOSS -1O,!, -,4. .7. -17' 

__ 3.&0 ELI SIG AI 2ND-ll~B I~~ l·Zl2i~l. ,12;;4. 12t3g~. 211!t~4. 

Selva H2 IN START TANI<. -1. -4. -1. -4. 

~~j,Il.tl,J .• B_L.P..RQPEL'-ANI -17Q, -375. -171. -393. 

3RO IH I SIu ~I ill ec I 1:1 8 loiS I Hg7S0, 27950Z· 12612 ... 278,.C,.S 6. 
--., 

l~aJI.I SIu AI iC e' IljB!.I51 U611C. '19~g,. UlaU4. 27ilQ56. 

S-Iva ~AINSTAGE PROP -6749'. -14879S. -67291. -148353. 

S-I~e '~S PBOPEI.I.'~I -g. -Zl -3. -I. 
i' 
i, 

:UQ· EI..1 SIG 'I 2Cl1Q iI~a 'Q~ 5221~. UQ:zg'l ~IUIZ21 U!62~. 
1 

S-IV9 T .t), ~ROPEL.LANT -73. -163. -~7. -105. 

3RO FL.T STG AT END 2ND T.O. 59211. 130539. 58781. 129589. 
I, 
i 

s-I~e E~u eace EXeEblQEP -12. -4g. -12. -4Q. 

Selva APS PROP.ELLANT -14. -n. ' -34. -77. t 
JEIIUCtli oS!.' -Ujl. -'~J!. -Ugg. -2647 • r 
S'IC L.ESS LEi-) A~D SLA -2B816. -6'511. -2cl911. -63141. 

LAUNCH VEH AT SIC SEP 29210. 6t~396. 29615 • 63084. 

LU~lAa ~OQUI:.E 
-2Q25. -U2QQ. -9QZ'1 -12900. 

" SLA--NOT JETTISONED -639. -1412. -639. -1412. 1 

ItlI.slIiU~ENI Ubi II -212:211 -414,. -zzu. -!tIIQ. i' 

S-lv! STAGE AT SEP -17345. -38242. -161'3. -36992. 
\: , 
I 

" 
L 

~~ 

1 

". 
ii ~. 

f 
" 

II 

'l 
L 

21-12 
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Table 21-10. 

·'."5S 

Mass Characteristics Comparison 

LO~~ITU:I~~L ~A~I~L ~OLL ~ouE~T 
C.~. (~ STA.L C.G_~__ ~F t!'!!E:~TIA 

P t TCH "'O"E"~r 
OF H!!=:C!TtA 

y,..~.: "'~O;:'-EMT 

~F I")E~Tt'" 

Ev~~:r -------------------------------------------------------------------------------------. 
~ILO 0/0 '~ET~~S "C:-T~"e ___ ow 

~~-U2 ole tt:C;-U 2 0/0 1«(;-"'2 '.:;10 
f"ct.!··OS ~E,/. I~:CHES CELTA P'CHES !:'EL TA )(l~-S ~EV. X10-5 DEV. XI0-~ r-EV. 

-------------------------------------------------1!!S41. 9.!S2 0.Ce15 
D~~~ 1~~65n. 3ga~! !.214~ 2.786 1!.!6E: 1~.776 

S-1C STeoI!E!: !)~y --------------1~Pt.5t. _ C?"50 -d.~12 0.0916 o •. C'o:'(\ 0 
ACT~4L 3~~232. -~.1! !~7.6 -O.5C 3.214Q o.~oon 2.7e2 -0.13 l!l.P.40 -0.13 le.75(1 -,). 13 , 

----------------------------------------~------------------------- ---.------- --------- ----------------------
~f~U. UL.~~~ 0.1239 

~-rt"'Js-t! r"'T£,,- P!!~~ __ ~2610_._ _ __ 1~~1t.4 4.~1~5 0.145 0.O~7 ". ~H!7 ------ ------- -------
,.coe 0.1275 0.0035 
O.O~ 5.0209 0.11.14 0.143 -1.37 0.095 -1.21~ O.~)!!5 -1.31 

STA~E. TOTAL --------------- ------5641. r 41.515 
ACTUAL 12436. -1,,37 1539.4 

---------------------------------------------------------------401eg. 4!!.262 0.1025 
DB~O P.!!600. 190~.1 4.0!6(\ 0.677 2.275 2.ze6 

S-II STAaE.!)cpY --------------- ------ ------ --------
4011.3 • 1.9.254 -0.007 0.1023 -C.COOl 

ACTUAL !!9500. -O.1~ 1a99.! -0.30 4.0~11 -0.0049 0.675 -0.23 2.271 -0.17 2.2!2 -(1.1 

------------------------------------------------------------------ -------------- - -------------- -- ------
~~r~. 6c.~e1 o.~~rr 

~-r r I~-IV~ I~!T~"- !)RFD__ 8160____ _ __ -.2!:.l.L..lL 2.Hl93 0.0"66 0.043 0.044 

STAGE.TOTAL --------------- ------ ------ ----- ------- -~-------
f).COOO ~960._ _ __ ~'.4!1 O.OO/) 0.0677 

AC1.JAL !731. -O.~2 26:7.4 0.00 2.66!3 0.0000 0.066 -0.32 0.043 -0.32 0.043 -0.32 

------------------------------------------------------------------- ------------------------- ----------------
0.085 0.311 C.'311 

S-IV9 STAGE.D~Y --------------- ----- ------- -------
0.0000 
0.0000 0.084 -0.27 Q.!ll -o.:n C.3H -c.21 

11160. 72.523 o.COO 0.1912 
ACTUAL 25926. -0.27 2859.4 0.00 7.5296 

----------------------------------------------------------------------------------------- ----------~- .. -------0.Z588 
10.1921 0.021 0 .. 012 O.OiO 

U~IT --------------- ------2196._82.4a7 -~.on 0.2490 -0.0098 
ACTUAl.. 4~42. -0.71 3244.4 -0.10 9.9061 -0.3860 0.021 -0.77 o .012-';;0. 7r---o. 0 ro--;';ij .77 

-------------------------.. _-----------------------------------------------------------------------------------43806. 92.4ze O.l~ll 
P~FD ?6~7~. _3638~9 5.1623 0.093 1.286 1.2!6 

S~AC!C~AFT.TOTAL ---------------
43~6S._ 92.422 -0.005 0.1311 0.0000 

~CTUAL 96272. -0.'0 '63e.7 -0.2~ 5.1623 0.0000 0.092 -1.00 1.278 -0.68 1.280 -0.49 

----------------------~---------------------------------------------------------------------------------------

--c.,.,::-.•. ""_ :;:n.,. :--.::: ,,_-:t>._~.l. . ~~.-'>' .' .. " " ••... ~,..~~~"'..;I'ij.~ 
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Table 21-10. Mass Characteristics Comparison 

","55 L:J.·:~ I T~!' I '::\L 
C.~. ( ~ STA.' 

!=?~.!,}I.'d_ 

C.G. 
~OLL "O"E~T PITCH \AO"E"~T 
~F I~E~TIA OF I~~~TIA 

y" ~.: U6\!~I\~f 
~F I")E~TI'" 

-------------------------------------------- ---------------------------------------_. 
~ILO Otc ·~ET~~S "C:-T~"e ~~-U2 ole tt:c;_u 2 0/0 1«(;-"'2 ~/C ___ ow 

f"" IO'I'C ~E,/. Io.'CHES CELTA IUCHES !:'ELTA )(l~-S ~EV. X10-5 DEV. XIO-~ r-EV. 
"'''''' wI_ 

------------------ ---- ------ --- - --- -- - - -------- -------------
1!!S41. 9.!!S2 o.cel!; 

D"~!:: 3,,1:61:0. 3!1 G,! !.214!:l 2.786 le.eH; 1~.776 

S-1C ST~I!:!: !)~y -------------- ------ ------ ------- -------
13"1.-: 1 • 0."50 -d.~12 0.091S o ,.C'o:'(\ 0 

ACT~4L 3"~232. -('.I! !~7.6 -el.5e 3.2140 o.~oon 2.1e2 -0.13 l!l.P.40 -0.13 19.75(1 -1).13 , 
------------------------------------------------------------------ ---.------- --------- ----------------------

0.(187 

-------------------------------------------------------------------_._-------------------- ---- - -- ----------
4C1eg. 4!!.262 0.1025 

DR~O P.!!600. 190~.1 4.0!6(\ 0.677 2.275 
S-It STAaE,!)cpY --------------- ------ ------ --------

4011.3. t.9.~54 -C.007 0.1023 -C.COOI 
ACTUAL !S500 • -o.l~ IG99.! -0.30 4.0~11 -0.0049 0.675 -0.23 2.271 -0.17 

------------------------------------------------------------------ -------------- - -------------- ------
M:.481 0.eS77 
2517.4 2.H:93 0.0"66 0.043 0.044 ------ ------ ----- ------- -~-------

~'.4!1 o.oo/) 0.0677 ').0000 STAGE,TOTAL ---------------
AC1.JAL !131. -O.~2 26:7.4 0.00 2.66!!3 0.0000 0.066 -O.~2 0.043 -0.32 0.04! -0.32 

------------------------------------------------------------------- ------------------------- ----------------

-------------------------------------------------------- -----------------~-------------- ----------~- .. -------

-------------------------.. _-----------------------------------------------------------------------------------
43806. 92.429 0.1311 

~:i~C i6!5!5. ~63e!~ 2.1623 0.093 1.286 1.2!~ 

S~ACEC~AFT,TOTAL --------------- ------ ----- ------- -..-----
!t3~fle. 22.4ZZ -0.005 0 •• 311 0.0000 

~CTUAL 96272. -0.'0 '63e.7 -0.2'.) 5.1623 0.0000 0.092 -1.00 1.279 -0.68 1.280 -0.49 

----------------------~---------------------------------------------------------------------------------------

'. 
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Table 21-10. Mass Characteristics Comparison (Continued) 

--------------------------------------------------------------------------------------------------------------
EV~NT 

LO'\lGnUDH~-.L RADIAL l'OLL ~··O"'E~IT 
C.G. ()( STA.' C.G. _ CF _I~~EBl'IA 

PI TC!of "'O"1E!'IT 
OF INE~TIA 

Y A 'F. ~'O"'E:'JT 
OF I"!ERTIA 

-----------------------.-------------------------------------------------------------KILO 0/0 MET~RS YETE~S KG-~2 0/0 ~G-~2 C/C KG-~2 c/o -
~OUNDS DEV. I~CHES DELTA INCHES DE~l'A X10-6 DEV. XI0-6 OEV. XI0-6 ~EV. =-----------. . . 

---~---------------------------~-------------------------------------.----~-----------------------------------2!213!O. 30.105 O.004! 
1ST F' tGHT STAGE "RED 622007-, 11e5.2 0.1910, 3.996 ·!56.~!9 !56.572 c 
AT I G~' I T I Of\! ... -------------- ------ ------' ------ -------

'a 

ACTUAL 6221923. 895.2 0 0 4.51 !95.2~0 4.51 

27A2424. 30.058 
857.509 

AT HOl~~OWN A~~ --------------- ------
R~LEASE 27&1'94. 30.021 -0.037 0.0050 Q,OQOO ~ 

ACTUAL 6132ses. -0.02 1181.9 -1.46 0.1994 0.0000 3.991 -0.17 894.099 - -~ 

-~-----------------------------------------------------------------------------------------------------------821901. 4S.~86 0.0166 
l~"_J:'L1r.~T ~T.a.~j:' ~~~D 1a1l981. l!!06a..5._ _o.6543 3.984 4410311 441.219 
AT OUTBO.RO E~·GI,.lE--------------- ------ ------ ------- -------
ruTM~_SIru.IA.L822829. 45.e42 -0.0:37_0 __ 0162 -C.CC03 

ACTUAL le1402S. 0.11 1805.0 -1.46 0.6403 -0.0140 3.977 -0.17 440.S06 -0.10 440.761 -~.09 
• u 

-------------------------------------------------~--------------------.--~---------------------~---------------
3.992 431.008 436.916 

AT SEPARATIO~ ------------~-- ------ ------
K19359. 46.001 -0.030 OJC164 -O.OCOI 

ACTUAL 1806377. C.IC 1811.0 -1.19 0.6466 -0.0077 3.975 -0.17 43~.276 -O.l~ 43~.231 -e.1S 

---------------------------------------------~--------------------- ------------------------------------------645077. 
'~n_~LY~UT ~TA~~ ~~~n 14"151. 
14. T ! t;~! I t I 0111 ---------------

55.695 0.0139 
2192 • .1. 0_.5500 1.0130 

~4491~. 55.679 -0.016 0.Q139 O.OCOO 

130.794 130,.796 

ACTUA1. 1421!!OO. -C.Ol 2192.1 -0.63 0.5503 0.00(12 1.016 -0,,37 130.549 -0.17 BO.561 -C.17 

-----~=----------------------------------------------------------------.--------_._-------.--------------------

130.713 130.726 

AT QO 0/0 TH~~ST -----~--------- ------ --~---
~lI.lI.,.,_ 55_l>.~5_ -0.017 ~.01~9 !).QC:Q~ 

ACTUAL 1420178. -0.01 2192.3 -0.67 C.S50! O.OCC2 1.069 -0.34 130.4!1 -0.17 130.494 -C.17 ------------------------------------------------------------------------------------------_._---------------.-.-
213064. 70.228 0.C4ce 

2~O ELIAHT ST'G~ P~~D 469726. 2764.9 1.6~79 0.960 45.987 45.99E 

AT C~TOF~ SIG~~L ---------------
"'lI.'~_ 7n_'5~ c.~,o O_~402 -~.CO~5 

~CTUAl 468316. -0.29 2766.0 1.14 1.5861 -0.0217 0.9Se -0.21 45.545 -0.73 45.656 -0.73 
----------------------------------------------------------------------------------------------------_ .. -------

- ' ............ - _ ... -;- W'--:i..,. :,"1.. ~;'~ 
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Table 21-10. Mass Characteristics Comparison (Continued) 

--------------------------------------------------------------------------------------------------------------
~1ASS L.O'\lGnUDH~-.L. 

