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MPR-SAT-FE-66-8

RESULTS OF THE FIRST SATURN 1B LAUNCH VEHICLE TEST FLIGHT [l_}]
AS-201

By
Saturn Flight Evaluation Working Group

George €. Marshall Space Flight Center

(U) ABSTRACT

This report presents the results of the Early Engineering Evaluation
of AS-201, the first of twelve Saturn IB vehicles to be flight tested.
The mission flown was an unmanned sub-orbital type Apollo mission.

Apollo Spacecraft 009 and Launch Vehicle SA-201 were launched from Cape
Kennedy's Launch Complex 34 at 1112 EST on PFebruary 26, 1966, After

3 hours and 27 minutes of countdown holds, the vehicle lifted off and
performed nearly nominal throughout the powered and coast phases of
flight, No major system malfunctions were evidenced, however, some
deviations were encountered and are discussed in detail within this text,

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

Director, George C, Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working Group
R-AERO-F (Phone 876-4575)
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CONVERSION FACTORS TO

INTERNATIONAL SYSTEM OF UNITS OF 1960

Parameter Multiply By To Obtain
acceleration fr/s? 3.048x107 1 (exact) m/s2
area in? 6.4516x10°% (exact) m2
barometer pressure mbs 1.00x10"2 {exact) N/ cm?
density l1bm/fe3 1.6018463x10! kg/m3
energy Btu 1.0543503x103 (thermal chem,) watt-s

mass 1b s/ft 4,5359237x107 L (exact) kg/s
flow Rate
volume | gpm 6.30901064x10-° m3/s

force 1b 4,448221615 N (Newton)
heating rate Btu/ftl-s 1,1348931 (thermal chemical) watt/cm?
impulse 1b-s 4,448221615 N-s

£t 3.048x10-1 (exact) m
length

in 2.54x10"2 {exact) m
mass 1b s2/ft 4.5359237x10" L (exact) kg

1b-ft 1.355817948 N-m
moment

1b-in 1.12984829x10-1 N-m
moment of inertia 1b-ft-s? 1.355817948 kg-m2
power Btu/hr 2.,9287508x10™% kv

1b/1in? 6.894757293x10" ! N/ cm?
pressure 2

1b/ft 4.788025898x10"3 N/ em?
specific weight 1b/ £¢3 1.57087468x10% N/m3
temperature OP4459.67 5.555555556x 10" 1 °g

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

knot* 5. 1444444445101 m/s

fe3 2.8316846592x102 (exact) m3
vo lume

gallons®* | 3.785411784x107> (exact) m3

Note: g, = 9,80665 m/s? (exact)

* knot (International)
*% gallon (U.S. Liquid)
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RESULTS OF THE FIRST SATURN IB LAUNCH VEHICLE TEST FLIGHT
AS-201

1,0 (C) FLIGHT TEST SUMMARY

Saturn IB space vehicle AS-201, first of the Saturn IB series
vehicles, was launched at 16:1201 UT on February 26, 1966, The flight
test was the first in a series of R&D test flights in which the primary
objective is to flight test and qualify the Saturn IB launch vehicles.
Other important objectives are qualification of the Apollo spacecraft
and qualification of the launch vehicle - spacecraft physical and flight
compatibility.

AS-201 was successfully launched from Launch Complex (LC) 34 at
Cape Kennedy, Florida after being postponed three times due to weather
and a sub-cable failure. The launch terminal countdown proceeded satis-
factorily, but with several holds resulting in a total time lost during
countdown of 3 hrs 27 minutes, The major contributor to the countdown
holds was a S-IB GN, control pressure system replenishing problem which
was due to insufficient flow from the ground supply through a 0,160 cm
orifice when purges started on the vehicle at T-35 seconds, A bypass
for this orifice is planned for future flights to be activated for
replenishing after the spheres are initially pressurized.

