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AS-203

By
Saturn Flight Evaluation Working Group
George C. Marshall Space Flight Center
(U) ABSTRACT

This report presents the results of the Early Engineering Evaluation
of A5-203, the second Saturn IB vehicle to be flight tested, The mission
of this flight was to evaluate the behavior and determine the character-
istics of LHp in orbit, The launch vehicle was launched from Kennedy
Space Center Launch Complex 37B at 0953:17 EST on July 5, 1966, After
1 hour 53 minutes and 17 seconds of countdown holds, the vehicle lifted
off and performed nearly nominal throughout the powered and orbital phases
of flight. No major system malfunctions were evidenced; however, some
deviations were encountered and are discussed in detail within this text,

CLAC-";IT?TCF'“O“ CRANGE
D /’-’,_’__,—-‘

L ."\E — '
UHOLRSSIEY o 7 T
Mo ) [ <, /Z[ PRTAA ’x
R SN Fep kT Lo NASA
By A [?»/”fz.//vd" T L Ly paatlons
cyo g S Ll e n Facility
Chre e s Tevonivd
geigavldiy R

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

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturmn Flight Evaluation Working Group
R-AERO-F (Phone 876-4575)



~CONPDENTAL

GEORGE C. MARSHALL SPACE FLIGHT CENTER

MPR-SAT-FE-66-12

RESULTS OF THE SECOND SATURN IB LAUNCH VEHICLE TEST FLIGHT (U)

AS-203

iT"-_'_""ﬂ'—-—-—-

ed at S yoar
s; declassified

——afban.l2 yeara -
OTE: This document containg afformation
cting the national def of the
Unit sates withig,ﬂ? meaning of the

Espionagé"ﬁ?w;gjﬂ’tle 18, i'SC, Sections
793 and 794 The transmission or the

revelagioh of its contents in any:-manner
togffh unauthorized person is prohibited
y law.

SATURN FLIGHT EVALUATION
WORKING GROUP

~SONMDENTIAL






1.0

2.0

3.0

4.0

5.0

6.0

7.0

(v
(V)

{(U) TABLE OF CONIENIS

Flight Test Summary ., .,
Introduction , ., . . .

Test Objectives . . « & + + = + + =
Launch Vehicle Primary Objectives
Launch Vehicle Secondary Objectives

Times of Events « « » o ¢ ¢ = « o =
Summary of Events « « « « + « & ¢ »
Sequence of Events (Powered Flight)

Launch Operations « + « + « = o« - =
SUMMAYY ¢ + o + o « & o ¢ « & s o =
Prelaunch Milestones =« « « « + + =
Countdown » « = » o o & & 4 & & » <
Propellant and Cold Helium Loading
5.4.1 RP-1 Loading ., ., . . . + . .
5.4.2 LOX Loading . . . . . . . .
5.4.3 LHp Loading ., , .
5.4.4 Cold Helium Loading
5.4.5

5.4,6

5.4.,7

5-1BR Stage Propellant Load ,
5-1VB Stage Propellant Load
Holddown . . . e v e e e e e e e
Ground Support Equlpment e e s e
Launch Facility Measurements . . .

Mass Characteristics . . . .+ « .
SUMMATY « ¢ » « = & » = o + + & o ¢
Mass Analysis . . . .« + « o . .

Center of Gravity and Moment of Inertla

TrajectoTy o« o o o « o o o o & o
S‘U_mmary s e & 8 4 e e % & & 2 e e

.

.

-

-

+

»

-

Analysis

.

Powered Flight Tracking Data Utilization

Powered Flight Trajectory Analysis

Orbital Tracking Data Utilization. . . .
Orbital Trajectory Analysis . . . . .+ .+ .

iiti

-

L3

*

Auxiliary Propulsion Sy;tém‘P}obeilént 1

. . - .

Page

(o))

o0 0

16
16
16
16
19
19
19
20
.20
20
21
24
24
24
26

27
27
27
28

38
38
38
40
48
48



8.0

3.0

10.0

11.0

12,0

(1)

O WD
o

(1)

10.1

10.2

(U)
1.1
11.2
11.3

(C)
12,1
12,2

(U) TABLE OF CONTENTS (CONT)

S-IB Propulsion . . + ¢ 4« ¢ 4 4+ ¢ 4 o .
SUMMATY « « o« o 4 o o v o o & v s v e o4 s
S-IB Propulsion Performance . , . . . . .
8.2,1 Stage Engine Performance . . ..
.2 Individual Engine Characterlstlcs.
B Propellant Utilization ., . . . . . .

B Pressurization Systems . . . . . . .
1 Fuel Pressurization System . . . .
.2 LOX Pressurization System . . . .
3 Control Pressurization System . .
amera Ejection System. « +« « + + « » . .

noooooowmoo
-L\I-‘-L\HHN

§-1IVB Propulsion and Associated Systems .,
SUMMATY =« o ¢ ¢ « o o o o s s o s e s s
S-IVB Propulsion Performance. . . . . . .
9.2.1 Engine Chilldown . . . . . . . . .
.2.2 Start Characteristics .+ . . . . .
.3 Mainstage Engine Analysis . . . .
.4 Cutoff Characteristics . . . . . .
Propellant Utilization . . . .« . .
Pressurization Systems . . . . . .
1 PFuel Pressurization System . . . .
.2 LOX Pressurization System . . . .
3 Auxiliary Pressurization Systems .

§-IVB Auxiliary Propulsion System (APS) .
SUummMary « « ¢ + o « ¢ s 2 e & s 4 s s s .
APS Performance . . . « + + v 4 + ¢ o+ .

.

10.2,.1 Propellant and Pressurization Systems

10.2.2 APS Motor Performance , , . . . .

Hydraulic System . . . ¢« & &+ + & & « o+ &
Summary .« s o+ o o S
S-IB Hydraulic Systems e e e s e e e
S-IVB Hydraulic Systems « . . . .+ . . . .

Guidance and Control . . . . . . . . . .
SUMMATY « - o o » « = s o o s o o o 4
System Description =+ « + « v + ¢ « o 4«
12,2,1 Changes for Saturn IB AS-203 ., .
12.2.2 Function and Hardware Description

12,2,3 Guidance and Navigation Scheme Descriptien

iv

Page

52
52
52
52
64
66
69
69
71
72
74

75
75
75
75
77
80
86
88
92
92
95
101

104
104
104
104
107

109
109
109
105

114
114
114
114
115
117



12.3

12.4

13.0 (V)
13.1
13.2

14,0 (V)
4.1
14.2
14.3
14,4

15.0 (U)
15.1
15.2
15.3

16,0 (U)
16.1
16,2
16.3
16.4
16.5
16.6
16.7
16.8

(U) TABLE OF CONTENTS (CONT)

Launch Vehicle Flight Control + + - « « « « &
12.3.1 §-IB Stage Contrcl Analysis » « » - =
12.3.2 S-IVB Stage Control Analysis . . . .
12.3.3 cControl During Orbit. . - « « « « « -
12.3.4 Control Component Analysis .« . . - -
12.3.4.1 Control Accelerometers . - -
12.3.4.2 Angle-of-Attack Sensor. - . -
12.3.4.3 Rate Gyros =+ s ¢ ¢ o ¢ o o
12.3.4.4 Actuator Performance « - <
Launch Vehicle Guidance « « + & = s + ¢ ¢ » o
12.4.1 Guidance Intelligence Errers « »+ - -

12.4.2 Guidance and Navigation Scheme Performance

Analysis o o = + o e e e e e o e o -

12.4.3 Guidance System Components Analysis -
12.4.3.1 LVDC/LVDA Analysis. - + « « -
12.4.3.2 ST-124M3 Stabilized Platform
AnalysiSe « o o o & o o o e

Separation « o s s e e o+ e 4 e e e e e = e e
SUMMALY « « o o s o » o o & « s o o o o o «
S-TIR/S-IVB Separation .« « + « o « = « = &+ =
13.2.1 Ullage Motor Performance « « .+ .+ . =
13.2.2 Retro Rocket Performance . « .+ .« « «
13,2.3 Separation Dynamics . « + ¢ « & « «

Vehicle Electrical Systems . « + « « « « « &
SUMMATY » o « + « o « ¢ + » « o s + o ¢ & o o
S-IB Stage Electrical System . . « . « . . -
S-IVB Stage Electrical System . . « « « » =«
Instrument Unit (IU) Electrical System . . .

Range Safety and Command Systems Performance
SUMMATY « « « « ¢ « « o = » » o & o o o o o =+
command Destruct Systems Performance, ., . . .
Instrument Unit Command System Performance, .

Emergency Detection System (EDS) Performance

SUMMATY « ¢ « + = o o = o« « 4 & ¢ o o o o o =
System Descriptione » o « o o o ¢ ¢« o o o o o
EDS Bus Voltage « « o« « &« ¢ » o = ¢ ¢ o ¢ o =
EDS Event Times « « « o « =« o o & o ¢ & o o ¢
Thrust OK Pressure Switches » « o ¢ « « « o
EDS Rate Gyros « + = = + o « s « + + o « « o
Q-Ball Differential Pressures : « » + ¢ ¢ ¢
Launch Vehicle Attitude Reference Monitoring

.

.

Page

118
118
128
137
141
141
141
141
144
148
148

151
154
154

155

157
157
157
157
157
162

168
168
168
170
173

178
178
178
179

180
180
180
183
184
184
188
188
188



17.0

18.0

19.0

()
17.1
17.2

17.3

17.4

17.5

(U)
18.1
18,2

18.3

18.4

(1)
19.1
19.2
19.3

(V) TABLE OF CONTENTS (CONT)

Structures « ® e e s @ 2 = & e ¢ s e v a4 @
Smmary . . - - . - - » . . . . . . Ll . . .
Total Vehicle Loads and Moments « « « « o

17.2.1
17.2.2
17.2.3
17.2.4

Longitudinal Leads « « « « « « .« &
Bending Moments + + + « « + & &+ o« .
Body Bending Oscillations « « =« +

Longitudinal Dynamic Analysis {Pogo)

5-IB Stage Analysis « ¢ « « « o « o « « « .

17.3.1
17.3.2
17.3.3

S-IB Fin Bending and Torsion . . .
S-1IB Stage Vibrations . . « « + «
H-1 Engine Vibrations . . . « + + .

S~IVB Stage Analysis .+ « ¢« & ¢+ 4 4 & & o @

17.4.1

S-IVB Vibrations . + . +« « « + « &«

17.4.2 J-2 Engine Vibrations . . . « + . .

17.4.3

S-IVB Internal Acoustics . . + . .

Instrument Unit Analysis .... « . . « . . .

17.5.1

Instrument Unit Viwvration. . . . .

17.5.1.1 Structural Measurements , .
17.5.1,2 Component Measurements . ,

Pressure and Thermal Environment . . . . .
SUMMAYY ¢ o ¢ o o o o o = « o o o o » o «
Vehicle Pressure and Acoustic Environment .

18,21
18.2.2
18.2.3
18.2.4
18,2.5
18,2,6
18,2.7

External Surface Pressures . . . .
External Acoustics ., . « &+ & &« «
S5-IB Stage Internal Pressures , . .
S-IB Stage Base Pressures , . . . .
S-IB/S-IVB Interstage Environment .
§-IVB Stage Internal Pressure . . ,
Instrument Unit Pressures « v s .

Vehicle Thermal Environment . . . + « . . .

18.3.1
18,3.2
18,3.3
18.3.4

Instrument Unit Environmental Control Systems

18.4.1
18.4,2

S-IB Stage Aerodynamic Heating . .
S-IVB Stage Aerodynamic Heating , .
S-1B Stage Base Thermal Environment
Instrument Unit Temperatures . . .

Thermal Conditioning System (TCS) .
Gas Bearing Supply System (GBSS) .

Aerodynamics .+ . . . ¢ ¢« s 4 4 4 e 4 e .
SUMMATLY & v 4 ¢ ¢« & & & ¢ 4 o o e o e e w
Fin Surface Pressures . . . « « +» o« o « o .

Drag .

. . - . . L) L S . > & L) ¢ =

vi

Page

192
192
192
192
192
196
196
200
200
200
200
200
200
207
210
212
212
212
212

214
214
214
214
219
226
229
229
229
233
233
233
236
242
256
256
256
260

261
261
261
261



20,0

21,0

(V)
20.1
20.2

20,3
20.4

20.5

20.6

(0)
21.1
21,2

21.3

21.4

(U) TABLE OF CONTENTS (CONT)

Instrumentation « « ¢ o ¢ o ¢
SUMMATY « » » « ¢ « » ¢ = =« = = ¢
Vehicle Measuring Analysis - + -

20,2.1 S-IB Stage Measuring Analysis

20.2.2 S-1IVB Measuring Analysis
20.2.3 11U Measuring Analysis. .
Airborne Telemetry Systems . . -
Airborne Tape Recorders + « «
20.4,1 S-IB Recorder s+ « + + =
20.4.2 S-IVB Recorder « « ¢ -« -
20.4.3 Instrument Unit Recorder
RF Systems Analysis .« ¢ « =« « < =
20.5.1 Telemetry =« « ¢ + ¢ « »
20.5.2 Onboard Television - <« -
20.5.3 Tracking « - » « = = - -
Optical Instrumentation. . . .« .
20.6.1 Ground Cameras . . .+ « =
20.6.2 Onboard Cameras. . . .«

LHy Orbital Experiment . . . . .
SUMMATY o &+ o o » o s « & o « & =«
System Description . . « « « . -
21.2.1 Hardware Description . .

-

. e + *

21.2.2 Orbital Experiment Scheme and Description .
System Analysis. . ¢ o o ¢ o o 4 e o e s e 0. e
21.3.1 Continucus and Non-Propulsive Vent Systems .
21.3.2 1LOX Ullage Thrusting System. . . « . « - . .

21.3.3 Restart Systems. . . o «

21.3.3.1 TFuel Repressurization System
21.3.3.2 Fuel Recirculation Chilldown System.
21.3.3.3 Fuel Lead During Simulated Restart .
21.3.3.4 TFuel Anti-Vortex Screen.
21.3.3.5 LOX Recirculation Chilldown System .

21.3.3.6 FEngine Start Tank and Control
21.3.3.7 Cold Helium Bottles.

-

21.3.4 Stage Pneumatic Control System . . .
LHy Orbital Experiment Evaluation. . .

21.4.1 Propellant Control . . .
21,4,2 J-2 Engine Chilldown . .
21.4.3 Pressure Rise Test . . .

vii

.

-

.

-

L] *

. « o s

- » s .

Bottles

Page

265
265

265
265

268
272
272

274
274
274
275
275
276
276
278
283
283
283

285
285
285
285
287
292
292
299
302
302
302
306
311
311
316
316
320
320
320
325
334



(U) TABLE OF CONTENTS (CONC)
Page

22,0 (U) Subcritical Cryogenic Nitrogen Experiment . . . . . . 337
R T . & ¥
22,2 System Description . . . . . . . . . . . . . . . . . 337
22,3 System Operation and Performance , ., . . . . . . . . 337

23,0 (U) Summary of Malfunctions and Deviations ., ., . . . . . 340
23,1 SUMMATY 4 4 4 4 4 4 s e e e e e e e e e e e e . . . 340
23,2 Systems Malfunctions and Deviations ., . . . . . . . . 340

Appendix A (U) Vehicle Description . ., . . . . v v v « o + « . 343
ALl Summary . . . . . 4 b e e e e e e e e e e e e e e .. 343
A2 S-IB SEABE . v 4 4 4 4 4 4 s 4 b s e e e e e e e . . 343

A,2,1 §-IB Configuration , . . . . . . . . . . . . . 343
A.2,2 §-1IB-3 Configuration Differences ., ., , , . . . 346
A3 S-IVB SEAZE . & & v v v v v 4 e e e e e e e e e e .. 349
A.3,1 S-IVB Configuration ., ., . . . . . . . . . . . 349
A,3,2 S§-IVB-203 Configuration Differences ., . . . . 351
A4 Imstrument Unit . . . . . . . . v & 4 4 « o « « + « . 2355
A.4.1 1IU Configuration . . . . + & 4 4 « o + 4 . . . 1355
A.4.2 1U-203 Configuration Differences . . . . . . . 355
ALS Nose COME 4 4 v v &+ 4 4 4o o o « o = o & o o o o o« « « 359
A.5,1 ©Nose Cone Configuration . . , . . + . . . . . 1359
A.5.2 Nose Cone Configuration Differences ., ., ., . . 359

Appendix B (U) Atmospheric Summary . . . . & + & . o 4 4 . . . 361

B.1 Introeduction . ¢ . v 4 i v v i 4t 4w e e . .. . 361
B.2 General Atmospheric Conditions at Launch Time . . . . 361
B.3 Surface Observations at Launch Time . ., . . . . . . . 361
B.4 Upper ALr Measurements ., , . v v & = v o « v o o » . 361
B.5 Thermodynamic Data . . . . v v 4 4 4 & « 4 o « « . . 2365
B.6 Compatrison of Wind Data with Previous Saturn Launches 372

References . . . & & v v 4 v o v 4 4 et e e e e e e e e u .. 1375

Approval . . . . . L L L . L e e s e e e e e e e u e ... 376

viii



(U) LIST OF FIGURES

Figure Page
5-1 Fuel Density (Launch Complex 37 Storage) =« « « » « « » » 22
6-1 Vehicle Mass, Center of Gravity, and Mass Moments

of Inertia During S-IB Stage Powered Flight .« . . . . 34
6-2 vVehicle Mass, Center of Gravity, and Mass Moments

of Inertia during S-IVB Stage Powered Flight , , . , ., 35
S-IB and S-IVB Trajectories. , . . o« o « o o o « o o » o 41
Earth-Fixed VeloCity . . . v v v o o o o « o o o = « . . 42
Total Inertial Acceleration =« « « « + = o s o » « o + « 43
Mach Number and Dynamic Pressure . « « « « « + « « » + o 45
Booster Trajectory Ground Track « « + « o « « « « o « o« 47
§-IB Individual Engine and Stage Thrust Buildup. . . . . 55
S-IB Stage Longitudinal Thrust and Specific Impulse. . . 56
§-IB Stage Propellant Mixture Ratio and Flowrate . . . . 57
S-IB Stage LOX & Tuel Flowrates and LOX Density. . . - 58
§-IB Longitudinal Engine Thrust and Effective Force. . . 61
S-IB Inboard and Outboard Engine Thrust Decay. « « . . » 63
individual Engine Performance Parameters . « . » « o . « 65
Fuel Depletion Times and Propellant Levels . « « « . . « 68
Fuel Tank Ullage and Helium Sphere Pressures - « - - . . 70

0 LOX Pressurization System Characteristics. . « « « « « . 73
Engine Chilldown - Thrust Chamber and Manifold
Temperatures.....................76

1 ] ] 1 t 3 ]

1

WO 0000 00 000000 00 000 00~~~ ~~)
]
H R LYW ERWLWNPEWLE W

9-2 S-IVB Thrust Buildup « « + =« &« = s s+ « + + s o ¢ o o - « 78
9-3 S-IVB Start Transient - Chamber Pressure and MOV

Positj_on.....--...---.....-.-..79
9-4 MOV Enviromnment and Fuel Turbine Inlet Temperature . . . 81
9.5 S-IVB Steady State Operation « « « « &« ¢ o & ¢ =« ¢ « . = 85
9-6 S-TVB Thrust and Chamber Pressure Cutoff Transient . . . 87
9-7 A§-203 Ignition and Cutoff Mass. « « « « ¢« « » « « « « . 90
9-8 Overall LOX and LH, Sensor Non-Linearities . . . . . . . 91
9-9 LHy Tank Pressurization System Performance . « » « . . 93
9-10 LH, Pump Conditions « « « « « « o o o o @ o o o o 0 .. 96
9-11 Propellant Pumps Inlet Start Requirements . « « . « - - 97
9-12 LOX Tank Pressurization System Performance + . + . « . . 98
9-13 LOX Pump Conditions - « « « « o« « o ¢ o o o+ « o » . . 100
9-14 Pneumatic Control and Purge System Performance . . . . . 102
10-1 APS Oxidizer and Fuel Consumption. « « « « + « « + . . . 106
10-2 APS Total Impulse , . . . . . . & ¢ & « o o o o o + . . . 108
11-1 Hydraulic 0il Pressure, Level, and Temperatures

(S-IB SEAZE) v v v v o o o o o o s s v o 0 o v o o . o110
11-2 S-IVB Hydraulic Fluid Temperature and Level, . . . . . . 113
12-1 Guidance and Control System Block Diagram, , , . . . . ., 116
12-2 Attitude Error S§-IB Powered Flight . . . . . . . . . . . 119
12-3 Angular Rate Gyros S-IB Powered Flight . . . « . « . . . 120

ix



Figure

12-4
12-5
12-6

12-7

12-8

12-9

12-10
12-11
12-12
12-13
12-14
12-15
12-16
12-17
12-18

12-19
12-20

13-1
13-2
13-3
13-4
13-5
13-6
13-7
14-1
14-2

14-3

14-4
14-5
14-6
16-1
16-2
16-3
16-4
17-1
17-2
17-3

(U) LIST OF FIGURES (CONT)

S-IB Average Actuator Positions =+ *
8-IB Stage Command Angles .+ « + « .

O

- . @ . s . @

- L] . s L} -

Pitch Plane Wind Velocity and Free Stream

Angle-of-Attack « « « + ¢« « + .« .

Yaw Plane Wind Velocity and Free Stream

Angle-of-Attack .+ +« « « o« + + .+ &
Slosh During S-IB Powered Flight . .

.

.

»

-

. e . . ¢« o »

* e . - « & .

. . . L} s

Attitude Errors During 5-1VB Powered Flight . . . . .

Angular Rate Gyros - S-IVB Powered Flight

Actuator Position S-IVB .« « » « « .
5-IVB Stage Command Angles . « . «
S-IVB LHy Slosh . o « ¢ o ¢ &« o o &
LHy Slosh at S-IVB Engine Cutoff . .
APS Operation in Orbit . « . « . . .
LHy Slosh During Orbit . . . . « . .
Pitch and Yaw Control Accelerometers

Q-Ball and Flight Simulation Free Stream

Angles-of-Attack « « & + & « & o
Oscillations After Ignition . . . .

.

-

.

. = . - * * s

(C) Guidance Velocity Comparisons (Reference

Trajectory-Guidance) « « « « + «
S-IVRE Ullage Motor Performance . . .
Typical Retro Rocket Thrust .« . . .
Separation Sequence of Events . . .
S-IVB Separation Distance . . . . .

-

S-IVB Relative Velocity and Longitudinal

S-IVB Attitude During Separation . .
Separation Angular Velocities . . .
S-IB Stage Current and Voltage . . .

*

S-IVB Battery Voltage and Current During

Flight . . « . ¢ « o o ¢« o « .+

*

S-IVB Battery Voltage and Current During

Period L] - L] - . - - - . L] . - - L]
Battery Voltages and Currents . . .
Battery Temperature =« . « ¢ « « o &

6D51 Bus Voltage Envelope and Regulation
Emergency Detection System General Block

AS8-203 EDS Functional Diagram . . .
EDS Rate Gyro Qutput « « « « o « « &
Q-Ball Dpifferential Pressures . . .

Vehicle Longitudinal Force Distribution

.

s e @ e e =
. . ) a » .
. . & = . ¢ a2
. e . . e s

e« o s . . . o

Powered
Orbital
Requirements
Diagram . » .

L - - . e .

Longitudinal l.oad (from Strain Data at Sta, 23.9 m) .

Vehicle Bending Moment . - « - .+ . .

Page

121
123

124

126
127
129
130
131
133
136
138
139
140
142

143
145

149
158
161
163
164
165
166
167
169

171

172
175
176
177
181
182
189
190
193
194
195



(U) LIST OF FIGURES (CONT)

Figure
17-4 Vehicle Bending Modes = + + « & « « = ¢ o ¢ o o = =
17-5 Vehicle Bending Amplitudes « + « » = ¢ = = « « « « °
17-6 Fin Bending and Torsion Modes =« « « ¢ » « ¢ o < ¢ @
17-7 §_-TIB Structure Vibration Envelopes « « ¢ « + ¢ o ¢ o
17-8 S-IB Component Vibration Envelopes + + <« + =« +« ¢ = =
17-9 H-1 Engine Vibration Envelopes « +» « » ¢ ¢ + ¢ » « =
17-10 S-IVB Vibration Envelopes » = ¢ « ¢ = ¢ ¢ ¢ o = ¢ =
17-11 S-1IVB Internal Acoustics and Turbopump Vibration . .
17-12 instrument Unit Vibration Envelopes =+ ¢ ¢ » « ¢ » =
18-1 Pressure on Tanks and 60° Fairing =~ ¢ ¢ * » = = +
18-2 S-IVB Forward Skirt Pressure Coefficients =+ » - -« -
18-3 S-IVB Aft Skirt Pressure Coefficients = « = =« -« + =
18-4 LH, Feedline and APS Fairing Pressure Differentials
18-5 Nose Shroud and IU Surface Pressure Coefficients - -
18-6 TU and Nose Shroud Pressure Differentials . . . . .
18-7 H-1 Engine Noise Environment at Liftoff . . . . . .
18-8 Overall Sound Pressure Levels at Various Vehicle
LOoCAtiONS o+ o ¢ o 4 o 5 s o o o o o o ¢« = & s @ s
18-9 Unsteady Shock Wave Pressure Spectrum . « « « » + =
18-10 S-IB Stage Base Internal and Differential Pressures
18-11 $-1B Stage Base Pressures « » + s o » &+ o o o & & o,

18-12 §-IB Stage Base and S-IB/S-IVB Interstage Pressures
18-13 $-IVB Forward and Aft Compartment Pressure
Differential = » o & s ¢ ¢ o o o o & o o & & e o
18-14 IU Compartment, Forward Compartment, and IU
Component Pressures « ¢ « « = « « o o & o o o o+ =
18-15 Typical S-IB Thermal Environment and Tail Shroud
Temperatures « » o o o s + + & ¢ o s = o 2 ¢ s o+ =
18-16 Forward Skirt Skin and LH, Tank Temperatures . . . .
18-17 §-IVB Aft Skirt Skin and APS Fairing Temperatures .
18-18 Forward Skirt Heat Flux and APS 1II Fairing
TemperatUTes « s s o o = o ¢ o o ¢ o o & & o = o
18-19 Heat Shield Outer Region Thermal Enviromment . . . .