C.G. ex STA.! 
RADIAL. 

C.G. 
l'OL.L. ~··O..,E~IT PITC!-t "'O"1E!'IT YAW ~'O"'E:'lT 
CF I~~ERTIA OF INE~TlA OF I"!ERTIA 

EV~NT -----------------------.-------------------------------------------------------------
. !( IlO 0/0 t-~ET~B$ VETE~S !(G-~2 0/0 t(G-~'2 C Ie KG-PJ2 c/o -- - . _________________ ~ _______ ~~~~~: ____ ~:::_:~:~:: __ ~:::~ __ ~~:~:: __ ~:~~~ __ ~1~:~ __ ~:~: __ ~:~:: ___ ::~: __ ~:~:: __ ::~:_==-------------

. 2!213!O. 30.105 O.004! 
1ST EI tGHT STAGE "RED 622007-. 11e5.2 0.1910, 3.996 !S6.572 

... _-------------
ACTUAL 6221923. 0.03 

27A2424. 30.058 
857.509 

AT HOl~~OWN A~~ --------------- ------
R~LE.SE 2781'94. 30.021 -0.037 0.QQ50 Q.O 00 

ACTUAL 61325es. -0.02 1181.9 -1.46 0.1994 0.0000 3.991 -0.17 894.099 

-~-----------------------------------------------------------------------------------------------------------821901. 45.~86 0.0166 
151 FI IGy1 STAG~ PR~D 1e11981. 1~06,5 0,6543 3.984 4410311 441.219 
AT OUTBO.RO E~·GI,.lE--------------- ------ .. ------ ------- -------
C"TOEF SIG~'AL 822829. 4S.e49 -0.037 0.Q162 -C.CCQ3 

ACTUAL 1e1402S. 0.11 le05!0 u-1.46 0.6403 -0.0140 3.977 -0.17 440.S06 -0.10 440.761 -~.09 

-------------------------------------------------~--------------------.--~---------------------~- -------------
S18S77. 46.031 0.0166 

l~T !='LIGHI STAGE PPED lS046C;3. 1~12.2 0.6510.3 3.992 431.008 436.916 
AT SEPARATIO~ -------------.. -- ------ ------

919359. 46.001 -0.030 0.0164 -O.OCOl 
ACTUAL 1806377. e.1C 18n.o -1.1S 0.6466 -0.0077 3.975 -0.17 43~.276 -O.l~ 43~.231 -e.15 

---------------------------------------------~--------------------- ------------------------------------------645077. 5S.695 0.0139 
2"'0 _FL H:IoII STAGE PQ~D 1422151. 219,.7 0.5500 1.0130 130.794 130,.796 
.a.I !t;~!ItIOI\J --------------- ------ ------ ------- ... _-----

64491 11 • 55.679 -0.016 0.Q139 0.0000 
ACTUA1. 1421!!OO. -0.C1 2192.1 -0.63 0.5503 0.OC(l2 1.016 -0,,37 130.549 -0.11 130.561 -c.17 

-----~.-------------------------------------.-----------------------------------_._------.. --------------------
644335. 55.702 0.0139 

2:!.'O ELtGI.IT SIeG~ ORE!") h2C51Si 21°:310 :J.~SQQ l!Q13 UQ·IH 1~0."7~6 

AT 90 0/0 TH~l:ST ---_ ... ------_.- ------ ------ ------- ------. 
6'-'-1-2. ss.6es -C.OU C'.!l132 :J.QO!J~ 

ACTUAL 110.20178. -0.01 2192.3 -0.67 C.5S0:! o.e-C02 1.069 ..0.34 130.4!1 -0.17 130.494 -C.17 
--------------------------.---------------------------.----------------.------------------_._--------- -------.. 

213064. 70.228 c.C4ce 
2"0 EL.I"~I SI,eG~ e!i~O 1669126. 276,-.2 1.6:172 :'1.260 !:tS.2S! 10.5.22; 
AT C'JIOF!= SIG~~L --------------- ------ ------ ----- ------- -------

212'25. lO.2S! C.C2° a.:H.C2 -1:!.CtlQ5 
,ACTUAL 468316. -0.29 2766.0 1.110. 1.5861 -0.0217 o.95e -0.21 45.645 -0.73 45.656 -0.73 - = ___ n==_=_-------------------------------------__________________________________________________ .h ______ _ 
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Table 21-10. Mass Characteristics Comparison (Continued) 

------------------------------------------------------------------~--------------------------- ---------------L:"!G nUD I "IAL 
C.~ ._l'C S U.J~ 

____ a. __ .. __ --
RADIAL 

C.G. 
ROLL YCVE~T 
OF I~ERTIA 

PITCH ~'OUE~~T 

OF I"!ERTIA 
YA"; \'O:"E'.! 
OF INERTIA 

C::VC"NT -------------------------------_ .. ----------------------------------------------------
I( ! L" f" I':" '''ETE~S ··~ETE~S 1(0-· ... 2 0/0 1(:-""2 'J Ie !t'.G-~2 CIO 

O~W~'~S ~EV. I'~C~lES DELTA t~C~ES DELTA Xl0-C: OEV. X,,,-.. ...... ..., .C~V. X1C-~ ~EV. 

-----~--------------------------------------~-------------------------------------------------------------~---------~1~~~~. 70~7'~ o.~~~c 
2"0 FLIGHT s!A';F Dqe-., 46Q259. 2'l~~~ 1.5079 o.9S~ 45.957 45.!~:! 
4T SEP!'RATIC'! ,...,-----... ---~--- ---"""' ..... 

_____________ ~'z.1.L2z..2z.!Q~7L.L_ ____ 7lJC ..... ? <;$ O. Q3Q 0.040 5 -~. coC'" 
ACTUAL 467!36. -0.29 2767.0 1.1e 1.5961 -0.011! 0.938 -'.21 45.511--~.74 45;~~3 ~d.14 

----------------------------------------------~---------------------- ------- -------------------------------­. ". . -".. 
"-:' ""Qt'" ..... - .. - , ~ ,..~.: -_ .... -

AT 1ST STA~T SEC- --------------- ------ ------
UC""~~ 1'""' ..... 4 "~ 161~~S. 76.824 -0.015 0.0404 -c-.n~C2 

ACTUAL :5 c 752. -~.ll 3024.5 -0.59 1.5922 -~.Oloe 0.204 -c.~z :3.025 -0.41 13.02~ -:.~9 

-~--------------------------------------

_____________ .i::. __________ , __________________ _ 

l~!~l~. 7~.g37 
~!!1"1' FL!~~T _~A.GE. __ PR~rL ~.5~~~!". ~J2!i.1 

"... ! S T I G'" IT! C"! --------------- ------

0.0"07 
1.6031 

____________________________ ~16~1.6~~'~~~. ________ 22'_SZ2 -C.015 G.0~04 -~.C:~2 

C.204 13.07e 13.074 

4CTU~L ~5~6=? -:.11 ;C~4.5 -0.59 1.59Z2 -0.0108 0.203 -~.42 13.02~ -o.~! 13.0,2 -0.39 
-----------------------------------------.~---------------------------------- ------------- -.--_. ---------

161321. 75.~~e v.~~~( 
.~,,~ ~L.lt';""T sT~r;~ __ Dq~IL.!5c;1.51. ~025.1 _ 1.6031 0._204 1~.07e 13.074 
.'T 1ST 9" C 10 __ • _____ e ___ .__ ------ -----.. ------- -------

Tl~ot'ST 16114~. 76.P,23 -C.015 0.0404 -0.0002 
ACTU~L 355260. -C.IO 3~24.5 -0.~9 1.5922 -O.010a 0.203 -0.42 13.023 -0.41 13.C22 -C.39 

--------------------------------------~-----------------.----_.---- -----------------------------.------------.~~.__ ~e4~ 77.929 0.0512 
~Q~4.1 
------ ---.--
7'7.776 -0.052 O.O!04 -~.cooe 

C.31 3062.0 -z.Oe 1.9D5~ -0.0332 0.203 -0.41. lZ;240-~O. n--Tt.739- ";;C'~15 

---------------------------------.------------------------------------------------------------------_._------­.--_.-\ 127567., '.!!:;'J. ~:.U:lJ." 
~£LrGeT SIA~e POF: 201236. 3C5~.2 2.C191 O.2~4 12.260 12.2=5 

",T l\'5 T E"!) TH1'U!T ----------~----- ------ ------ ------- -------
D~~At. SIAQT ~OAST 12eQ21. 77.779 -0.052 0.0504 -0.0008 

\.6.CTUP-L 2~2231. 0.36 3062.1 -2.05 1.geSe -O.033t--~.2C3 -0;-44 no2=';"C.fT'1.Z-;n6 ~:;.:. ... 
-----A------------------------------------------------ ------------------------------ ---.-------..... -.. ----- .. --------