The AS-201 vehicle was launched on an azimuth of 100 deg east of
north and rolled into the proper flight azimuth of 105 deg east of north.
The actual trajectory of AS-201 was very close to nominal; at S-IVB
cutoff altitude was 0,73 km higher and range was 31,0 km longer than
nominal. The space fixed total velocity was 8.0 m/s higher than nominal
at cutoff of the first stage and 0.5 m/s lower than nominal at §-IVB
cutoff,

The propulsion systems performed satisfactorily throughout flight.
Based on flight simulation data, the first stage thrust and specific
impulse were 0,06% lower and 0,28% higher than predicted, respectively,
The total flowrate was 0,34% lower than predicted and was the principal
contributor to a 0.89 sec later than predicted inboard engine cutoff,
The outboard engines were cut off 5,48 sec after the inboard engines,
0.37 sec later than predicted, caused by a premature activation of the
fuel depletion sensor in the sump of fuel tank F4. This was probably
due to localized voids (bubbles) in the propellant mass draining
through the sump during this terminal phase. Second stage average thrust
and specific impulse were 1.63% lower and 0.50% higher than predicted,
respectively. During the portion of flight with high mixture ratio,
the thrust was 0.l7, lower than predicted and the specific impulse was
0.53% higher than predicted. During the portion of flight with reduced
mixture ratio, the thrust was 1.10% lower than predicted due to a
slightly incorrect reference mixture ratio command from the PU system
and the specific impulse was 0.48% higher than predicted.
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The J-2 engine had a slightly longer thrust buildup time (3,6 sec
compared to 2.9 sec expected ) after start command. This has been
attributed to a colder environment around the engine than expected caus-
ing a slow opening of the main oxidizer valve. WNo serious consequences
resulted for this flight,

The scheduled mixture ratio change on the second stage occurred 14,2
sec earlier than predicted, The mixture ratio was cut back from 5.50:1
to 5.1:1; predicted reduced mixture ratic was 5.23:1. Because of the
more rapid mixture ratio step change and lower thrust after cutback than
predicted, the second stage burn time was 9,8 sec longer than expected.

The LH, tank ullage pressure decayed much more rapdily after J-2
engine start than predicted, probably due to propellant sloshing, Mini-
mum pressure reached was about 24 N/em? which was still well above the
required minimum,.

Performance of the S-IVB auxiliary propulsion system was satisfactory
throughout flight, The average specific impulses for modules 1 and 2
were 237 and 250 sec, respectively. All APS firings were of satisfactory
frequency and duration, The total propellants consumed by the APS motors
was approximately 36% of the total loaded propellants, Only 5% of avail-
able propellants were required for roll control during S-IVB powered
flight,

In general, performance of the guidnace and control system was as
expected. The control system functioned properly with no excessive body
rates or instabilities. The maximum angle-of-attack observed was -3.,5
deg in the yvaw plane. Total wind speed encountered by the vehicle was
70 m/s at an altitude of 14 km corresponding to a flight time of approxi-
mately B0 seconds, The space fixed velocity at S-IVB cutoff as measured
by the guidance system was within 0,045 m/s of the preflight trajectory
value, The auxiliary propulsion system adequately corrected for roll
during the S$-1IVB stage powered flight and for pitch, yaw and roll during
the coast period, All maneuvers were adequately accomplished,

S-IB/S-1VB separation was accomplished as planned, and the sequence
executed within the desired time period. The S-IVB engine cleared the
interstage approximately 1,15 sec following separation command, 1.0 sec
after first motion. Separation transients were small and within design
requirements, Ullage and retro rocket performance was as expected,

S-IVB/Spacecraft separation occurred at approximately 845 seconds.
The separation system functioned satisfactorily and relatively small
transients were observed,
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The vehicle electrical system performed satisfactorily throughout
flight, All currents and voltages were within the operating specifica-
tions.

The launch vehicle Emergency Detection System (EDS) functioned
properly in that no false abort signals were generated, The three EDS
buses were energized properly., Automatic abort was enabled at liftoff
and deactivated prior to S-IB stage cutoff arming. The angular over-
rates did not cause an abort signal, and since there were no $-IB stage
engine failures the abort bus was not energized, However, noise was
sensed by the EDS angular rate sensors due to acoustic excitation which
approached the EDS limit in the pitch plane. At approximately 62 sec
of flight, an angular rate of -5 deg/s was experienced, The abort setting
for pitch and yaw, was within a band of 4,725 to 6,275 deg/s,

A structural analysis of AS§-201 indicated that all structural com-
ponents performed satisfactorily. The vehicle load and bending moments
were considerably below the design values, The vibration and internal
acoustics were within their expected limits,

The pressure and thermal environment of this flight was about as
expected. The significant deviations noted were the lower than predicted
protuberance temperatures; a lower boundary layer temperature due to
cold LH, tank walls and possible mass injection into the boundary layer
from the frost buildup; and the presence of a strong oscillating shock
wave in the vicinity of the Instrument Unit.