18-20 Heat Shield Inner Region Thermal Environment . . . .
18-21 Heat Shield Skin and Honeycomb Thermal Enviromment .
18-22 Flame Shield Thermal Environment . . +. « & « &« « & &
18-23 Typical Flame Shield Region Thermal Environments . .
18-24 Turbine Exhaust Thermal Environment . . . « . . . .
18-25 Outboard Engine Aspirator Thermal Environment . . .
18-26 Fin Trailing Edge Thermal Environment . . . . . . -
18-27 Variation in Outboard Engine Plume Infra-red Spectra

With Altitude s & & 8 & * B € 2 9 % e s & s & a =
18-28 10 Inner Skin Temperatures During Boost and Orbital
Flight e 2 o ® & * = w 8 8 B = ¥ s a2 & s = = = s 2

xi

Page

167
158
201
202
203
205
208
211
213
215
217
218
220
221
222
224

225
227
228
230
231

232
234

235
237
239

240
243
244
246
248
249
251
252
253

255

257



Figure

18-29
18-30
19-1
19-2
19-3
20-1
20-2
20-3
20-4
20-5
21-1

21-2
21-3
21-4
21-5
21-6

21-7

21-8

21-9

21-10
21-11
21-12
21-13
21-14
21-15
21-16
21-17
21-18
21-19
21-20
21-21
21-22
21-23
21-24
21-25
21-26
21-27
21-28
21-29
21-30
21-31

(U) LIST OF FIGURES (CONT)

IU Component Temperatures . » o « « » ¢ o
Envirommental Control System QOperation .
Fin 5 Differential Pressure Coefficients
Fin 7 Differential Pressure Coefficients
Base Drag and Axial Force Coefficients -«
Quality Meter Calibration Curve . . « « .
Overall Telemetry Coverage « « « « « o« =«
Ground Station Tracking Coverage . . . -
Orbital Radar Coverage .« « « « & « + o+ &

Azusa/GLOTRAC Antenna Gain and Signal Level

S-IVB-203 Stage Versus S-IVB-201 Stage Configuration
Differences and Vehicle Station Location

Continuous Vent System .« « « » « + « . &
LOX Ullage Thrusting System . . . . . .

§-1VB-203 LH; Tank Television Installation

LHy Experiment Orbit Events « « + « + +

Heat Input to LHp and Ullage Gas (as Determlned

from CVS Performance) « « « -« « + + « &
LHy Tank Pressure .« « « + « ¢ « & « o & &

Cumulative Mass Flow for CV and NPV Systems

Continuous Vent System Line Pressure .« .
Vehicle Acceleration QOscillations « » .
Vehicle Acceleration « « ¢ ¢ ¢ « « « « &
NPV System Tank Blowdown - « « « « « + &
LOX Tank Pressure « s + s o« o o o o = o 4

LH; Tank Repressurization System Performance

LH; Restart Chilldown « « « o s o & 4 &« =
LHy Restart Chilldown Temperatures . . .
LH, Unpressurized Chilldown « » » « « « &
LH, Unpressurized Chilldown Temperatures
Fuel Lead Performance « « s « o ¢ « &+ « =
Fuel Lead Conditions =« ¢ o o o & o + « &

L]

*

Anti-Vortex Screen Performance - lst Chilldown
Anti-Vortex Screen Performance - 2nd Chilldown

LOX Restart Chilldown System Temperatures
LOX Restart Chilldown « - « « « & ¢ « o« &
Engine Start Sphere Conditions « « . . &
Engine Pneumatic Control Sphere . . . .
Cold Helium Sphere Conditions « « « « . &
Stage Pneumatic Control System .+ + « . .
Sketch of LHy Tank Showing Deflected Wave
5-IVB J-2 Engine Chilldown System - - . »

.

-

Conditions of LHy at Fuel Pump Inlet - lst Chilldown

xii

Page

258
259
262
263
264
270
277
279
280
282

286
288
289
290
291

283
294
295
296
297
298
300
301
303
304
305
307
308
309
310
312
313
314
315
317
318
319
321
324
326
329



Figure

21-32
21-33
21-34
21-35

21-36

b= e =

PO T B B B ]
[WORN. N3 o |

—

W ? [== e e e
1
(€ WS R N olis MR T &

=~
1
(o)

[w+)
L]
~l

(U) LIST OF FIGURES (CONC)

Conditions of LOX Prior to Prevalve Opening o « « « ¢ ¢
LH, Temperature at Fuel Pump Inlet - Second Chilldown -
Postflight Predicted Engine Tube Temperature Variations
Hydrogen Tank Ullage Temperature Profiles During Tank

Pressure Rise Experiment o « « « o « ¢ o @ o s 0 oo
LHp and LOX Ullage Pressures puring the Pressure

Rise TeSt . . o o « o o o o o o & o ¢ o 2 o ® o = ¢ .
Storage and Supply System « « o ¢+ o o e e e e e e
AS-203 configuration. e 8 & s s & 8 s 2 s e s & 3+ o
S-TB SLage + + = o = & = o e s e e e e e T
Q_TUR Stage « + + o + ¢ ¢ o & 2 o ¢ o = 0 P I
Instrument Unit Layout and Antennae Orientation « . &
Instrument Unit Components Layout « « ¢ ¢ ¢ ¢« o o = -
Nose Cone (Upper Portion) =« « « ¢ ¢ = = o ¢ ¢ o ¢ = = ¢
AS-203 Scalar Launch Wind « « « « « = ¢ o+ 0 > o o v =
AS-203 Launch Time Wind Direction + « « « o = o o =
AS-203 Launch Time Pitch Wind Component (W) o o o o e
AS-203 Launch Time Yaw Wind Component (Wgde o o o o o
AS-203 Launch Time Pitch (Sy) and Yaw (5,)

Component Wind Shears . « o« « « o o o o o o o 0 o = -
Relative Deviation of AS5-203 Temperature and Density

from PAFB (63) Reference Atmosphere . . . . . . - .
Relative Deviation of Pressure and Absolute Deviation

of the Index of Refraction from the PAFB (63)

Reference Atmosphere, AS-203. . « + o « = s o ¢ » « =

xiii

Page

330
332
333

335

336
338
344
345
350
356
357
360
364
366
367
368

369

370

371



Table

1 ]
=
—

1

1

wous o un S
1
= e e
el
pend

5-1V

(U) LIST OF TABLES

AS-203 Event Times Summary « . -

AS-203 Sequence of Events--Powered Flight
AS-203 Seyuence of Events--Orbital Flight

A8-203 Prelaunch Milestones -+ -
Countdown Lost Time Summary . .

AS-203 S-IB Stage Propellant Weights at

Ignition Command « + « +« + «

AS5-203 S-TVB Stage Propellant Weights at

Ignition Command « « « + + « .

.

(C) Flight Sequence Mass Summary

{C) Vehicle Masses , ., , . .

(C) Mass Characteristics Comparlson

Data Utilization « « « + « « . .
Insertion Conditions « . . . . .
Velocity Gains (m/s) . . . . . .
Cutoff Conditions . . . . . ., ,
Significant Events . . . . . . .
AS-203 C-Band Tracking Summary .
AS-203 Orbital Parameters . . .

AS-203 Orbital Tracking Data Utlllzatlon

Engine Start Characteristics . .

Average S-1B Stage Propulsion Parameters

Velocity Deviation Analysis . .
Time Deviaticn Analysis . . . .
Propellant Utilization - e e s

Cutoff Probe Activation Characteristics

MOV Opening Times . . + « + . .

S-IVB Propulsion System Performance

.

.

»

.

-

.

*

*

*

-

L3

S-IVBE Mainstage Performance - Flight Variables

Flight Simulation Parameter Differences

S§-IVE Propellant Mass History .
APS Propellant Consumption . . .,
Hydraulic System Parameters

Maximum Control Parameters . . .

-

APS Event Summary - Powered Flight . .

5-IB Actuator Maximum Performance Data

S-IVB Actuator Maximum Parameters

-

.

-

.

{C) Guidance Inertial Velocity Comparison

(C) Guidance Comparisons at $-IVB Cutoff
(C) Guidance Comparison at Orbital Insertion

Ullage Rocket Performance . . .
Retro Rocket Performance s e .
Telemetered EDS Signals . . . .

.

.

-

Switch Selector Functions Pertinent to EDS .

Xiv

.

Page

10
14
17
18

23

25
29
30
36
38

39
40

44
46
49
50
51
54
60
59
62
66
69
80
83
84
86
89
105
11t
122
134
147
147
150
152
153
159
160
185
186



Table

16-111

17-1
17-11
17-111
17-1v

17-v
18-1

20-1
20-11
20-111
20-1V
23-1
B-1
B-11
B-II11
B-1V

{(U) LIST OF TABLES { CONC)

gwitch Actuation Times and Pressures fov S-1IB & 5-IVB

Thrust OK Pressure Quitches « « » + ¢ ¢ ¢« « ¢ & * =
Longitudinal Response Frequencies « « = =« * = *~
g.IB Vibration Summary: - - <« ¢ ¢ = * ¢t ot 7

5-1VB Vibration Summary <« * * - . e e e e
10X Turbopump Vibration Durlng Fllght and

Acceptance Firing - -« * - B T A B
§-1VB-201 Thrust and LOX Turbopump Speed Versus

vibration (¥light) . -« - - O A
AS-203 APS Component Temperatures (Module 2) First

Three Qrbits R S e e .
Measurement Malfunctions » « « » = « ¢« = = * ° = °

AS-203 Launch Vehicle Telemetry System Descriptien -
$-IVB Antenna Characteristics at Separatlon - e .

Data Acquisition Egquipment = -+ = R
Summary of Malfunctions and Deviations - - -+ °
gurface Observations at AS-203 Launch Time + - - <+ *

Systems Used to Measure Upper Air Wind Data - - + ¢
Maximum Wind Speed in High Dynamic Pressure Region
Extreme Wind Shear in High Dynamic Pressure Region -

p.4Y

Page

187

199
204
206

209

209

241
266
273
275
278
341
362

363
373
374



Abbreviation

APD
ABS
AS
AGC
AGCS
APS
CG
CIF
CW
CM
CSM
CSP
CCF
CCwW
Cco
DOM
DDAS
ELS
EST
ETR
EPS
ESE
EDS
EMR
EMRC
ESC
ECS
ETW
EBW
FRR
GFCV
GBI
GTI
GSE
GRR
IECO
IGM
LC
LCC
LES
LET
LV

(U) ABBREVIATIONS

Adapter Positioning Device
Air Bearing Supply System
Apollo-Saturn

Automatic Gain Control
Automatic Ground Control Station
Auxiliary Propulsion System
Center of Gravity

Central Information Facility
Clockwise

Command Module

Command Service Module
Control Signal Processor
Converter Compressor Facility
Counterclockwise

Cutoff

Data Output Multiplexer
Digital Data Acquisition System
Earth Landing System
Eastern Standard Time
Eastern Test Range
Electrical Power System
Electrical Support Equipment
Emergency Detection System
Engine Mixture Ratio

Engiern Mixture Ratio Change
Engine Start Command
Environmental Contreol System
Error Time Words

Exploding Bridge Wire

Flight Readiness Review

GOX Flow Control Valve

Grand Bahama Island

Grand Turk Island

Ground Support Equipment
Guidance Reference Release
inboard Engine Cutotr
Iterative Guidance Mode
Launch Complex

Launch Control Center
Launch Escape System

Launch Escape Tower

Launch Vehicle

xvi



Abbreviation

LVDA
LVDC
MOV
MILA
MI
NPSP
NC
NO
OECO
QASPL
PACPS
PSD
PCD
PTCS
PU
PCM
PDM
RCS
RMR
RMRC
RDSM
RMS
SA
SM
SPS
SSB
sV
S/C or SC
SCS
SLA
SMCX
SCO
5SS

T/C
F/M
TOPS

VCO
VSWR

(0

ABBREVIATIONS (CONC)

Launch Vehicle Data Adapter
Launch Vehicle Digital Computer
Main Oxidizer Valve

Merritt Island Launch Area
Mineral Insulation

Net Positive Suction Pressure
Normally Closed

Normally Open

Qutboard Engine Cutoff
Overall Sound Pressure Level
Platform AC Power Supply
Power Spectral Density
Pressure Control Device
Propellant Tanking Computer System
Propellant Utilization

Pulse Code Modulation

Pulse Duration Modulation
Reaction Control System
Reference Mixture Ratio
Reference Mixture Ratio Change
Remote Digital Submultiplexer
Root Mean Square

Saturn

Service Module

Service Propulsion System
Single Side Band

Space Vehicle

Spacecraft

Spacecraft Control System
Spacecraft LEM Adapter

Steering Misalignment Correction Term

Sub Carrier Oscillators
Switch Selector

Telemetry

Thrust Chamber

Thrust/Mass

Thrust OK Pressure Switches
Universal Time

Vehicle Carrier Oscillators
Visual Standing Wave Ratio

xvii



CONVERSTION FACTORS TO
INTERNATIONAL SYSTEM OF UNITS OF 1960

Parameter Multiply By To Obtain
acceleration ft/s? 3.048x10" ! (exact) m/s?
area in2 6.4516x10°% (exact) m?
barometer pressure mb 1.00x10"2 (exact) N/ cm?
density 1bm/ £t3 1.6018463x10% kg/m3
energy Btu 1.0543503x103 (thermal chem,) watt-s

mass b s/ft 4,5359237x10° 1 (exact) kg/s
flow Rate
volume | gpm 6.30901064x10" 7 m3/s

force ib 4.448221615 N (Newton)
heating rate Btu/ft2-s 1.1348931 {(thermal chemical) watt/cm?
impulse Ib-s 4.,448221615 N-s

ft 3.048x10-1 (exact) m
length

in 2.54x10"2 (exact) m
mass b s2/ft 4.5359237x10" ! (exact) kg

1b-ft 1.355817948 N-m
moment

1b-in 1.12984829x10"1 N-m
moment of inertia 1b-ft-g? 1.355817948 kg-m2
power Btu/hr 2.9287508x10"% kw

1b/in? 6.894757293x10" L N/ em?
pressure 5

1b/ft 4.788025898x10°3 N/ cm?
specific weight b/ 1.57087468x102 N/m3

OF#459.67 | 5.555555556x10° 1 oK
temperature

Oc+273,15 1.00 °x

ft/s 3.048x10-1 (exact) m/s
velocity

knot# 5. 146444404x1071 m/s

£t3 2,8316846592x10°2 (exact) m3
vo Llume

gallon % | 3,785411784x10"3 (exact) w3

Note: g, = 9,80665 m/s? (exact)
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MPR-SAT-FE-66-12

RESULTS OF THE SECOND SATURN 1B LAUNCH VEHICLE TEST FLIGHT
AS-203

1.0 (u) FLIGHT TEST SUMMARY

Saturn IB Space Vehicle AS-203, second of the Saturn 1B series
vehicles, was launched at 0953:17 EST on July 5, 1966, The flight test
was the second in a series of R&D test flights, The primary objective
of the flight was to conduct the S-IVB LH, experiment, which utilized
the S-TVB/V stage design. Other important objectives were: toO demon-
strate the launch vehicle guidance operation, to establish the launch
vehicle environment, and to conduct the MSC subcritical cryogenic
experiment, All flight objectives were successfully accomplished,

AS-203 was launched from Launch Complex 37B at Cape Kennedy, Florida,
after holds totaling 1 hr, 53 min, 17 sec, caused principally by loss
of signal from TV camera number 2, intended for use in the §-1VB LH,
experiment, The launch terminal countdown had proceeded satisfactorily,
with no major problems requiring holds, until T-15 minutes, when loss
of signal from TV camera 2 was indicated. All ensuing holds resulted
from efforts to regain signal from this camera, with the exception of
one 2 min hold called to verify Bermuda radar,

The AS-203 vehicle was launched on an azimuth of 90 deg east of
north and was rolled into the proper flight azimuth of 72 deg east of
north. The actual trajectory of AS5-203 was somewhat higher than nominal.
The space-fixed velocity was 0.6 m/s lower than nominal at S5-IVB cutoff,
At S8-IVB cutoff, the altitude was 0.12 km higher than nominal and the
range was 6.93 km shorter than nominal, The S-IVB payload at orbital
insertion (S-IVB cutoff + 10 sec) had a space-fixed velocity 0.8 m/s
higher than nominal, yielding a perigee altitude of 185.2 km and an
apogee altitude of 187.3 km. The orbital period was 88,21 minutes.

The propulsion system performed satisfactorily throughout flight.
The $-IB stage thrust, specific impulse, and propellant flowrate were
1.55%, 0.98%, and 0.56% higher than predicted, respectively. Inboard
engine cutoff occurred 1,20 sec earlier than predicted. Outboard engine
cutoff occurred 3.44 sec after inboard engine cutoff as compared to a
scheduled 3.0 seconds. S-IVB stage thrust was 0.37% higher than predicted,
specific impulse was 0.12% lower than predicted, and weight loss rate was
0.50% higher than predicted. Engine cutoff occurred at 433,35 sec, 2.90
sec earlier than predicted. The S-IVB stage PU system was flown in open
loop with an average mixture ratio of 4.95 to 1 throughout flight. All
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mechanical systems on the §-IB and S-IVB stages functioned properly,
except that the fuel recirculation chilldown shutoff valve (S-1VB)
failed to close after engipe start command,

In general, the performance of the guidance and control system was
satisfactory. The performance of the computer flight program was nominal.
The boost navigation and guidance schemes were executed properly, . and
terminal conditions were within expected tolerances. All orbital guid-
ance operations were as expected, The control system functioned properly,
No excessive body rates were observed, and no instabilities were detected,
The maximum values for the parameters of attitude error and angle-of-
attack, observed near the maximum dynamic region, were: attitude errors
of 1.1 deg in pitch, -0.9 deg in yaw, and 0.6 deg in roll; and angle-
of-attack of -1.3 deg in pitch and 1.3 deg in yaw. The most significant
deviations from predicted control trmsients occurred during S-IB/S-IVB
separation and guidance initiation.

The Auxiliary Propulsion System (APS) provided roll control during
S-IVB powered flight and attitude control during orbital flight. Approxi-
mately 1% of the available propellants was required for control during
powered flight. At the end of the mission, approximately 29,5% of the
APS propellants was consumed. The APS performed effectively during
S5-IVB powered flight and orbital flight,

S-IB/S-IVB separation was accomplished as planned and the sequence
was executed within the desired time period, Separation transients were
small and within the design requirements.

The vehicle electrical systems performed satisfactorily throughout
flight, All current, voltages, and temperatures were within the opera-
ting specifications. The range safety and command systems were operable
thiroughout flighet,

The launch vehicle emergency detection system (EDS) functioned
properly in that no false abort signals were generated. This system
was again flown in open-loop as on AS$-201. Manual/EDS cutoff was armed
at the right time by the switch selector, The cutoff enable backup
timer also functioned properly, Thrust indications were proper through-
out powered flight, and two or more §-IB engines-out were indicated at
S-IB inboard engine cutoff, The redundant Q-ball operated satisfac-
torily, There were no guidance failure indications. There were no
overrate switch closures, and the auto-abort bus was not energized, The
noise that appeared on the EDS angular rate sensors on AS-201 was ade-
quately filtered on A§-203,

A structural analysis of AS-203 indicates that all structural com-
ponents performed satisfactorily, The vehicle loads and bending moments
were well below their limit design values. There was no indication
that Pogo occurred. 1In general, the vibrations on AS-203 were as



expected; however, the J-2 engine LOX turbopump vibration level was
the highest recorded in flight test or static test. No structural fail-
ure or degradation in pump performance was apparent.

The pressure and thermal environment of the flight was in general
agreement with predictions, However, the flame shield pressure was
approximately 1.4 N/cm2 above the prediction, but below the design limit,
The temperatures were consistently lower than expected, These exceptions
are attributed to the rerouting of the turbine exhaust.

The IU envirommental contrecl systems appeared to operate satisfac-
torily during powered flight., During the orbital coast period, the
methanol/water temperature dropped below the 288.15°K control point and
continued a downward trend to 284.82°K over Bermuda during the fourth
orbit. This indicated that component heat dissipation was lower than
expected and/or thermal losses from the envirommental control system
and components were greater than expected,

The measurement evaluation on AS-203 revealed that 98.8% of the
1434 measurements, active at liftoff, performed satisfactorily, A total
of 17 measurements failed during flight. Performance of the RF telemetry
system was as expected, Performance of the tracking systems was good,
except that the Azusa/GLOTRAC overall coverage was poor. The secure
command system and range safety decoder operated satisfactorily.

Thirty-six of the 70 engineering sequential cameras provided good
quality coverage. The 12 tracking cameras provided good coverage. An
unidentified falling particle was seen by two up-range cameras in the
same field of view as the vehicle at about 96 seconds. Both onboard
cameras, viewing the separation sequence, were ejected successfully;
however, only one camera capsule was recovered, TV coverage for the LHjp
experiment was very good, even though only one of the two scheduled TV
cameras was operational at liftoff,

The LH, orbital experiments verified the adequacy of the LH, ullage
pressure thrusting system under general conditions approaching those of
a Saturn'V orbital flight, Directly pertinent to Saturn V development
were the evaluations of propellant control at J-2 cutoff, propellant
control during continuous venting, restart systems, and bottle storage
characteristics. During orbital insertion, LH; was sitccessfully controlled
by LOX ullage thrusting and by tank baffles and deflectors. Control of
the propellant in an essentially settled condition during this criticsl
phase allowed the continuous vent system to maintain the propellant in
position during orbital coast.



The J-2 engine restart systems and operations--including fuel
repressurization, fuel recirculation chilldown, fuel lead during simulated
restart, fuel anti-vortex screen, LOX recirculation chilldown, and storage
bottles--functioned satisfactorily in general and gave confidence that
restart of the J-2 engine under Saturn V conditions will be successful,

The pressure rise test provided valuable knowledge of the thermo-
dynamic and heat transfer characteristics of the LHp tank, The indi-
cated pressure rise rate was greater than expected,

The subcritical cryogenic nitrogen storage experiment, flown on
AS5-203 for MSC to demonstrate the feasibility of the subceritical cryogenic
storage and delivery systems in a low "g" environment, was conducted
satisfactorily and all objectives were met,



2.0 (U) INTRODUCTION

This report presents the results of the early engineering evalua-

tion of AS-203, the second Saturn IB launch vehicle flight-tested., The
evaluation is centered on the performance of the major vehicle system,
with special emphasis on malfunctions and deviations,

This report is published by the Saturn Flight Evaluation Working
Group-- composed of representatives of Marshall Space Flight Center,
John F. Kennedy Space Center, and MSFC's prime contractors-- and in
cooperation with 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
Chrysler Corporation Space Division
Douglas Aircraft Company
International Business Machines Corporation
Rocketdyne Division of North American Aviation
The official MSFC position at this time is represented by this
report, It will not be followed by a similar report unless continued
analysis or new evidence should prove the conclusions presented herein
to be significantly incorrect. Final stage evaluation reports will,

however, be published by the stage contractors. Reports covering major
subjects and special subjects will be published as required.



3.0 (U) TEST OBJECTIVES
3.1 LAUNCH VEHICLE PRIMARY OBJECTIVES
The launch vehicle primary objectives were as follows:
1. Evaluate the S-IVB LH, continuous venting system.
2, Evaluate S-IVB engine chilldown and recirculation system,

Specifically

Evaluate the J-2 engine LHy chilldown and recirculation system,
and ullage requirements for simulated engine restart.

3. Determine S-IVB tank fluid dynamics,

Specifically

Determine cryogenic ligquid/vapor interface configuration and
fluid dynamics of propellants in near zero-g environment,

4., Determine heat transfer into liquid hydrogen through tank wall
and obtain data required for propellant thermodynamic model,

S. Evaluate the $-IVB and IU checkout in orbit,

6. Demonstrate orbital operation of the launch vehicle attitude
control and thermal control systems,

Specifically

a., Demonstrate the S-TIVB auxiliary propulsion system operation
and evaluate performance parameters,

b. Demonstrate the adequacy of the S-IVB/IU thermal control
system,

7. Demonstrate the ability of the launch vehicle guidance to insert
a payload into orbit,

Specifically

Demonstrate the launch vehicle guidance system operation,
achieve guidance cutoff, and determine system accuracy.



8. Demonstrate the operational structure of the launch vehicle,

Specifically

Demonstrate the structural integrity of the launch vehicle
dynamic characteristics.

9, Demonstrate the mission support facilities and operations
required for launch and mission conduct.

3.2 TLAUNCH VEHICLE SECONDARY OBJECTIVES
The launch vehicle secondary objectives were as follows:
1. Evaluate the launch vehicle powered flight external environment,
2, Verify the launch vehicle sequencing system operation,
3. Fvaluate performance of the EDS in an open loop configuration.
4, Evaluate separation of §5-IVB/I1U/Nosecone from S-IB.

S. Verify the launch vehicle propulsion systems' operation and
evaluate system performance parameters.

6. Evaluate the MSC subcritical cryogenic experiment,



4.0 (U) TIMES OF EVENTS

4.1 SUMMARY OF EVENTS

Table 4-7 presents a summary of event times, obtained from per-
formance analysis of launch vehicle AS-203. Event times generally were
quite close to prediction, The most significant deviations from predicted
shown in the table are IECO and S-IVB cutoff. Causes of these time
deviations are discussed in detail in Sections 8,0 and 9,0 of this report.

4,2 SEQUENCE OF EVENTS (POWERED FLIGHT)

Range zero was 1453:17 UT and liftoff occurred 0.86 sec later or
at 1453:17.86 UT. Guidance Reference Release (GRR) would be expected at
-4 .4 sec range time (time from range zero). Guidance Reference Release
actually occurred at ~4.485 seconds. First motion of the vehicle
occurred at 0,6 sec range time.