\ 126'12. 71.R44 0.0515 
~~~ FLt~~T"sTA::;~_ p~ 2.18471. 3061..1_ 2.0302 0.202 12.254 12.::51 
AT 2~!D \STAPT SC!~- --------------- ------ ------ ------- -------
U~~CE CQ¥Y~~Q 126965. 77.787 -O.05~ O.OSC7 -O.CC01 

. ACTUAL 219909. 0.52 3062.5 -2.2, 1.9997 -0.0305 0.202 -0.10 12.235 -~.1S 12.Z34 -C.13 --------.. -~-------------------------------------------_ .. _- ------------ ----------------------------------------

' .... ..:¥$··lij'. '-Mif:1 3.;~_;;·.;;.."!'~7,,;.-;:~;. .. :"·~;I!-..;~:'",~.-";.-:: .;-::.~~:-:: ~~;, -:-.~--.- •• ;:~--. :-.~:-
":P .... .-!-,...~".. ~~,. 
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Table 21-10. Mass Characteristics Comparison (Continued) 

------------------------------------------------------------------~------- ------------------- ---------------L:~GITUDI~AL RADIAL ROLL YC~E~T PITCH ~O"E~T YA~ ~O~E\t 
________________________________________ ~c~,~qu.~(~X~SuT~A~.u) ________ ~C~,~G~, ____ ~C~F~I~~~E~R~T~IA OF I~ERTIA OF INERTIA 

-------------------------------_ .. ----------------------------------------------------
I(!L? 'J Ie 

~EV. I~CHES DELTA t~C~ES DELTA Xl0-~ DEV. x!.c-~ .CEV. 

-----~--------------------------------------~-------------------------------------------------------------~---
2lZ~5~. 

2"0 ELIG~I sI"'iE D~e"" !tf;Q2S2. 
t.T SEP .~,u TIC'! ~C'J--__ -q;,---«»---

2122Q7. 
ACTUAL 467!36. -0.29 

70,,;7;;3 
2'l~~~ 
-_~71'-...;j-'" 

7C,?<::S 0.03Q 
2767.0 1.19 

o.04ce 
1.5079 ------
0.0405 
1.5961 

-O,OO!:'3 
-0.011 !! -"" ." .,.:.~- -':).74 

----------------------------------------------~---------------------- ------- --------------------------------

-~--------------------------------------
" ------------------------- ------------------------.-------------------

l~!~l~. ~~.e37 0.0"07 
pgc:O 35f<':1. -::l2!i.l 1.6031 C.204 13.07! 13.074 

~ ... 1ST IGP.'U!O"! ----... ---------- ------ ------
16!'~'1.. 2.2,.S22 -C.015 G.0~04 -O.C:~2 

4CTUA.L ~5:;6=? -" " -..... 3(:2,4.5 -0.59 1.59Z2 -0.0108 0.203 -:).42 

-----------------------------------------.~:-=-=--~-~-~-~-~-~-=-=--~-~-~-~-~-~-~-=--~-~-=-~-~-~-:--=-~-~-=-~~~-~-~-=-~-=-:--=-~-~-=-=-~-=--~-~-~.-=-=-~-=-=--~-~-~ 
161321. 75.838 0.0407 

3"!:l ~L Ie;!::!I SI~Ge: D~C:~ 3St;6'S1. ~!J2Cj 11 1.~031 0·Z04 13.07e 13.074 
.A.T 1ST 9t'1 CIC --------------- ------ -----_. ------- -------
Il~OI lSI 161143. 7~IP,Z~ -0.°1:1 0.0404 -0.0002 

ACTUII,L 355260. -0.10 3'12:'.5 ~O.t;9 1.5922 -0.010!! 0.203 -0.42 13.023 -0.41 13.C22 -C.39 

------------------------------------------------------------------- -------------~----------------------------

----------------------------------------------------------------------------------------------------_._-------\ 127567. 77.P.31 0.0512 
~F-LIGeT STAGE POF, 2a1236. :!:~:: 2.0191 O.2~4 12.260 12.2=5 

",T l\'5 T E"!) TH1'U!T ----------~----- ------ ------- -------
~ECAt, STAqT COAST 12eQ21. 77.779 -0.052 0.0504 -0,0008 

\ ACTUAL 2~2237. 0.36 3062.1 -2.05 1.geS8 -0.0332 ~.2C3 -0.44 12oZS7 -0.17 'lZ.z3! -:.!! 
-----A------------------------------------------------ ------------------------------ ---.-------..... -.. ----- .. --------

\ 126312. 77.R44 0.0515 
3eD FLkG~T STAGe: PgE~ 278471. 3064.7 2.0302 0.202 12.254 12.251 
AT 2~!O \STAPT SC!~- --------------- ------ ------ ------- -------
U~~CE CQ¥Y~~Q 126965. 77.787 -O.05~ 0.ose7 -C.CC07 

ACTUAL 279909. 0.52 3062.5 -2.23 1.9997 -0.0305 0.202 -C.l0 12.235 -0.15 12.234 -C.13 --------.. -~-------------------------------------------_ .. - ------------ ----------------------------------------
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Table 21-10. Mass Characteristics Comparison (Continued) 

------------------------------------------------------------------------------------------------------------~-
~.·ASS LONGITUDI".!AL RADIAL ROL·L uO~'C~!T PITCH ',IOr"'E!'-!T 

c.G-,,_(~ S'tA .. J_ C .. G. aE ~!EB'UA __ ~F ~':E~TIA 
YA':: ~"O··E'!T 
DC' t NE~TI 1\ 

EVENT -------------------------------------------------------------------------------------
tlL~_ruQ ___ ~~TC'RS "}ETERS KG-M2 0/0 KG-i,42 CIO KC;-"2 CIO 

POU~DS DEV. I~CHES DELTA INCHES OELTA XIO-6 DEV. xlO-6 DEV. X1C-: ~·EV. 

--.--------------------------------------------------------------------------- ------------ .---------126305. 77.?41 a.0515 
320 FLIGHT STAGE CRC'D 27 A 454. 3~64.6 2.03Q2 Q.2Q2 12.256 !2.~53 

AT 2~IO Ir;r-.oITlt::"1 --------------- ------ ------ ----- -------
12~95~. 77.7~4 -C.C56 a.05C7 -C.CC~7 

ACTUAL 279884. 0.51 3C~2.3 -2.23 1.9997 -0.0305 0.202 -O.le 12.2~7 -0.15 12.~35 -0.13 

~-------------------------------------------------------------------------------------------------------------lZ61Z4. 77.~47 C.0515 
3Q~ ELI~~T. STAGE 0RE~ 27aQ55. ~06~~P' 2.0302 0.202 12 .. 253 12.250 

AT 2~O 90 0/0 --------------- ------ ------
TI.I"UST ____ ~.L6_'~0_. __ 77.799 _ -C.057 --".0507 -C.C007 

ACTUAL 279502. 0.52 ~062.5 -2.25 1.9997 -ODC~C5 0.202 -0.10 12.234 -0.14 12.233 -C.12 

-----------------------------------------~----------------------------------58e29. P5.u72 0.1093 
3 0 0 FLIG"'T STAGE oREO 12 0 6c1s. _~~6~O__4"_~C59_ _ 0.2e1 5.611 5.f:Oe 
AT 2MO CUTOFF --------------- ------ ------ ----- ------- -------
§TG"'AI _____ 59~a5_._e5.2'9 -0.193 0.1070 -0.0022 

ACTU6L 130702. 0.78 ~35784 -7.61 4.2160 -0.O~98 0.201 -0.C9 5.75~ 2.se 5.754 2.S2 

--------------------------------------------------------------------------------- ------------------ ---------
5~7~1. 8S.k!5 0.1093 

~~iLIG"'!_ s.TAGE: pqE:" 129589. '3365.5 4.3059 0.201 5.599 5.595 
AT 2~!O E"'O TH~!JST --------.:.------- ------ ------ ----- ------- -------
~~ 59211. 85.?98 -0.1~6 0.1074 -O.0~19 

ACTUAL 130539. O.7~ 3353.2 -7.33 4.2299 -0.0759 0.201 ~O~09 5.737 2.49 5.736 2.52 
-----------_._------------------------------------------------------------.-----

21:!(:14. 77.(156 0.0919 
30 0 FlIG"'T STAGE ~aE~ 63094. 3034.8 3,6209 0.145 1.466 1.464 
AT SOACEC~AFT --------------- ------ ------ ----- ------- -----•. -
S~~~~TI~M~~10. 76.913 -~.~1L_O.0914 -0.COC5 

ACTUAL 6439~. 2.08 3029.1 -6.73 3.6011 -0.0197 C.14~ 0.71 1.504 2.57 1.5~C 2.52 ---------------------------------------------------------------- -------------_.- - -----------_ .. -- --------------
93.747 0.1970 

~DA~C'~~A~T AT O~Fn A~741. 3S9~.B 7.7514 0.046 0.107 0.110 
5~P4qA T I O~1 ---~----------- ------ ------ -----

2~~17a 9~.7~O_ -0.017 0.1907 -0.CC63 
.ACTUAL 63531. -0.32 3690.1 -0.67 7.5091 -0.2482 0.046 -0.13 0.105 -1.85 0.l09 -1.C4 

-._-----------------------------------------------------------------------------------------------------------
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Table 21-10. Mass Characteristics Comparison (Continued) 

------------------------------------------------------------------------------------------------------------~-

EVENT 

~··ASS LONGITUDI".!,~L 
C.G. (X STA.l 

RADIAL 
C.G. 

ROL·L uO~·C~! T PITCH -,IOf"': !'-!T YA I:: ~,'O·' E'! T 
OF I~E?TIA OF !~E~TIA O~ tNE~TIA 

-------------------------------------------------------------------------------------
IC II 0 010 KC;-·'Z C/O 

POU~DS DEV. I~CHES DELTA INCHES OELTA X10-6 DEV. x10-6 DEV. X1C-: ~EV. 

--.-Mr------------------------------------------------------------------------ - ---- ------------ .---------
320 FLIGHT STAGE 
AT 2~IO I(;NITlr::"1 

. 
Ce~D 

126305. 
27 A 454· 

ACTUAL 279884. 

77.?41 
3064.6 

'J.0515 
2.03Q2 

77.7e4 -C.C56 0.0507 -C.CC~7 

Q.2Q2 12.256 12.~53 

~----------------------------------------------------- -------------- ---- -------- -------- --._--- --------
AT 2~IO 90 0/0 
TI.IOLJST 

126124. 
cRE" 27aQ55. 

126790. 

77.~47 

~06l1.~P. 

77.799 

C.0515 
2.0302 0.202 128253 12.250 . ------ ----- ------- -------

-C.C57 0.0507 -C.ro07 
ACTU~.L 279502. 0.52 ~062.5 -2.25 1.9997 -QDC~C5 0.202 -0.10 12.234 -0.14 12.233 -0.12 

-----------------------------------------~------------ ---- ----------------
5SeZ9. P5.u72 0.1093 

3c O FLIGHT STAGE c9EO 120 6cis. 3365.0 4.3059 0.201 5.611 5.f:Oe 
".T Z"'O CUTOFF --------------- ------ ------ ----- ------- -------
S I G"'~l 592135. 85.279 -0.193 Q.l070 -0.0022 

ACT~6L 130702. 0.78 ~35784 -7 • .61 4.2160 -O.O~98 0.201 -0.C9 5.75!: 2.S!! 5.754 2.52 

-------------------------------------------------------------~--~-----------------------------.-----------------

AT 2~O E~D TH~UST 
O~CAV 

5P.·7~1. 
~gE" 1Z95AQ. 

------_-.:._------
59211. 

ACTUAL 130539. 

eS.kS5 
3365.5 ------
85.5'98 

O.7~ 335:'3.2 

0.1093 
4.3059 0.201 ------ -----

-O.a6 0.1074 -0.0(119 
-7.33 4.2299 -0.0759 0.201 -O~09 -----------_._-------------------------------------------------- ---------.-----

ZI:!!:14. 77.(156 0.0919 
3 0 0 FL IG~I SI~GF ~aE'1 fz309 u • ~Q31·.e ~16ZQ9 0.l45 
AT SCACECCt~FT -----------_ .. _-- ------ ------ -----
SE~~"AIIOM 22210. 76.213 -Q.17Z Q.Q~14 -O.CQC~ 

ACTUAL 6439!:. 2.08 3028.1 -!,. 7.~ 3.6011 -0.0197 0.145 0.71 

5.599 5.595 _. ------- -------
5.737 2.49 5.736 2.52 

1.466 1.4(:4 
------- -----... -

1.S04- 2.57 1.5~C 2.52 ---------------------------------------------------------------- ---- -- ------.- - ------ ----_ .. _- --------------

--------------------------------------------------------------------------------------------------------------
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Figure 21-1. Total Vehicle Mass, Center of Gravity. and Mass Moment of Inertia 
During S-IC Stage Powered Flight 
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Figure 21-1. Total Vehicle Mass, Center of Gravity. and Mass Moment of Inertia 
During S-IC Stage Powered Flight 
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Figure 21-2. Total Vehicle Mass, Center of Gravity, and Mass Moment 
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SECTION 22 

MISSION OBJECTIVES ACCOMPLISHMENT 

Table 22-1 presents the MSFC AS~503 detailed test objectives as defined 
in the Saturn V Mission Implementation Plan, Mission C Prime. An 
assessment of the degree of accomplishment of each objective is shown. 
Discussion supporting the assessment can be found in the indicated 
sections of the Saturn V Launch Vehicle Flight Evaluation Report ~ 
AS-503, Apollo 8 Mission. 

The nine principal and one secondary detailed test objectives were 
completely accomplished. 
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Discussion supporting the assessment can be found in the indicated 
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4. 
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7. 

8. 

9. 

10. 

Table 22-1. Mission Objectives Accompl;shment Summary 

DETAILED TEST OBJECTIVES DEGREE OF DISCREPANCIES SECTION IN 
PRiNCIPAL (p) SECONDARY (s) ACCOMPLISHMENT ~HICH DISCUSSED 

Verify that modifications incorporated in Complete None 9.2.3.1, 5.9 
the S-IC stage suppress low frequency longi-
tudinal oscillations. (P) 

Confirm launch vehicle longitudinal Complete None 9.2.3.1 
oscillation environment during S-IC stage 
burn peri od. (p) 

Verify J-2 engi ne modi fi ca ti ons. (P) Complete None 19.3.2. 9.3.3, 
7.3 

Confirm J-2 engine environment in S-II 
and S-IVB stages. (P) 

Complete None 9.3.2, 9.3.3 

Demonstrate the S-IVB stage restart Complete None 7.5 
capabi 1 i ty . (P) 

Demonstrate helium heater (02H2 burner) 
repressurization system operation. (P) 

Complete None 7.5 

i 
Demonstrate capability to safe S-IVB 
stage. (P) 

Comp1 ete None 7.13 

Verify capability to inject S-IVB/IU/LTA-B Complete None 7.13.2 
into a lunar "slingshot" trajectory. (P) 

Verify launch vehicle capability for free Complete None 4.3.3 
return, Translunar Injection (TLI). (p) 

Verify the onboard Command and fomnunica- Complete None 14.3, 19.5.3.2 
tions System (CCS)/ground system interface 
and operation in the deep space environ-
ment. (S) 
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Table 22-1. Mission Objectives Accomp11shment Summary 

DETAILED TEST OBJECTIVES DEGREE OF DISCREPANCIES SECTION IN 
PRiNCIPAL (p) SECONDARY (S) ACCOMPLISHMENT ~H1CH DISCUSSED 

Verify that modifications incorporated in Complete None 9.2.3.1, 5.9 
the S-IC stage suppress low frequency longi-
tudinal oscillations. (P) 

Confirm launch vehicle longitudinal Complete None 9.2.3.1 
oscillation environment during S-IC stage 
burn peri od. (p) 

Verify J-2 engi ne modi fi ca ti ons. (P) Complete None 19.3.2, 9.3.3, 
7.3 

Confirm J-2 engine environment in 5-11 Complete None 9.3.2, 9.3.3 
and 5-IVB stages. (P) 

Demonstrate the S-IVB stage restart 
capabi 1 ity . ( p) 

Complete None 7.5 

Demonstrate helium heater (02H2 burner) 
repressurization system operation. (P) 

Complete None 7.5 

Demonstrate capability to safe S-IVB Comp1 ete None 7.13 
stage. (P) 

'/erify capabil ity to inject S-IVBjIUjLTA-B Complete None 7.13.2 
into a lunar "slingshot" trajectory. (P) 

Verify launch vehicle capability for free Complete None 4.3.3 
return, Translunar Injection (TL1). (P) 

Verify the onboard Command and fomnunica- Complete 
tions System (CC5)/ground system interface 

None 14.3, 19.5.3.2 

and operation in the deep space environ-
ment. (5) 
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SECTION 23 

FAILURES, ANOMALIES AND DEVIATIONS 

23.1 SUMMARY 

Evaluation of the launch vehicle performance during the AS-503 flight 