The measurement evaluation on AS-201 revealed that 98.4% of the
1213 measurements, active at liftoff, performed satisfactorily, A total
of 20 measurements failed during flight, All RF systems performed
satisfactorily with the exception of the IU telemetry antenna breakdown
for approximately 24.3 sec at retro rocket burn and lack of continuous
coverage from ODOP and from downrange instrumentation sites on Azusa/
GLOTRAC,

Excellent film coverage was obtained from the cameras available at
launch. The first launch attempt which terminated at T-4 sec depleted
the film in 60 of the 75 engineering sequential cameras due to the
inability to stop the cameras after once started, Twelve cameras had
start-stop capability and provided good coverage., The remaining 3 cameras
had not quite depleted their film by launch time,

Excellent coverage was obtained from the tracking cameras. The
tracking film revealed that an unidentified, long slender object exhausted
out of the edge of the S-1B stage plume at 72 seconds,

The onboard cameras appeared to function satisfactorily and were jetti-
ned as expected; however, the parachutes on both camera pods failed to
open, One camera was recovered and provided good coverage. The other
camera sank,

Bl
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2.0 (U) INTRODUCTION

This report presents the results of the Early Engineering Evalua-
tion of A§-201, the first Saturn IB launch vehicle flight tested, The
evaluation is centered around the performance of each major vehicle
system with special emphasis on malfunctions and deviations,

This report is published by the Saturn Flight Evaluation Working
Group which is composed of representatives of Marshall Space
Flight Center Laboratories, John F. Kennedy Space Center, and MSFC's
prime contractors. Those making significant contributions to the
evaluation were:

George C. Marshall Space Flight Center
Research and Development Operations
Aero-Astrodynamics Laboratory
Astrionics Laboratory
Computation Laboratory
Propulsion and Vehicle Engineering Laboratory
John F. Kennedy Space Flight Center
Manned Space Flight Center
Chrysler Corporation Space Division
Douglas Aircraft Company

International Business Machine Corporation

Rocketdyne

This report represents the official MSFC position at this time,
This report will not be followed by a similar report unless continued
analysis and/or new evidence should prove the conclusions presented
herein partially or entirely wrong. Final stage evaluation reports
will, however, be published by the stage contractors, Reports covering
major systems and/or special subjects will be published as reguired,



3.0 (U) TEST OBJECTIVES

3.1 LAUNCH VEHICLE OBJECTIVES
The launch vehicle primary objectives were as follows:

1. Demonstrate structural integrity and compatibility of the
launch vehicle and spacecraft and determine launch loads,

Specifically:
(a) Demonstrate compatibility and structural integrity of

the Space Vehicle {8V) during S-IB stage power flight and confirm struc-
tural loads and dynamic characteristics - Achieved.

{(b) Demonstrate structural integrity and compatibility of
S-1VB and space vehicle during powered phase and coast - Achieved,

2. Demonstrate separation of:

(a) S-1IVB from $5-1IB - Achieved

(b) CSM from S-IVB/IU/SLA - Achieved
3, Verify operation of propulsion, guidance and control systems:
Specifically:

{a) Demonstrate S-IVB propulsion system including program
mixture ratio shift and determine system performance parameters - Achieved.

(b) Demonstrate S-IB propulsion system and evaluate subsystem
performance parameters - Achieved.

(c) Demonstrate Launch Vehicle Guidance System, achieve guidance
cutoff, and evaluate system accuracy - Achieved,

(d) Demonstrate LV control system during S-IVB powered phase,
S-IVB coast phase, and S-IB powered phase, and evaluate performance
characteristics - Achieved,.