Switch selectors in the S-IB stage, S5-IVB stage, and Instrument
Unit provided programmed event sequencing for the vehicle. The Launch
Vehicle Digital Computer (LVDC) provided programmed input to the appro-
priate switch selector. 1If a switch selector malfunction had occurred,
a complement address would have been sent to the switch selector, thereby
providing redundancy. The analysis indicated that no output resulted

from complement addresses to the switch selector; hence, the operation was
normal,

Table 4-1T1 lists the switch selector event times through powered
flight, The nominal time bases in range time were established as
follows:

Liftoff = Time Base 1 = 0,86 sec

Propellant Level Sense = Time Base 2 136,27 sec

Qutboard Engine Cutoff = Time Base 3 = 142,68 sec
S-IVB Engine Out Interrupt = Time Base 4 = 433,56 sec

The orbital event times are presented in Table 4-I11.



TABLE 4-1

AS-203 EVENT TIMES SUMMARY

Range Time (sec)

Event Actual Act-Pred

First Motion D.63 -

Liftoff 0.86 0.03
Start Pitch/Roll 12.2 1.4

End Roll 30.1 1.3

Enable Engines EDS Cutoff 60,82 -0.01
Stop Pitch 133.9 -0.73
Low Level Sense (LLS) 136,27 -1.17
1ECO 139,24 -1,20
OECC 142,68 -0.76
S-TB/S-IVB Separation 143,44 -0.80
$-IVB Start Command 144,89 -0.83
Start IGM 158.49 0.86
Command Panel Separation 174,85 -0.79
$-IVB Cutoff 433,35 -2.90
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TABLE 4-11

AS-203 SEQUENCE OF EVENTS~--POWERED FLIGHT

Range Time |{Time From Base (sec)

Function Stage {sec) Actual Nominal
Liftoff Start of Time Base 1 (Tl) 0,86 0,0 0.0
Auto-Abort Enable Relays Reset 1U 5,83 4,97 5.0
Multiple Engine Cutoff Enable S-1IB 10.87 10.0 10.0
S-1B Telemeter Calibrate On S-1B 25,82 24,6 25.0
Telemeter Calibrator Inflight Calibrate 1U 27.81 26,95 27.0
LOX Tank Relief Control Valve Enable S-1B 30.82 29.96 30.0
§-1B Telemeter Calibrate Off S-1IB 31,03 30.17 30,2
Telemeter Calibrator Stop Inflight Calibrate 1U 32.83 31,97 32.0
Tape Recorder Record On §-1B 39,82 38.96 39.0
Enable Launch Vehicle Engines EDS Cutoff iv 60,82 59.96 60.0
Flight Control Computer Switch Point 1 Iu 61,03 60.17 60.2
Flight Contrel Computer Switch Point 2 1U 90,84 89.98 90.0
Telemeter Calibrator Inflight Calibrate iv 91.01 90.15 80,2
Telemeter Calibrator Stop Inflight Calibrate 1U 96,01 95,15 95.2
$-IB Telemeter Calibrate On S-1B 120,62 1159.76 119.8
Flight Control Computer Switch Point 3 U 120,83 119.97 120.0
Control Accelerometer Power Off Iu 121.01 120,15 120.2
Telemeter Calibrate Off S-18 125,61 124,75 124.8
Special Calibration Relays On S-IVB 128,33 127.47 127.5
Regular Calibraticn Relays On §-IVB 128,51 127,65 127.7
Special Galibration Relays Off S-IVB 133.31 132.45 132.7
Special Calibration Relays Off S5-IV 133.52 132,66 132,7
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Table 4-I1 (Cont)

Range Time |Time From Base(sec

Function Stage (sec) Actual | Nominal
Excessive Rate (Y,P or R) Auto-abort Inhibit v 134.83 133,97 134.0
Enable
Excessive Rate (Y,P or R) Auto-Abort Inhibit U 135.01 134.15 134,2
S-1B Two Engine Out Auto-Abort Imhibit U 135,21 134.35 134.4
g-IB Two Engine Qut Auto-Abort Inhibit S-1B 135,43 134,57 134.6
Enable Propellant Level Sensors S-1B 135.61 134,75 134.8
Propellant Level Sensor Actuation-Start of S-IB 136,27 0.0 0.0
Time Base 2 (T3)
1U Tape Recorder Record On iu 136,83 0.56 0.6
Fast Record On S-1VB 137,05 0.78 0.8
Cameras Start S-IB 138.63 2.36 2.4
Inboard Engines Cutoff 5-1B 139,24 2.97 3.0
Charge Ullage Ignition On S-1VB 139.62 3.35 3.4
Q-Ball Power Off 1U 140,23 3.96 4.0
Prevalves Closed Off S-IVB 140,53 4,26 4.3
LOX Depletion Cutoff Enable S-1B 140.74 4,47 4.5
Fuel Depletion Cutoff Enable S-1B 141.73 5.46 5.5
§-IB Outboard Engines CO-Start of Time Base 3 5-1B 142,68 .0
(T3)
Engine Cutoff Off S-1IVB 143.05 0.37 0.4
Fire Ullage Ignition On 5-1VB 143,23 0.55 0.6
S-1B/S-IVB Separation On 5-1B *143, 44 g 0.8
Flight Control Computer S-IVB Burn Mode On iu *143,68 g 1.0
Engine Ready Bypass S-IVB *143,88 2‘ 1.2
Engine Start Interlock Bypass On S-1VB *144,08 '% 1.4
Fuel Chilldown Pump Off S-IVE | *144.28 e 1.6

¥Estimated Times
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Table 4-I1 (Cont)

Range Time [Fime From Base (sec
Function Stage (sec) Actual Nominal
LOX Chilldown Pump Qff S-1IVB %144, 48 1.8
Chilldown Shutoff Valves Close On S-1VB *144 .68 § 2.0 |-
J-2 Engine Start On 5-1VB *144, 89 ? 2.2
PEDS Arming of §-TVB Eng. Press, Switches U *145,08 ;‘ 2.4
J-2 Engine Start Off S-1IVB *145,38 % 2.7
LOX Tank Flight Pressure System On S-1IVB *145,68 E 3.0
Fuel Injection Temperature OK Bypass 5-1VB *145, 88 3.2
Engine Start Interlock Bypass Off S-IVE 151.73 9.05 9.1
Cherge Ullage Jettison On S-1IVB 152,34 G, 66 9.7
Fmergency Playback Enable On S-1IVB 154.55 11.87 11.9
Fast Record Off S-1IVB 154,73 12,05 12,1
Fire Ullage Jettison On $-1VB 155.43 12.75 12.8
Ullage Charging Reset 5-1IVB 157,23 14,55 14.6
Ullage Firing Reset S-1VB 157.43 14,75 14,8
1U Tape Recorder Record Off 10 166,25 23,57 23,6
Tetemeter Calibrator Inflight Calibrate U 169,63 26.95 27,0
Emergency Plavback Enable QOff S-IVB 171.83 29,15 29,2
Telemeter CalibratérStop Inflight Calibrate 1vU 174.64 31,96 32,0
Panel Separation iU 174.85 32,17 32,2
Water Coolant Valve QOpen U 179.85 37.17 37.2
Engine Burning Relay 1 On S-1IVB 224 .84 82.16 82.2
Telemeter Calibrator Inflight Calibrate iU 349,82 207,15 207.2
Regular Calibration Relays On S5-1IVB 353.93 211,25 211.3
Telemeter Calibrator Stop Inflight Calibrate 1y 354,83 212.15 212,2
Regular Calibration Relays Off S-1VB 358,95 216,27 216,3

*Fstimated Times



Table 4-II {(Conc)
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Range Time

Time From Base(sec)

Function Stage (sec) Actual | Nominal
Telemeter Calibrator Imflight Calibrate 1U 411.25 268,57 268.6
Telemeter Calibrator Stop Inflight Calibrate 1iv 416,24 273,56 273.6
Point Level Sensor Arming §-1VB 420,35 277.67 277.7
J-2 Engine Cutoff S-1VB 433,35 290.66 293.6
start of Time Base & (Ty) S-1VB 433,56 0.0 0.0
LOX Ullage Thrust Control Valve Open On 5-1IVB 433,77 0.1 0.2
Prevalves Close On §-1VB 434,01 0.45 0,5
Point Level Semsor Disarming S-IVB 434 .22 0.66 0.7
Coast Period On 5-1VB 434 43 0.87 0.9
LOX Tank Flight Pressure System off 5-1VB 434,61 1.05 1.1
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TABLE 4-111

AS-203 SEQUENCE OF EVENTS--ORBITAL FLIGHT

Range Time [ime From Base(sec)

Function Stage hr:min:sec Actual Nominal
Start of Time Base 4 (Tﬁ) S-IVB 0:07:13,56 0.0 0.0
LOX Ullage Thrust Control Valve Open On S-1IVB 0:07:13,77 0,21 0.2
Prevalves Close On S-TVB | 0:07:14,01 0.45 0.5
Coast Period On S-IVB | 0:07:14.43 0,87 0.9
LOX Tank Flight Pressure System Off 5-1IVB 0:07:14.61 1.05 1.1
Command LH; Tank Cont. Vent Valve QOpen On §-1VB 0:08:08.71 55,15 55,2
LOX Ullage Thrust Contrel Valve Close On S-1vs 0:08:33,71 80,15 80.2
Low "G'" Experiment On IU 0:08:34,71 8l1.15 81,2
LOX Ullage Thrust Control Valve Open On S-1VB 1:31:59,01 |}5085.45 5085,5
LH; Tank Continuous Vent Valve Close On S-1VB 1:32:20,01 |[5106.45 | 5106.5
LH, Repress Control Valve Open On S-IVB 1:32:21,11 |[5107.55 5107.6
10X Chilldown Pump On S-IVB 1:32:43,11 §5129.55 5129.6
Fuel Chilldown Pump On S-IVR |[*1:32:45.2 5131.6
Prevalves Close On S-1VB 1:32:55,11 |5141,55 5141.6
Fuel Chilldown Pump Qff S-IVB |*1:38:07.2 5453.6
LOX Chilldown Pump Off S-IVB [*1:38:07.4 5453.8
Auxiliary Hydraulic Pump On S-IVB |*1:38:07.6 5454 ,0
Engine Start On S-IVB |*1:38:13.4 5459.8
LH7 Tank Continuous Vent Valve Open On §-IVB |*1:38:24.7 5471.1
Engine Cutoff On S-IVB |#1:38:25.9 5472,3
Auxiliary Hydraulic Pump Off S-IVB |[*1:38:26,1 5472.5
LOX Ullage Thrust Control Valve Close On S-IVB [*1:38:51.1 5497.5
Fuel Chilldown Pump On 5-IVB {*3:01:25,7 10452, 1

*Estimated Times
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Range Time |Time From Base(sec)

Function Stage hr:min: sec Actual | Nominal
Prevalves Close On s-1vB | %*3:01:35.7 10462.1
Fuel Chilldown Pump Off §-IVB | *3:06:47.7 10774.1
LH, Tank Continuous Vent Valve Close On S-IVB 3.07:17.71 | 10804,15 | 10804.2
10X Ullage Thrust control Valve Open On 5-IVB 4:12:20.52 | 11106,96 | 11107.0
LH, Tank Continuous Vent Valve Open On S-1IVB 3:13:59,23 | 11205,67 | 11205.7
LOX Ullage Thrust Control Valve Close On S-1VB 3:14:23.22 | 11229.66 | 11229.7
10X Ullage Thrust Control Valve Open On S-IVB 3.58:14,01 | 13860.45 [ 13860.5
LH, Tank Non-Propulsive Vent Valve Open On §-1IVB 3.58:15.01 | 13861.45 | 13861.5
LH, Tank Non-Propulsive Vent Valve Close On S-1VB 4:01:18.01 | 14044 ,45 | 14044.5
10X Ullage Thrust Control valve Close On S-IVB 4:01:24.01 | 14050.45 | 14050.5
LH, Tank Non-Propulsive Vent Valve Open On S-1IVB 4:37:56,01 | 16242.45 | 16242.5
L, Tank Non-Propulsive Vent Valve Clese On S-IVB 4:39:29.01 | 16335.45 | 16335.5
LH, Tank Non-Propulsive Vent Valve Open On 5-1VB 4:42+56,01 | 16542,45 | 16542.5
»LHZ Tank Non-Propulsive Vent Valve Close On 5-1VB 4:44:29,01 | 16635,45 | 16635.5
10X Ullage Thrust Control Valve Open On S-IVB 4:44:32.01 | 1663845 | 16638.5
LH, Tank Continuous Vent Valve Close On S-1VB 4:44:52,01 | 16658.45 | 16658.5

*Estimated Times
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5.0 (U) LAUNCH OPERATIONS
5.1 SUMMARY

Apollo/Saturn vehicle AS-203, second of the Saturn IB vehicles,
was launched from Launch Complex 37B at Cape Kennedy, At launch time,
the winds were light from the west and northwest, and the visibility
was about 16 km with a few scattered clouds (See Appendix B.)

The final countdown was picked up at T-1130:00 at 2030 EST on July
4, 1966, and proceeded, with no major preblems requiring holds, until
T-15 min at 0745 EST on July 5, 1966, At this time, the S5-IVB LH,
experimental television camera 2 indicated loss of signal, After a short
hold, the countdown proceeded to T-5 min, when a hold was again called
because of television camera 2, The decision was made to launch with
only camera 1. The countdown was recycled to T-15 min and was resumed
at 0936:17 EST. A two-min hold was called at T-3 min to verify Bermuda
radar, and liftoff occurred at 0953:17 EST without further incident,
A total time delay of 1 hr 53 min 17 sec resulted from the holds,

All launch support equipment functioned satisfactorily and the
launch control measurements indicated nominal operation of the vehicle
and support systems, Following the launch, an agssessment of damage
indicated the general condition of the facility to be nominal, if not
better than on previous launches,

5.2 PRELAUNCH MILESTONES

A chronological summary of events and preparations leading to the
launch of A§-203 is shown in Table 5-I,

3.3 COUNTDOWN

Part II of the countdown was picked up at 2030 EST on
Monday, July 4, 1966. The Part I portion was deleted since all prepara-
tions for launch were made during the countdown demonstration test on
July 1, 1966. At T-1059, approximately 2103 EST, a count clock problem
occurred causing erroneous minus time indication. The clock was checked
and reset without 2 hold being called. At approximately T-0808, a fuel
seepage was detected at fuel pump inlet 2; however, the seepage was
very small and launching was recommended without a fix, No hold was
called, It should be noted that this problem is not related to the 8 to
10 cm”per hour fuel leak which occurred on engine 4 main fuel wvalve
during CDDT RP-1 loading, This leak was also waived. At approximately
T-0457, 0304 EST, a fuel spillage was noted at the fuel mast., Digital
Events Evaluator (DEE) - 3 records indicated that the fuel fill and drain
valve had been opened for 5 min at this time. Investigation revealed
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TABLE 5-1 AS-203 PRELAUNCH MILESTONES

Event

§-1B Stage arrived at KSC via barge "Promise" and was
of f-1oaded and moved into hangar AF on this date.

Installation of three horizontal fins on S5-IB stage completed.
S-1B Stage erected on Launch Complex LC-37B,

Fin installation completed on S-IB Stage.

$-IVB Stage erected,

I1U Erected,

Nose Cone erected.

Vehicle Mechanical and Propulsion checkout started.

Launch vehicle electrical mate accomplished.

Initial power applied to the 5-IB Stage,

Initial power applied to the IU.

Tnirial power applied to the 8-IVB Stage.

Launch Vehicle Switch Selector functional.

Propellant Dispersion Test accomplished.

Launch Vehicle completed full pressure test.

Launch Vehicle LOX Simulate and Malfunction Test accomplished.
RP-1 Simulate and Malfunction Test accomplished.

LOX and LHy Loading Test accomplished.

Launch Vehicle Flight Sequencer Exploding Bridge Wire (EBW)
Test completed,

Launch Vehicle Sequencer Malfunction Test completed.
Launch Vehicle Plugs In Overall Test No. 1 accomplished.
taunch Vehicle Plugs In Overall Test No. 2 accomplished,
Launch Vehicle Plugs Out Overall Test completed.

Launch Vehicle Ordeance Installation completed.

Space Vehicle Flight Sequence Test completed.

Flight Readiness Test completed.

Commenced RP-1 Tanking operations.

S-1VB Stage Auxiliary Propulsion System {APS) load and
fire accomplished.

Countdown Demonstration Test (Part 1) completed.
Countdown Demonstration Test (Part 1I) completed.

Launch Countdown for AS-203 picked up at 2030 EST this
date at T-11 hours and 30 minutes.

LAUNCH
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that the vacuum break check valve was not seated, allowing fuel to run
out the mast, The check valve was removed and foreign matter was found
holding the valve open. 1t was cleaned and replaced and the leak was
stopped. No hold was called,

At T-0221, approximately 0504 EST, the Bermuda station reported out,
No hold was called,

The count continued to T-15 min, at 0745 EST, when a2 hold was called
because the LH, TV camera 2 failed to transmit a picture and in order
to complete checks scheduled for completion prier te T-15 minutes,

The count was resumed at 0756:30 EST and continued to T-5 min, when
a hold was called for the same TV camera. The decision was made to launch
with only camera 1, with the stipulation that camera 1 was mandatory to
T-3 sec and that the ground commanded alternate sequence No. 3 would be
ordered over Bermuda in the event that camera 1 subsequently failed,
The alternate sequence No. 3 would have used LOX ullage venting to ensure
that the LH, was seated, to provide a reference for the LH, experiment,

The countdown was resumed at 0936:17 EST and continued to T-3 min
when a two-min hold was called to verify Bermuda station radar, The
Bermuda station cleared and the count continued without recycle with
liftoff occurring at 0953:17 EST.

Table 5-I1 is a summary of the terminal countdown showing the major
problems encountered and the resulting lost time,

TABLE 5-I1 COUNTDOWN LOST TIME SUMMARY

Lost time due to unscheduled holds and recycle was as follows:

Countdown
Time Lost Time
T-15 12 min 40 sec Hold to complete checks scheduled prior
to T-15 and to investigate LHy TV camera
2 failure to transmit a picture.
T-5 88 min 37 sec Hold for further investigation of TV
camera 2 failure,
10 min Recycle to T-15 in the countdown,
T-3 2 min Hold to verify Bermuda radar,
Total Lost

Time 113 min 17 sec
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5.4 TPROPELLANT AND COLD HELIUM LOADING
5.4,1 RP-1 LOADING

Initial tanking of RP-1 for launch was accomplished on June 28, 1966.
Other preparations were made during the countdown demonstration test
(CDDT) on July 1, 1966, During Part II of the countdown, fuel seepages
were noted at T-0808 and T-0457 as reported (see Section 5,3), Control
functions that were performed for the launch of A5-203 are outlined below.

At T-1 hour, the propellant tanking computer system (PTCS) was set
at 8841, based for a projected RP-1 temperature at T-0 of 295,39%K, Delta
P between ullage gas pressure and the head pressure from the bottom of
the tank at this setting equals 12,275 N/cm? differential (17.8033 psid).
RP-1 density at this setting equals 804,383 kg/m> (50.216 1b/ft3),

This PTCS setting would have permitted an RP-1 temperature drop in the
range of 291,59k before a replenish would have been required,

At T-58 min, RP-1 replenish was initiated and proceeded to a satis-
factory completion,

At T-18 min, the PTCS was set at 8793, based for a projected RP-1 2
temperature of 295.3° at T-0. At this setting, AP equals 12,209 Nécm
differential (17.707 psid), RP-1_density at a temperature of 295,33 K
equals 801,019 kg/m3 (50,006 1b/ft?),

At T-1l min, adjust level drain was initiated and proceeded to a
satisfactory completion,

At T-6 min, line inert was initiated and proceeded to a satisfactory
completion.

At T-5 min, the &P was 12,207 N/cm? differential (17.705 psid),
the mass readout was 100,01%, and the manual mass readout was 99,98%.
The RP-1 temperature was plotted during the hold and did not drop out
of permissible tolerance; therefore, a second RP-1 replenish and adjust
level drain was not required.

5,4.2 LOX LOADING

An outline of the LOX control functions that were performed for
the launch of AS-203 is presented below.

Majn fill command was initiated at T-0430:05. The S-IB stage was
filled in 66 min and 40 seconds. Thirty seconds after the 5-1B replen-
ish light came on, the §-IVB system started main line chilldown, and
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the main line fill command came at T-0318:38. The S-IVB stage was loaded
at a rate of 0.05 m3/s (875 gpm) to the 98% level, then at 0,02 m3/s

(365 gpm) to the 100% level, at which point automatic replenish was
initiated. The S-IVB stage was filled in 26 min and 4 seconds. The $-IB/
S-IVB stages were both replenishing at 100% at T-0302:27, Total elapsed
loading time for both stages was 1 hr 27 wmin and 38 seconds.

Two miner problems, which did not hold or delay the launch, were
encountered during the operations:

1. At approximately 2 min into S$-IB chilldown, the feedback on the
LOX isoclation valve was lost momentarily, Revert was received and it
was decided to reinitiate fill, A similar loss was noticed on the LOX/
LH, loading test on June 7, 1966, The micro switches were readjusted
at this time,

2. At approximately T-5 min on the first countdown from T-15 min,
it was noted that the propellant tanking computer system (PTCS) for
S-IVB was not responding properly, The panel operator quickly changed
the system operation of the PTCS from automatic teo manual and continued
to manually adjust the S-IVB replenish system until launch.

5.4.3 LH, LOADING

LH, system loading was satisfactory but exhibited a very small leak
around the stem packing of the fast fill valve. The flow was shifted
to the slow fill valve and the leak subsided. No hold was necessary and
all automatic sequences were accomplished. The §-1 was loaded at
0.019 m3/s (305 gpm) to the 5% level, then at 0,14 m”/s (2,275 gpm) to
the 98% level. TFill to the 100% level was accomplished at 0,026 m3/s
(420 gpm); then automatic replenish was initiated.

5.4.4 COLD HELIUM LOADING

Prior to the initiation of LH, loading, the cecld helium spheres
were pre-pressurized to 869 N/cm? (1,260 psi) from the ground support
equipment (GSE) cold gas system, to prevent them from collapsing as they
cooled during the initial part of LH; loading. Cold helium loading was
initiated when the LH, 92% mass level was achieved, The sphere pres-
sure was increased to and maintained at 2,167 N/cm? (3,143 psi) at
8,900 sec after the start of cold helium loading., At liftoff, the spheres
indicated 2,167 N/cm? (3,143 psi) at 21,6°K.

5.4.5 AUXILIARY PROPULSION SYSTEM PROPELLANT LOADING

The auxiliary propulsion system (APS) was loaded with fuel and
oxidizer on June 29, 1966, for the APS confidence firing, Propellants
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were not unloaded, but were maintained in the tanks under a blanket
pressure until the launch,

During oxidizer loading, the bellows extension (fill) rate for
module 1 was 2.39 cm/min (0.94 in/min) and for module 2 was 2.31 cm/min
(0,91 in/min). The oxidizer tanks were loaded to 25,25 cm (9.94 in) and
25.02 ¢m (9.85 in), respectively.

Fuel was loaded in module 1 at a bellows extension rate of 4,32
em/min (1,70 in/min) and in module 2 at 4.17 em/min (1,64 in/min), The
fuel tanks were loaded to 25.20 cm (9,92 in) and 25.04 cm {9.86 in),
respectively,

5.4.6 S-IB STAGE PROPELLANT LOAD

The new LOX vent system for the A5-203 S-IB stage was designed to
provide adequate venting capacity in order that vaporized LOX would be
dissipated without appreciably increasing the LOX ullage pressure.
Therefore, the LOX weight indicated by the loading system 1is relatively
unresponsive to the heat transferred to the LOX during loading and
stand-by,

The §-1B-3 propellant loading criteria were based on the environ-
mental conditions expected at launch. The desired LOX weight, shown in
the loading table, was computed by using the density predicted for these
environmental conditions in conjunction with a nominal LOX ullage volume
of 1.5%. Figure 5-1 shows the temperature density relationship of the
fuel, determined by chemical analysis of a fuel sample taken from Launch
Complex 37B storage tank on April 8, 1966,

Propellant load adjustment was made at T-15 min for a 0800 EST
launch. The average fuel temperature projected to launch time was
295,3°%K, requiring a fuel weight of 126,045.2 kg (277,882 1bm), Due to
the two hour delay in launch, a 124.7 kg (275 lbm) increase in fuel load
was required. However, it was decided not to adjust the fuel load. The
average of temperature measurements in each tank showed the fuel tem-
perature to be 294,6%K at ignition. The desired weight, shown in the
loading table, for this fuel temperature was 126,155.8 kg (278,126 1bm).
The propellant tanking weights are shown in Table 5-I1I.

The values shown for the required load are the LOX and fuel weights
prescribed by the loading table for the fuel density 801.56 kg /m3
(50.04 1bm/ft3) at stage ignition. The KSC load is based on the LOX and
fuel mancmeter readings just prior to automatic sequence. At T-3 min
in the terminal count, the LOX and fuel manometer readings were 16.972 N/cm
differential (24,615 psid) and 12,207 N/cm? differential (17,705 psid),
respectively. The reconstructed load was determined from discrete probe
data telemetered during flight. Probes were located in three LOX tanks

2
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TABLE 5-111

AS-203 S-IB STAGE PROPELLANT WEIGHTS AT IGRITION COMMAND

Weight Reguirements

Weight Indications

Weight Deviations

Propellant Pred, Prior to Ignition Xsc Reconstructed KSC-Ign, Reconstructed-Ign. Reconstructed-Pred.
Launch (1) (2) (3} Load (&) (%) (%) (%)
LOX (kg) 286,881.8 286,881.8 286,881,8 286,864.9 0 -16.9 -16.9
(1lbm) 632,466 632,466 632,466 632,418 0 (o] -48 -0.01 -48 -0.01
Fuel (kg) 126,532.7 126,155,8 126,031.1 125,904.,4 -124.7 -251.4 -628,3
(1bm) 278,957 278,126 277,851 277,567 =275 -0.10 -559 -0.20 -1390 -0.50
Total (kg) 413,414.5 413,037.6 412,912.9 412,762.3 -124.,7 -275.3 -652.2
(1bm) 911,423 910,592 910,317 909,985 -275 -0.03 -607 -0.07 -1438 -0.16

(1) Predicted propellant weights were based on 2 nominal LOX density of 1131.30 kg/m3 (70,625 1bm/ft3) and a nominal fuel density of

803.42 kg/m? (50.156 lbm/frdy,

{2} Propellant weights required at ignition were based on a nominal LOX density of 1131,30 kg/m3 (70.625 1bm/ft3) and a fuel density of
801,56 kg/m> (50.04 1bm/ft3) determined immediately prior to launch.