test revealed two areas of concern with a mission criticality category of 
three. Modifications are planned to improve these problem areas on future 
flights. 

23.2 SYSTEM FAILURES AND ANOMALIES 

Since all studies and corrective actions (ECPs) pertinent to these anoma­
lies are not complete, Table 23-1 represents the action status of each 
item as of the release date of thjs report. This table complies with 
Apollo Program Directive N·o. 19. Reference paragraph numbers are given 
for sections in which the specific problem area is discussed in more 
detail. Table 23-2 defines the critical~ty categories assigned to the 
failures and anomalies listed in Table 23-1. 

23.3 SYSTEM DEVIATIONS 

Five system deviations occurred without any significant effects on the 
flight or operation of that particular system. Table 23-3 presents these 
deviations with the recommended correctiv~ actions and a reference to the 
paragraphs containing ?urther discussion of the deviation. These devia­
tions are of no major concern, but ar~ presented in order to complete the 
summary of deviations experienced on AS-503. 
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Table 23-1. Summary of Failures and Anomalies 

FAILURE/ ANOMALY IDENTl FICATlON RECOMMENDED CORRECTIVE ACTION 

AS-503 TIME OF 
".; 

VEHCLE DESCRIPTION EFFECT MISSION EFFECT ON OCCURRENCE ACTION VEHICLE PARAGRAPH 

' SYSTEM (CAUSE) ON . CRITI- NEXT (RANGE DESCRIPTION STATUS EFFEC- REFERENCE 

MISSION CALITY MISSION TIME) TIVITY 
, 

S-II Engine No. 5 parameters None 3 AS-503 osci 1 Starting As a result of evalu- ECP 6237 AS-504 and Section 

Propulsion/ oscillating at 17 to lation anom- at ation and testing to Approved subs 6. 6A. 

Structural 18 hertz and structure. aly will not T+443.45 date. ECP 6237 has 8.3 

oscillations at 9 to compromise been approved for , 

11 hertz. (Lateral and - AS-504 Maximum AS-504 and subs to 
I 

longitudinal accelera- mission or at increase LOX tank 
I 

ation buildup starting performance. T+483 ullage press. during I 

after PU step and later portion of S-11 

damping out before Damped burn; thereby allevi-

engine cutoff.) at ating the condition 
T+521 which contributed to 

the oscillation. This 
pressure increase will 
raise LOX NPSH which 
will reduce cavitation 

1 

tendencies of the LOX 
pump. 

To provide better data ECP 6208 AS-504 and 
the following action Approved AS-50S 
was taken; 

Establish higher 
sample rates. 

Provide lower freq. ECP 6230 AS-504 and 
range data. Approved A.S-505 

I 
Although essential Ooen 
progress has been made 

Oscillations found to be an engine generated phenomenon amplified by structural in isolating and 

interaction during flight. effe~ting a solution to 

Mechanics of this interaction and amplification are not understood at present. this problem, the 

Testing presently underway at MSFC and Rocketdyne. nature of it does not 

Analysis of testing will continue past AS-504 launch. permit termination of 

Aoollo Program Director will be i~formed of significant findings throughout the further consideration 

investigation. at this time. 
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CATEGORY 
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3 

Table 23-2. Hardware Criticality Categories 
For Flight Hardware 

DESCRIPTION 

Hardware, failure of which results in loss of life of 
any crew member. This includes normaliy passive 
systems such as the Emergency Detection Syste~ (EDS), 
Launch Escape System (LES), etc. 

Hardware, failure of which results in abort of mission 
but does not cause loss of life. 

Hardware, failure of which will not result in abort 
of mission nor cause loss of life . 
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For Flight Hardware 

DESCRIPTION 

Hardware, failure of which results in loss of life of 
any crew member. This includes normaliy passive 
systems such as the Emergency Detection Syste~ (EDS), 
Launch Escape System (LES), etc. 

Hardware, failure of which results in abort of missior 
but does not cause loss of life. 

Hardware, failure of which will not result in abort 
of mission nor cause loss of life. 
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Table 23-3. Summary of Devlations 
VEHICLE DEVIATIONS PROBABLE CAUSE CORRECTIVE ACTION 
SYSTEM BEING CONSIDERED .-
S-IC Engine No. S L1X suction Leak below prevalve of None 
Propel- duct pressure Jecayed ~ 6 cu. in./s. Cause or anticipated 
lant a fter I nbo,~r(..1 Engi ne location of leak still 
System Cutoff (I ECa) . under investigation. 

S-IC Engine No. 3 pitch Still under None 
Hydraul- actuator hydraulic investigation anticipated. 
i cs fluid return tempera-

ture was higher than 
expected after 117 sec-
onds but within maxi-
mum specification 
1 imi t. 

S-IC Loss of photogra~hic None. This 
Visual data: camera sys tem 
Instru- a. Failure to recover Unknown is deleted on 
menta- 3 of 4 onboard film future vehicles. 
tion cameras. (Recovery 

failure unknown). 
b. The camera re- Loose jam nut on 
covered had film camera power umbili-
damage from sea water cal connector. 
and dye marking. 
(Film damage - loose 
jam nut on camera 
power umbilical 
connector) . 
c. ,Both LOX tank Unknown 
cameras and one strobe 
light stopped at 
T+79 seconds. 

S-IC Some localized Dartial Still under None - Loss 01 
Heat loss of M-31 it T+70 investigation M-31 was appar-
Shield to T+90 seconds. ently less than 

on AS-S02. 

S-II Engine No. S clo trans- Under investigation None 
Propul- ient appears abnormal. anticipated 
sion Thrust chamber pressure 

and GG pressure decay 
durations are longer than 
normal to 5 percent 
thrust. 

S-II Bridge power SUP!11e. ImpropeT connector None on AS-504. 
Data M046 ~P/N V227A3 and pin engagement AS-50S and 
System MOS9 PIN V227A5 were during periods of Subsequent 

intermittent during high vibration. Flights: 
Max Q and r«l53 , Inspection of 
(PIN V2l2All) was power supply 
intermittent after PU connectors. 
step. Conduct of veri-

fication tests. 
Shimming of con-
nectors as 
required. 
ECP 6021 
(Closed) 
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8.2 

19.6 
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Table 23-3. Summary of Devlations 

VEHICLE DEVIATIONS PROBABLE CAUSE CORRECTIVE ACTION PARAGRAPH 
SYSTEM BEING CONSIDERED REFERENCE 

~----~~-----.----~------~~----------------~~--------------~------~ S-IC Engine No.5 L1X suction Leak below prevalve of None 5.6.2 
Propel- duct pressure Jecayed ~ 6 cu. in./s. Cause or anticipated 
1 ant after Inbo.~r(..1 Engine location of leak sti 11 
Sys tem Cutoff (I ECa) . under investigation. 

S-IC 
Hydraul­
i cs 

S-IC 
Visual 
Instru­
menta­
tion 

S-IC 
Heat 
Shield 

S-II 
Propul­
sion 

S-11 
Data 
System 

Engine No. 3 pitch Still under 
actuator hydraulic investigation 
fluid return tempera-
ture was higher than 
expected after 117 sec­
onds but within maxi­
mum specification 
1 imit. 

Loss of photogra~hic 
data: 
a. Failure to recover 
3 of 4 onboard film 
cameras. (Recovery 
failure unknown). 
b. The camera re­
covered had film 
damage from sea water 
and dye marking. 
(Film damage - loose 
jam nut on camera 
power umbilical 
connector) . 
c. ,Both LOX tank 
cameras and one strobe 
light stopped at 
T+79 seconds. 

Some localized Dartial 
loss of M-31 it T+70 
to T+90 seconds. 

Engine No. 5 c/o trans­
ient appears abnormal. 
Thrust chamber pressure 
and GG pressure decay 
durations are longer than 
normal to 5 percent 
thrust. 

Bridge Power SUptlies 
M046 (P/N V227A3 and 
M059 (P/N V227A5 were 
intermittent during 
Max Q and r«l53 
(P/N V212All) was 
intermittent after PU 
step. 

Unknown 

Loose jam nut on 
camera power umbili­
cal connector. 

Unknown 

Still under 
investigation 

Under investigation 

ImpropeT connector 
pin engagement 
during periods of 
high vibration. 

23-4 

None 
anticipated. 

None. This 
camera sys tem 
is deleted on 
future vehicles. 

i 

8.2 

19.6 

None - Loss 01 9.3.1.3 
M-3l was appar- 7.2 
ently less than 
on AS-502. 

None 
anticipated 

None on AS-504. 
AS-50S and 
Subsequent 
Flights: 
Inspection of 
power supply 
connectors. 
Conduct of veri­
fication tests. 
Shimming of con­
nectors as 
required. 
ECP 6021 
(Closed) 

6.4 

13.3 



__ ---~--~,.....----------~l!I!"--- --.-~--1IIIIIIII'. • ¥ 

( 

'1 
" } 

- . 
'"' 

..... ". 

., : 

SECTION 24 

SPACECRAFT SUMMARY 

Fo11rwing a nominal boost phase, the spacecraft and S-IVB combination 
was inserted into a parking orbit of 185 kilometers (100 n mil. After 
a post insertion checkout of spacecraft systems, the nominal trans1unar 
injection maneuver was initiated at ~:50:38 by reignition of the S-IVB 
engine and lasted for 5 minutes 18 seconds. 

The spacecraft separated from the S-IVB at 3:20:59, followed by two 
separation maneuvers using the service module reaction control system. 
The first midcourse correction, made with a velocity change of 7.56 m/s 
(24.8 ft/s) , was conducted at 11:00:00. The trans1una~- coast phase was 
devoted to navigation sightings, two te1ev~sion transmissions, and var­
ious systems checks. The second midcour~e correction of 0.43 m/s 
(1.4 ft/s) was conducted at 60:59:55. 

The 246. 9-second 1 unar orbi t i nserti on ma'1euver was performed at 
69:08:20, and the initial lunar orbit was 312.1 by 111.1 kilometers 
(168.5 by 60.0 n mil. A maneuver to circularize the orbit was conducted 
at 73:35:07 and resulted in a lunar orbit of 110.6 by 112.4 kilometers 
(59.7 by 60.7 n mil. The coast phase between maneuvers was devoted to 
orbit navigation and ground track determination. A total of ten rev~-
1utions were completed during the 20 hours 11 minutes spent in lunar 
orbi t. 

The lunar orbit coast phase involved numerous landing site/landmark 
sightinas, lunar photography, and preparation for transearth injection. 
The transearth injection maneuver, 204 seconds in duration, was conducted 
at 89:19~17 using the Service Propulsion System (SPS). 

When possible during both the trans1unar and transearth coast phases, 
passive thermal co ntro '1 maneuvers of about one revolution per hour were 
effected to maintain temperatures within nominal limits. The transearth 
coast period involved a number of star/horizon navigation sigt,tings using 
both the earth and moon horizons. The only transearth midcourse correc­
tion was a 1.5m/s (4.8 ft/s) maneuver made at 103:59:54. 

CQmmand module/service module separation was at 146:28:48, and the 
command module reached the entry interface of 122 kilometers (400,000 ft) 
altitude at 146:46:14. Following normal deployment of all parachutes 
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devoted to navigation sightings, two te1ev~sion transmissions, and var­
ious systems checks. The second midcour~e correction of 0.43 m/s 
(1.4 ft/s) was conducted at 60:59:55. 

The 246. 9-second 1 unar orbi t i nserti on ma'1euver was performed at 
69:08:20, and the initial lunar orbit was 312.1 by 111.1 kilometers 
(168.5 by 60.0 n mil. A maneuver to circularize the orbit was conducted 
at 73:35:07 and resulted in a lunar orbit of 110.6 by 112.4 kilometers 
(59.7 by 60.7 n mil. The coast phase between maneuvers was devoted to 
orbit navigation and ground track determination. A total of ten rev~-
1utions were completed during the 20 hours 11 minutes spent in lunar 
orbi t. 

The lunar orbit coast phase involved numerous landing site/landmark 
sightinas, lunar photography, and preparation for transearth injection. 
The transearth injection maneuver, 204 seconds in duration, was conducted 
at 89:19~17 using the Service Propulsion System (SPS). 

When possible during both the trans1unar and transearth coast phases, 
passive thermal contro'l maneuvers of about one revolution per hour were 
effected to maintain temperatures within nominal limits. The transearth 
coast period involved a number of star/horizon navigation sigt,tings using 
both the earth and moon horizons. The only transearth midcourse correc­
tion was a 1.5m/s (4.8 ft/s) maneuver made at 103:59:54. 

CQmmand module/service module separation was at 146:28:48, and the 
command module reached the entry interface of 122 kilometers (400,000 ft) 
altitude at 146:46:14. Following normal deployment of all parachutes 
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the spacecraft landed in the Pacific Ocean at 8 degrees 8 minutes north 
latitude and 165 degrees 2 minutes west longitude, as determined by the 
primary recovery ship USS Yorktown. The total flight duration was 147 
hours 42 seconds. 

Almost without exception, spacecraft systems operated as intended. All 
temperatures varied in a predictable manner within acceptable limits, and 
copsumables usage was always maintained at safe levels. COlllTlunications 
quality was exceptionally good, and live television was transmitted on 
six occasions. The crew satisfactorily performed all flight plan 
functions and achieved all photographic objectives. 
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A. 1 SUMMARY 
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APPENDIX A 

ATMOSPHERE 

This appendix presents a summary of the atmospheric environment at launch 