(e) Demonstrate LV sequencing system - Achieved



4., Evaluate performance of the space vehicle EDS in an open loop
configuration - Achieved,

5. Demonstrate the mission support facilities required for launch,
mission operations and CM recovery - Achieved,

The launch vehicle secondary objectives were as follows:

1. Confirm LV powered flight external enviromment - Achieved.

2. FEvaluate LV internal environment - Achieved.

3. Evaluate IU/S-IVB inflight thermal conditioning system - Achieved.

4. Demonstrate adequacy of S-IVB residual propellant venting
system - Achieved,

3.2 SPACECRAFT OBJECTIVES
The Spacecraft objectives for AS-201 were as follovs:
1. Demonstrate Separation of:
(a) LES and Boost Protective Cover from CSM/LV.
(b) c€SM from S-IVB/IU/SLA
(c) CM from SM
2. Verify the operation of the following subsystems; (M heat
shield (adequacy for entry from low earth orbit); SPS (including restart);
ECS (pressure and temperature control); communications (partial);
CM RCS; SM RCS; SCS; ELS; EPS (partial).
3. Evaluate the CM heat shield at a heating rate of approximately

226.98 watts/cm? (200 Btu/ft2-s) during entry at approximately 8,500 m/s
(28,000 £t/s).



4,0 (U) TIMES OF EVENTS
4,1 SUMMARY OF EVENTS

Table 4-1 presents a summary of event times, obtained from per-
formance analysis of launch vehicle AS§-201L., The most significant
deviations from predicted shown in the table are IECO, Arm Mixture Ratio
Shift, and S-IVB cutoff, Cause of these time deviations are discussed
in detail in Sections 8,0, 9.0 and 12.0 of this report.

4,2 SEQUENCE OF EVENTS

Range zeroc was 16:1201 UT and liftoff occurred at 16:1201,37 UT,
Guidance Reference Release (GRR) occurred at -5.,038 sec range time
{time from range zero) and first motion occurred at 0,11 sec range time,

Switch selectors in the S§-IB stage, S-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, If a switch selector malfunction should occur,
a complement address would have been sent to the switch selector,
thereby providing redundancy., The analysis indicated that nc outputs
resulted from complement addresses to the switch selectors and the
operation was normal,

An analysis of the PCM data from AS-201 was performed and all but
twelve of the command output times were verified, The twelve commands
were lost from telemetry during the separation of the S-IB/S-IVB because

of telemetry dropout., Also, the parallel PCM data verified the LVDC
data.

Table 4-T1 lists all switch selector event times. The nominal
time bases were established as follows:

Liftoff = Time Base 1 = 0.37 sec
Low Level Sense = Time Base 2 = 139.75 sec

QOECO = Time Base 3

146,94 sec

S-IVB CO Interrupt = Time Base 4 = 603,11 sec

All times discussed in this report will be referenced to range
zerc unless specifically identified otherwise,



TABLE 4-1 (U} EVENT TIMES SUMMARY

Range Time (sec)

Event Actual Act-Pred™
Start Pitch and Roll 11,20 0.89
Roll Disable 20,55 0.89
Tilt Arrest 134,39 -1,72
IECO 141,46 0.89
OECO 146,94 0,37
S-IB/S-1VB Separation 147,76 0.37
S-TIVB Engine Start 149,35 0,37
LET Jettison 172,64 0.37
Start IGM 176.11 L.0
Enable Mixture Ratio Shift Detection 181.94 -90,0

(Guidance Computer)

Engine Mixture Ratio Change Detected 275,92 -46.19
(Guidnace Computer)

S-IVB Cutoff Signal (Guidance) 602,86 10,13
Start Pitch Over 613.95 11.24
Start S/C Separation Sequence 663,11 10.16
Achieved Separation Attitude 728.31 13.20
S/C Separation 844, 9 10,5

% Predicted Times as published in Ref. 1.