(3} Ksc propellant weights

based on loading system pressure values immediately prior to propellant system pressurization,

(4) Reconstructed propellant weights are based on discrete probe data in conjunction with the Mark IV reconstruction, and are a
"hest estimate' of the actual load.
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(0C, 01, and 03) and two fuel tanks (FL and F3), The reconstructed load
is therefore a '"best estimate" of the propellants on board at stage
ignition.

The LOX pump inlet temperatures monitored during flight indicated
that the temperature of the LOX load at ignition was approximately 0,6°K
warmer than expected. The envirommental conditions at launch time were
very close to those predicted. The exact reason for the slightly warmer
LOX temperature cannot be readily explained, but the condition will be
further investigated.

5.4.7 S§-IVB STAGE PROPELLANT LOAD
Table 5-1IV presents the $-IVB propellant load at S-IB ignition

command, The best estimate includes loading determined from the PU
system, engine analysis, and trajectory reconstruction,

5.5 HOLDDOWN
The fire detection system performed satisfactorily during AS-203
launch, There were no sudden temperature rises of the fire detection

measurements between ignition and liftoff. All functions coccurred at
nominal times during the holddown,

5.6 GROUND SUPPORT EQUIPMENT

The general condition of the facility after launch was nominal, if
not better than on previous launches., The observed areas and their con-
ditions are listed as follows:

1. Tower - condition nominal

2, ZLauncher - condition nominal

3, RP-1 System - condition nominal

4, LOX System - The door on LOX pit distributor was blown ajar
but no internal damage was noted.

5. LHp System - condition nominal

6, Holddown Arms - The condition of arm 2 indicated a harder than
usual rebound which sheared the shear rods; otherwise, no abnormal
damage,

7. Pneumatic Distribution System - Minor damage was sustained on
twe tube assemblies of the 10,7 m (35 ft) level, Also, flame damaged the
insulation of the water glycol lines on the 10,7 m (35 ft) level,.



TABLE 5-1V

AS-203 S-IVB STAGE PROPELLANT WEIGHTS AT S-IB IGNITION COMMAND

Weight Requirements Weight Indications Weight Deviations
Propellant Pred, Prior Ignition Loading Best Loading Sys-Ign | Best Est-Ign Best Est-Pred
to Launch System Estimate (%) (%) (%)
10X (kg) 53,753.4 53,753.4 53,972.5 53,8446 219.1 91,2 91.2
{ 1bm) 118,504 118,504 118,987 118,705 483 0.41 201 0.17 201 0,17
Fuel (kg) 19,188.2 19,188,2 19,188,2 19,149,2 0 -39.0 -39.0
(1bm) 42,302 42,302 42,302 42,216 0 0 -86 -0.20 -86 -0.20
Total (kg) 72,941.6 72,941,6 73,160.7 72,993.8 219.1 52,2 52,2
(1bm) 160,806 160, 806 161,289 160,921 483 0.30 115 0.07 115 0,07

1Y
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8. Environmental Control System - The Johnson Controller beams
vibrated off their pivot points on units A-1, A-2, and A-4, similarly
to the AS-201 launch, Unit A-3 had been equipped with vibration dampers.

9. Propellant Tanking Computer System - condition nominal

10, Swing Arms - A hydraulic leak was observed in the auxiliary
hydraulic control panel at the 26,8 m (88 ft) level. 1t appears that a
tube coupling vibrated loose,

11. Firing Accessories - The fuel mast mechanical assembly holding
the retract cylinder broke and fell back. Engineering sequential camera
film indicated that an unusual amount of RP-1 burned at the mast exit,
This indicates a possible failure to obtain a good line drain and inert.

Also, an unusually large puff of GOX was observed at the LOX mast
at ejection. This indicates an unusual pressure in the mast; however,
no measurements are available in this area.

5.7 LAUNCH FACILITY MEASUREMENTS
All Launch Control Center (LCC) measurements indicated nominal

operation of the launch vehicle and support systems. The red line values
were all within limits.



6.0 " MASS CHARACTERISTICS
6.1 SUMMARY

Postflight analysis indicated that the vehicle weights were lower
than predicted during S-IB powered flight, ranging from 259 kg (570 1bm)
at first motion to 2,950 kg (6,504 lbm) prior to the establishment of
time base 2. These deviations were primarily attributable to 630 kg
(1,390 1bm) less fuel tanked in the §-IB stage and a higher mass flowrate
during this period. The vehicle weight was 258 kg (568 lbm) higher than
predicted for the inboard cutoff event and 329 kg (725 lbm) lower than
predicted for the outboard cutoff event, Vehicle longitudinal center
of gravity was slightly forward of the predicted value throughout S-1B
powered flight, primarily due to a heavier upper stage weight and lower
residuals in the S-IB stage. Mass moments of inertia were slightly less
than predicted due to lower vehicle weights.

Vehicle weight during the S-IVB powered flight was 193 kg (425 lbm)
higher than predicted at engine start command and 105 kg (232 1lbm)
higher at cutoff signal, Vehicle longitudinal center of gravity and mass
moments of inertia very closely approximated the predicted values during
this period.

6.2 MASS ANALYSIS

Postflight mass characteristics are compared to the final predicted
mass characteristics (Ref, 1) which were used in determination of the
final predicted trajectory (Ref. 2). The postflight mass characteristics
were determined from an analysis of all available actual and reconstructed
data, from ground ignition through S-IVB stage J-2 engine thrust decay.
Dry weights of the S-IB stage, S-TVB stage, vehicle instrument unit, and
nose cone were based on an evaluation of the Weight and Balance Log Books
(MSFC Form 998). §-IB stage propellant loading and utilization was
evaluated from the S-IB propulsion system performance reconstruction,
§-1VB propellant loading and utilization was evaluated from a composite
of Propulsion Utilization (PU) system, engine flow integral, reconstruc-
tion,and level sensor residuals.

Deviations in the dry weights of the stages were all within the
predicted three sigma deviation 1imits. The total weight of the dry
vehicle was 58 kg (127 lbm) higher than predicted, At ground ignition,
the vehicle weight was determined to be 544,214 kg (1,199,765 1bm),
which is 477 kg (1,052 lbm) lower than predicted, This decrease is
primarily due to 652 kg (1,438 1bm) less propellant loaded into the S-1IB
stage, The remaining deviation is primarily attributable to higher
propellant and service item loading in the S-IVB stage and the dry stage
deviations,

S ON DRIk
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Thrust buildup mass losses were 219 kg (482 ibm) less than predicted
due to lower propellant densities. The vehicle weight at first motion
was 537,998 kg (1,186,062 1bm), which was 259 kg (570 1bm) less than
predicted. At 130 sec, the vehicle weight was 2,785 kg (6,140 lbm) less
than predicted,which reflects the higher propellant flowrates, 1Inboard
engine cutoff signal occurred 1.20 sec earlier than predicted and the
vehicle weight for this event was 141,691 kg (312,370 1bm). The vehicle
weight compared to that predicted for this event was 258 kg (568 lbm)
higher than anticipated. At outboard cutoff signal, the deviation was
329 kg (725 1bm) less than predicted, The difference in the deviations
of positive 258 kg at inboard cutoff and negative 329 kg at outboard
cutoff was caused by a 0.44 sec longer time increment between these sig-
nals, The vehicle weight at separation was 135,289 kg (298,257 1lbm),
which is 395 kg (870 1bm) less than anticipated and is a result of lower
propellant residuals,

The second flight stage weight at S-IVB engine start command was
88,712 kg (195,573 1bm) and at 90% thrust was 88,466 kg (195,031 1bm),
These weights were 193 kg (425 lbm) and 165 kg (365 1bm) higher than
predicted. Mass losses during the S-IVB powered flight were 60 kg
(133 1bm) more than predicted, leaving a vehicle weight at cutoff signal
105 kg (232 1bm) higher than anticipated. The weight of liquid hydrogen
availlable in the tank at end of thrust decay for experimentation was
8.633 kg (19,033 1bm) or 15 ke (32 1bm) less than predicted. Vehicle
flight sequence mass swimary is presented in rable 6-1., venicie mass
history from ground ignition through §-IVB thrust decay is presented in
Table 6-II. Graphical representations of this data, center of gravity,
and mass moment of inertia histories with respect to time are illustrated
in Figures 6-~1 and 6-2 for the $-IB stage and $-IVB stage powered flights,
respectively,

6.3 CENTER OF GRAVITY AND MOMENT OF INERTIA ANALYSIS

Evaluation of the vehicle longitudinal center of gravity during S-1IB
powered flight indicated that the CG was slightly forward of the predicted
value. This deviation is caused by a heavier upper stage weight and lower
residuals in the 'S-IB stage. Mass moment of inertia variations during
S-IB powered flight were slightly less than predicted primarily due to
the lower vehicle weights, The longitudinal center of gravity travel
during the §-IVB stage powered flight closely approximated the predicted
values. Mass moment of inertia deviations were minor and not considered
significant,

Weight, center of gravity, and moment of inertia data for the dry
stages and the vehicle at significant events during flight are presented
in Table 6-ITI.

Weight data presented in this section are weights of masses under
acceleration of one standard Yg". The sign convention utilized herein
conforms to the Project Apollo mass properties coordinate system (Ref. 3)

~ -
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TABLE 6-I1a

VEHICLE MASSES (KILOGRAMS)

INBOARD GITBRIARD
TGHTTT COMMANT FIRST MOTTON FNGTNE CUTOFF ENGINT ey SEPARATT N
EVENTY
PRED N PRED ACTUAL PRED ACTUAL PRED ACTUAL PRED AGTUAL

RANGE TIME (sec) = 47 = 48T 47 R RN AN 129,.4 WA li: 68 1hhoody MY}
5-1B stage dry DHI13.7 0 39008 1 39 w39 L ey e ag nia et wane ] o1 e] setie
LOX in tanks STTMNLL 278,10 AN 1,399, ¢
TP-1 in tanks ORI SIS D V2 =3 b AP BRI 1,7.040.9 LoRn <) el
LOX below tanks Gy, 1,907.8 1, 266, 5, BLY. 1,583,585, 1,h0t.% o
RP-1 below tarks RN s 2,005 2,897 Sy, 20,7 .8
LOX ullage gas (GOX+HE) A4 1,236, 1,243.8 Lasioe| ) ok y 8
RP-1 ullage £gas {helium) 2.7 26, 28 S S 7
Nitrogen 209 P 14, TBUF 6.3 13,1 3
HE-RP-1 pressure supply Wi 2.7 7.1 7.3 5.9 [ .9
Hydraulic oil 2.7 1z.7 12.7 0.7 12.7 oy .7
Cronite 5.0 4.0 3.2 [ 4.2 L L8
Frost L53.6 453.6

TOTAL T-IB STAGE A530BL LR |48 35,3 LLG,EN0L0L L6, 2165 LG, 8727 L9,935.0 L, 837,05 | 44,,114.4 L, 12736 h1,5%8.7
S-TB/S<TVB interstage-dry <,008.0 | ,510.0 7,508 .0 5,510, 2 08 | L TsE 2570, 2 7, 508.0 2,510.2
Retrorocket propellant LBL LY LE87.6 L84 .4 LB7.6 L8L L LET. 6 LB87.6 L8L 4 487.6

TOTAL S-TB/S-~IVR INTSTG. newz g |os, 7.8 29904 99T R 2,964 | 2,997.8 Y ,597.8 | 2w | 209m.e
3-TVB stage dry in orbit 11,2973 11,3178 11,777,3 F11,317.8 PR3 P L317.8 | L ATA [T AT.8 | A, 2T 3 | I, 9170
LOX in tank 54,586.9 | 53,678.1 53,586.9 | 53,6781 o3, 586.9 | 51,678.1 | S2,584.9 [ 53,678.1 | 53,586.9| $3.678.1
LHy in tank 19,0R6. 19,1274 19,166.4 19,1274 19,1664 19,1274 19,1664 £ 19,127.4 19,166, 19,127.4
TOX below tank 166,45 1665 166.5 P 166.5 16h.% 166.5 1665 16605 146.E
LH, below tank 21,8 ~1.8 21.8 21,8 J1.8 “1.8 21.8 S8 Sl M.
I0X ullage g5 (GOX+HHE) 1365 170,71 136.5 2701 136.5 174.6 36,5 1746 136, 5 17,6
Hy ullage gas {helium) 48.] 19,1 Lell 19,1 L8.2 19,1 L8l 19.1 48,1 9.1
fxft frame 13.6 11.13 13.6 1.3 13.6 1.3 13.6 11.1 13.4 1.3
Jeparation and ullage comp. 1.8 1.8 i.8 1.8 1.8 1.8 1.8 1.8 1.8 1.8
llage rocket cases 99.8 99,1 99.8 99.3 99,8 99.73 Ny, 8 99.1 99.8 99.3
Tllage rocke!t grain R, A 80.73 87,6 80.3 Br.6 8,1 2.6 80,3 B A 75.3
APS propellant [N 56,2 A1 56.2 40,8 56.2 AR 56.2 60,8 542
Hytraulin oil AR &8 6.8 6.8 %1 A8 [ r 2 4.8 A8
Ritraogen hydraulic reservoird 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4
Environmental control fluid 1.5 19.5 19.5 19.8 19.5 19,5 19.5% 19,5 1g.% 19.5
Helium - pnenmatic 1.4 3.5 1.7, 9.5 1.4 9.5 1.4 9.5 1.4 G4
Helium-LO¥ pressure supply ALY 165.1 lad .7 165, 1 1247 160.6 1eh? 160.6 10,7 160.6
Helium - APS .5 1.4 .6 A % 1.k o 1.4 W h 1.4
G - start tank ra 2.1 204 i 23 2.3 23 L 2
Frost 45,4 61,2 LS. 4 61.2 38,6 38,6 38.6

_ — o —_—

TOTAL S-IVR GTAGE B, 860,1 85,016,9 BL,860,1 25,0169 8.,814.7 84,994 .3 BL,814.7 {84,994.3 | 84 R14,7 84,9893

VERTCLE TNSTRIMENT UNTT 2,072.9 210704 AT 107,04 ENEZARA 2,107.4 SO0 SO 2,720 D07k

NOSE DONE 1,681.5 1,656, 1 1,H81.5 1,656 1,681,5 1,656.1 1,681.5 | 1,656.1 1,681.5 1,4656,1

VEHTICLE [CR TN G4, 283.% (518 000y, 537,997.7 |141,41471.% 11,6910 o, 2wa, 1 11%,069,1 135,684.1 | 174,289.1

of



TABLE 6-1Ib VEHICLE MASSES (PCUNDS)

TNBOARD AUTROARD e
- TONTTTON COMMAND FIRST MOTTON WETHE “UTOFR NGINE CUTOFF SEPARSTION
PRED ACTUAL PRED ACTUAL PRED ADTUAL PRED AITUAL FRED ACTUAL
RANGE TIME (sec) —2.47 -2..87 .63 L6 4. Lh 179,20 L300k 1.2.68 1404 .74 143.L4
5-1B stage dry 86,2730 86,2732 86,230 86,232 RA, 230 86,275 86,23C 8,2 26,230 86,510
10X in tanks A2, 117 624,251 612,794 513,120 1,908 2,940
RP-1 in tanks 27,146 272,767 270,N08 268,778 L, b5 3,805 UL 0 161 o
LOX below tanks 8,149 2,167 8,653 8,615 8,503 8,486 3,491 3, 58L 2,926 ©,91%
RP-1 below tanks 4,811 4,800 5,739 5,726 5,719 5,726 5,274 4,953 5,048 3,913
LoX ulluge gas (COK4HF) 30 o4 7 &) 2,7 2,782 LT B 7N B
RP-1 ullage gas (helium) 4 L 6 6 5 P2 £] 8l 61 e
Nitrogen Lo 50 ib 50 16 4 26 Ll 36 40
HF-RP-1 pressure supply ™0 VN 68 72 16 16 13 1 13 14
Hydraulic oil 28 28 28 28 28 28 o8 28 28 8
Oronite 33 33 33 33 7 9 7 7 7 7
Frost 1,000 1,000 1, XN 1,000
TOTAL S5-TB STAGE 998, 864 997,432 984,579 983,729 | 109,%.9 113,087 v8,8L8 97,693 97,874 35,985
~IB/S-TVB Interstage-dry 5,529 5,534 5,529 5,534 5,629 5,531 5,509 5 53L 5,500 5. 5%
etrorocket propellant 1,068 1,075 1,068 1,075 1,068 1,075 1,068 1,075 1,068 1,075
TOTAL S-IB/S-IVB INTSTG. 6,597 6,609 &, 597 6,609 f,597 b, 609 6,597 t,h0% 5,597 6,400
“TVB stage dry in orbit. 7L, 53 214,951 7L,857 24,951 2L, 853 7L, G5l oL,853 | 2h,9°1 L85 |, 95
[OX in tank 118,137 118,338 118,137 118,338 | 118,177 118,338 118,177 | 118,338 118,137 § 118,338
Lit, in tank L2,25h 12,168 42,254 42,168 L2,0%h 42,168 12,054 42,168 L2, 050 47,168
LOX below tank 367 367 367 367 367 167 367 67 407 6T
IH, belaw tank A Le L8 L8 LB L8 18 L8 L8 LE
NOX ullage gas (GOXHE) 301 375 301 375 anl 385 301 385 30} 345
j, ullage gas (helium) 106 42 106 42 106 42 106 42 106 42
kTt frame 30 25 ke 25 0 25 0 25 40 i
Separation and ullage comp. 4 A L L L IN A 4 4 4
)11age rocket cases 220 219 220 mneg 220 219 20 219 9
[l11age rocket grain 182 177 182 177 142 177 182 177 182 166
kPS propellant 134 124 A 124 134 124 17 1% 134 104
fydraulic oil 15 15 15 15 15 15 15 15 15 15
itrogen hydraulic reservolr 3 3 3 3 i 2 E 3 3 ?
Environmental control fluid [ %] L3 L3 3 L3 [ L3 L3 L2 L3
Helium - pneumatlc 3 21 3 21 3 i) 2 ol 3 o1
Helium-LO) pressure supply 275 kG e 364 275 254 ) 154 270 354
Helium — APS 1 3 1 3 1 3 1 3 1 3
M, - start tank 5 5 t 5 5 5 ) 5 5 4
Frost. 100 135 100 135 85 85 85
TOTAL 3-TVR STAGE 187,081 187,427 187,081 187,427 | 186,981 197,377 186,981 | 187,377 186,981 | 187,366
VEHTCLE INSTRUMENT UNTT 5, 568 L, 646 L, 56R b, CLO L, 568 L, ALE L, 568 L, ALb 4, HER L,6LE
NOSE CONE 3,707 3,651 5,07 3,651 1,707 3,051 i 1,661 3,707 1,451
VEHIGLE 1,700,817 1,199,765 |1 186,672 | 1,186,062 ) 111 B0 17,370 30,7101 | 299,976 P9a,127 | 298,257

1t



TABLE 6-IT¢ VEHICLE MASSES (KILOGRAMS)

3-TVB STAGH

5-1VH

STAGE

O-TVR STAGH

PNGINE SUTGHM COMMARD

S-1VEB STAGE
ENGINE THRUIST DECAY

SVENT TCRITTON DOMMAND (ESC) G0 THINST
PRET ACTYHAT PRED ACTUAL D ACTIZAL PRED ACTUAL

RANGE TIME (sec) 5.2 1l . 8BS 149.55 1L8.21 Li0L 19 33,35 4369 L
5-1VB stage dry in orbit 11,:072.3 13,417.8 LL 2733 11,717.8 11,273.7 15,+417.8 11,273,310 11,317.8
LAY in tank 5, 506.9 53,678.1 53,L07.72 53,513.9 ,183.6 2,244 4 D1A5.00 2,180.9
ILH, in tank 19, 160, 0 19,127.4 19, 110,07 19,677.0 8,657.4 8,646.0 2,647 .4 8,633.3
INY below tank 166.5 166.5 129,01 180.1 180.1 180, 1 18,1 146, 5
Lil, below tank ClLB 21.8 LR 26,2 261 DELY JAL P1.8
¥ ullage gas (GOXHIER) 140,5 174.6 1465 175.5 EINARE 233.6 RIS 233.6
Ho ullage gas (helium) L8.1 19.1 L2, 20.0 119.73 104.8 119.7 104.8
Aft, frame
Separation and ullage comu
Jllage rocket cases 95.8 99.73 59.8 99.3
lillage rocket grain 9.0 L7.6
APS propellant 60.8 56.2 60.8 56,2 59.0 55.8 59.0 55.8
Hydraulic oil 6.8 6.8 6.8 6.8 6.8 6.8 6.8 6.8
Nitrogen hydraulic reserwir 1.4 1.4 1.4 1ok 1.4 1L 1.4 Lok
Environmental control fluld 19.5 19.5 19.5 19.5 19.5 19.5 19.5 19.5
Helium - pneumatic 1.4 .5 1.4 9.5 1.4 9.5 1.4 9.5
Helium-LOX pressure supply 12L.7 160.6 1247 159.7 88.0 108.8 gg. o 108.8
Helium - APS .5 1.4 0.5 1.4 Q.5 1.4 0.5 1.4
GHy - start tank 2.3 e 0.5 0.5 3.6 S 2,6 E
Frost : 38.6 37.6

TOTAL 3-TVB STAGE 84,765.7 | 84,948.5 B4,,547.1 [8L,702.5 2, BOL . 70,959.4 | 20,8146 | 22,865.1

VEHICLE INSTRUMENT UNIT 2,072.0 2,107 .4 2,700 S 107 L 207000 210700 LOTRLG 2,107.%

NOSE CONE 1,681.5 | 1,656.1 1,681.5 | 1,656.! 1,481.5 1,656.) 1,681.5 | 1,656.1

VEHICLE 88,519.2 [88,712.0 | 88,300.6 [88,466.0 | 26,617.7 | 2,722.9 | 26,570.1 |»4,628.6
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TABLE 6-11d VEHICLE MASSES

(POUNDS)

S-IVB STAGE S-IVB STAGE S-IVB STAGE $-IVB STAGE
FURNT TGNTITION COMMAND (ms0) 90% THRUST ENGTNE CUTOFF COMMAND FNGINE THRUST DECAY
PRED ACTUAT PRED ACTUAL PRED ACTUAL PRED ACTUAL
RANGE TIME (sec) 145,72 144,89 14,9.53 148,21 L36.19 L33.35 436.9 436.1
5-IVB stage dry in orbit 21, ,853 24,951 24,853 24,951 21,853 24,951 2,853 | 21,951
10X in tank 118,137 118,338 117,853 117,976 L, 814 4,948 4,730 4,808
LH, in tank 42,254 42,168 42,130 42,057 19,086 19,061 19,065 19,033
0¥ below tank 367 367 397 397 397 397 397 367
IH; below tank L8 L8 58 58 58 51 58 L8
LOY ullage gas (GOX+HE) 301 385 301 387 538 515 538 515
o ullage gas (helium) 106 42 106 4t 263 231 263 231
Aft frame
Separation and ullage comp.
Ullage rocket cases 220 219 220 219
Ullage rocket graln 108 105
PS propellant 134 124 134 124 130 123 130 12
Hydraulic oll 15 15 15 15 15 15 15 15
Nitrogen hydraulic reservolir 3 3 3 3 3 3 3 3
Frvironmentil control fluid L3 L3 43 L3 43 3 43 43
lelium - pneumatic 3 21 3 21 3 21 3 21
Helium—-LOX pressure supply 275 354 275 252 191 240 194 RIAH
[elium - 495 1 3 i 3 1 3 1 3
GHo - start tank 5 5 1 L 8 7 8 7
Frost. 85 83
TOTAL 5-TVB STAGE 186,873 | 187,276 186,391 186,734 57, K06 50,616 50,301 50,408
VERICLE TNGTRUMENT UNTY L, 568 L, 616 i, 568 I, bLE L, h68 L, AL6 I, 568 I, 6LO
NOSE CONF 3,707 3,651 3,707 3,651 3,707 7,651 3,707 3,651
YEHTCLE 195,148 | 195,573 194,666 | 195,031 58,581 58,913 58,576 | 58,705

£e
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TARLE 6-ITI a
MASS CHARACTERTSTICS GOMPARIZON

9t

LONGITUDINAL ROLL MOMENT PITCH MOMIKT ¢ MOMEN
MASS C.G. {X STATION) RADIAL C.G. OF INERTIA OF TNERTTA ‘E@“ﬁ%ﬁg
EVENT
k; meters meters
1§m ¥ Dev inches Act-Pred inches Act-Pred kg—m2 % Dev kg—m2 % Dev kg,-l'n2 % Dev
19,113.G 8,727 0,022
Pred . . ;
S-1B Stage, Dry 86,230.0 34364 0.85 228,701 2,681,805 2,680,147
39, 114.8 8,770 -6.027 0,022 0.000
Actual 86,232.0 0.002 32,5 ~1.10 0,88 0.0% 228,509 0,08 2,481,507 .01 2,680,482 0.01
2,992.4 24, 604 0.060
S-1B/S-IVE Tnterstage | Pred 6,597.0 1047.4 2.35 32,192 20,683 21,127
wludes . 1 -
(Ineludes RR Prop.) 2,997.8 26.604 0.000 0.058 ~0.002
Actual 6,609.0 | 0.18 1047. 4 -0.00 2,30 -0.05 32,55 | 0.20 20,725 0,20 21,1691 0.20
S_TVB Stage, Dry 11,38R.5 33.579 C.1L9
(Includes Ullage Rockef o yere o - .
Cases, ATt Frame, and |Lred 2%,107.0 | 1322.0 5. 88 85,063 122,786 00, TR
Detonation Package) 11,430.2 33,579 0.000 0.149 0.000
Actual]  25.199,0 | o0.36 22,0 0.00 5.88 0.00 85,513 | 0.99 325,998 G.99 325,998 | 0,98
2,072.0 L2799 0.261
Vehicle Instrument Pred 4,568.0 1685.0 9.50 20,055 11,140 9,905
Unit @ G.T. 2,107.4 42,802 0.003 Q.2L7 0.006
Actual L,646.0 1 1.68 1685.1 0.10 9,72 0.2 20,388 | 1.63 11,189 0.k 9,964 | 0.59
1,681.5 47.231 0.005
Pred 3.707.0 1859, 5 0,20 8, 90k 14,122 14,151
Nose Cone ” 2
1,656.1 L7.181 ~0.050 0,004 0.000
Actual 3,65L.0 1.5 1857.5 -2.00 0,20 0.0 8,914 | 0.2 13,778 2,50 13,798 | 2.56
Sid,690.8 16,977 006
1st Flight Stage @ Pred. 1,200,817 468.2 0.010 230 —.002 | 2,136,865 47,214,550 47,211,870
G.T. 0.09 0.l - 069 0.07 0.19 0.19
S44,213.5 16,6582 .004 ]
hotual J1,199,765 658.6 161 2,135,277 43,130,341 43,130,837
Lst Flight Stage @ 538,256.4 16,883 L0046
Ej igh tag . . . . . )
; Pred  b,186,432 4647 0.013 . 739 002 | 2,100,553 43,113,690 47,110,750
First Motion . 2 o005 ans B 0.02 0.0 0.00
537,997.7 16.89% 004,
Actnal Ji,186,062 (65,2 161 2,104,093 43,111,880 43,109,998