time of the AS-S03. The format of these data is similar to that oresented 
in previous launches of Saturn vehicles to permit comparisons. Surface 
and upper. winds and thermodynamic data near the launch time are given. 

A.2 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME 

A cold front passed through the launch are~ the afternoon before launch 
and became a stationary front about launch time, laying through the Miami 
area. Surface winds were from the north. 

A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 

At launch time, the only cloudiness was 4/10 cirrus of unknown height. 
Table A-l summarizes the surface observations at launch time. The solar 
radiation data is given in Table A-2. 

A.4 UPPER AIR MEASUREMENTS 

Data was used from four of the upper air wind systems to compile the 
f~nal meteorological tape. Table A-3 summarizes the data systems used. 

A.4.1 Wind Speed 

Wind speed increased with altitude, reaching a speed of 34.8 mls (67.6 knots) 
at 15.2 kilometers (49,900 ft). There was a second oeak in the wind speed 
curve of 46.0 mls (89.4 knots) at 33.0 kilometers (108,300 ft). See Fig­
ure A-l for more information of the wind speeds. 

A.4.2 Wind Direction 

The surface wind was from the north, but changed to westerly about 1.5 kilo­
meters' (4,900 ft). ,Above 1.S kilometers (4,900 ft) winds remained generally 
from thd west as shown in Figure A-2. 
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This appendix presents a summary of the atmospheric environment at launch 
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in previous launches of Saturn vehicles to permit comparisons. Surface 
and upper. winds and thermodynamic data near the launch time are given. 
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and became a stationary front about launch time, laying through the Miami 
area. Surface winds were from the north. 

A.3 SURFACE OBSERVATIONS AT LAUNCH TIME 

At launch time, the only cloudiness was 4/10 cirrus of unknown height. 
Table A-l summarizes the surface observations at launch time. The solar 
radiation data is given in Table A-2. 

A.4 UPPER AIR MEASUREMENTS 

Data was used from four of the upper air wind systems to compile the 
f~nal meteorological tape. Table A-3 summarizes the data systems used. 

A.4.1 Wind Speed 

Wind speed increased with altitude, reaching a speed of 34.8 mls (67.6 knots) 
at 15.2 kilometers (49,900 ft). There was a second oeak in the wind speed 
curve of 46.0 mls (89.4 knots) at 33.0 kilometers (108,300 ft). See Fig-
ure A-l for more information of the wind speeds. 

A.4.2 Wind Direction 
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A.4.3 Pitch Wind Component 

The pitch wind speed component was very close to the bias wind used for 
the vehicle (50-percentile wind). The maximum pitch wind speed compon­
ent was a tail wind component of 31.2 mls (60.6 knots) at 15.1 kilometers 
(49,500 ft). See Figure A-3. 

A.4.4 Yaw Wind Component 

The yaw wind speed component increased with altitude to a maximum value 
from the left of 22.6 mls (43.9 knots) at 15.B kilometers (51,BOO ft). 
See Figure A-4. . 

A.4.5 Component Wind Shears 

Compr,>nent wind shears (llh = 1000 m) were of low magnitude at all altitudes. 
The '~argest wind shear was a yaw shear of 0.0157 s-l at 15.8 kilometers 
(51,800 ft). See Figure A-S. 

A.4.6 Extreme Wind Data in the High Dynamic Pressure Region 

A summary of the maximum wind speeds, wind components, and shears are 
given in Tables A-4, A-5, and A-6; A-7, ~-B, and A-9. 

A.5 THERMODYNAMIC DATA 

Comparisons of the thermodynamic data taken at AS-503 launch time with the 
Patrick Reference Atmosphere (PRA) (1963) for temperature, density,_ pres­
sure, and Optical Index of Refraction (OIR) are shown in Figures A-6 and 
A-7, and discussed in the following paragraphs. 

A.5.1 Temperature 

Above 11 kilometers (36,100 ft), temperatures were lower than the PRA 
temperatures reaching a maximum deviation of -5.3 percent (-11.00K) at 
18.5 kilometers (60,700 ft). This was an actual air temperature of 
-77.6°C at this altitude. 

A.5.2 Atmospheric Pressure 

There were little deviations (less than 1 percent) of the atmospheric 
pressure from the PRA pressures below 15 kilometers (49,200 ft). Above 
15 kilometers (49,200 ft), atmospheric pressures were less than the PRA 
pressures reaching a maximum deviation of -6.B percent at 34.25 kilometers 
(1 , 2,400 ft). 

A.5.3 Atmospheric Density 

Atmospheric density deviations were small, being less than 5 percent 
deviations from the PRA. 
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A.S.4 Optical Index .of Refraction 

At the surface, the OIR was 5.02 (n-l) x 10-6 units higher than the corre­
sponding value of the PRA. The deviation decreased with altitude becoming 
less than 1 (n-1) x 10-6 at 4 kilometers (13, 100 ft). 

A.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR ALL SATURN LAUNCHES 

Tab 1 es A-l 0, A-ll, and A-12 show a s unma ry of the:: atmospheri c data for 
each Saturn launch. 

Table A-l. Surface Observations at AS-503 Launch Time 

TIME PRES- TEM- DEW VISI-
SKY COVER WINO 

LOCATION AFTER SURE PERATURE POINT BILITY AMOUNT TYPE HEIGHT SPEED 
T-O N/cm2 OK OK kin (TENTHS) OF BASE rn/s DIR 

(MIN) (psia) (OF) (oF) (STAT MI) (KNOTS) (DEG) 

Kennedy Space Cen- 0 10.207 288.15 286.45 16 4 Cirrus Unknowll 1.0 360 
ter. Station B. (14.80) (59.0) (56.0) ( 10) (2.0) 
Florida 

Cape Kennedy Raw- 10 10.202 287.95 286.05 -- -- -- -- 1.0 360 
;nsonde Measure- (14.80) (58.6) (55.2) (2.0) 
ments 

Pad 39A Lightpole 0 -- -- -- -- -- -- -- 5.1 . 360 
NW (20.4 m)· ( 10.0) 

Pad 39A Servi c:e 0 -- -- -- -- -- -- -- 9.3 345 
Struc:turerop (18.0) 
(112.5 m)* 

* Above Natural Grade 
I 
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A.S.4 Optical Index of Refraction 

At the surface, the OIR was 5.02 (n-l) x 10-6 units higher than the corre­
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Table A-2. Solar Radiation at AS-503 Launch Time Launch Pad 39A 

TOTAL NORMAL DIFFUSE 

DATE POUR ENDING HORIZONTAL H~CIDENT SKY 
EST g-ca1/cm2 g-ca1/cm2 g-ca1/cm2 

(MIN) (MIN) (MIN) 

12/20/68 0800 0.04 0 0.04 
0900 o. 16 0.02 o. 16 
1000 0.30 0 0.30 
1100 0.45 0.01 0.45 
1200 0.30 0 0.30 
1300 0.30 0 0.30 

.~ 1400 0.54 0.14 0.46 
1500 0.63 0.40 0.46 
1600 0.~2 0.24 0.36 
1700 0.16 0.09 o. 15 
1800 0.03 0 0.03 

12/21/68 0800 0.06 0.20 0.03 
0900 0.23 0.65 0.02 

Table A-3. Systems Used to Measure Upper Air Wind Data 

RELE:I\SE TIME PORTION OF DATA USED 

TIME START END 
TYPE OF DATA TIME AFTER 

._-
(UT) T-O ALTITUDE TIME ALTITUDE TIME 

(MIN) M AFTER M AFTER 

(ft) T-O (ft) T-O 
(MIN) (MIN) 

FPS-16 Jimsphere 1401 70 . 0 70 16,500 125 
(54,100) 

Rawinsonde 1301 10 16,750 65 34,000 122 
(54,900) (111 ,500) 

Arcasonde 1515 144 51,250 150 34,250 157 
(168,100) (112,400) 

Viper Dart 1807 316 89,750 326 51 ,500 328 
(294,400) (169,000) 
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Table A-4. Maximum Wind Speed in High Dynamic Pressure Region 
for Saturn 1 through Saturn 10 Vehicles 

MAXIMUM WIND MAXIMUM WIND COMPONENTS 
VEHICLE 

SPEED ALT PITCH (Wx) NUMBER DIR ALT YAt~ (Wz) AIT 
m/s (DEG) km m/s km m/s km 

(KNOTS) ( ft) (KNOTS) (ft) (KNOTS) (ft) 

SA-1 47.0 242 12.25 36.8 13.00 -29.2 12.25 
(91 .4) (40,200) (71. 5) (42,600) (-!=is.8) (40,200) 

SA-2 33.6 216 13.50 31.8 13.50 -13.3 12.25 
(65.3) (44,300) (61.8) (44,300) (-25.9) (40,200) 

SA-3 31. 3 269 13.75 30.7 13.75 11.2 12.00 
(60.8) (45,100) (59.7) (45,100) (21.8)'·· (39,400) 

SA-4 51.8 253 13.00 46.2 13.00 -23.4 13.00 
(l00.7) (42,600) (89.8) (42,600) (-45.5) (42,600) 

SA-5 42.1 268 10.75 41.1 10.75 -11.5 11.25 
{81 .8} (35,300) (79.9) (35,300) (-22.4) (36,900) 

SA-6 15.0 96 12.50 -14.8 12.50 12.2 17.00 
(29.2) (41,000) (-28.8) (41,000) (23.7) (55,800) 

SA-7 17.3 47 11.75 -11. 1 12.75 14.8 12.00 
(33.6) (38,500) (-21.6) (41,800) (,28.8) (39,400) 

SA-9 34.3 243 13.00 27.5 10.75 23.6 13.25 
(66.7) (42,600) (53.5) (35,300) (45.9) (43,500) 

SA-8 16.0 351 15.25 12.0 11.00 14.6 15.25 
( 31.1) (50,000) (23.3) (36,100) (28.4) (50,000) 

SA-l0 15.0 306 14.75 lZ.9 14.75 10.8 15.45 
(29.2) (48,400) (25.1) (48,400) (21 .0) (50,700) 
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Table·A-5. Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 201 through Apollo/Saturn 205 Vehicles 

MAXIMUM WIND MAXIMUM WIND COMPONENTS 
VEHICLE 

SPEED PITCH (Wx) NUMBER DIR ALT ALT YAW (Wz) ALT 
m/s (DEG) km mts km m/s km 

(KNOTS; eft) (KNOTS) (ft) (KNOTS) (ft) 

AS-20l 70.0 250 13.75 57.3 13.75 -43.3 13.25 
(136.1) (45,100) (111.4) (45,100) (-84.2) (43,500) 

AS-203 18.0 312 13.00 11.1 12.50 16.6 13.25 
(35.0) (42,600) (21 .6) (41,000) (32.3) (43,500) 

AS-202 16.0 231 'i2.00 10.7 12.50 -15.4 10.25 
(31.1) (39,40D) (20.8) (41,000) (-29.9) (33,600) 

AS-204 35.0 288 12.00 32.7 15.25 20.6 12.0.0 
(68.0) (39,400) (63.6) (50,000) (40.0) (39,400) 

AS-205 15.6 309 14.60 15.8 12.08 15.7 15.78 
(30.3) (44~500) (30.7) (36,800) (30.5) (47.500) 

Table A-6. Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 501 through Apollo/Saturn 503 Vehicles 

VEHICLE 
NUMBER 

AS-501 

AS-502 

MAXIMUM WIND 

SPEED 
m/s 

(KNOTS) 

26.0 
(50.5) 

27. 1 
(52.7) 

DIR 
{DEG) 

ALT 
km 
eft) 

273 11. 50 
(37,700) 

255 I 12.00 
(42,600) 

AS-503 34.8 284 15.22 
(67.6) (49,900) 

MAXIMUM WIND COMPONENTS 

PITCH (Wx) 
m/s 

(KNOTS) 

24.3 
(47.2) 

27.1 
(52.7) 

31.2 
(60.6) 

A-6 

ALT 
km 
(ft) 

11.50 
(37,700) 

12.00 
(42,600) 

YAW (Wz) 
rots 

(KNOTS) 

ALT 
Rm 
(ft) 

12.9 9.00 
(25.1) (29,500) 

12.9 15.75 
(25.1) (51,700) 

15.10 22.6 15.80 
(49,500) (43.9) (51,800) 

Table·A-5. Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 201 through Apollo/Saturn 205 Vehicles 
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AS-201 70.0 250 13.75 57.3 13.75 -43.3 13.25 
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AS-202 16.0 231 12.00 10.7 12.50 -15.4 10.25 
(31.1) (39,40D) (20.8) (41,000) (-29.9) (33,600) 

AS-204 35.0 288 12.00 32.7 15.25 20.6 12.0.0 
(68.0) (39,400) (63.6) (50,000) (40.0) (39,400) 

AS-205 15.6 309 14.60 15.8 12.08 15.7 15.78 
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Table A-6. Maximum Wind Speed in High Dynamic Pressure Region for 
Apollo/Saturn 501 through Apollo/Saturn 503 Vehicles 

MAXIMUM WIND MAXIMUM WIND COMPONENTS 
VEHICLE 

SPEED PITCH (Wx) YAW (Wz) NUMBER DIR ALT ALT ALT 
m/s {DEG) km m/s km rots Rm 

(KNOTS) eft) (KNOTS) (ft) (KNOTS) (ft) 

AS-501 26.0 273 11.50 24.3 11.50 12.9 9.00 
(50.5) I (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 
(67.6) (49,900) (60.6) (49,500) (43.9) (51,800) 
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Table A-7. Extreme Wind Shear Values in the High Dynamic Pressure 
Region for Saturn 1 through Saturn 10' Vehicles 

(~h = 1000 m) 

PITCH PLANE YAW PLANE 
VEHICLE 
NUMBER SHEAR ALTITUDE SHEAR ALTITUDE 

(SEC-1) km (SEC-1) km 
(ft) (ft) 

SA-1 0.0145 '14.75 0.0168 16.00 
(48,400) (52,500) 

SA-2 0.0144 15.00 0.0083 16.00 
(49,200) (52,500) 

SA-3 0.0105 13.75 0.0157 13.25 
(45,100) (43.500) 

SA-4 0.0155 13.00 0.0144 11 .00 
(42,600) (36,100) 

SA-5 0.0162 17.00 0.0086 10.00 ' 
(55,800) (32.800) 

SA-6 0.0121 12.25 0.0113 12.50 
(40,200) (41,000) 

SA-7 0.0078 14.25 0.0068 11 .25 
(46,800) (36,900) 

I 

SA-9 0.0096 10.50 0.0184 10.75 
(34,500) (35,300) 

SA-8 0.0065 10.00 0.0073 17.00 
(32,800) (55.800) 

SA-10 0.0130 14.75 0.0090 15.00 
(48.400) (49,200) 
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Table A-7. Extreme Wind Shear Values in the High Dynamic Pressure 
Region for Saturn 1 through Saturn 10' Vehicles 

(~h = 1000 m) 

PITCH PLANE YAW PLANE 
VEHICLE 
NUMBER SHEAR ALTITUDE SHEAR ALTITUDE 

(SEC-l) km (SEC-l) km 
(ft) (ft) 

SA-1 0.0145 '14.75 0.0168 16.00 
(48,400) (52,500) 

SA-2 0.0144 15.00 0.0083 16.00 
(49,200) (52,500) 

SA-3 0.0105 13.75 0.0157 13.25 
(45,100) (43.500) 

SA-4 0.0155 13.00 0.0144 11 .00 
(42,600) (36,100) 

SA-5 0.0162 17.00 0.0086 10.00 . 
(55,800) (32.800) 

SA-6 0.0121 12.25 0.0113 12.50 
(40,200) (41,000) 

SA-7 0.0078 14.25 0.0068 11 .25 
(46,800) (36,900) 

I 

SA-9 0.0096 10.50 0.0184 10.75 
(34,500) (35,300) 

SA-8 0.0065 10.00 0.0073 17.00 
(32,800) (55.800) 

SA-10 0.0130 14.75 0.0090 15.00 
(48.400) (49,200) 
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Table A-S. Extreme iiJind Shear Values in the High Dynamic Pressure 
Region for Apollo/Saturn 201 through Apollo/Saturn 205 Vehicles 

(llh= 1000 m) 

PITCH PLANE YAW PLANE 
VEHICLE 
NUMBER SHEAR ALTITUDE SHEAR ALTITUDE 

(SEC-1) km (SEC-1) km 
(ft) (ft) 

AS-201 0.0206 16.00 0.0205 12.00 
(52,500) (39,400) 

AS-203 0.0104 14.75 0.0079 14.25 
(48,400) (46,800) 

AS-202 0.0083 13.50 0.0054 13.25 
(44,300) (43,500) 

AS-204 O. 0118 16.75 0.0116 14.00 
(55,000) (45,900) 

AS-205 0.0113 15.78 0.0085 1 S. 25 
(48,100) (46,500) 

Table A-9. Extreme Wind Shear Values in the H'igh Dynamic Pressure Region 
for Apollo/Saturn 501 through Apollo/Saturn 503 Vehicles 

(L~h = 1000 m) 

PITCH PLANE YAW PLANE 
VEHICLE 
NUMBER SHEAR ALTITUDE SHEAP ALTITUDE , 

km km (SEC-1) (SEl.-l) (ft) (ft) 

AS-501 0.0066 10.00 0.0067 10.00 

I (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) 