TABLE 4-T1

SA-201 SEQUENCE OF EVENTS

Function

Liftoff-Start of Time Base | (TLl) ©® 0.37

Auto-Abort Enable Relays Reset

Multiple Engine Cutoff Enable

S-1IB Telemeter Calibrate On

Telemeter Calibrator In-Flight Calibrate
§-IB Telemeter Calibrate Off

Telemeter Calibrate Stop In-Flight Calibrate
Tape Recorder On -~ Note 1

Enable Launch Vehicle Engine EDS Cutoff
Flight Control Computer Switch Point 1
Telemeter Calibrate In-Flight Calibrate
Telemeter Calibrate Stop In-Flight Calibrate
S-1B Telemeter Calibrate On

Flight Control Computer Switch Point 2
Control Accelerometer Power Off

$-1B Telemeter Calibrate Off

Special Calibration Relays On

Regular Calibration Relays On

Regular Calibration Relays Or:

Special Calibration Relays Off

Excessive Rate (Y,P or R) Auto-Abort Inhibit Enable
Excessive Rate (Y,P or R) Auto-Abort Inhibit
§-1B Engine Out Auto-Abort Inhibit Enable
S-1B Engine Qut Auto-Abort Inhibic

Enable Propellant Level Sensors

§-1IB Propellant Scnsors Actuation -
Start of Time Base 2 (@ 139.75

IU Tape Recorder On

Fast Record On

Inboard Engine Cutoff

Q-Ball Power Off

Cameras Start

Charge Ullage Ignition On

Engine 250 Watt Instrument Heaters Off
Engine 25 Watt Instrument Heaters On
Prevalves Closed Otf

Fuel and LOX Depletion Cutoff Enable

Stage

1U
S-1vB
S5-1B
10
S-1B
S-IVB
S-1Ve
S-1VE
5-1VB
5-1B

Range Time

(sec)
0.37

5.39
10.38
25.38
27.39
30.38
32.38

*39,38
60.38
90.38
90.58
95.59

120,20

120,38

120.58

125,28

127,90

128.09

132,48

132,68

136,18

136.39

136.39

136,80

137.00

139.75

140.07
141.17
141,46
143,46
143,67
144,65
144 85
145,05
146,12
146,45

Time Fm. RBase
(actual)

0.00

5.02
10.01
25.01
27,02
30.01
32,01

60,01
90.01
90.21
95.22
119.83
120.01
120.21
124 .91
127.53
127.72
132,11
132,31
135,81
136.02
136,22
136.43
136,63

0.00

0.32
1,42
171
3.71
3.92
4.90
5.10
5.3C
6.37
6.70

Time Fmn. Base
{nominal)

0,05

5.02
10,03
25.01
27.04
30,03
32.02
39.01
60.01
90.01
90,22
95.23

119.82
120,03
120,21
124,92
127.51
127.72
132,13
132.33
135,81
136,01
136,22
136.43
136.63

0.00

0.32
1.42
.71
3.70
3.90
4.92
5.12
5.30
6.31
6.72

Note 1: The tape recorder on command could not be verified in the LVDC data, but was verified in the parallel

PCM data. The less of this command in the LVDC data is attributed to telemetry dropout.

*Estimated Time



TABLE 4-11 (CONT)

SA-201 SEQUENCE OF EVENTS

Function Stage
Start of Time Base 3 ¥ 146,94
§-1B Outboard Engine Cutoff S-1B
Fire Ullage Igniticn On $-1VB
S$-IB/S-TVB Separation On - Note 2 5-1B
Flight Control Computer S-1VB Burn Mode On - Note 2 U
Engine Cutoff Off - Note 2 $-IVB
Engine Ready Bypass - Note 2 S-1IVB
Engine Start Interlock Bvpass On - Note 2 S-1IVB
Fuel Chilldown Pump Qff - Note 2 5-1VB
LOX Chilldouwn Pump 0Off - Note 2 S-IVB
Chilldown Shutoff Valves Closed On - Note 2 S5-1VB
Engine Start On - Note 2 S-1VB
EDS Arming of $-IVR Eng. Press. Switches - Note 2 U
Engine Start Off - Note 2 $-1VB
LOX Tank Flight Pressure System On - Note 2 S-1VB
Fuel Injection Temperature OK Bypass 5-1IVE
Engine Burning 1 Relay On S-TVB
PU Activate On 5-IVE
Engine Start Interlock Bypass Off S-1VB
Emergency Playback Enable On 5-1VB
Fast Record Off 5-1VB
Charge Ullage Jettison On S§-1IVB
Fire Ullage Jettison On S-1IVB
Water Coolant Valve Open TU
Ullage Charging Reset S-1VB
Ullage Firing Reset S-IVB
IU Tape Recorder Off U
Telemeter Calibrator In-Flight Calibrate U
Fmergency Plavback Enable Off S-1VB
Telemeter Calibrator Stop In-Flight Calibrate v
LET Jettison "“A" oY)
LET Jettison "B" Iu
Telemeter Calibrator In-Flight Calibrate 10
Regular Calibration Relays On 5-IVB
Telemeter Calibrater Stop In-Flight Calihrate u
Regular Calibration Relays Off¢ 5-TVB
Flight Control Computer Switch Point 3 1U
Engine Burning 1 Relay Off S$-1VB
Telemeter Calibrator In-Flight Calibrate U
Telemeter Calibrator Step In-Flight Calibrate v
Point Level Seasor Armming S-TVR
§-IVB Engine Cutoff (Guidance) S-1VR