TABIE 6-IIT b

MASS CHARACTTRTATICN OOMPARLAOH

MASS TONCITUDINAL RADIAL ROLL MOMENT PITCH MOMENT YAW MOMENT
0.3, (X STATION) ¢.c. OF TNERTIA OF INERTIA OF INERTIA
kg s meters _ meters " o’ 2 2 4
1om % Dev inches Act-Pred inches Aet-Fred kg-m % Dev kg-m ¥ lev kg - % Dev
Lst Flight Stege At | Pred | 18333 24,049 -0 ’
311,202 6.3 .929 L30.3062 23.9:’5,700 23 882,600
1ECO Signal 1 0.000 3 0.008
1.1, 691.0 2,049 .01 .
t L 691, 0.18 0. 3 —.a9 0,22 0.65 0.46
Actual | 535" 5370 91,6.8 0 T 7 L31.325 2,041,620 oL,041,591
136,398.1 24,727 028
Johs B Pred ’
Lst Flight Stage At 300,701 973, .95 LOR. 354 22,113,000 22,109,570
i 0.061 009 _
0ECO Signal s 136, 069.1 20, TAR 016
steal | 299,976 0.24 975.9 2ok I wrans | 020 laoa05.00 | O fear0niess | %7
et peq | 1356841 2,831 .025
1st Flipht Jtage At i 299,127 ) 965 L0k, OhE 21,822,780 21,819.15C
|
Sep. retusl | 135:289.3 | oo 20799 0.06¢ 016 | =009 619 .
298,257 : 580,73 - L6h2 --323 L0415 : 2,200,020 | OV o c06.95 | O0F
47,131.3 9. 698 .021
$-IB.5-s0/5-1v8 Pred | 403, 905 391.38 832 286, 37 3,780,689 3,733,544 |
Interstage At - e - -
shas 16,549.6 759 0.061 007 013
Separation Aetval | 102,623 1.25 39,2 2.4 A =518 285,481 0.54 3,719,007 | 0.1 3,717,673 | 0.43
e A8, 519.2 32,883 026
2nd Flight Stage At ¢ 195,148 12906 1.03 116, 904 1,540,680 1,007,455
. - e |
Ignition (E3C) . gg8,712.0 32,979 0,001 077 0.001
t 1 =L + -
ctualtl 195573 022 1294 .4 0.2 1,05 0.0% 117,909 | 0.9 1.553,40 | 0.32 1,552,623 | 0.33
ond Flight Stape At Pred RR,300.6 32,870 L026
, 194666 1294.5 1.03 116,165 1,545,297 1,544,063
90 percent Thrust
@ 466,0 32,977 =0.003 027 G001
Actuall 195,031 0.19 1294.4 -0.1 1.06 0.03 117,295 0.95 1,550,445 0.3 1,549,471 0.35
. " 26,617.7 35.029 Relts!
2nd Flight Stage At | Pred 52.6/1 1379.1 ¢.012 3.28 0,003 11,579 atb, 292 860, 851
Engine Cubloff Command i 1 26,722.9 15,041 L0365
ctua
59,913 0.39 1179.7 0.6 343 0.13 115,918 1.06 461,986 | 0,31 867,780 | 0.3

7 Dev = Dev/Aet X100

Lt
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7.0 (U) TRAJECTORY
7.1 SUMMARY

The AS-203 vehicle was launched on an azimuth of 90 deg east of
north and rolled into the proper flight azimuth of 72 deg east of north.
The actual trajectory of AS-203 was somewhat higher than nominal. The
space-fixed total velocity was 23,1 m/s higher than nominal at OECO and
0.6 m/s lower than nominal at S-IVB cutoff. At S-IVB cutoff the actual
altitude was 0,12 km higher than nominal and the range was 6.93 km shorter
than nominal. The cross range velocity deviated 1,1 m/s to the left of
nominal at $-IVB cutoff,

A theoretical free flight trajectory of the separated S-IB booster
indicates that the impact ground range was 27.4 km longer than nominal.
Impact, assuming the tumbling booster remained intact, occurred at
584.3 seconds.

The S-IVB payload at orbital insertion (S-IVB cutoff + 10 sec) had
a space-fixed velocity 0.8 m/s higher than nominal, yielding a perigee
altitude of 185.2 km and an apogee altitude of 187.3 km,

7.2 POWERED FLIGHT TRACKING DATA UTILIZATION

Tracking data were available from first motion through insertion.
Tracking data, excluding radars, showed deviations between the various
systems of less than 30 m in position component prior to $-IB/S-IVB
separation, After separation, GLOTRAC was the only precision tracking
system available, but it only furnished limited data, However, due to
onboard problems (see Section 20,0) the GLOTRAC composite data was of no
better quality than the radar data.

The postflight powered trajectory was established from the data
sources shown in Table 7-I.

TABLE 7-1 DATA UTILIZATION

Time Interval (sec) Data Source
0,63 - 19.0 CZR Camera
19.0 - 105.0 0DOP
105.0 - 130.0 GLOTRAC Station I
130,0 - 150.0 Adjusted telemetered guidance
150,0 - 443,348 Best Estimate Trajectory
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All tracking data were smoothed and transformed from the tracking
point to the vehicle center of gravity. Telemetered guidance data--
adjusted to ODOP, GLOTRAC Station I,and the best estimate trajectory --
were used to obtain the proper velocity and acceleration profiles through
Mach 1, §-IB stage cutoff, and S-IVB stage cutoff time periods, The best
estimate trajectery, utilizing the telemetered guidance veleocities as
the generating parameters, was constrained to GLOTRAC Station I data along
with data from S radar stations through an 1B-term guidance error model,
Comparison of the resultant trajectory with all available tracking data
indicated good agreement between all systems.

CLOTRAC was the only high precision system that tracked after $-IB/
5-IVB separation. The random error was considerably higher on the AS-203
GLOTRAC composite data than on previous flight tests. This was a result
of intermittent and very limited GLOTRAC Station I coverage and radar
data being used to span the dropouts. The high noise level and the data
shifts which occurred after the dropouts made the data useless for estab-
lishing a precision trajectory or performing a guidance error analysis.

To show the consistency of the powered flight and orbital tracking
data, selected parameters at insertion from independent solutions are
compared in Table 7-II. One solution for the insertion parameters is
based on the powered flight tracking only and the other on subsequent
orbital tracking data only,

TABLE 7-11 INSERTION CONDITIONS

Parameter Deviation
(Orbit Determ, Minus Powered Flt.)

Altitude {(m) 50.0
Vector Distance from Launch Site (m) 35.0
Space-Fixed Velocity (m/s) 0.2
Xe| 8.0
Yel  Earth-Fixed Pos. Components (m) 90.0
Ze] -11.0
;:T 0.2
Ye |- Earth-Fixed Vel, Components (m/s) -0.2
Ze -1.0

An intermediate solution was obtained which allowed the powered flight
and orbital tracking data to be matched satisfactorily.
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7.3 POWERED FLIGHT TRAJECTORY ANALYSIS

Actual and nominal altitude, surface range, and cross range for
the launch vehicle powered flight are presented in Figure 7-1, The
actual and nominal total earth-fixed velocities are shown in Figure 7-2,

Through the entire powered flight the altitude was higher than
nominal and the earth-fixed velocity was greater than nominal, The longi-
tudinal acceleration, shown in Figure 7-3, was greater than nominal for
both the S-IB and S5-TVB powered flight phases.

The S-IVB stage cut off 2,90 sec earlier than nominal; considering
a 0.76 sec early S-IB stage cutoff, the §-IVB stage had a 2,14 sec
shorter than nominal burn time, The actual space-fixed velocity at the
§-1B cutoff signal given by the guidance computer was 0,6 m/s less than
nominal, Higher than nominal S-IVB stage thrust and flowrate, along
with the excess S-TIB cutoff velocity, account for the early $-IVB cutoff,

The §5-IVB cutoff signal was given by the guidance computer at
433,348 seconds. The velocity increments imparted to the vehicle subse-
quent to the guidance cutoff signal are given in Table 7-IT1 for the
S-IB and S$-IVB stages at OECO and S§-IVB guidance cutoff, respectively,

TABLE 7-1III VELOCITY GAINS (m/s)

Event Actual Nominal
OECO 2.9 3.5
S-IVB CO 9.0 7.7

Comparisons of the actual and nominal parameters at the three cutoff
events are shown in Table 7-IV. The nominal trajectory is presented in
Reference 2,

Mach number and dynamic pressure are shown in Figure 7-4, These
parameters were calculated using measured meteorological data to an
altitude of 60 km, Above this altitude, the U. S. Standard Reference
Atmosphere was used, Comparisons of actual and nominal parameters at
significant event times are given in Table 7-V, Apex, loss of telemetry,
and impact apply only to the discarded S-IB stage.

The theoretical free flight trajectory for the discarded S-IB stage
used initial conditions from the reference trajectory at separation,
There was no tracking coverage of the discarded S-IB stage. A nominal
tumbling drag coefficient was assumed for the reentry phase, The cal-
culated impact location relative to the launch site is shown in Figure
7-5,
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TABLE 7- IV

CUTOFF CONDITIONS

IECO 0ECO S-IVB CO

Parameter Actual Nominal Act-Nom Actusl Neminal Act-Nom Actual Nominal Act-Nom
Range Time (sec) 136, 24 140, 44% -1.20 142,68 143, 44% -0.76 433,348 436,253% -2,905
Altitude (km) 62.34 60,72 1,62 66.01 63, 80 2.21 191,01 190,89 0.12
Surface Range (km) 85.53 86.15 -0.62 93.87 93.42 0.45 1336.87 1343, 80 -6,93
Cross Range, Ze (km) 0,59 0.71 -0,12 0.62 0.72 -0,10 41.87 42,23 -0.73
Cross Range Velocity, Ze (m/s) 7.03 4,38 2.65 7.63 4,84 2,79 356,57 357.65 -1.08
Earth-Fixed Velocity (m/s) 2620,72 2608, 80 11.92 2714 .46 2689.73 24,73 7378,73 7379.31 -0.58
Earth-Fixed Velocity Vector 23,783 22,934 0.849 23,182 22.423 0.759 -0.003 0.007 -0.010
Elevation (deg)
Earth-Fixed Velocity Vector 72.499 72,450 0.049 72.547 72,493 0.054 B1,557 81.613 -0.056
Azimuth (deg)
Space-Fixed Velocity (m/s) 2987.08 | 2977.00 10.08 3082,27 3059.14 23,13 7784 48 7785.06 -0,58
Total Inertial Acceleration (m/sz) 37,03 56.76 0.27 28,59 24,25 4,34 33,97 33.79 0.18

*Based on a first motion time of 0.63 seconds

Earth-Fixed Velocity Accuracy

OECO +0.3 m/s
$-1VB €O ¥ 1,0 m/s

Altitude Accuracy
0ECO +30m
S-1VB €O+ 250 m

Vs
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TABLE 7-V

SIGNIFICANT EVENTS

Event Parameter Actual Nominal Act-Nom
First Motion Range Time (sec) 0,63 0.63 6.0
Total Inertial Acceleration (m/sz) 13,41 12.99 0.01
Mach 1 Range Time (sec) 51.54 52.26 -0.71
Altitude (km) 6.67 6.62 0.05
Maximoum Dynamic Pressure Range Time (sec) 7000 69.63 0.37
Dynamic Pressure (N/cmz) 4,10 4,04 0.06
Altitude (km) 13.16 12,55 G.61
Maximum Total Inertial Range Time (sec) 5 139.34 146,54 -1.20
Acceleration (5-IB Stage) Acceleration (m/s”) 57.10 56,86 0.10
Maximum Esrth-Fixed Velocity Range Time (sec) 143,08 143,84 -0.76
(S5-IB Stage) Velocity (m/s) 2718.9 2693.0 25.9
S-1B/5-1VB Separation Range Time (sec) 143,44 144,24 -0.80
Surface Range (km) 95.75 95,59 0.23
Altitude (km) 66.82 64,70 2.07
Cross Range (km) C.62 0,72 -0.10
Space-Fixed Velocity (m/s) 3086.2 3062.7 23.3
Flight Path Angle (deg) 20,181 19.475 Q. 700
Apex (S8-1IB Stage) Range Time {sec) 271.5 266.8 4.7
Altitude (km) 134.0 126.,9 7.1
Surface Range (km) 403.8 389.8 14,0
Earth-Fixed Velocity (m/s) 24343 26429,2 3.1
Loss of Telemetry Range Time (sec) 425.0 425.0 0.0
{%-18 Srtage) Altitude (km) 38.0 28.2 9.8
Surface Range {km) J11.6 762.1 9.5
Toctal Earth-Fixed Acceleration (m/sZ) 44,43 -97.38 52.95
Elevation Angle From Pad (deg) -0.66 -1.31 0,65
Tmpact (S-IB Stage) Range Time {sec) 584,13 534 .4 9.9
Surface Range (km) 809.0 781 .6 27.4
Cross Range (km) 10,0 8.2 1.8
Geodetic Latitude (deg) 30,4620 30,4174 0.0446
Longitude (deg) 72.5167 72,7976 -0.2809
Maximum Total Inertial Range Time (sec) 433,45 436,25 -2.80
Acceleration {S-1VE Stage) Acceleration (m/sz) 34.17 33.81 0.36
Maximum Earch-Fixed Velocity Range Time (sec) 435.1 437.9 -2.8
{S5-IVB Stage) Velocity (m/s) 7387.8 7387.0 0.6
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7.4 ORBITAL TRACKING DATA UTILIZATION

A summary of the C-Band tracking data received for the entire
orbital lifetime of the AS-203 vehicle is presented in Table 7-VI. The
last valid radar track was obtained by Hawaii on the fourth revolution,

The increased venting activity experienced during the AS$-203 orbit
introduced significant disturbing forces into the vehicle orbital scheme,
For this reason initial conditions were determined for each revolution,
selecting an epoch near the time the vehicle crossed 80 deg west longi-
tude. The orbital elements for each revolution at the selected epoch
times are given in Table 7-VII. The vent model used in determining
these elements is shown as a total acceleration profile (see Figure 21-11),

Table 7-VIII lists the tracking data used in obtaining initial con-
ditions for each revolution, the number of observations per tracker, and
the RMS error of the residuals asscciated with each data type.

7.5 ORBITAL TRAJECTORY ANALYSIS

A least squares differential correction procedure using selected
tracking data and the actual vent model was used to determine the initial
conditions for each revolution, The RMS tracking residuals given in
Table 7-VIII represent the difference between actual radar observations
and the calculated observations based on the orbital ephemeris defined
by the appropriate initial conditions. The RMS residual errors for range
and the angle measurements were five to ten times larger than the expected
accuracy of the measuring system., High frequency errors inherent in the
radar measuring systems are 3 m (10 ft) in range and 0.003 deg in angles
for FPQ-6/TPQ-18 radars (design specifications),

Several orbital parameters for each revolution are compared with
nominal in Table 7-VII, The orbit is very near nomiral; however,the
venting impulses needed to fit the orbital tracking data were approxi-
mately 107% higher than nominal, Several biases were identi fied in the
orbital tracking data. Woomera azimuth angle was corrected for a 55.44
deg bias and second pass MILA data was corrected for a 0.55 sec timing
bias, Fourth pass Hawaii data was corrected for a 0.12 sec timing bias.



TABLE 7-VI

AS-203 C-BAND TRACKING SUMMARY

Revolution Number

Station Insertion 1 2 3
Patrick AFB X
Merritt Island X X X
Grand Turk Island X
Bermuda X X X
Canary Island X X
Carnarvon X X X
Woomera X X
California X X X
White Sands X X X
Eglin AFB X X X
Hawaii X X
Antigua X
Ascension Island X

49



TABLE 7-VII

AS-203 ORBITAL PARAMETERS

REVOLUTION NUMBER

Insertion (1) 3 4
PARAMETER
ACTUAL ACT-NOM | ACTUAL ACT-NOM | ACTUAL ACT-NOM | ACTUAL ACT-NOM

APOGEE (km) 187.3 3.1 200.1 3.4 208.6 -1.4 216.6 1.1
PERIGEE (km) 185.2 2.9 192.6 2.1 196 .4 3.2 201.7 4.6
SPACE-FIXED VELOCITY 7793.5 0.8 7790.1 -1.1 7789.9 -3.1 7787.7 -3.3

(m/s)
PATH ANGLE (deg) -0,002] -0,009 -0.01%; -0.005 0.001 0.001 -0.002 | -0.019
PERIOD {(min) 88.21 0.05 88.42 0.05 88.56 0.03 88.70 0.08
EPOCH TIME (sec from 443.35 -2,90 }5,671.0 0.0 1L3%85.0 0.0 16,981, 0.0

Range Zero)

NOTE: RANGE ZERO =

1453:17 U.T,

0s
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TABLE 7-VIII

AS-203 ORBITAL TRACKING
DATA UTILIZATION

Time of Track Data Valid RMS Error of
Station {Universal Time) Type* Observations Residuals
Bermuda Island 1501:12 AZ 20 0.006 deg
(FPS-16) 1503: 54 EL 22 0.030 deg
RA 21 m (23 ft)
Carnarvon, Australia 1546: 06 AZ 25 0.010 deg
(FPQ-6) 1548: 54 E2 26 0.012 deg
RA 26 30m (100 ft)
Woomera, Australia 1553:30 AZ 8 0.020 deg
(FPS-16) 1554: 18 EL 9 0.008 deg
RA 9 41m (135 ft)
White Sands, 1626: 54 AZ 10 0,007 deg
New Mexico 1627:48 EL 9 0.033 deg
(FPS-16) RA 10 24m (80 ft)
Merritt Island, 1627: 48 AZ 58 0.020 deg
Florida 1633:18 EL 57 0.033 deg
{TPQ-18) RA 35 BOm (265 ft)
Bermuda Island 1631:12 AZ 56 0.011 deg
(FPS-16) 1637:00 EL 51 0.008 deg
RA 59 12m (40 ft)
Carnarvon, Australia 1717: 48 AZ 52 0.003 deg
(FPQ-6) 1723:48 EL 49 0.024 deg
RA 55 17m (52 ft)
White Sands, 1755: 48 AZ 58 0.025 deg
New Mexico 1801:42 EL 49 0,010 deg
(FP5-16) RA 59 35m (115 ft)
Marritt Island, 1803:12 AZ 41 0.009 deg
Florida 1807:18 EL 35 0.043 deg
{TPQ-18) RA 41 25m (83 ft)
Bermuda Island 1804: 42 AZ 36 06.015 deg
(FPS-16) 1809: 48 EL 37 0.034 deg
RA 33 Sm (18 ft)
Carnarvon, Australia 1851: 06 AZ 66 0,010 deg
(FPQ-6) 1857: 48 EL 51 0.012 deg
RA 63 16m (53 ft)
White Sands, 1929: 00 AZ 50 0,037 deg
New Mexico 1934: 30 EL 46 0.02% deg
(FPS~16) RA 52 9m (30 ft)
Merritt Island, 1936: 18 AZ 32 0.006 deg
Florida 1940:12 EL 38 0.023 deg
(TPQ-18) RA 31 15m (50 ft)
Antigua Island 1939: 48 AZ 22 0,016 deg
(FPQ-6) 1942: 00 EL 15 0,009 deg
RA 18 9m (30 ft)
Ascension Island 1953: 54 AZ 49 0.011 deg
(TPQ-18) 1959: 12 EL 40 0.007 deg
RA 46 Lm (13 fr)
Hawail 2050: 24 AZ 51 0.015 deg
(FPS-16) 2055: 30 EL 38 0,013 deg
RA 43 75m (250 ft)
*DATA TYPE: AZ = Azimuth
EL = Elevation

RA = Range
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8.0 (U) S-IB PROPULSION
8.1 SUMMARY

The S-IB propulsion system performed satisfactorily throughout
flight,

On the basis of flight simulation: stage thrust, specific impulse,
and propellant flowrate were 1.55%, 0,98%, and 0,56% higher than
predicted, respectively, Based on engine analysis,these deviations
were 1,13%, 0.41%,and 0,71% higher than predicted, respectively,

Inboard Engine Cutoff (IECO) occurred 1.20 sec earlier than pre-
dicted. Outboard Engine Cutoff (OECO) was initiated 3.44 sec after
IECO by the actuation of the fuel depletion sensor in the sump of fuel
tank F&,

The fuel and LOX pressurization systems operated satisfactorily,.
The helium blowdown system was used successfully for the second time in
the fuel pressurization systems.

Propellant utilization was satisfactory and was within 0,15% of
predicted,

All mechanical systems functioned satisfactorily.

The two movie cameras at the top of the $-IB stage were ejected
successfully after recording S-IB/S-IVB separation,

8.2 S-1B PROPULSION PERFORMANCE

Two separate analyses were used to determine the S-IB engine per-
formance, The first method of determining the $-IB propulsion system
flight performance was reconstruction of the telemetered flight data
with the Mark IV computer program, Calculated propellant residuals are
also used as inputs to the program, The Mark IV program is a mathematical
model of the Saturn first stage propulsion system utilizing a table of
influence coefficients to determine engine performance. The second
method utilized a trajectory simulation to generate multipliers that
were enforced on the results of engine analysis so that the resulting
calculated trajectory fit the observed trajectory.

8.2,1 STAGE ENGINE PERFORMANCE

All eight H-1 engines ignited satisfactorily, The automatic ignition
sequence, which schedules the engines to start in pairs with a 100 milli-
second (ms) delay between each pair, began with ignition command at
-2,487 seconds, The recorded individual engine ignition signals are
shown in the top portion of Table 8-I, The bottom portion of Table 8-I
presents thrust chamber ignition, main propellant ignition (P, prime),
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and Thrust OK Pressure Switch (TOPS) pickup times referenced to the in-
dividual engine's ignition signal. The times presented indicate a
satisfactory transition to mainstage on each engine.

Individual engine thrust buildup and stage thrust buildup are pre-
sented in Figure 8-1, The stage thrust shown is the sum of the individual
engine thrusts and does not account for engine cant angles,

S-IB stage performance throughout flight was satisfactory. Figure
8-2 shows inflight stage longitudinal thrust and specific impulse deter-
mined from analysis of engine measurements. Stage longitudinal thrust
averaged 80,513 N (18,100 1bf) or 1.02% higher than predicted. The stage
specific impulse was 0.8l sec or 0.29% higher than predicted. S-IB stage
propellant flow characteristics are shown in Figure 8-3. Stage mixture
ratio was 0,0007 (0.03%) higher than predicted. The predicted mixture
ratio was 2.2275 to one,. Total propellant flowrate was 20.4 kg/s (45.01bnm/s)
or 0.73% higher than predicted. Stage LOX and fuel flowrates are shown
in Figure B-4, LOX flowrate averaged 14.5 kg/s (32.0 lbm/s) or 0.74%
higher than predicted and the fuel flowrate averaged 5.9 kg/s (13.0 lbm/s)
or 0.71% higher than predicted. The above average deviations were taken
between first motion and IECO., The quoted performance parameters and
referenced figures are not reduced to sea level conditions.

T1f the parameters in the preceding paragraph are reduced to sea level
conditions, the following values result: Stage longitudinal thrust averaged
81,920 N (18,416 1bf) or 1,13% higher than predicted, Stage specific
impulse was 1,08 sec or 0.,41% higher than predicted, Total propellant
flowrate was 20.1 kg/s (&44.4 1lbm/s) or 0.71% higher than predicted,

The higher than predicted performance cannot be attributed to devia-
tions from predicted propellant densities or pump inlet pressures., The
average LOX pump inlet density (lower portion of Figure 8-4) throughout
flight was 3,04 kg/m3 (0.19 1bm/£t3) or 0,27% lower than predicted, The
fuel density was 1,92 kg/m3 (0.12 lbm/£t3) or 0.23% lower than predicted.
The combined effect of these two vibrations, in conjunction with slightly
higher than predicted pump inlet pressures, should have resulted in essen-
tially no change from predicted thrust; however, the burn time was
shortened slightly.