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Table A-S. Extreme i,)ind Shear Values in the High Dynamic Pressure 
Region for Apollo/Saturn 201 through Apollo/Saturn 205 Vehicles 

(llh= 1000 m) 

PITCH PLANE YAW PLANE 
VEHICLE 
NUMBER SHEAR ALTITUDE SHEAR ALTITUDE 

(SEC-1) km (SEC-1) km 
(ft) (ft) 

AS-201 0.0206 16.00 0.0205 12.00 
(52,500) (39,400) 

AS-203 0.0104 14.75 0.0079 14.25 
(48,400) (46,800) 

AS-202 0.0083 13.50 0.0054 13.25 
(44,300) (43,500) 

AS-204 O. 0118 16.75 0.0116 14.00 
(55,000) (45,900) 

AS-205 0.0113 15.78 0.0085 1 S. 25 
(48,100) (46,500) 

Table A-9. Extreme Wind Shear Values in the H'igh Dynamic Pressure Region 
for Apollo/Saturn 501 through Apollo/Saturn 503 Vehicles 

(llh = 1000 m) 

PITCH PLANE YAW PLANE 
VEHICLE 
NUMBER SHEAR ALTITUDE SHEAP ALTITUDE , 

km km (SEC-1) (SEl.-l) (ft) (ft) 

AS-SOl 0.0066 10.00 0.0067 10.00 

I (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) 
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VEHICLE 
NUrtJEP. 

SA-1 

SA-2 

SA-3 

SA-4 

SA-5 

SA-6 

SA-7 

SA-9 

SA-8 

SA-lO 
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:Table A-10. Selected Atmospheric Observations for Saturn 1 Through Saturn 10 Vehicle 
Launches at Kennedy Space Center, Florida 

VEHICLE DATA SURFACE DATA INFLIGHT CONDITIONS 

DATE TIME (EST) LAUNCH PRESSURE TEMPERA- RELATIVE WIND* MAXIMUM WIND IN 8-16 km LAYER 
NEAREST COMPLEX N/cm2 TURE °C HUMIDITY SPEED DIRECTION CLOUDS ALTITUDE SPEED DIRECTION ' 

MINUTE PERCENT m/s deg m m/s deg 

27 Oct 61 1006 34 10.222 26.2 64 6.4 65 8/10 cumulus 12.25 47.0 242 

25 Apr 62 0900 34 10.205 24.0 59 3.5 180 1/10 cumulus, 3/10 13.50 33.6 261 
cirrostratus 

16 Nov 62 1245 34 10.193 23.9 54 4.0 250 2/10 ~umulus. 4/10 13.75 31.3 269 
cirrus 

28 Mar 63 1512 34 10.176 23.9 71 6.0 40 1/10 stratocumu1us. 13.00 51.8 253 
1/10 cirrus 

29 Jan 64 1125 37B 10.278 17.8 59 9.0 38 4/10 stratocumulus. 10.15 42.1 268 
2/10 cirrus . 

28 Ma), 64 1207 37B 10.142 28.7 64 7.0 150 1/10 cumulu~. 1/10 12.50 15.0 96 
cirrus 

18 Sep 64 1123 37B 10.173 29.5 55 5.0 70 1/10 cumUlus, 5/10 11.75 17 .3 47 
altocumulus, 1/10 
cirrus 

16 Feb 65 .0937 37B 10.244 23.3 74 6.0 125 1/10 stratocumulu5 13.00 34.3 243 

25 I'lay 65 0235 373 10.186 22.8 93 4.4 i40 1/10 cumulus 15.25 16.0 351 

30 Jul 65 0800 37B 10.163 24.7 86 10.7 185 1/10 cUlTlIllonimbus. 14.75 15.0 306 
2/1Q altostratus, 
5/10 cirrus 

--.----

* Instantanf!ous readings from charts at T-O from anemometers on poles at 19.5 m (59.4 ft) on launch complex 34~ 20.7 m (63.1 ft) on launch complex 37B. 
Heights of anemometers are above natural grade. 
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:Table A-10. Selected Atmospheric Observations for Saturn 1 Through Saturn 10 Vehicle 
Launches at Kennedy Space Center, Florida 

VEHICLE DATA SURFACE DATA INFLIGHT CONDITIONS 

DATE TIME (EST) LAUNCH PRESSURE TEMPERA- RELATIVE WIND* MAXIMUM WIND IN 8-16 km LAYER 
NEAREST COMPLEX N/cm2 TURE °C HUMIDITY SPEED DIRECTION CLOUDS ALTITUDE SPEED DIRECTION 

MINUTE PERCENT m/s deg m m/s deg 

27 Oct 61 1006 34 10.222 26.2 64 6.4 65 8/10 cumulus 12.25 47.0 242 

25 Apr 62 0900 34 10.205 24.0 59 3.5 180 1/10 cumulus, 3/10 13.50 33.6 261 
cirrostratus 

16 Nov 62 1245 34 10.193 23.9 54 4.0 250 2/10 ~umulus, 4/10 13.75 31.3 269 
cirrus 

28 Mar 63 1512 34 10.176 23.9 71 6.0 40 1/10 stratocumu1us, 13.00 51.8 253 
1/10 cirrus 

29 Jan 64 1125 378 10.278 17.8 59 9.0 38 4/10 stratocumulus, 10.15 42.1 268 
2/10 cirrus . 

28 Ma}, 64 1207 378 10.142 28.7 64 7.0 150 1/10 cumulu~, 1/10 12.50 15.0 96 
ci rrus 

18 Sep 64 1123 378 10.173 29.5 55 5.0 70 1/10 cumulus, 5/10 11.75 17.3 47 
altocumulus, 1/10 
cirrus 

16 Feb 65 .0937 378 10.244 23.3 74 6.0 125 1/10 stratocumulu5 13.00 34.3 243 

25 I'lay 65 0235 373 10.186 22.8 93 4.4 i40 1/10 cumulus 15.25 16.0 351 

30 Jul 65 0800 37B 10.163 24.7 86 10.7 185 1/10 cUlTlIllonimbus. 14.75 15.0 306 
2/10 altostratus, 
5/10 cirrus 

* Instantanf!ous readings from charts at T-O from anemometers on poles at 19.5 m (59.4 ft) on launch complex 34; 20.7 m (63.1 ft) on launch complex 37B. 
Heights of anemometers are above natural grade. 
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Table A-ll. Selected Atmospheric Observations for Apollo-Saturn 201 Through 
.Apo11o-Saturn 205 Launches at Kennedy Space Center, Florida, 

'.' ___ c;.., 

VEHICLE DATA SURFACE DATA INFLIGHT .CONDITIONS 

DATE TIME (EST) LAUNCH PRESSURE TEMP ERA- RELATIVE WIND* CLOUDS MAXIMUM WIND IN 8-16 km LAYER 

NEAREST C(M»LEX N/~ TURE °C HUMIDITY SPEED DIRECTION ALTITUDE SPEED DIRECTION 

MINUTE PERCENT mls deg m m/s deg 

26 Feb 66 1112 34 10.217 16.1 . 48 6.5 330 Clear 13.75 70.0 250 
. 

5 Jul 66 0953 378 10.173 30.2 70 6.3 242 8/10 cumulus. 1/10 13.00 18.0 312 
cirrus 

25 Aug 66 1216 34 10.166 30.2 69 4.1 160 1/10 cumulus. 1/10 12.00 16.0 231 
altocumulus. 1/10 
cirrus 

23 Jan 68 1748 378 10.186 16.1 93 4.2 45 3/10 cumulus 12.00 35.0 288 

11 Oct 68 1003 34 10.180 28.3 65 11.5 90 3/10 cumulonimbus 15.60 14.6 309 

* Instantaneous readings from charts at T-O from anemometers on poles at 19.5 m (59.4 ft) on launch complex 34. 20.7 m (63.1 ft) on launch complex 378. 

> Heights of alM!lllDlleters are above natural grade. 
I -o 

.. 

.. 

Table A-12. Selected Atmospheric Observations for Avo11o-Saturn 501 Through 
Apollo-Saturn 503 launches at Kennedy Space Center, Florida 

VEHICLE DATA SURFACE DATA INFLIGHT CONDITIONS 

VEHIa.E DATE lUE (EsT) LAUNCH PRESSURE TEMPERA- RELATIVE WIND*. CLOUDS MAXIMUM WIND IN 8-16 km LAYER 

tOIlER IlfAREST C_LEX N/art? TURE °C HUMIDITY SPEED DIRECTION ALTITUDE SPEED DIRECTION 

IIlfIJTE PERCENT mls deg m m/s cleg 

.. 

AS-sen 9 _ 67 0700 3M 10.261 17.6 55 8.0 70 1/10 cumulus 11.50 26.0 273 

AS-SOl 4 Apr 68 0IiCI0 34M 10.200 20.9 83 5.4 132 5/10 strato- 13.00 27.1 255 
clIIIulus 

AS-503 21 Dee 68 0151 3M 10.207 15.0 88 1.0 360 4110 cirrus 15.22 34.8 284 

• IMunUneous readings , ... darts ilt T-O from ilnemometers on poles on launch pad at 18.3 m (60.0 ft) on launch complex 39A. Heights of-

...... ters are above nlwral gn... . 
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Table A-ll. Selected Atmospheric Observations for Apollo-Saturn 201 Through 
.Apo11o-Saturn 205 Launches at Kennedy Space Center, Florida, 

VEHICLE DATA SURFACE DATA INFLIGHT .CONDITIONS 

DATE TIME (EST) LAUNCH PRESSURE TEMPERA- RELATIVE WIND* CLOUDS MAXIMUM WIND IN 8-16 km LAYER 

NEAREST C(l4PLEX N/~ TURE °C HUMIDITY SPEED DIRECTION ALTITUDE SPEED DIRECTION 

MINUTE PERCENT mls deg m m/s deg 

26 Feb 66 1112 34 10.217 16.1 48 6.5 330 Clear 13.75 70.0 250 

5 Ju1 66 0953 378 10.173 30.2 70 6.3 242 8/10 cumulus. 1/10 13.00 18.0 312 
cirrus 

25 Aug 66 1216 34 10.166 30.2 69 4.1 160 1/10 cumulus. 1/10 12.00 16.0 231 
altocumulus. 1/10 
cirrus 

l3 Jan 68 1748 378 10.186 16.1 93 4.2 45 3/1 0 cumu 1 us 12.00 35.0 288 

11 Oct 68 1003 34 10.180 28.3 65 11.5 90 3/10 cumulonimbus 15.60 14.6 309 

* Instantaneous readings from charts at T-O from anemometers on poles at 19.5 m (59.4 ft) on launch complex 34. 20.7 m (63.1 ft) on launch complex 378. 

> Heights of anetllDlleters are above natural grade. 
I -o 

. -

Table A-12. Selected Atmospheric Observations for Avo11o-Saturn 501 Through 
Apollo-Saturn 503 launches at Kennedy Space Center, Florida 

VEHICLE DATA SURFACE DATA INFLIGHT CONDITIONS 

VEHIa.E DATE TUE (EST) lAUNCH PRESSURE TEMPERA- RELATIVE WIND*. CLOUDS MAXIMUM WIND IN 8-16 km LAYER 

fUllER IlEAREST CCltPLEX N/aftl. TURE °C HUMIDITY SPEED DIRECTION ALTITUDE SPEED DIRECTION 

IIlfIJTE PERCENT mls deg m m/s cleg 

-, 

AS-sen 9 IIIIow 67 0700 3M 10.261 17.6 55 8.0 70 1/10 cumulus 11.50 26.0 273 

AS-SOl 4 Api" 68 0iCl0 - 10.200 20.9 83 5.4 132 5/10 strato- 13.00 27.1 255 
cllllulus 

AS-503 21 Dee 68 0151 3M 10.207 15.0 88 1.0 360 4/10 cirrus 15.22 34.8 284 

'. Instantaneous readings fro. chlrts It T-O from Inemometers on poles on launch pad at 18.3 m (60.0 ft) on launch complex 39A. Heights of-

...... ters are above nlwral gn... . 
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Figure A-l. Scalar Wind Speed at Launch Time of AS-503 
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APPENDIX B 

AS-503 VEHICLE DESCRIPTION 

B.l SUMMARY 

AS-503, third flight of the Saturn V series, was the first to test a manned 
Saturn V Apollo space vehicle. The vehicle consists of. five major units. 
From bottom to top they are: S~IC stage, S-II stage, S-IVB stage, 
Instrument Unit (IU), and the Spacecraft. The Saturn V Apollo vehicle 
is approximately 110.6 meters (363 ft) in length. See Figure B~l for 
a pictorial description of the vehicle. 

B.2 S-IC STAGE 

B.2.1 S-IC Configuration 

The S-IC stage, as shown in Figure B-2, is a cylindrical structure 
designed to provide the initial boost for the Saturn V Apollo vehicle. 
This booster is 42.1 meters (138 ft) long and has a diameter of 10,.1 
meters (33 ft). The basic structures of the S~IC are the thrust 
structure, fuel (RP-l) tank, intertank section, LOX tank, and the forward 
skirt. Attached to the thrust structure are the five F~l engines which 
produce a combined nominal sea level thrust of 33,850,000 Newtons 
(7,610,0001bf). Four of these e'ngines are spaced equidistantly about 
a 9.243 meters (30.33 ft) diamete~ ~ircle. The four outboard engines 
are attached so they have a gimbaling capability. Each outboard engine 
can move ina 5 degree, .9 mi nute square pattern to provi de pi tch, yaw, 
and roll control. The fifth engine is fixed mounted at the stage center­
line. In addition to supporting the engines, the thrust structure also 
provides support for the base heat shield, engine accessories, engine 
fairings and fins, propellant lines, retro motors, and environmental 
control duct.s. The intertank structure provides structural continuity 
between the LOX and fue 1 tanks, whi ch prov; de pr'ope 11 ant storage; and 
the forward skirt provides structural continuity with the 5-11 stage. 

Propellants are supplied to the engine turbopumps by 15 suction ducts: 
5 from the LOX tank, and 10 from the fuel tank. The fuel tank is a 
semimonocoque cylindrical structure closed at each end by an ellipsoidal 
bulkhead. Antislosh ring baffles are located on the inside wall of the 
tank, and an anti vortex cruciform baffle is located in the lower bulkhead 
area. The configuration of the LOX tank is basically the same with ~he 
exception of capacity. The LOX tank will provide storage for 1342 m 
(47,405 ft3) including ullage. The fuel tank will hold approximately 
827 m3 (29,221 ft3) including ullage. The mixture ratio between LOX and 
RP-l is appro~imately 2.27:1 (LOX to RP-l). 
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The LOX and fuel pressurization systems provide and maintain the Net 
Positive Suction Pressure (NPSP) required for the LOX and fuel turbopumps 
during engine start and flight. These systems also provide protection 
from high pressures which might occur in the LOX and fuel tanks. Before 
engine ignition, the LOX and fuel tanks are pressurized from a ground 
helium supply. During flight, LOX pressurization is accomplished by 
gaseous oxygen obtained by using F-l engine heat exchangers to convert oxy-
gen from liquid to gas. The fuel tank is pressurized by gaseous helium sup­

plied by helium bottles located in the LOX tank. The LOX and fuel feed sys­
tems contain LOX and fuel depletion sensors for purposes of outboard engine 
cutoff during flight. The inboard engine was cutoff by an IU signal on AS-S03. 

Eight solid propellant retro motors provide separation thrust after S-IC 

burnout. They are located inside the four outboard' engine fc-,irings and are 

attached externally to the thrust structure. The S-IC and S-II stages are 
severed by linear shaped charges, and the retro motors supply the 
necessary acceleration force to provide separation. Each retro motor 
is pi~lned securely to the vehicle support and pivot support fittings at 
an angle of 7.5 degrees from stage centerline. 

Additional systems on the S~IC include: 

a. The Environmental Control System (ECS) which protects the S~IC stage 
from temperature extremes, excessive humiditYJ and hazardous gas 
concentrations. 

b. The hydraulic system which distributes power to operate the engine 
valves and thrust vector control system. 

c. The pneumatic control pressure system which provides a pressurized 
nitrogen supply for command operations of various pneumatic valves, 
and a purge for TV camera lenses. 

d. The electrical system which distributes and controls the stage 
electrical power. 

e. The instrumentation system which monitors functional operation of 
the stage systems and provides signals for vehicle tracking during 
S-IC burn. 

f. The film camera system. 

g. The POGO suppression system. This system provides gaseous helium 
to a cavity in each of the LOX prevalves of the four outboard 
engine suction lines. These gas filled cavities act ,)S a "spring!! 
and serve to lower the natural frequency of the feed system and 
thereby prevent coupling between engine trH'"Ust oscillations and 
the first longitudinal mode of the vehicle structure. 
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The more significant configuration changes between AS~502 S~IC and 