Predicted propulsion performance values for $-IB-3 were based on an
average of engine data obtained during engine acceptance testing and
during the long duration stage static test. Influence coefficients were
used to calculate the effects of propellant densities, temperatures, and
pump inlet pressures on engine performance during flight. Prior to the
flight of §-1IB-3, the influence coefficients were revised to reflect the
results of recent testing and to include an ambient pressure effect on
engine performance., The revised influence coefficients, however, were
not received in time to be used in the §-IB-3 flight prediction,

A re-prediction of the S-IB-3 performance parameters using the new
influence coefficients showed an average sea level thrust of 47,332 N
(10,641 1bf) or 0.65% higher than the original §-1B-3 prediction. The
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TABLE 8-1
ENGINE START CHARACTERISTICS
ENGINE POSTTION ENGINE IGNITION SIGNAL (5)
ACTUAL PROGRAMMED
5 and 7 12 10
6 and 8 112 110
2 and 4 212 210
1 and 3 ’ 312 310
ENGINE TIME FROM INDIVIDUAL ENGINE IGNITION SIGNAL (MS)
POSITION
C;Eﬁggg P_ PRIME *TOPS (THREE SWITCHES)
IGNITION 1 42 #3
5 557 876 1059 1057 1066
7 521 865 994 1002 996
6 510 841 1082 1082 1082
8 535 844 1051 1022 1043%*
2 576 865 1078 1077 1077
4 525 868 1179 1187 1177
3 556 888 1203 1218 1229
1 566 865 1077 1076 1077

*THRUST OK PRESSURE SWITCH

**TOPS SWITCH 3 OF ENGINE 8 FIRST ACTUATED FOR 1 MS AT 1031 MS
AFTER ENGINE 8 IGNITION SIGNAL. THE SECOND AND FINAL ACTUATION
OCCURRED AT 1043 MS AND IS CONSIDERED THE CORRECT ACTUATION TIME.
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repredicted average specific impulse was 0.98 sec (0.37%) higher than
originally predicted. It can be concluded that approximately 60% of the
thrust difference and essentially all of the specific impulse difference
between predicted and reconstructed would have been eliminated, had the re-
vised influence coefficients been available for use in the first prediction.

The remaining portion of the thrust deviation between predicted and
flight, approximately 4448 N (1000 lbm) per engine, can be attributed
to the rather large variations between engine and stage static tests.

Table 8-IT presents a summary of the average values and deviations
of sea level thrust, flowrate, sea level specific impulse, and vehicle
weight at liftoff and IECO. Values from the flight simulation method
are compared with the postflight engine analysis, predicted and re-pre-
dicted values, Flight simulation increased engine analysis thrust
by 0.42% and reduced flowrate by 0.15%. This resulted in an Igp increase
of 0.57%. The axial force coefficient resulting from this solution,
along with the predicted axial force coefficient for AS-203, is presented
in Section 19.0.

The upper curve of Figure 8-5 depicts the different levels of tortal
longitudinal engine thrust, including turbine exhaust thrust, The curves
presented are the official trajectory prediction thrust, repredicted
thrust using an updated engine model, postflight engine thrust as derived
through an engine analysis which incorporates telemetered propulsion
measurements, and the thrust derived through flight simulation. The
lower curve of Figure 8-5 depicts the total longitudinal effective force
for the same calculations and includes aerodynamic and buoyant forces
as well as the propulsion forces shown in the upper curve, The S-1B
stage received inboard engine cutoff signal 1.20 sec earlier than pre-
dicted. The cutoff velocity was 11,79 m/s higher than the predicted,

The flight simulation results were used in an attempt to explain the
time and velocity deviations, To explain the velocity deviation, an
error analysis was made to determine the contributing parameters and
the magnitude of the velocity deviation caused by each of these param-
eters. Table 8-TII lists the various error contributors and the cutoff
velocity deviations associated with each.

TABLE 8-II1 VELOCITY DEVIATION ANALYSIS

Dev (Act-Pred)

Error Contribution AV (m/s)
Liftoff Weight(-0.02% ) 1.03
Total Sea Level Longitudinal 0.56% 51.81
Total Propellant Flowrate 22.91
Axial Force Coefficient 1,40
Meteorological Data -0,89
Change in Burn Time -64.,8
Total Contribution 11,46
Observed 11.79

Difference 0.33



TABLE 8-11

AVERAGE S-1IB STAGE PROPULSION PARAMETERS

Percentage Purcentage Percentage
Parameter Tnits Predicted Repredicted Dev., From Engine Dev. From Flipht Bev, From
Predicted Analysis Predicted Simulation Predicted
Sea Level Thrust N 7,273,607 7,320,939 7,355,527 7,386,143
1bf 1,635,172 1,645,813 0,65 1,653,588 1.13 1,660,471 1.553
Flow Rate kg/s 2,835,05 2,842.81 2,855.18 2,850.91
1bm/s 6,250,2 6,267.32 0,27 6,294.59 0.71 6,285.18 0.56
Sea Level Specific Impulsel sec 261.62 262,60 0,37 262.70 0.41 264,19 0.98
Liftoff Weight kg 538,247 538,247 538,165 538,165
1bm 1,186,632 1,186,632 0 1,186,451 -0.02 1,186,451 -0,02
1ECO Weight kg 141,433 141,560 141,913 142,565
1bm 311, 802 312,086 0.09 312,865 0,34 314,170 0.76

09
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Since inboard engine cutoff signal was given by a fuel level switch,
the only quantities which affected the cutoff time are those which alter
the level of fuel in the tanks, Table 8-IV lists the parameters which
contributed to the deviation between the predicted and actual cutoff
time and the "At" contributions made by each,

TABLE 8-IV TIME DEVIATION ANALYSIS

Dev (Act-Pred)

Error Contributors /it (sec)
Initial Fuel Load -0.64
Fuel Flourate -0.71
Lower Fuel Density 0.17
Total Centribution -1,18
Observed -1,20
Difference 0.02

The cutoff sequence on the $-IB stage began at 136.27 sec with the
actuation of a fuel level cutoff probe. 1Inboard engine cutoff (IECO)
was initiated, as programmed, 3.0 sec later by the Launch Vehicle
Digital Computer (LVDC) at 139.24 seconds. TECO occurred 1.20 sec
earlier than predicted, The shorter than predicted burn time to IECO
was the result of the higher than predicted fuel flowrate and a some-
what lower than required fuel load.

The actuation of a fuel level cutoff probe, instead of a LOX level
cutoff probe as predicted, resulted from the effect of the lower than
predicted LOX density, Although the combined effects of the lower than
predicted fuel and LOX densities produced essentially the predicted
flight mixture ratioc (0,03% difference), the propellant loading tables
required a 0,30% higher than predicted load mixture ratio for the flight
fuel density. The 253 kg (559 lbm) fuel offload increases the 0.30% to
0.50%. The difference in load mixture ratio over predicted, with no
difference between actual and predicted flight mixture ratio, led to
the unexpected fuel cutoff, This condition cannot be considered abnormal,
since the propellant loading tables are not designed to compensate
for variations in LOX density,

Thrust decay on each inboard engine was normal, The total inboard
cngine cutoff impulse was 1,199,934 N-s (269,756 lbf-s), Inboard and
outboard engine total thrust decay is shown in Figure 8-6,

Outboard engine cutoff (QOECO) was initiated at 142.68 sec by actua-
tion of the fuel depletion sensor located in the sump of fuel tank F4.
It was expected that outboard engine cutoff would be initiated by TOPS
de-actuation when LOX starvation occurred. The expected time differential
between IECO and OECO was 3.0 seconds., The actual time differential was
3.44 seconds., A detailed discussion of the conditions leading to the
fuel depletion probe cutoff is contained in Section 8.3. The unexpected
fuel depletion cutoff produced no adverse effects, and thrust decay was
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satisfactory on each of the outboard engines, Total cutoff impulse for
the outboard engines was 1,095,121 N-s (246,193 1bf-s),

8.2,2 INDIVIDUAL ENGINE CHARACTERISTICS

Individual engine flight performance data from the Mark IV recon-
struction program were reduced to Sea Level Standard turbopump inlet con-
ditions to permit comparison of flight performance with predicted and
preflight test performance. The reduction of engine data to Sea Level
Standard conditions isolates performance variations due to engine charac-
teristiecs from those attributable to engine inlet and environmental
conditions and allow an engine to engine comparison, This is accomplished
by using the revised influence coefficients, discussed previously, The
reduction to sea level performance quoted in the Table 8-I1 do reflect the
flight enviromment but are reduced to zero altitude conditions,

The performance of all eight engines when reduced to Sea Level Stan-
dard conditions was satisfactory. Thrust levels for all engines were
higher than predicted, with an average deviation per engine of 10,097 N
(2,270 1bf) or 1,02%, The average deviation from predicted of specific
impulse was0,80 sec or 0.28% higher than predicted. Figure 8-7 shows
the average deviation from predicted thrust and specific impulses for
engines 1 through 8.

The difference in percentage deviations from predicted between total
stage specific impulse (0.29%) and individual engine specific impulse
(0.28%) is due to the difference in definitions of specific impulse in
each case, 1In the derivation of stage specific impulse, the total pro-
pellants leaving the stage and the longitudinal thrust are considered;
while in the individual engine specific impulse calculations, only the
propellants burned by the engine and engine thtust are considered, The
total propellants leaving the stage are not all burned by the engine,
as some propellants are used for gearbox lubrication.

The following discussion applies to the sea level performance at
30 seconds, This is the time period for which sea level performance is
normally presented, and the flight prediction is based on test data
obtained during this time period. Analysis of past flight data along
with static test data, indicated a pronounced increase in sea level
performance occurring during the first 30 sec of flight, A less pro-
nounced increase was also noted from 30 sec until cutoff, The increase
in sea level performance during the first 30 sec has been attributed to
non-equilibrium engine operation and has been satisfactorily accounted
for in the prediction,

Average sea level engine thrust along the engine centerline at 30
sec was 896,979 N (201,649 1bf) which is 4,083 N (918 1bf) or 0.46%
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higher than predicted, At this time the sea level thrust for engines
1 through 8 differed from predicted by -0.,10, +1.07, -0.10, +0.47,
+0.24, +1.,29, 40,60, and +0,17 percent, respectively, The average sea
level engine mixture ratio was 2.234 to one, which was 0,003 (0.13%)

higher than predicted. The average sea level engine specific impulse
was 262.63 sec, which is only 0.02 sec (0.008%) greater than predicted.

Comparing the flight sea level performance at 30 sec with the sea
level performance derived from engine acceptance testing shows the
average flight sea level thrust to be 8,042 N (1,808 1bf) or 0.90%
higher than the engine test average., The average flight sea level engine
mixture ratio was 0,016 (0,72%) higher than the engine test average,
Average flight sea level engine specific impulse was 0.34 sec (0.13%)
lower than the engine test average.

As noted previously, the average flight sea level engine thrust was
0.46% above predicted at 30 seconds., At TECO the difference was 0.60%.
The small change in the sea level thrust difference between 30 sec and
IECO indicates that the sea level thrust buildup was characterized satis-
factorily.

8.3 S-IB PROPELLANT UTILIZATION

Propellant usage is the ratio of propellant consumed to propellant
loaded, and is an indication of the propulsion system performance and the
capability of the propellant loading system to lead the proper propellant
weights. Propellant usage for the S-IB stage was satisfactory and within
0.15% of the predicted value. The predicted and actual (reconstructed)
percentages of loaded propellants utilized during the flight are shown
in Table 8-v,

TABLE 8-V PROPELLANT UTILIZATION

Propellant Predicted (%) Actual (%)
Total 99,15 99.30
Fuel 98.25 98.72
LOX 99.55 99.55

The planned mode of Outboard Engine Cutoff (OECO) was by LOX star-
vation. The LOX and fuel level cutoff probe heights and flight sequence
settings were set to yield a 3,0 sec time interval between any cutoff
probe actuation and Inboard Engine Cutoff (IECO), and a planned time
interval between IECO and OECO of 3,0 seconds. OECO was to be initiated
by the deactuation of two of the three thrust OK pressure switches on any
outboard engine as a result of LOX starvation. It was assumed that
approximately 0,283 m3 (75 gallons) of LOX in the outboard suction lines
was usable. The backup timer (flight sequencer) was set to initiate
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OECO 10 sec after level sensor actuation; this essentially eliminated
the backup timer as a mode of OECO. To prevent fuel starvation, fuel
depletion cutoff probes were located in the F2 and F4 container sumps.
The center LOX tank sump orifice was 48,3 + 0.013 cm (19.0 4+ 0,005 in)
in diameter, and a liquid level height differential of approximately
4.3 cm (1.7 in) between the center and outboard LOX tanks was predicted

at IECO (center tank level higher).

On this flight, the fuel-empty reference was redefined as theoretical
tank bottom rather than at fuel depletion probe actuation, This was done
due to the early depletion probe actuation phenomenon on AS-201l, The
fuel bias was maintained at 453.6 kg (1000 lbm) as on AS-20L. If the
curved bottom portion of the tank 1is extended to form a complete hemi-
sphere, the lowest point on this extended surface is defined as the
theoretical tank bottom, This is 28,087 em (11,058 in) above the fill and
drain line in the sump of the tank.

Data used in evaluating S-IB propellant usage was obtained by five
discrete probe racks of 15 probes each in tanks 0C, 01, 03, Fl, and F3;
a continuous level probe in the bottom of each tank; cutoff level sensors
in tanks 02, 04, F2, and F4; and fuel depletion probes in the F2 and F4
Sumps.

The cutoff sequence on the S-IB stage was initiated by a signal from
the fuel level cutoff probe in either tank FZ or F4 at 136,27 seconds,
Due to the 83 ms sampling rate, the probes appeared to uncover simulta-
neously, The IECO signal was received 2.97 sec later at 139.24 seconds.
OECO was initiated 3,44 sec after TECO, at 142.68 sec, by a signal from
the fuel depletion probe in tank F4. A second signal was sent by the
fuel depletion probe in tank FZ, 0.90 sec later, at 143,58 seconds,
This signal is believed to have been caused by sudden deceleration of
the S-1IB stage resulting from retro rocket ignition. The fuel depletion
probe actuation times and retro rocket ignition time are shown in Figure
8-8. There was no indication that LOX starvation had been achieved at
OECO.

Based on continuous and discrete probe data,the propellant levels
in the fuel tanks were nearly equal and were approximately 10.2 cm (4 in)
below theoretical tank bottom when the depletion probe in tank F4 actuated
(Figure 8-8), At that time 1,533 kg (3,379 1lbm) of LOX remained above
the main valves,which would regquire an additional 0.1 sec burn time to
achieve LOX starvation. The propellants remaining above the main valves
after outboard engine decay were 1,280 kg (2,822 1lbm) of LOX and 1,615 kg
(3,561 lbm) of fuel, The predicted values were 1,304 kg (2,875 lbm) of
10X and 2,216 kg (4,885 lbm) of fuel. As can be seen, the fuel weight
at OECO was 600.6 kg (1,324 1bm) less than predicted. This was caused
primarily by an increase in the ratio of LOX to fuel mass loaded compared
to predicted. This increase was caused by the warmer than predicted LOX
and a 254 kg (559 lbm) fuel offload.
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Based on the fuel level that existed when the fuel depletion probe
in the F4 sump actuated, it would appear that a stage fuel-empty reference
of theoretical tank bottom is reasonable for A§-203 type flights, One
possible explanation for the dry indication of the fuel depletion sensor
at higher fuel levels on AS-201 is the 50% lower vehicle longitudinal
acceleration on that flight as compared to AS-203.

The cutoff probe signal times and setting heights from theoretical
tank bottom are shown in Table 8-VI.

TARLE 8-VI CUTOFF PROBE ACTIVATION CHARACTERISTICS

Container Height Activation Time
{ cm) (in) (sec)
02 69,72 27.45 136,43
04 69,72 27,45 136.60
T2 84.77 33,375 136.27
T4 84,77 33.375 136,27

8.4 §-TB PRESSURIZATION SYSTEMS
8.4.1 FUEL PRESSURIZATION SYSTEM

The fuel tank pressurization system operated satisfactorily during
the entire flight, This was the second flight of the new helium blowdown
system which was introduced on AS-201. Configuration changes for this
system can be found in Appendix A,

The measured absolute ullage pressure is compared with the predicted
pressure in the upper portion of Figure 8-.9. There is generally good
agreement between the two curves, The higher than predicted ullage pres-
surc is a direct result of a higher than predicted initial sphere pressure.
The blockhouse record of ullage pressure and the digital event evaluator
show that the fuel pressurizing valves opened twice rather than once as
predicted, This has occurred during static test and is not unusual, This
accounts for the different shape of the curve during the first few seconds
of flight. The blockhouse data also shows that the 3.7% or 5,92 m3
(209 ££3) ullage was prepressurized to 21.4 N/cm?2 (31,1 psi) in approxi-
mately 3 seconds,

The initial sphere pressure, which can vary from 1,941 N/cm? (2,815 psi)
to 2,137 N/cm? (3,100 psi), is the most significant factor affecting
ullage pressure, This pressure was 2,096 N/emé (3,040 psi) as compared
to a predicted nominal value of 2,068 N/cm? (3,000 psi)., This is shown
in the bottom portion of Figure 8-9. The fact that the pressurizing valves
closed during the ignition transient caused the "sphere pressure to be
higher at liftoff than it would otherwise have been, This is equivalent
to a greater initial sphere pressure at ignition,
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The measured ullage pressure compares well with the AS-201 ullage
pressure, being almost identical for the first 70 sec and then gradually
diverging to a difference of 1.0 N/cm2 (1.5 psi) at 140 seconds. The
lower pressure on AS-203 can be accounted for by the 0,041 m3 (1l.44 ft3)
smaller helium storage volume. This would result in a lower sphere
pressure near the end of flight and subsequently a lower helium flowrate,

The discrete probe data revealed that the behavior of the fuel tank
liquid levels during flight was very similar to that seen on AS-201.
The discrete probes were eliminated in tanks F2 and F4 on AS-201 and on
all the static tests of stages S5-IB-1 and §-1R-2. The levels in these
two tanks were always between the levels in tanks Fl and F3, The maximum
recorded difference between Fl and F3 was 19.8 cm (7.8 in) at 11 seconds.
The levels converged to a difference of 3.0 cm (1.2 in) at 75 sec,and at
138 sec the difference was 2.8 cm (1.1 in).

8.4,2 LOX PRESSURIZATION SYSTEM

The LOX tank pressurization system performed satisfactorily during
the flight of AS-203. Pressurization of the LOX tanks provides increased
structural rigidity and adequate LOX pump inlet pressures. Helium from
a ground source is used to provide prelaunch pressurization. From vehicle
ignition command to liftoff, an increased helium flow is used to main-
tain adequate LOX tank pressure during engine start.

The GOX vent and interconnect system was redesigned for S-IB-3 and
subsequent stages. A 17.8 em (7 in) vent valve was placed on each out-
board tank and a new 10,2 cm (4 in) vent and relief valve was incorporated
on the center tank., This valve was designed to protect the thinner,
lightweight tanks used on the S-IB stage. It is the primary over-pressure
protection for the LOX tanks and will start to relieve mechanically at
41.4 N/em? (60 psi).

A 10X tank pressure switch with a new design having an actuation
range of 39.8 + 0,6 N/em? (57.7 + 0.8 psi) was incorporated on this stage.
This switch, together with the pﬁeumatic vent mode of the LOX relief
valve, provides backup protection for the tanks in flight after 30 seconds,
Another new switch replaces the old emergency vent pressure switch and
provides this same backup protection on the ground., This switch, which
has no flight function, has an actuation band of 46.5 + 1.4 N/cm?

(67.5 + 2.0 psi). -

The prepressurization level of the LOX tanks is controlled by the
previously mentioned switch to 39,8 N/cm? (57.7 psi) actuation and
38.1 N/em? (55.3 psi) minimum deactuatiom. This prepressurization level
satisfies the requirement of a minimum pressure of 55.2 N/cm? (80 psi)
at the LOX pump inlet for engine start. The system is designed to achieve
a minimum tank pressure of 34.5 + 1.7 N/cem? (50 + 2.5 psi) at OECO.



The 1.3% or 3.31 m3 (117 ft3) ullage was pressurized to 39,7 N/cm2
(57.6 psi) in 52 seconds. The tank pressure at ignition was also 39,7 N/cm2
(57.6 psi), Center LOX tank pressure during flight is compared with the
center LOX tank pressure during S-IB long duration static test (8A-31) in
the upper portion of Figure 8-10. The pressure during flight was higher
than the static test pressure: however, the differences are well within
the measuring accuracy. Several different sources of reduced data were
consulted and all read different pressures, One source of error was a
telemetry calibration shift during flight of approximately 2% of the
measuring range,which is directly equivalent for this measurement to
1.4 N/em= (2 psi). The largest difference between actual and predicted
valucs is also 1,4 N/cem? (2 psi).

The GOX Flow Control Valve (GFCV) started to close at ignition;and,
after two slight oscillations, it reached the fully closed position at
20 sec (Figure 8-10), It remained in closed position until approximately
80 sec, when it began to open to compensate for decreasing tank pressure,
The operation of the valve during static test is also shown, This posi-
tion trace is shifted upward approximately 3% due to the calibration pro-
cedure of the static test measurement,

The pressure and temperature upstream of the GFCV were as expected
and indicated a GOX flowrate of approximately 8, 44 kg/s (18,6 1bm/s)
when the valve was 100% closed,

8.4.3 CONTROL PRESSURIZATION SYSTEM

The S-IB stage control pressure system supplied GN2 at a regulated
pressure of 531 to 534 N/cm2 (770 to 775 psi) to pressurize the H-1 engine
turbopump gear boxes and to purge the LOX seals, five radiation calorim-
eters,and an infrared spectrometer, Regulated pressure was utilized to
close the LOX and fuel prevalves at inboard and outboard engine cutoff,
Pressure was also available to operate the LOX vent and relief valve.

The S-IB-3 control pressure system was similar to the S-1IB-1 system
but an additonal 0.028 m (1 ft3) fiberglass sphere (2 total) was used to
accommodate the additional flowrates required for the fifth calorimeter
and the infrared spectrometer.

System performance was satisfactory both during prelaunch and flight,
The spheres were pressurized from 1,034 to 2,086 N/em? (1,500 to 3,025
psi) at approximately T-6 hours and 42 minutes. Between power transfer
and ignition,the sphere pressure decrease was reduced from 69 N/cm?
(100 psi) on AS$-201 to 6.9 N/cm? (10 psi) for AS-203 due to the by-pass
system installed in the launch complex. Flight sphere pressure at T-10
sec was 2,096 N/cm? (3,040 psi) and this declined steadily to 1,255 N/cm?
(1,820 psi) at OECO. The final sphere pressure was within 34.5 N/cm?
(50 psi) of the predicted value, At approximately 140 sec, a change
in slope of the supply pressure curve was noted, This was caused by
the pneumatic requirement of closing the prevalves. The regulated
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pressure during flight was 531 N/cm? (770 psi) at 10 sec prior to lift-
off and increased to 534 N/cm? (775 psi) by 150 seconds. The regulated
pressure remained well within the required operating range of 490 to
562 N/cm? (710 to 815 psi).

8.5 CAMERA FJECTION SYSTEM

The operation of the camera ejection system was satisfactorv, Two
movie camera capsules were incorporated on the S-1IB stage to provide a
permanent visual record of the S-IB/S-IVB separation, S-IVB ullage rocket
operation,and J-2 engine ignition., The movie cameras were ejected from
the 5-1IB stage 25 sec following the $-IB/S-1VB separation command. The
predicted supply pressure drop at camera ejection was 86,2 to 172 N/ch2
(125 to 250 psi), The actual pressure drop at ejection was 96.5 N/cm
(140 gsi) at approximately 170 seconds, The supply source was a 0,028 m3
(1 f£?) nitrogen storage sphere. 1Initial sphere pressure at liftoff was
approximately 2,137 N/ cm? (3,100 psi) and remained at this value until
ejection,
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9.0 (U) S-IVB PROPULSION AND ASSOCTIATED SYSTEMS
9.1 SUMMARY

The performance of the 5.1VB stage propulsion system was nominal
throughout flight. The only exception was the fuel recirculation shutoff
valve rot closing as expected, prior to engine start command,

On the basis of flight simulation, overall average §-1VB thrust
was 0.37% higher than predicted; weight loss rate was 0.50% higher than
predicted; and specific impulse was 0,.12% lower than predicted. Maximum
thrust fluctuation was + 4,448 N (+ 1,000 1b). Engine cutoff occurred
at 433.35 sec, 2.90 sec earlier than predicted.

The PU system operated in the open loop configuration and provided
an average mixture ratio of 4.95 to 1 throughout flight. Propellant
loading and utilization control was satisfactory, The statistically
weighted average propellant load indicated a load within 0.2% LOX and
-0.2% LH, of desired,

Operation of the propellant and auxiliary pressurization systems
was satisfactory.

9,2 §-IVB PROPULSION PERFORMANCE
g.2.1 ENGINE CHILLDOWN

During chilldown, the thrust chamber skin temperature decreased
guickly and then leveled off at approximately 126°K until liftoff, when
chilldown was terminated. At §-IVR engine start command (144,89 sec),
the temperature was 142°K (upper portion of Figure 9.1), within the
requirement of 144 + 50°K. As shown in the lower portion of Figure 9-1,
the thrust chamber Tube temperatures and the lower engine manifold tem-
peratures followed the same trend and were similar to the thrust chamber
skin temperature,

The chilldown and loading of the engine GHp start sphere were accom-
plished satisfactorily, Prior to liftoff,the warmup rate of the sphere
was 0,67°K/min after being pressurized., At engine start command, the
temperature was 154°K and the pressure was 901 W/cm?2 (1,307 psi); these
values were well within the temperature and pressure requirements of
162 + 30°K and 914 + 52 N/em? (1,325 + 75 psi), respectively. GHp mass
in the sphere at liftoff was 1.38 kg 73.49 1bm), The mass diminished
to 0.24 kg (0,54 1bm) after start sphere blowdown; the total mass con-
sumed was 1.34 kg (2.95 l1bm). The warmup rate and magss consumption were
satisfactory. The start sphere refill system demonstrated the capacity
to recharge the start sphere to 758 N/cem? (1,100 psi) within 100 sec
after engine start command (ESC). The mass in the sphere at engine cutoff
command (ECC) was 2,04 kg (4.51 1bm).
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The engine pneumatic control sphere conditioning was satisfactory.
At §-IVB ESC, the sphere pressure was 2,299 N/cem? (3,335 psi), the
temperature was 154°K, and the mass was 0.98 kg (2.15 1lbm). The mass
remaining after ECC was 0.85 kg (1.87 lbm); 0.13 kg (0.28 lbm) was
consumed,

The fuel chilldown shutoff valve failed to close prior to ESC. The
valve was the type employing a bellows assembly. The four deficiencies
of this bellows assembly are: (1) tendency to take permanent set after
cyeling, (2) possible distortion connected with such permanent set, {(3)
possibility of failure due to vibration, and (4) N2 solidification on
outer bellows,

Qualification tests have shown that the poppet guide of this valve
is rendered permanently distorted, in some cases, after vibration tests.
OQut-of-roundness of the poppet guide can lead to metal-to-metal inter-
ference. This interference in turn leads to scuffing of the walls of
the bore which is guiding the poppet. Failure of the valve to close may
be attributed to this interference, since the force due to interference
resists the closing of the valve. 1t also has been noted, in a single
case only, that an out-of-tolerance condition existed allowing only
0.0015 to 0,0018 cm (0,0006 to 0,0007 in) diametrical clearance at low
temperature, The minimum clearance specified by the manufacturer is

0.0033 cm (0.0013 in) at cryogenic temperature,

The vibration failure results in fatigue-cracking of the bellowus
and leakage connected with such cracks, A crack constituting a leakage
approximately the size of the 0,102 om (0.040 in) diameter inlet to the
valve causes the valve to stay Opern. Loss of the helium should be
noticeable in this type of failure mode. Failure of the LH, chilldown
shutoff valve can be attributed to any of the 3 listed causes or any
combination thereof. A new strengthened poppet guide and improved bellows
are to be ingtalled on AS-204,

Another possibility for failure of the valve to close is condensed
nitrogen on actuator bellows solidifying.