AS~503 S-IC are shown in Table B~l. 

Table B-1. S-IC Significant Configuration Changes 

SYSTEM CHANGE REASON 

Propulsion Addition of POGO suppression To eliminate the POGO 
system. problem which occurred on 

'the AS-502 flight. 

Inboard engine cutoff commanded To prevent vehicle maximum 
by IU at 125 seconds. AS·502 acceleration from exceeding 
inboard engine cutoff was by 4.0 g's. 
LOX depletion at 145 seconds. 

Planned outboard engines cutoff LOX depletion cutoff is 
by LOX depletion. Fuel depletion the norma') mOde. Fuel 
cutoff was used for AS~502. depletion cutoff was used 

on AS-502 only to demonstrate 
the backup mode. 

Outboard engines canted 2 degree~ To reduce the effect of 
outboard at 20 seconds. thrust imbalance in the 

event an outboard engine 
prematurely shuts down. 

Electri cal Incorporated revisions to To eliminate ~3 critical 
provide redundancy in critical single point failure 
electrical circuitry. modes. 

Instrumentation Additional and improved T~ determine systems per-
instrumentation. fermance, to verify and 

establish corrective action 
for S-IC AS-502 flight 
anomalies, ~nd to further 
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thermal-insulation protection recurrence of S-IC AS~502 
for control pressure, camera flight anomalies during 
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B.3 S-II STAGE 

B.3.1 S-II Configuration 

The S-II stage shown in Figure B~3 provides second stage boost for the 
Saturn V launch vehicle. The S-II stage has a cylindrical structure, 
24.8 meters (81.5 ft) long and 10.1 meters (33 ft) in diameter. 
Propulsive power is provided by five J-2 engines with a combined 
nominal thrust of 5,004,249 Newtons (1,125,000 1bf) at an oxidizer to fuel 
ratio of 5.5:1. Jhe approximate weight of the stage is 40,098 kil~grams 
(-88,400) lbm} dry and 469,423 kilograms (1,034,900 lbm) fully loaded. 

The S-II airframe consists of a body shell struct~re, (forward and af.t 
skirt and interstage), a propellant tank structure, and a thrust 
structure. 

Each of the shell structure units are of basically the same construction 
consisting of a semimonocoque cylindrical shell fabricated from 7075 
aluminum a1';oy material. These units are stiffened by external hat .. 
section stringers and internal ring frames. These units provide 
structural continuity between adjacent stages. 

The thrust structure is a semimonoque conical shell which tapers from 
the stage diameter down to a 5.49 meter (18 ft) diameter. It is con­
structed in the same manrier as the skirt section and is fabricated from 
7075 aluminum alloy material. Four pairs of thrust 10ngerons (two at 
each outboard engine location) and a center engine support beam 
distribute the thrust loads of the five J-2 engines. A fiberglas 
honeycomb heat shield, supported from the lower portion of the thrust 
structure, protects the stage base area from excessive temperatures 
during S-II boost. 

Propellants are supp1ie~ to the J-2 engines from the LH2 and LOX tanks. 
The LH2 tank is a cylindrical shell with the ends closed by a forward 
elliptical ~ulkhead and an aft reversed elliptical bulkhead. The tank, 
17 meters (56 ft) long and 10.1 meters (33 ft) in diameter, has a 
capac; ty of 1069 m3 (37,737 ft3). The tank wa 11 ; s composed of s; x 
cylindrical sections which incorporate longitudinal and circumferential 
stiffeners. Wall sections and bulkheads are fabricated from 2014 aluminum 
alloy joined by fusion welding. The LOX tank is of ellipsoidal shape. 
It has a volume of 361 m3 (12,745 ft3). The tank is 7 meters (22 ft) 
long and 10.1 meters (33 ft) in diameter. The bottom of the fuel tank 
is common to both tanks and serves as the forward half of the ,LOX tank. 
This common bu1~head is a sandwich structure composed of aluminum facing 
sheets and a fiberglass/phenolic honeycomb core. The fore and aft halves 
of the LOX tank are formed from waffle-stiffened gore segments fabricated 
from 2014 a1uminum alloy. 
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The stage propulsion system consists of five single start J~2 engines 
utilizing LOX and LH2 for propellants. Each engine attains a nominal 
thrust of 1,000,851 Newtons (225,000 lbf) at an oxidizer to fuel ratio of 
5.5~1. The four outboard J-2 engines are mounted with gimbal bearings 
and hydraulic powered actuator rods to provide thrust vector control. 
The fifth engine is mounted on stage centerline and is not gimbaled. 

The J-2 engine is a high performance, high altitude engine employing 
a tubular wa1led, one-and-a~hajf pass, regeneratively cooled thrust 
chamber. Propellants are fed through two independently driven turbo­
pumps. The ratio of fuel to oxidizer is controlled by bypassing LOX 
from the discharge side of the oxidizer turbopump back to the inlet 
side through a Propellant Utilization (PU) valve. 

The propellant tanks are prepressurized from a ground regulated helium 
source prior to liftoff to provide the turbopump inlet pressure required 
for engine start. Prepressurization is terminated 30 seconds prior to 
liftoff for both tanks. During the engine burn period, the LOX tank is 
pressurized by flowing LOX through the heat exchanger in the oxidizer 
turbine exhaust duct and the LH2 tank is pressurized by GH2 from the 
thrust chamber fuel manifold. Both the LOX and LH2' propellant tanks 
have vent valves for over~pressure protection. 

1nflight separation of the S~1C/S-11 stages is accomplished by a dua1-
plane separation system. Both separation events are controlled by the 
flight program stored in the Launch Vehicle Digital Computer (LVDC) 
which ;s located in the 1U stage. First plane separation, occurring 
at vehicle station 39.73 meters (1564 in.), is initiated by an ordnance 
train. This train consists of an Explosive Bridge Wire (EBW) firing unit, 

an EBW detonator, and a linear shaped charge which severs the tension 
plates around the periphery of the stage at the separation plane. Four 
ullage motors on the S-11 stage are fired to provide a propellant settling 

force and retro motors on the S-1C stage are fired to provide positive 
separation of the two stages. Second plane separation occurs about 30 
seconds later at vehicle station 44.7 meters (1760 in.) using the same type 

of ordnance train. 

Additional systems on the S~11 stage include: 

a. The leak detection and insulation purge system detects hydrogen, 
oxygen, or nitrogen le~king into the LH2 tank insulation or LH2 
feedline elbows and provides a means for purging and diluting 
any leakage into the insulation prior to liftoff. 

b. The Environmental Contrtfll System (ECS) provides protection against 
hazardous gas concentrati on::; and also provi des temperature control 
in the engine compartment a~d equipment containers prior to liftoff. 

c. The pneumatic control ~ressure system provides the actuat~ng force 
for the prevalves, rec'rcul~tion valves, and propellant flll and 

drain valves. 
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d. The propellant utilization system is used for propellant management 
during propellant loading operations and S-II boost (flown open-loop 
on AS-503). 

e. The engine actuation system provides engine gimba11ng. The actuators, 
which are part of the engine actuation system, receive the gimbaling 
commands from the flight control system in the IU. 

f. The electrical system is used for supplying and distributing electrical 
power to the various systems. 

9. The Emergency Detection System (EDS) supplies engin~ mainstage thrust 
OK and LH2 ullage pressure signals to the IU and spacecraft, respectively. 

h. The engine preconditioning (recirculation) system which recirculates 

.II 

~ LOX and LH2 and provides LOX helium injection prior to S-II engine start. 

"~ 

• 
" 
t· . 

i. The data system is used for obtaining and transmitting data for stage 
performance evaluations. 

j. The propellant dispersion system is provided for range safety. 

k. The propellant feed system supplies propellants to the engines. 

1. The propellant level monitoring system uses liquid level monitor­
ing devices to provide propellant depletion cutoff signals to 
the engines and also provides backup propellant loading 
i nformati on. 

The recoverable separation camera system,. which was used on AS~SOl and 
AS-502 to provide visual data for second plane separation. has been 
deleted for AS-503 and subsequent vehicles. 

A structural change between this and previous S~II stages is the use of 
a "light weight" forward bulkhead for the LH2 tank. 

No new systems were added for AS-503. The significant S~II stage con­
figuration changes within systems are listed in Table B-2. 

B.4 S-IVB STAGE . -" 

B.4.1 S-IVB Configuration 

The S-IVB stage, as shown in Figure B-4. ;s a bi-prope11ant tank structure 
designed to withstand the loads and stresses incurred on the ground and 
during launch, preignition boost, ignition, and all flight phases. The 
S-IVB stage has nominal dimensions of 18.0 meters (59 ft) in length and 
6.6 meters (21.6 ft) in diameter. The basic airframe consists of the 
aft interstage, thrust structure, aft skirt, propellant tanks, and 
forward skirt. The aft interstage assembly provides the load supporting 
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Table B-2. 5-11 Significant Configuration Changes 

SYSTEM 

Propulsion 

Separation 

Instrumentation 

Structures 

CHANGE 

Replaced flexible hose sections 
in J-2 Augmented Spark Igniter 
(ASI) fuel and LOX lines with 
rigid, tubular lines. 

LH2 tank vent valves replaced 
by dual-setting vent valves. 

Propellant Utilization (PU) 
system to be operated "open 
loop. II Timed mixture ratio 
shifts \..,i11 be commanded by 
the LVDC. 

Engine and prevalve control 
circuits modified; engine 
electrical power removed 
when an emergency engine 
cutoff command is received 
and prevalves are inhibited 
from premature closure until 
thrust chamber pressure 
drops below 90 percent 
level. 

LOX sump baffle deleted 
and sump screen replaced 
with an inverted conical 
screen configuration of 
finer mesh. 

Separation cameras deleted 
from engine compartment. 

Timer No.3, which limits 
playback time, for onboard 
data tape recorder 
disconnected. 

LH2 forw6rd bulkhead changed 
to light weight configuratiol1. 

REASON 

Eliminated failure due 
to flow-induced vibrations 
in a vacuum environment. 

Reduce structural pressure 
loads during S-IC and S-II 
boost. . 

To minimize the effect on 
vehicle performance in case 
ofa PU malfunction. 

Insure proper response to 
an emergency engine cutoff 
command. 

Eliminates potential baffle 
failure and LOX fill 
contamination will be more 
effectively filtered by the 
finer mesh modification. 

Separa1:;ion clearances on 
previ O'IS fl i ghts were 
adequate. 

Insure that all data recorded 
during S-II separation, 
engine start, and engine 
cutoff will be played back. 

Weight saving. 

structure between the S-IVB stage and the S-11 stage. The thrust 
structure assembly is an inverted truncated cone attached at its large 
end to the aft dome of the LOX tank and at its small end to the engine 
mount. This structure provides support for engine piping, wiring and 
interface panels, ambient helium spheres, and some of the LOX tank and 
engine instrumentation. The aft skirt assembly is the load bearing 
structure between the LH2 tank and aft interstage. The propellant tank 
assembly consists of a cylindrical tank with a hemispherical shaped dome 
at each end. Contained within this assembly is a common bulkhead which 
separates the LOX and LH2. 
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The forward skirt assembly extends forward from the intersection of the 
LH2 tank sidewall and the forward dome providing a hard attach point 
for the IU. . 

The S-1VB is powered by one J-2 engine similar to those on the S-11 stage 
with the exceptions that the nominal thrust is 1,023,092 Newtons (230,000 lbf) 
at a 5.5 mixture ratio and the S-1VB J-2 engine has a restart capability. 
LOX is supplied to the engine by a 6 inch low pressure duct from the LOX 
tank. LH2. is supplied by a vacuum jacketed ';ow pressure 10 inch duct 
emanating from the LH2 tank. Prior to liftoff LH2 tank pressurization is 
provided by ground supplied helium. After S-1VB engine start, for both 
first and second burns, GH2 for LH2 tank pressurization is bled from the 
thrust chamber hydrogen injector manifold. D\Jring orbital coast (parking 
orbit), LOX and LH2 tank repressurization GHe storage spheres, attached 
to the thrust structure, and/or the 02/H2 burner using a cold helium sup-
ply are used to supply engine restart pressure requirements for second 
burn. This dual repressurization mode was' first incorporated on the AS-503 
flight. Prior to launch LOX tank pressurization is (~lso accomplished by 
a ground helium supply. During first and second burns GHe from storage 
spheres, located in the LH2 tank, is warmed by a heat exchanger to sup-
ply tank pressurization. 

Pitch and yaw control of the S-1VB is accomplished during powered flight 