9,2,2 START CHARACTERISTICS

S-TVB ESC occurred at 144 .89 sec, 0,83 sec earlier than predicted.
The start thrust transient was faster than during the acceptance testing,
as expected, and was primarily the result of the effect of altitude on
LOX pump buildup, The start transient was motre consistent with original
specifications than §-1VB-201, Thrust buildup to the 90% level, as in-
dicated by 426 N/cm? (618 psi) chamber pressure, was achieved 3.15 sec
after ESC, as compared to 3,500 sec during stage acceptance testing and
3.810 sec predicted., Figure 9-2 shows the thrust buildup and the upper
portion of Figure 9-3 shows the engine chamber pressure during the start
transient as compared to stage acceptance testing. No thrust overshoot
occurred, The total start impulse to 90% thrust was 674,995 N-s (151,745
1bf-s), as compared to the predicted value of 840,714 N-s (189,000 1lbf-s).
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The impulse difference was due to the faster start transient time, which
resulted primarily from the installation of a larger poppet orifice in
the main oxidizer valve (MOV) actuation assembly,

The MOV position during the start transient is compared to stage
acceptance testing data and is presented in the lower portion of Figure
9-3. To make a valid comparison, the stage acceptance firing values in
both curves of Figures 9-2 and 9-3 were adjusted to account for the start
time difference between stage acceptance testing and flight, The time
between ESC and the start tank discharge valve signal was 360 ms longer
during flight. The actual, sequence*, and acceptance testing MOV plateau
and travel times are listed in Table 9-I. The MOV opening time was faster
than during acceptance testing., The MOV was reorificed aftrer A§-201 to
compensate for the enviromment expected to be encountered in flight,

TABLE 9-1I MOV OPENING TIMES

Time (ms)

Time Period Actual Sequence¥® Acceptance Firing
First Travel 80 50 + 20 80
Plateau 435 415 + 95 515
Second Travel 1975 1340 + 40 2135

*Sequence times are detemmined from '"cold" test runs, without the engine
burning propellant,

The upper portion of Figure 9-4 shows the MOV environment that was
encountered on AS-203 during powered flight, The lower portion of Figure
2-4 shows the fuel turbine inlet temperature during the start transient.
The maximum inlet temperature (939°K) encountered in flight was c¢lose to
the maximum temperature encountered during engine acceptance testing, but
was considerably higher than during stage acceptance testing, The fuel
turbine inlet temperature from flight was determined by flight reconstruc-
tion, The inlet temperature derived from engine acceptance testing was
acquired by using a thermocouple and that derived from stage acceptance
testing was acquired by using a flight instrumentation temperature bulb,

9.2.3 MAINSTAGE ENGINE ANALYSIS

The performance of the $-IVB stage propulsion system was nominal
throughout flight. The only exception was the fuel recirculation shutoff
valve not closing as expected,prior to ERC. The probable cause for the fuel
chilldown recirculation valve failing to close is discussed in Section
9.2.1, The failure of the valve to close did not adversely affect the
stage performance, The primary purpose of the valve is for ground test
and safety purposes. On future flights with an open valve, problems
might occur, only if the propellants depleted to a level near that where
the recirculation line and propellant tank interface. Depletion to this
level is not currently expected,
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Two separate types of analysis were employed in reconstructing the
S-IVB engine performance., The first method, engine analysis, used the
telemetered engine and stage data to compute longitudinal thrust, specific
impulse, and stage mass flowrates, The second methed, a five degree-of-
freedom trajectory simulation (flight simulation), utilized a differen-
tial correction procedure to generate multipliers that were enforced on
the results of the engine analysis. This permitted the generation of
a trajectory simulation which fitted the final observed trajectory closely.

The S-IVB engine performance was reconstructed from engine start
command to engine cutoff command. The results of two computer programs
were averaged to produce the final engine performance results. Devia-
tions-from-predicted of the reconstructed performance values are presented
in Table 9-1I. Reconstructed performance values were based upon analysis
of tclemetered engine parameters, The values of additional flight vari-
ables are presented in Table 9-ITI.

Steady state performance of the J-2 engine was satisfactory, §S-IVB
steady state performance parameters are compared to predicted in Figure
9-5. The average mixture ratio during flight was 4.95 to 1 and varied
from (4,88 to 1) to (5.04 to 1), The PU system was operated in the open-
loop mode with the PU valve in the null position during the entire flight,

Thrust fluctuations were minimal. The maximum fluctuation was
approximately + 4,448 N (+ 1,000 1bf) during S-IVB powered flight. These
variations in Engine performance were directly attributable to cycling
of the LH, and LOX tank pressurization systems. Engine performance changes
as a direct result of the pressurization f lowrate changes and as an
indirect effect of the variations in turbo-pump inlet conditions.

A trajectory simulation program utilizing five degrees-of-freedom
was employed to adjust the S-IVB propulsion system results generated by
the engine analysis. The roll axis in the flight simulation program is
not free, but is fixed by values derived from flight data. Using a dif-
ferential correction method, this simulation program determined the
adjustments to the engine analysis thrust and weight flow histories to
yield a simulation trajectory which closely matches the observed trajec-
tory, The cutoff weight was constrained to 26,722 kg (58,912 1bm) and
the ignition weight to 88,710 kg (195,571 1bm), A thrust multiplier of
0.9964 and a weight flow multiplier of 0.9999 were enforced on the pro-
pulsion engine analysis results for the "best fit" trajectory. This
simulated trajectory, when compared to the observed trajectory, resulted
in the following average (root-sum-squared) and maximum differences of
those parameters utilized in the hunting procedure (see Table 9-1IV):



TABLE 9-1I1

$-1VB PROPULSION SYSTEM PERFORMANCE

Units | predicted! | Engine Analysisl | % Dev. Fm. pred? | Flight Simulation | % Dev. Fm.
Parameters

Longitudinal N 901,869 908,571 905,231
vehicle Thrust 1bf 202,748 204,246 0.74 203,504 0,37
Vehicle Mass kg/s 215,21 216,30 216.28
Loss Rate 1bm/s 474,46 476,85 0.50 476 82 Q.50
Longitudinal Vehicle
Specific Impulse sec 427.32 428.32 0,23 426,79 -0,12

1. From 90% thrust to J-2 engine cutoff signal.
2. Engine analysis minus predicted in percent of predicted.
3. Flight simulation minus predicted in percent of predicted.

€8



TABLE $9-111

S-IVB MAINSTAGE PERFORMANCE - FLIGHT VARIABLES

Engine Vehicle Standard
Parameter# Units Acceptance Acceptance Flight Altitude
Total Pressure, Fuel Inlet (N/cmz) 23.2 19.9 30,5 20,7
(psi) 33.7 28,9 44,3 30.0
Temperature, Fuel Inlet (°K) 20.9 20.9 21,3 20,6
Density, Fuel Inlet (kg/m>) 70.16 70,16 69.84 70.48
' (1bm/ ft3) 4,38 4,38 4,36 4,40
Total Pressure, Oxidizer Inlet (N/cmz) 30.8 27.7 30,1 26.9
(psi) 44,6 40,2 43,6 39.0
Temperature, Oxidizer Inlet (°x) 92,5 91.1 91,2 91,4
Density, Oxidizer Inlet (kg/m>) -1127.86 1135,39 | 1134,75 | 1133.95
(1bm/£t3) 70.41 70.88 70,84 70.79
Oxidizer Pump Auxiliary, Brake HP|(metric HP) 0 4.49 3.36 16,82
(HP) 0 4.0 3.00 15.00
Heat Exchanger Oxidizer Flowrate (kg/s) 0.94 0.0 0.0 0.82
(Ibm/s) 2.08 0.0 0.0 1.8
Fuel Tapoff Flowrate (kg/s) 0.42 0.31 C.86 0.36
(lbm/s) 0.93 0.69 1.90 0.8

*These are independent parameters
and during a test,

affecting performance which may vary from test to test

These variables are standardized
is adjusted to normalize test results,
demonstrated and corrected to standard al

(standard altitude) and the performance
Engine acceptance performance requirements are
titude conditions,
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TABLE 9-IV FLIGHT SIMULATION PARAMETER DIFFERENCES
Parameter Average Maximum
Slant Range 10,24 m (33.6 ft) 16,1 m (53 ft) at 440 sec
Earth-Fixed Velocity 0,093 m/s (0.304 fps) 0.23 m/s (0,749 fps) at 440 sec
Altitude 32.0 m (105 ft) 139 m (456 ft) at 440 sec
Earth-Fixed Azimuth 0.00237 deg 0.0051 deg at 220 sec

The flight simulation results of the average performance values
from 90% thrust to J-2 engine cutoff are presented in Table 9-1I., The
maximum inaccuracies in the gsimulated propulsion parameters due to the
observed trajectory and simulation uncertainties are estimated to be
0.2% for thrust and weight flow and 0.3% for specific impulse., An addi-
tional inaccuracy is added by the uncetrtainty in the ignition and cutoff
weight, As a result the total inaccuracy in thrust, weight flow, and
specific impulse is 0,3% in each case,

The mass flowrate determined by flight simulation, combined with
the vehicle mass at any point in time on the trajectory, allows an
accurate determination of the vehicle mass history., The best estimate
of vehicle mass at S-IVB engine start command and engine cutoff command
as determined from engine PU, point level sensors, and trajectory simula-
tion was 88,712 kg (195,573 1bm) and 26,723 kg (58,913 lbm), respectively.
The flight simulation solution which came closest to yielding the best
estimated weights indicated that the weights at §-IVB ESC and ECC were
88,701 kg (195,553 1bm) and 26,750 kg (58,975 1lbm), respectively,

9.2.4 CUTOFF CHARACTERISTICS

Figure 9-6 shows that the cutoff transient was smooth and close to
that exhibited during acceptance testing. Five percent of steady-state
thrust 50,042 N (11,250 1bf), was reached 0.774 sec after the initiation
of guidance cutoff signal; and, after 1,629 sec, there was no signifi-
cant thrust.

The cutoff impulse was determined from two sources, the propulsion
parameters and the platform accelerometers. As determined from the
propulsion parameters, the cutoff impulse was 230,458 N-s (51,809 1lbf-s);
from the platform accelerometers, the cutoff impulse was 242,428 N-s
(54,500 1bf-s). This impulse covers the time period from receipt of the
guldance cutoff signal by the §-IVB switch selector at 433.35 sec (ESC
+ 288.46 sec) to zero chamber pressure. The predicted cutoff impulse
was 181,808 N-s (40,875 1bf-s). Based upon stage acceptance testing, the
predicted cutoff impulse was 212,220 N-s (47,709 1bf-s), Both the
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acceptance testing and the actual impulse were determined from propulsion
parameters derived from thrust calculations based on the chamber pressure
data. There was no variation in the PU wvalve position at cutoff,

The velocity increase resulting from the cutoff impulse, as deter-
mined from guidance parameters, was 9.04 m/s., The predicted velocity
increase was 7.69 m/s,

9,3 §-IVB PROPELLANT UTILIZATION

The PU system operated in an open-loop mode, and propellants were
loaded and consumed at a 4,95 to 1 mass ratio. The PU valve remained
in the null position throughout flight, as planned,

The S-IVB propellant mass history is presented in Table 9-V. The
predicted propellant load was 53,753 kg (118,504 1bm) LOX and 19,188 kg
(42,302 1lbm) LHyp. The statistically weighted average propellant load,
resulting from total stage mass weighted averaging (Figure 9-7), indicated
a load within +0,2% LOX and -0,2% LH, of the desired,

The PU system was calibrated in accordance with the mass-to-capaci-
tance relationship established by the engine influence coefficient com-
puter program, using acceptance testing data, Comparing the repeat-
ability of the indicated PU flight masses, corrected from flight environ-
ment to acceptance firing conditions, resulted in repeatability factors
of 99,89% LOX and 99.96% LH, of full load in each tank. These repeat-
ability factors are approximate because the computer program used for
flight is being updated constantly. The error of the PU system obtained
from a comparison of the statistically weighted average masses shown in
Table 9-V and the PU system masses corrected for non-linearities at ESC,
yielded errors of 0.24% LOX and 0,20% LH,.

Figure 9-8 presents the LOX and LHy overall non-linearity curves
derived from flight analysis and manufacturing specifications, Non-
linearities existed between the mass sensor specifications and the actual
mass sensor outputs because of changes in tank volume versus height
relationship subsequent to the design of PU mass sensors, The flight
non-linearities are in close agreement with the manufacturing non-lineari-
ties, which are corrected to flight environment., Correction factors are
included in the manufacturing non-linearity curves to counteract the
sensor errors caused by center of gravity offset and the changing tank
shape in flight, The changes in tank shape are caused by changes in
acceleration, temperature,and pressure during flight,



TABLE 9-v

S-IVB PROPELLANT MASS HISTORY

Engine Flow Statistically wWtd,
Event Predicted PU System (1) Integral (2) Average (3)
nits LOX Ly, LOX % Dev.] LH, % Dev. LOX % Dev. | LH, % Dev. LOR % Dev. LH7 % Dev.
5-IVB ESC* kg 53,753 | 19,188 53,972 19,188 53,910 15,181 53, 844 19,149
1bm 118,504 | 42,302 | 118,987 0.41 | 42,302 0 118,851 | -0.29 [ 42,286 | -0,04 | 118,705 0.17 42,216 { -0.20
Residual at kg 2,364 8,684 2,283 8,502 2,411 8,668 2,424 8,672
S5-IVB ECC¥*(4) 1bm 5,211 19,144 5,033 | -3,44 18,744 | -2,09 5,315 2.00 |19,109 | -0.18 5,345 2.57 19,119 -0.13

(1) PU system indicated mass corrvected for f{light.

(2) Composite of engine analysis programs

(3) Composite of PU system, engine flow integral, reconstruction, and level sensor residuals

(4) Weighted average residuals include level sensor residuals of 2368 kg (5221 1lbm) LOX and
8633 kg (19033 1lbm) LH,.

Note:
#These predicted and actual weights at S-IVB engine start command (ESC} are identical to those at liftoff,

**ECC is Engine Cutoff Command

68
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Engine cutoff command occurred at 433.35 sec, 2.90 sec earlier
than predicted, The predicted propellant depletion time was 440,79 sec,
based on acceptance testing and engine history data. The total propel-
lant residuals at ECC (calculated by flow integral method) were 2,411 kg
(5,315 lbm) LOX and 8,668 kg (19,109 1bm) LHp as compared to a predicted
value of 2,364 kg (5,211 1bm) LOX and 8,684 kg (19,144 lbm) LHy. Resid-
uals at the end of thrust decay were 2,347 kg (5,175 1bm) LOX and 8,655 kg
{19,081 1bm) LHp.

9.4 S-1IVB PRESSURIZATION SYSTEMS
9.4,1 FUEL PRESSURIZATION SYSTEM

The fuel pressurization system performance was satisfactory through-
out flight, and supplied LH2 to the engine pump inlet within the speci-
fied operating limits, The NPSP at the engine LHy pump inlet was main-
tained above the allowable mipimum throughout the S-IVB powered flight.
The minimum NPSP was 6.9 N/cm2 (10 psi) at S-IVB engine cutoff (433,35
sec), which was at least 2.96 N/cm? (4.3 psi) above the allowable minimum,

Fuel tank pressurization system configuration and sequencing were
characterized by precautions taken to prevent a sharply decreasing ullage
pressure profile following engine start as was noted during $-IVB-201
flight and S-1VB-203 acceptance testing., The sharp pressure decrease
in the former case was caused by high amplitude LHy sloshing and conse-
quent excessive ullage cooling. 1In the latter case, incoming GHy pres-
surant impingement on the LH, surface caused unusually high LHp boiloff
and consequent ullage cooling. The pressurant impingement effect was
avoided during this flight as the result of the installation of a nylon
bag diffuser, The diffuser expands the incoming pressurant evenly into
the ullage. 1In the event that slosh amplitude was high on S-IVB-203,
ullage pressure to provide adequate fuel pump NPSP was assured by incor-
porating an 80 sec period of step pressurization, This 80 sec period
was included in the automatic sequence immediately after S-IVB ESC,

Pressurization conditions from prepressurization through S-IVB
powered flight conformed closely to predictions, The LHy prepressuriza-
tion command was received approximately 113 sec before liftoff. The LHp
tank-pressurized signal was received 22 sec later when the LHp tank
ullage pressure reached 25.3 N/ cmé (36,7 psi), The upper portion of
Figure 9-9 shows that the ullage pressure decreased slightly to 24,7
N/ em? (35.8 psi) at O sec, and then to a minimum of 23,9 N/em? (34,7 psi)
at 100 seconds. The LHy tank ullage temperature measurement indicated
slight ullage cooling during this period., The ullage pressure increased
slightly during the remainder of S-IB powered flight,

The lower portion of Figure 9-9 shows that the LHy tank ullage
pressure was 25.2 N/em?2 (36.6 psi) at S-1VB engine start command
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(144.89 sec). Between 144.89 sec and 224,89 sec, GH, bleed from the
engine flowed into the LH; tank through the normal pressurization orifice,
the control pressurization orifice, and the step pressurization orifice,
On S-IVB-201, the control and step pressurization crifices were in the
normally open configuration at §-IVB engine start command and were closed
2.8 sec later. During the S-IVB-203 flight, however, the automatic
sequence was changed to extend the relay engagement duration from 2.8 sec
to 80,0 seconds. The resulting 80 sec of step GH, pressurant flow into
the fuel tank caused retieving of the tank at about 28,6 N/cm? (41,5 psi)
from 151,09 sec until 227,19 sec, thus assuring acceptable NPSP during
S-IVB powered flight. When the control and step pressurization orifices
were closed at 224,89 sec, the ullage pressure began a normal decline

and reached a minimum of 20,6 N/cm? (29.9 psi) at S-IVB engine cutoff
(433,35 sec).

The GHjy pressurization flowrates were 0,77 to 0.82 kg/s (1.7 to 1.8
1bm/s) until 224,89 sec, and about 0.236 kg/s (0,52 lbm/s) for the
remainder of §-IVB powered flight, These values were approximately equal
to predicted and indicated that 110.3 kg (243 lbm) of GH; was added to
the ullage between 144,89 sec and 433,35 seconds,

Low LHy slosh amplitude throughout S-IVB powered flight was indicated
by both television observation and by data from other instrumentation,
It appears that the anti-slosh baffle installed for the LH, experiment
is an adequate precaution against excessive LHy slosh, A period of high
incoming pressurant flow immediately after $-IVB ESC will apparently be
unnecessary during flight of 5-IVB/V stages, On $-IVB/IR missions
similar to the S-IVB-201 flight, minimum LH, pump NPSP requirements will
not be endangered by slosh because of the smaller LHy load and larger
42,5 to 56,6 m3 (1,500 to 2,000 ft3) ullage,

Calculations based on the LHy tank ullage pressure and temperature
conditions at the termination of LHy tank relief and S-1VB engine cutoff
indicated a LHg boiloff of approximately 4 kg (9 lbm) during the last
205 sec of S-IVB powered flight, This calculation involves a mass balance
in the fuel tank ullage, From 151,09 sec until 224,19 sec, this balance
included the amount of mass vented overboard during tank relief, Non-
prepulsive vent exit instrumentation indicated that about 18,6 kg (41 lbm)
were vented during this time, and about 1,32 kg (2,9 lbm) GH; condensa-
tion was calculated., However, the small absolute value of the result
indicates negligible boiloff or condensation during the relief period,

In view of the low slosh amplitude, the low boiloff is reasonable, as
data from acceptance tests in which the nylon bag diffuser configuration
was employed also indicated negligible boiloff,
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LHp Supply Conditions

The LHy NPSP was 9.3 N/ cm? (13,5 psi) at S-IVB ESC (lower portion
of Figure 9-10), It increased with the LH; tank ullage pressure, reach«
ing 16.3 N/cm? (23,7 psi) at 149.89 seconds. It remained within the
predicted range until engine cutoff, when it decreased to 6.9 N/ cm?Z
(10 psi). The LHp pump inlet pressure data was invalid during powered
flight; therefore, the LHp tank ullage pressure was used to determine
the pump inlet pressure,

The LHy system chilldown circulation system was adequate, Chilldown
ceased 4.36 sec before $-IVB ESC when the engine LHp prevalve was commanded
open, At S-IVB ESC the LHp pump inlet static pressure and temperature
was 22.9 N/cm? (33,2 psi) and 21.30K, respectively, well within the engine
start requirements (upper portion of Figure 9-11). The pump inlet tem-
perature and static pressure indicated that the inlet conditions were
satisfactory throughout the flight. The LH; pump inlet temperature pro-
file was satisfactory, increasing less than 0.5°K during $-IVB powered
flight.

9.4.2 LOX PRESSURLZATION SYSTEM

The oxidizer pressurization system performance was satisfactory
throughout the flight, supplying LOX to the engine pump inlet within the
specified operating limits. The NPSP at the engine pump inlet was main-
tained above the allowable minimum, The minimum NPSP was 16,1 N/cm2
(23.3 psi) and occurred at ESC; the NPSP was 17.4 N/cm? (25,3 psi) at
engine cutoff command. Both values were well above the allowable minimum
throughout $-IVB powered flight. The overall system performance was
close to predicted, Prepressurization and pressurization control were
normal and within predicted limits,

LOX tank prepressurization was initiated 263 sec prior to liftoff
and increased the ILOX tank ullage pressure from 10.5 to 27.0 N/cm2
(15.2 to 39,2 psi) within 68 sec (upper portion of Figure 9-12). Two
makeup cycles were required to maintain the ullage pressure prior to
liftoff, During S-IB boost, pressutant from the cold helium spheres was
required three times to maintain the LOX ullage pressure. The control
pressure switch maintained the pressure between 25.5 and 26.9 N/cm?
(37.0 and 39,2 psi). The LOX tank ullage pressure was 26.7 N/cm?
(38.7 psi) at S-IVB ESC.

puring S§-IVB powered flight (lower portion of Figure 9-12) the
pressurization system cycled three times as it maintained the ullage
pressure between 25.5 and 27.0 N/cm?2 (37.0 and 39.1 psi). The pressuri-
zation system cycled one more time than predicted; this occurred because
the prediction was based upon acceptance data where the heat input to
the LOX tank was much greater. The characteristic decrease of the ullage
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pressure below the switch setting, following engine start command, did
not occur because the initial ullage volume was large, 32,565 m3 (l 150
£t3 ), and the pressurant flow during S-IB boost had chilled the entire
pressurization system by ESC, The uvilage pressure decreased immediately
after ECC, as the programmed GOX ullage thrusting was activated,

The 10X tank pressurization flowratevariation was 0.18 to 0,20 kg/s
(0.40 to 0.45 1lbm/s) during the system overcontrpl operation, and 0.1l4
to 0,18 kg (0.30 to 0,39 1bm) during the system undercentrol operation.
This variation of the flowrate was caused by the decreasing temperature
of the cold helium entering the module, The flowrate was 0,02 to 0,03 kg/s
(0.05 to 0,07 1bm) greater than the predicted value throughout the flight;
this was the result of the pressurant being at a lower-than-expected
temperature, During S-IVB powered flight, 50 kg (110 1lbm) of helium was
used, The cold helium mass at liftoff was 165 kg (364 lbm); this was
higher than predicted because of the higher-than—predicted sphere pres-
sure, 2,172 N/cm? instead of 2,068 N/ems (3,150 psi instead of 3,000 psi).
The indicated cold helium sphere pressure of 2,310 N/em2 (3,350 psi) is
believed to be incorrect, based upon the ground support regulator setting
and the other sphere pressures, The calculated collapse factor reached
a maximum of 1,07 at 196,89 seconds, It then decreased to 1,03 during
overcontrol operation, increased to 1.07 during undercontrol operation,
and then gradually decreased to 1,05 at S-IVB engine cutoff,

The J~2 heat exchanger outlet temperature increased to 467°K during
the first 50 sec of S-IVB powered flight, Throughout the remainder of
the flight the temperature gradually increased, stab111zlng only during
overcontrol operation, A maximum temperature of 517°K was reached during
the last undercontrcl operation pricr to engine cutoff, Temperatures
during the flight were 11°K to 25°K higher than those experienced during
acceptance testing. This difference was caused by the absence of con-
vective heat transfer from the uninsulated part of the pressurization
line, the gas generator exhaust line, and the associated hardware, The
helium flowrate through the heat exchanger was 0,08 kg/s (0.17 lbm/s)
during the system overcontrol operation,

LOX Supply Conditions

The NPSP at the pump inlet was 16.1 N/cm? (23.3 psi) at S-IVB ESC.
The NPSP followed the ullage pressure and pump heat increase
caused by acceleration, and was 17,4 N/em (25,3 psi) at engine cutoff
(lower portion cof Figure 9-13). This was 7.6 N/cm? (11.0 psi) above the
NPSP required at engine cutoff, The predicted NPSP was higher than the
actual because of a slightly lower-than-predicted pump inlet pressure
and the higher-than-expected pump inlet temperature,
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The LOX chilldown system operation was satisfactory. The chilldown
was terminated by commanding the LOX prevalve to open at 140,53 seconds.
At the time of ESC the LOX pump inlet static pressure was 28.3 N/em
(41.1 psi) and the temperature was 91,39k, both within the engine start
requirements (lower portion of Figure 9-11). At engine cutoff the LOX
pump inlet total pressure was 30.1 N/ em? (43.7 psi), slightly lower than
expected (middle portion of Figure 9-13).

The LOX pump inlet temperature was 91.3°K at $-1VB ESC (upper portion
of Figure 9-13). It agreed well with the predicted values until 55 sec
before cutoff when it started to increase at a more rapid rate., This
increase apparently was caused by a warmer layer of LOX that fomed on
the surface because of the large surface area which was exposed to the
ullage during the countdown, The same occurrence was noted during the
g-1VB-203 stage acceptance test. The temperature rise caused by the
layer was less severe during flight than it was during acceptance test-
ing. The primary effect was a slight loss of NPSP, which had no notice-
able effect on the engine operation.

The pump inlet temperature and static pressure indicate that the
inlet conditions were satisfactory throughout the flight as shown in
the lower portion of Figure 9-1l.

9.4.3 AUXILIARY PRESSURIZATION SYSTEMS

The pneumatic control and purge system performed satisfactorily
throughout the flight. The helium supply to the system was adequate for
both pneumatic valve control and purging, The regulated pressure was
maintained within acceptable limits, and all components functioned
normally.

The stage pneumatic control helium sphere temperature, pYessure,
and mass history are presented in the middle portion of Figure 9-14, At
liftoff, the control helium sphere pressure was approximately 2,148 N/cm
(3,115 psi), 1t decreased to 2,127 N/cem? (3,085 psi) at ESC. During
S-1VB powered flight, the pressure dropped continuously until it reached
2,126 N/cm? (3,083 psi) at engine cutoff. As expected, the amount of
helium used was low. Sphere temperature was 2739k at liftoff, and
decreased to 272°K at engine start command, By engine cutoff, the sphere
temperature was 271°K.

The pneumatic helium sphere was loaded at liftoff with 4.36 kg
(9.62 1bm) of helium; the mass in the sphere at ESC was 4.33 kg (9.54 lbm),
and 4.30 kg (9.49 1lbm) of helium remained at engine cutoff (lower portion
of Figure 9-14),
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A1l engine and pneumatic control valves responded properly through-
out the countdown and flight, The puneumatic contrel helium regulator
operated satisfactorily, and generally maintained an output pressure of
169 to 372 N/em? (535 to 540 psi). During the period of high pneumatic
system use at S-IVB eggine cutoff command, the control pressure dropped
to as low as 283 N/cm® (410 psi). Such drops have occurred during
acceptance testing and S-IVB-201 flight, and were expected. Since the
pressure recovers rapdily, the drops are acceptable,

During the countdown and flight, all purge functions were satisfac-
torily accomplished, The LOX chilldown motor-container pressure was
maintained at 35 to 36 N/cm? (51 to 52 psi), which was within the design
value of 34.0 to 37.2 N/em? (49 to 54 psi),
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10.0  (U) S-IVB AUXILIARY PROPULSION SYSTEM (APS)
1.1 SUMMARY

Approximately 1.0 sec after cutoff of the §-IB outboard engines,
the APS was activated to provide rcll control during J-2 powered flight.

Following J-2 cutoff, AP§ pitch and yaw contrel was activated to
maintain the vehicle in the desired attitude, After this time, the two
APS modules functioned to compensate for disturbances induced by venting
from the S-IVB stage,

Each motor in the two APS modules performed as expected., The APS
functioned properly to provide roll control during S-IVB powered flight
and attitude control during orbital flight, Approximately 1% of the
available propellants was required for control during S-IVB powered
flight., Maximum usage for the total flight, including orbital, was
55,3% of the fuel in module 1.

10.2 APS PERFORMANCE
10,2.1 PROPELLANT AND PRESSURIZATION SYSTEMS

Table 10-I shows the mass remaining and percent of total APS pro-
pellant masses consumed during the major phases of both orbital and
powered flight, together with the corresponding mass temperatures,

Figure 10-1 shows the quantities of propellant remaining in each module
during powered and orbital flight and also the APS layout and nomenclature,
Because of noise on the PAM data and the small quantities of propellant
consumed, the values are approximate.

APS helium pressurization systems functioned satisfactorily through-
out the flight. Prior to APS activation, the module 1 helium sphere
had a pressure of 2189 N/ cm? (3175 psi) at a temperature of 307°K, At
435 sec,the module 1 pressure was 2186 N/ cm? (3170 psi) and the tempera-
ture was 306°K, Prior to APS activation, the module 2 helium sphere
had a pressure of 2186 N/cm?(3170 psi) at 302°K, At 435 sec, the module
2 pressure was 2182 N/cm? (3165 psi) and the temperature was 30LCK,

The module 1 regulator outlet pressure varied from 144 to 145 N/cm2
{209 to 211 psi%. The module 2 regulator outlet pressure varied from
143 to 145 N/cm? (208 to 211 psi%. These variations were within the
desired range of 143 to 147 N/cm® (208 to 214 psi).

No difficulties were encountered on either module during flight.
However, the signal from motor I chamber pressure transducer was
lost prior to liftoff. The overall motor mixture ratio (EMR) of module
1l was 1,62, which is the nominal value for minimum pulse widths. The
overall EMR of module 2 was 1.49, which is lower than expected.



TABLE 10-1 APS PROPELLANT CONSUMPTION

Oxidizer Fuel
Time Module | Temp (®K) Mass (kg 9 Mass | Temp (%K) Mass (kg) % Mass
(1bm} Used ( Lbm} Used
Prior to 1 306 17.79 - 305 10,82 -
Activation 39.23 23.85
2 30L 17.57 - 300 10,87 -
38.73 23.97
1 308 17.55 1.3 305 10,70 1.1
§-1IVB Cutoff 38.69 23.60
(at 433,35 sec)
2 304 17.29 1.6 300 10.76 1.1
38,12 23.73
1 306 13.60 23.5 305 8.30 23,6
1st Orbit 30.0 18.8
(5,739 sec end of orbit)
2 302 15,55 11.4 300 9,61 10,2
34.3 21,2
1 302 11.65 34,4 304 7.03 35.3
2nd Orbit 25.7 15.5
(11,033 sec end of orbit)
2 298 14,96 14,7 299 9.07 16.1
33.0 20.0
1 298 y.97 43.9 303 5.44 49 .9
3rd Orbit 22,0 12.0
(16,327 sec end of orbit)
2 294 13.33 24,0 298 7.98 26.2
29.4 17.6
1 295 8.24 53.6 301 4,85 55,3
4th Orbit 18,2 10,7
(21,621 sec end of -orbit)
2 293 12,61 28,2 297 7.48 30,8
27,8 16.5

S01
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10,2,2 APS MOTOR PERFORMANCE

APS motor performance was satisfactory throughout flight. Individual
motor performance agreed well with the manufacturer's test data obtained
from simulated flight conditions, The total impulse required throughout
the flight was less than predicted. However, it is evident from the
coincidence of APS pulse sequences and flight events that the modules
were functioning as required to perform the attitude corrections desired,
All pulses during powered flight were of minimum duration.

The total impulse provided by the APS during S-IVB powered flight
was 578 N-s (130 1bfs) for module 1 and 605 N-s (1361bf-s) for module 2,
Module 1 total impulse is approximate, since an assumed impulse per
pulse was used on motor Ip.

Since the minimum impulse bit duration of the APS motors is 0.065
sec, data used in the evaluation of motor performance must be recorded
continuously. The only APS motor data, from the AS-203 flight, meeting
this requirement were the motor chamber pressures, Therefore, the total
impulse was calculated. Figure 10-2 shows the sccumulative total impulse
of each module as a function of mission time, The larger impulse demands
of module 1 are due to the repeated firings of motor I,, required to
control a tendency of the vehicle's nose to rise during continuous vent
periods,

The APS module 1 and module 2 total impulse for various events
throughout the flight is presented in Table 12-T1 (APS Event Summary
in Section 12.0),
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11.0 (U) HYDRAULIC SYSTEMS
11.1 SUMMARY

Performance of the S-IB-3 hydraulic system was satisfactory. The
system's pressure and oil levels on each engine during flight performed
within their acceptable limits,

$.IVB hydraulic system performance was within predicted limits
and the entire system operated satisfactorily throughout the flight,
including simulated restart,

11.2 S-IB HYDRAULIC SYSTEMS

The system pressure levels were satisfactory during the flight
and were similar to those of the §-1B-1_flight, At O sec, the system
pressures ranged from 2237 to 2285 N/cm2 gauge (3245 to 3315 psig).

The pressure decreased about 27.58 N/em?2 (40 psi) on each engine during
the flight (Figure 11-1, upper portion}. This normal pressure decrease
is due to the main pump temperature increase during flight,

Reservoir oil levels were also similar to those of the 5-IB-1
flight. There was an approximate 3% rise in each level from O to 142
sec (Figure 11-1, center portion), which indicates a temperature rigse of
nearly 11°K in each hydraulic system average oil temperature. This
rise in average oil temperature is not reflected in the measured reser-
voir oil temperatures.

The reservoir oil temperatures were satisfactory during flight,
Liftoff temperatures for S$-IB-3 averaged 3269K as compared to an
average of 314°K for the four §-IB-1 hydraulic systems. The average
temperature decrease during the flight was 8,9°K for $-IB-3, compared
to an average of 7.8°% for the four §-IB-1 hydraulic systems.

The reservoir oil temperature increase phenomenon, seen at 65 to
75 sec of flight on the §-IB-1, did not occur on S-IB-3 (Figure 11-1,
lower portion). This phenomenon was not noted on any of the Block II
S-1 stages,

11.3 S-IVB HYDRAULIC SYSTEMS
Hydraulic system fluid pressure, level, and temperature at liftoff,

S-IVB start, S~IVB cutoff,and simulated restart are presented in Table
11-1.
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HYDRAULIC SYSTEM PARAMETERS

111

Hydraulic System Fluid

Flight Period

Simulated

Lifroff Start Cutoff Restart
Auxiliary Pump Press. (N/cmz) 2465 2475
(psi) 3575 3590
Fngine Driven Pump Outlet Press. (N/cmz) 2465 2480
(psi) 3575 3595
Accumulator GN, Press, (N/cmz) 2487 2545 2517/1552% 155272483 %*
{psi) 3605 3690 3650/2250% 2250/3600%
Engine Driven Pump Inlet Temp. (°K) 296 296 316 342
Reservoir Temp. (°K) 288 290 301 295
Yaw Actuator Temp. (°K) 274 276 281 278
Pitch Actuator Temp. (°K) 278 278 283 279
Reservoir Level (%) 27 27 31/90% 89/45%

*¥pual numbers show stable values at the

beginning and end of the event.
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Continuous fluid level and temperature values from befcre liftoff
to §-IVB cutoff, and system temperatures during the orbital period are

presented in Figure 11-2.

§-IVB hydraulic system temperature was not great enough to cause
fluid expansion sufficient for venting te occur, No thermal conditioning
of the svstem was required during the orbital period.
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12.0 (0¥ GUIDANCE AND CONTROL
12,1 SUMMARY

In general, the performance of the guidance and contral system was
satisfactory, The performance of the computer flight program was nominal,
The boost navigation and guidance schemes were executed properly and
terminal conditions were within expected tolerances, All orbital guid-
ance operations were as expected,

The control system functioned properly., The maximum values for the
parameters of attitude error and angle-of-attack that were observed near
the maximum dynamic region, were attitude errors of 1.1 deg in pitch,
-0.9 deg in yaw,and 0.6 deg in roll; and angle-of-attack of -1.3 deg in
pitch and 1.3 deg in yaw. The most significant deviations from predicted
control transients occurred during S-IB/S-IVB separation and guidance
initiation., The actual transients, though larger than predicted,were
within maximum control capabilities of the control system and were well
damped, The APS performed satisfactorily in maintaining the required
pitch, yaw,and roll attitudes during orbital flight,

12,2 SYSTEM DESCRIPTION
12,2,1 CHANGES FOR SATURN IB AS5-203

The Guidance and Control (G&C) system for the AS-203 vehicle was
identical to that flown on AS-201. However, a Digital Command
System (DCS) was added in the Instrument Unit (IU) and several design
changes were implemented at the component level to improve subsystem
operation, The most significant of these changes were: (1) the memory
capacity of the Launch Vehicle Digital Computer (LVDC) was increased,
(2) logic improvements were made in the LVDC and the Launch Vehicle Data
Adapter (LVDA), (3) the middle gimbal of the ST-124M3 Stabilized Plat-
form System (SPS) was modified to reduce weight, (4) the wiring on the
ST-124M3 SPS was changed from silver-plated teflon-coated copper to
nickel-plated teflon-coated copper, (5) a spatial synchronizer module
was added to the Flight Control Computer (FCC), (6) capacitors were
added to the FCC spatial amplifiers and to the FCC filter modules, (7)

a dual rate switch and power line filters were added to the Control
Signal Processor (CSP), and {8) the CSP Emergency Detection System (EDS)
rate switch function was modified to attenuate input frequencies above
16 Hz by the addition of filter circuits.

Noisy measurements and noisy EDS rate gyro signals encountered on
AS-201 were corrected for AS-203 by the filtering of signals in the
measuring amplifiers and the input signals to the EDS excessive rate
switches., Loss of orbital navigational accuracy on AS-201 was corrected
for AS-203 by revised scaling of the orbital navigation program. The

SO EN Pl
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reasonableness test constants were changed from + 1 m/sZ to + 5 m/s2
to correct for the Z accelerometer reasonableness test failures encoun-
tered on AS-201.

The spatial synchronizer module was added to the FCC to provide
synchronous operation of the roll-yaw spatial amplifiers, resulting in
balanced utilization of the Auxiliary Propulsion System (APS) fuel for
yoll maneuvers. The dual rate switch was added to the CSP, to provide
the capability of switching from one abort limit to another, as requested
by the Crew Safety Panel; however, an additional timer, which was not
included for AS-203, is required to achieve this capability.

12.2.2 FUNCTION AND HARDWARE DESCRIPTION

A block diagram of the navigation, guidance,and control system
is shown in Figure 12-1,

The stabilized platform (ST-124M3) is a three gimbal configuration
with gas bearing gyros and accelerometers mounted on the stable element
to provide a space-fixed coordinate reference frame for attitude control
and for navigation measurements., Vehicle accelerations and rotations
are sensed relative to this stable element, Gimbal angles are measured
by redundant resolvers,and inertial velocity is obtained from accelero-
meter head rotation in the form of encoder outputs (also redundant).

The LVDA is an input-output device for the LVDC, These two com-
ponents are digital devices which operate in conjunction to carry out
the flight program. This program performs the following functions:

(1) processes the inputs from the 8T-124M3, (2) performs navigation
calculations, (3) provides first stage tilt program, (&) calculates
IGM steering commands, (5) resolves gimbal angles and steering commands
into the vehicle system for attitude error commands, (6) issues cutoff
and sequencing signals.

The Control/EDS rate gyro package contains 9 gyros (triple redundant
in 3 axes). Their outputs go to the CSP,where they are voted and sent
to the control computer for damping angular motion. These outputs are
also processed in the CSP fqr use as an abort parameter.

The switch selectors are used to relay discrete commands from the
LVDC to other locations in the vehicle. The cutoff signal and time
based events are issued through the switch selectors.

The Digital Command System (DCS),installed in the 1U,is a phase-
shift-keyed, frequency modulated (PSK/FM) system, The LVDC is programmed
to receive two types of command from the Command Decoder: Mode Commands
and Data Commands., Mode Commands are decoded to determine the routine
or sub-routine to be executed by the LVDC, Data commands are used to
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satisfy the data requirements of the commanded routine, The principal
functions of the DCS are: to initiate alternate LHp experiment sequences,
to update the time sequence, to command single switch selector functions,
to control the TV systems, and to initiate other system functions on a
test basis (navigation update, systems checkout).

12.2.3 GUIDANCE AND NAVIGATION SCHEME DESCRIPTION

Cuidance during S-IB powered flight was provided by programs stored
in the LVDC and may be broken into three segments:

1. Guidance Reference Release (GRR) to 10 sec after liftoff (LO + 10).
2. L0+ 10 to LO + 138
3. LO + 138 to IGM initiation

puring segment 1, all steering commands were zero except in roll,
The roll steering command was set to -18 deg to inhibit the removal of
the initial -18 deg roll attitude,

In segment 2, the yaw command remained zero, roll was set to zero
(rate limiting prevents the command from exceeding 1 deg/s), and the
pitch command was computed from one of three third degree time poly-
nomials, Each of these polynomials is a least square curve fit,

During the third segment, the steering commands were arrested,

The $-IVB stage was guided by a modification of the multistage
three-dimensional form of the Iterative Guidance Mode (IGM). IGM is an
optimal scheme based on the optimum steering function derived from the
Calculus of Variations., This approximate thrust vector steering func-
tion was implemented in both pitch and yaw planes of motion,

The IGM segment was started in AS-203 approximately 13.6 sec after
§-IVB ignition, or 3,1 sec after the jettison of the ullage cases. No
engine mixture ratio change was employed on AS-203, hence only one
thrust level was required for IGM.

The sensitivity of the scheme to F/M changes increases as the
terminal conditions are approached, requiring the use of a terminal
scheme utilizing only the velocity constraint terms. This mode is the
chi tilde steering mode, During this mode, the altitude constraint
terms in pitch are set to zero and the yaw terms are frozen at their
last values,
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A test was used for the second time on AS-203, to determine the
reasonableness of sensed velocity changes in order to prevent platform
accelerometer failures from having an adverse affect on the vehicle
flight. To accomplish this, the sensed values were compared to a band
of values inserted into the computer, Accelerometer failures would be
characterized by either zero or extremely high values, The band of
values, computed to be reasonable for the particular flight conditions,
were inserted into the computer so that accelerometer input signals
that were within the band would be accepted and signals outside the
band would be rejected as accelerometer failures,

The orbital guidance routine controlled the computations of the
commanded platform gimbal angles, This routine was initiated at 5 sec
after the beginning of time base 4 (8-1VB cutoff interrupt). The longi-
tudinal axis of the $-IVB/IU was commanded to be aligned with the local
horizontal, The guidance routine was entered at one second intervals
on exit from the minor loop,

Ground command processing was accomplished via the Command Receiver

interrupt with the Digital Command System (DCS) routine. The DCS routine
processed all ground commands, provided data and mode verification,and

supplied the necessary informaticn to the various affected routines,
12,3 LAUNCH VEHICLE FLIGHT CONTROL
12.3.1 S5-IB STAGE CONTROL ANALYSIS

The performance of the control system was satisfactory in the pitch,
yaw,and roll planes, Attitude exrors, attitude rates and average
actuator positions are shown in Figures 12-2, 12-3, and 12-4, respec-
tively, The maximum control parameter values observed (near the maximum
dynamic pressure region) for the S$-1IB stage powered flight are presented
in Table 12-1, The table also includes the maximum roll plane parameter
values during the roll maneuver, The maximum vector sum values of total
average actuator deflection, angle-of-attack,and dynamic pressure angle-
of-attack product were: 2,7 deg at 73.9 sec, 1,6 deg at 73.7 sec, and
6.61 deg-N/cm2 at 73,7 sec,respectively, These maximum values were
gignificantly below design criteria,

In the pitch plane, the magnitudes of the control parameters were
nominal throughout S-IB stage powered flight. The pitch program (X,)
began at 12.2 sec and was arrested at 133,9 sec at an angle of 69,1 deg
from the launch vertical (see Figure 12-53), This tilt program was not
biased for July winds,

A comparison of the (T = 0) wind and angle-of-attack wind (calculated
from Q-ball angle-of-attack, attitude angle, trajectory angle, and space-
fixed velocity) is shown in Figure 12-6. The winds are Jimsphere/FPS-16
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TABLE 12-1

MAXIMUM CONTROL PARAMETERS

{Near the maximum dynamic pressure region and during Roll Maneuver)

Pitch Plane

Yaw Plane

Parameters Units
Magnitude Range Time (sec) Magnitude Range Time (sec)

Attitude Error (deg) 1.06 73,7 -0.90 72.2
Angle-of-Attack

(free stream) (deg) 1.32 73.8 1.30 69.7
Angular Rate (deg/s) -1.27 6L.7 -0.86 71.3
Normal Acceleration (m/s2) 0,36 73.8 0.41 68.6
Actuator Position (deg) 2,10 73.9 2.62 69,9
Angle-of-Attack Dynamic

Pressure Product (deg-N/cm?) 5.22 73.8 5,32 69.7

Rell Plane

Attitude Error
Angular Rate

Engine Deflection Roll

(deg)
(deg/s)

(deg)

During Roll Maneuver

After Roll Maneuver

Magnitude  Range Time (sec) Magnitude Range Time (sec)
-1,22 14,1 0.65 54.5
1.34 14.9 D.41 69.1
-0,16 13,2 0.21 54,1

Zcl
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measured winds up to 76 sec and rawinsonde measured winds at later times,
sampled at 250 meter increments. The highest pitch wind magnitude near
max Q was 11,1 m/s at 68.4 sec, with a high shear near 72 sec producing
maximum pitch responses. Also shown in Figure 12-6 is a comparison of
the angle-of~attack determined from Q-ball measurements and the angle-
of-attack obtained from a digital flight simulation using the Jimsphere/
FPS-16 measured wind.

In the yaw plane, the magnitudes of the control parameters were also
nominal throughout 5~IB stage powered flight. A comparison of the
Jimsphere /[FPS-16 measured wind and angle-of-attack wind is presented in
Figure 12-7, The highest yaw wind magnitude near max Q was 16.6 mfs at
70.2 sec, which produced maximum yaw responses. Also shown in Figure
12-7 is a comparison of the Q-ball angle-of-attack and angle~of-attack
calculated from winds.

In the roll plane, the programmed roll maneuver was initiated at
12.2 sec and was completed at 30.1 seconds. The vehicle attitude com-
pared to the programmed attitude is shown in Figure 12-5. However, as
may also be seen from the roll attitude errors (Figure 12-2), the vehicle
rolled approximately 18.5 deg, slightly in excess of the desired 18
degrees, The roll attitude errors are attributed to aerodynamic moments
and engine misalignments, However, the peculiar roll at the end of
booster powered flight appears to have been caused by inboard engine
shutdown. Center of gravity effects and an impulse created by inboard
engine shutdown sequence are possible causes of this roll.

S-IB stage tanks were not monitored for sloshing; however, both
S-TVB tanks were instrumented with a continuous mass level sensor for
the S-IVB propellant utilization systems. Figure 12-8 shows surface
angle peak-to-peak amplitudes (assuming a sine wave liquid surface) at
the PU probes in both tanks during S-IB powered flight. The surface
angles at the PU probes obtained from the spring-mass sloshing model in
the flight simulation are also presented, The simulation results are in
fair agreement with the LOX probe but show higher values for the LH7
probe in the max Q region (45 to 70 seconds), Since the fuel level in
the LHy tank was higher than for previous flight, it is possible that
insufficient LH,y damping was used in the simulatiocn, causing higher
amplitudes, The simulation results in the early part of flight are
also too low, probably because the gimulation is planar and does not
have coupling between the roll and pitch vehicle motion te excite
sloshing. The sloshing amplitudes are small during booster flight.

Also shown in Figure 12-8 are the slosh frequencies from the probes
in both tanks as compared to their predicted coupled slosh frequencies.
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Sloshing information was alsc obtained by passing engine deflection
data through a series of band pass filters, The §5-IVB LOX and LH; slosh
contributions to engine deflection in the pitch and yaw plane are shown
in Figure 12-8, A comparison between predicted and observed first mode
coupled slosh frequencies for the 5-IB center LOX, outer LOX and fuel,
and §-IVB LOX and LHy tanks 1s also presented in the figure. For AS-203,
the S-IVB LOX tank has the lowest frequency; but for AS5-201, the S-IVB
LHp tank had the lowest frequency, This is due to a different propellant
loading on AS8-203 (slosh frequency being a function of fuel height, tank
radius, and longitudinal acceleration), This plot shows that,unlike all
other flights where S-IVB LOX was the major sloshing contributor to
engine deflections, S-IVB LOX and S-IVB LH; alternated as the chief source
of deflection throughout booster flight. §-IB outer tank sloshing appears
to contribute negligibly to engine deflection.

12,3,2 S-1IVB STAGE CONTROL ANALYSIS

The performance of the S-IVB J-2 engine control system in the pitch
and yaw planes and the APS in the roll plane during powered flight was
satisfactory. All transients were within the capabilities of the system.
Attitude errors, attitude rates, and actuator positions are shown in
Figure 12-9, 12-10, and 12-11, respectively. Steady state attitude con-
trol performance was satisfactory.

The most significant deviations from predicted control transients
occurred during the separation and guidance initiation transients., The
actual transients,though larger than predicted,were within maximum con-
trol capabilities of the control system and were well damped, Small
ullage motor misalignments, engine misalignment, and larger than pre-
dicted initial conditions of attitude error and angular velocity produced
the larger than predicted control transient at separation, The larger
than predicted change in pitch guidance command caused the larger than
predicted guidance initiation transients. The transient caused by start
of the guidance mode was very near predicted; however, there was signi-
ficant sloshing produced by the guidance command as indicated by the
body attitudes and angular velocities, Thils transient was well damped
prior to S§-IVB cuteff,

In the pitch plane, the predicted steady state attitude error which
assumed zero engine misalignment was approximately -0.05 deg (nose down)
early in flight, increasing to -0.4 deg (nose down) near the end of
flight., The prediction included the effects of center of gravity offset
and rate feedback, The actual steady state attitude error was 1.1 deg
{ncse up) early in flight, decreasing to 0.8 deg (nose up) late in flight,
The actual center of gravity offset and pitch rate were as predicted.

The difference between the predicted and actual steady state errors was
due to a 0.72 deg engine misalignment, The trajectory simulation indi-
cated a 1,0 deg engine misalignment.
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