by gimbaling the J-2 engine and roll control is provided by operating 
the Auxiliary Propulsion System, (APS). 

The APS provides three axis stage attitude control and main stage 
propellant control during coast flight. The ullage engines are 
necessary for the propellant seating which is required for engine 
restart. The APS modules are located on opposite sides of the S-1VB 
aft skirt at positions I and III. Each module contains its own oxidizer 
system, fuel system, and pressurization system. Nitrogen Tetroxide 
(N204) is used as the oxidizer and Monomethyl Hydrazine (MMH) is the 
fuel for these engines. 

Additional systems on the S-IVB are: 

a. The hydraulic system which gimbals the J-2 engine. 

b. Electrical system which supplies and distributes power to the 
various electrical components. 

c. Thermoconditioning system which thermally conditions the electrical/ 
electronic modules in the forward skirt area. 

d. Data acqulsition and telemetry system'which acquires and transmits 
data for stage evaluatio~. 

e. A set of ordnance systems used for rocket ignition, stage separation, 
ullage motor jettison and range safety. 
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The forward ski rt assemb.1y extends forward from the ; ntersecti on of the 
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spheres, located in the LH2 tank, is warmed by a heat exchanger to sup-
ply tank pressurization. 

Pitch and yaw control of the S-1VB is accomplished during powered flight 
by gimbaling the J-2 engine and roll control is provided by operating 
the Auxiliary Propulsion System, (APS). 

The APS provides three axis stage attitude control and main stage 
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necessary for the propellant seating which is required for engine 
restart. The APS modules are located on opposite sides of the S-1VB 
aft skirt at positions I and III. Each module contains its own oxidizer 
system, fuel system, and pressurization system. Nitrogen Tetroxide 
(N204) is used as the oxidizer and Monomethyl Hydraz;ne (MMH) is the 
fuel for these engines. 

Additional systems on the S-IVB are: 

a. The hydraulic system which gimbals the J-2 engine. 

b. Electrical system which supplies and distributes power to the 
various electrical components. 

c. Thermoconditioning system which thermally conditions the electrical/ 
electronic modules in the forward skirt area. 

d. Data acqulsition and telemetry system'which acquires and transmits 
data for stage eva1uatio~. 

e. A set of ordnance systems used for rocket ignition, stage separation, 
ullage motor jettison and range safety. 
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The more significant configuration changes between AS-502 S-IVB and 
AS-503 S-IVB are shown in Table B-3. 

Table B-3. S-IVB Significant Configuration Changes 

SYSTEM CHANGE 

Propulsion Dual repressurization system using: 
a. Cryogenic mode for repressurization 

of both the LOX and LHZ tank us ing 
the 02/HZ burner and cold helium. 

b. Ambient mode for repressurization 
using the ambient ·repress bottle. 

J-2 erlgfM ASI line. assemblies redesigned 
and replace:d w~~,h rigid tubing. 

Cold helium system conoseals changed to 
7075 aluminum/teflon. 

LH2 and LOX repressurization bottles and 
engine control bottle are manifolded 
together with check valves to limit the 
flow path. 

PU system to be operated "open loop". 

Addition of LOX tank nonpropulsive vent 
system. 

B.5 Instrument Unit (IU) 

B.5.1 ru Configuration 

REASON 

Provide repressurization system 
redundancy and checkout of cryogenic 
mode. 

Reduce the probability of failures 
due to flow induced vibration in a 
vacuum environment. 

Prevent S-IVB cold helium leakage. 

Assure adequate pl'essuri ng gas to the 
LH2 tank to satisfy NPSP requirements 
for second burn. and to provide addi-
tional pneumatic power to the engine 
valves for orbital safing. 

To minimize the effect of any PU 
malfunction. 

Improved attitude control during 
coast mode. 

The IU, as shown ;n Figure B-5, is basically a short cylinder fabricated 
from an aluminum alloy honeycomb sandwich material. The IU has a 
diameter of 6.Q meters (21.6 ft) and a length of 0.9 meter (3 ft). The 
cylinder is manufactured in three 120 degree segments which are joined by 
splice plates into an integral load bearing unit. The top and bottom 
edges of the cylinder are made from extruded aluminum channels bonded to 
the honeycomb sandwich material. Cold plates are attached to the interior 
of the cylinder which serve both as mounting structure and thennal 
conditioning units for the electrical/electronic equipment. 

Other systems included in the IU are: 

a. The Environmental Control System (ECS) which maintains an acceptable 
environment for the IU equipment. 

b. The electrical system which supplies and distributes electrical power 
to the various systems. 
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The more significant configuration changes between AS-S02 S-IVB and 
AS-S03 S-IVB are shown in Table B-3. 

Table B-3. S-IVB Significant Configuration Changes 

SYSTEM CHANGE 

Propulsion Dual repressurization system using: 
a. Cryogenic mode for repressurization 

of both the LOX and LHZ tank us ing 
the 02/HZ burner and cold helium. 

b. Ambient mode for repressurization 
using the ambient·repress bottle. 

J-2 erlgfM ASI line. assemblies redesigned 
and replace:d w~~,h rigid tubing. 

Cold helium system conoseals changed to 
7075 aluminum/teflon. 

LH2 and LOX repressurization bottles and 
engine control bottle are manifolded 
together with check valves to limit the 
flow path. 

PU system to be operated "open loop". 

Addition of LOX tank nonpropulsive vent 
system. 

B.5 Instrument Unit (IU) 

B.S.l ru Configuration 

REASON 

Provide repressurization system 
redundancy and checkout of cryogenic 
mode. 

Reduce the probability of failures 
due to flow induced vibration in a 
vacuum environment. 

Prevent S-IVB cold helium leakage. 

Assure adequate pl'essuri ng gas to the 
LH2 tank to satisfy NPSP requirements 
for second burn. and to provide addi-
tional pneumatic power to the engine 
valves for orbital safing. 

To minimize the effect of any PU 
malfunction. 

Improved attitude control during 
coast mode. 

The IU, as shown ;n Figure B-S, is basically a short cylinder fabricated 
from an aluminum alloy honeycomb sandwich material. The IU has a 
diameter of 6.Q meters (21.6 ft) and a length of 0.9 meter (3 ft). The 
cylinder is manufactured in three 120 degree segments which are joined by 
splice plates into an integral load bearing unit. The top and bottom 
edges of the cylinder are made from extruded aluminum channels bonded to 
the honeycomb sandwich material. Cold plates are attached to the interior 
of the cylinder which serve both as mounting structure and thennal 
conditioning units for the electrical/electronic equipment. 

Other systems included in the IU are: 

a. The Environmental Control System (ECS) which maintains an acceptable 
environment for the IU equipment. 

b. The electrical system which supplies and distributes electrical power 
to the various systems. 
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The 

The 

EDS which senses onboard emergency situations. 

navigation, guidance, and control system. 

e. The measurements and telemetry system which monitors and transmits 
signals to ground monitoring stations. 

f. The flight program which controls the LVDC from seconds before liftoff 
until the end of the launch vehicle mission. 

The more significant configuration changes between AS-502 IU and AS-503 
IU are shown in Table B-4. 

Table 8-4. IU Significant Configuration Changes 
- -

SYSTEM CHANGE REASON 

Fl ight Program Variable targeting calculations 
in beost initializ~tion added. 

Propellant Utilization system 
will be operated "open loop". 

Incorporated spacecraft commands 
for S-IVB early staging and S-IVB 
cutoff. 

Translunar injection burn can be 
, inhibited by spacecraft command. 

Logic incorporated to provide two 
restart opportwnities. 

Capability for a second S-IVB 
burn without the spacecraft 
included, 

~ll simplex computer operations 
were deleted. 

A redundant indication of 
guidance failure was added. 

Acquisition and loss of telemetry 
stations will be done on n~vigation 
calculations. 

Flight Control Flight Control CDmpute~ modified to To reduce the probability of 
Subsystem cant S-IC outbo~rd engines 2 structural damage resulting 

degrees outward from liftoff plus from outboard engine malfunc-
20 seconds to DECO, tions during S-IC burn phase. 

Filters added to the flight control To filter vehicle shell vibration 
computer attitude rate'spatial modes resulting in redu~ed 
channels . attitude error sensitivity. 

Electrical Addilion of circuitry in the EDS Provide two out of three voting 
Systems distril:>utor, logic to eliminate S~IC stage -

engine failure dUe to relay 
contact failure. 

Tracking Azusa System deleted. No longer required. 

£1 ectri ca1 Several Wiring changes to the EDS Added rfJlfabil fly for manned flight, 
System distributor. 
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c. The EDS which senses onboard emergency situations. 

d. The navigation, guidance, and control system. 

e. The measurements and telemetry system which monitors and transmits 
signals to ground monitoring stations. 

f. The flight program which controls the LVDC from seconds before liftoff 
until the end of the launch vehicle mission. 

The more significant configuration changes between AS-502 IU and AS-503 
IU are shown in Table B-4. 
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Translunar injection burn can be 
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restart opportwnities. 
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burn without the spacecraft 
included. 

~ll simplex computer operations 
were deleted. 

A redundant indication of 
guidance failure was added. 

Acquisition and loss of telemetry 
stations will be done on n~vigation 
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Flight Control Flight Control CDmpute~ modified to To reduce the probability of 
Subsystem cant S-IC outbo~rd engines 2 structural damage resulting 

degrees outward from liftoff plus from outboard engine malfunc-
20 seconds to DECO, tions during S-IC burn phase. 

Filters added to the flight control To filter vehicle shell vibration 
computer attitude rate'spatial modes resulting in redu~ed 
channels . attitude error sensitivity. 

Electrical Addilion of circuitry in the EDS Provide two out of three voting 
Systems distril:>utor, logic to eliminate S~IC stage -
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B.6 SPACECRAFT 

B.6.1 Spacecraft Configuration 

The Apollo 8 spacecraft and launch vehicle adapter. as shown in Figure 8-6, 
includE:!s a Launch Escape System (LES), a Comnand Module (CM). a Service 
Module (SM), a Spacecraft Lunar Module Adapter (SLA). and a Lunar Module 
Test Article (LTA). From the bottom of the SLA to the top of the LES. the 
spacecraft measures approximately 24.9 meters (81.8 ft). 

The LES is the fOYVIard most part of the Saturn V Apollo space vehicle. 
Basic configuration of the LES consists of an integral nose cone Q-ball, 
three rocket motors, a canard assembly~ a structural skirt, a titanium­
tube tower, and a boost protective cover. The purpose of the three 
rocket motors is tower jettison, escape~ and pitch control. The LES is 
jettisoned shortly after S-Il stage ignition in a normal flight. 

The CM is designed to accommodate the three astronauts. The eM is a 
conically shaped structure consisting of an inner pressure vessel (crew 
compartment) and an outer heat shield. The CM is approximately 3.39 
meters (11.15 ft) long. Aluminum honeycomb p~nels and aluminum longerons 
are used to form the pressure tight crew compartment. Stainless steel 
honeycomb covered wi th an ab·l ati ve materi ali s used to cons truct the 
outer heat shield. The unified side hatch is hinged to the vehicle and 
provides quick opening and improved egress/ingress capabilities. 

The SM 1s a cylindrical aluminum honeycomb shell with fore and aft 
aluminum honeycomb bulkheads. Six aluminum radial beams divide the SM 
into sectors. These beams have a triangular truss between the CM and SM 
with pads at the ap'ex to support the CM. The SM also houses the Service 
Propulsion System (SPS) which includes an engine and propellant tanks. 

The SLA is a simple truncated cone measuring approximately 8~5 meters 
(28.0 ft) long and having forward and aft diameter$ of 3.9 meters (12.83 
ft) and 6.6 meters (21.6 ft), respectively. There are four attachment 
points 1n the aft section of the SLA for the LTA. Th~ SLA is constructed 
in two sets of four panels. the panels being made from aluminum honeycomb 
At CSM/S-IVB separation the forward section panels are jettisoned by a 
mild detonating explosive train. 

The Lunar Test Article (LTA·B) simulated the mass of the lunar module as 
stowed in the adapter. This LTA weighed 9026 kilograms (19.900 lbm) and 
was instrumented about all axes for boost loads. 
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