Note 23
telemetry dropout,

*Estimated Time

Range Time Time Fm, Base

(sec) (actual) (nominal)
146.94 0.00 0.00
146,94 0.00 0.00
147,52 0.58 0.61
*147,76 0.82
%147.96 1.03
*148,12 1,20
*148,32 1.40
*148,52 1.61
*148,72 1.83
*148.92 2,00
*149 12 2.20
*149,35 2.41
*149 .35 2.41
*149, 82 2.91
#150,17 3.20
150.37 1,43 3.40
152.20 9.26 5.22
153,75 6.81 6.80
155.07 8.13 8.10
153,37 8.43 8.40
155,57 8.63 8.60
156,64 9.70 9.70
159,77 12.83 12.81
160.44 13,50 13,50
165,72 18.78 18,82
165,95 19,01 19,00
166,94 20.00 20,01
167.46 20,92 20,51
169,34 22,40 22,41
172.24 25,30 25.32
172,44 25,50 25,53
172,64 25,70 25,70
150,67 203,73 203,71
354,74 207,80 07,82
355, 64 208,70 J08.71
359,26 212.32 212,31
198,96 252,02 252,01
449 .37 302,43 302.41
300,65 353.71 153,80
505, 66 358,72 398,71
581,02 434,08 436,12
602,86 455,92 L45,7

During the separation of the $-TB/S-1VB stapes, twelve Switch Selector Commands were lost due to

Time Fm, Base

a1

01



TABLE 4-IT1 (CONC)

SA-201 SEQUENCE OF EVENTS

Function

Start of Time Base &4 @ 603,11

LOX Tank Flight Pressure System Off
Prevalves Closed On

Coast Period On

Engine 25 Watt Instrument Heaters Off

LHy Tank Vent Open On

Engine Cutoff Off

Point Level Sensor Disarming

Range Safety System Off Enable

PU Activate Off

PU Inverter and DC Power Off

Flight Control Computer S-IVB Burn Mode Off
Auxiliary Hydraulic Pump Off

Special Calibrate Relays On

Regular Calibrate Relays On

Regular Calibrate Relays Off

Special Calibrate Relays Off

Telemeter Calibrator In-Flight Calibrate
Telemeter Calibrator Stop In-Flight Calibrate
LV/SC Separation Sequence Start

LOX Tank Vent Open On

10X Tank Vent Open Off

LHy Tank Vent Open off

LOX Tank Vent Boost Closed On

LHy Tank Vent Boost Closed On

LOX Tank Vent Boost Closed Off

LH, Tank Vent Boost Closed Off

Tape Recorder Playback On

IU Tape Recorder Playback Reverse On

Tape Recorder Playback Off

IU Tape Recorder Playback Reverse Off
Telemeter Calibrator In-Flight Calibrate
Telemeter Calibrator Stop In-Flight Calibrate
Telemeter Calibrator In-Flight Calibrate
Telemeter Calibrator Stop In-Flight Calibrate

Stage

S-IVB
5-IVB
S-1VB
5-1VB
5-IVB
S5-1IVB
S-IVB
S-IVB
S-1IVB
5-1IVB
IY

S-1VB
S-1IVB
S-1IVB
S-IVB
S5-IVB
1U

1Uu

U

5-1VB
5-1VB
S-1VB
S-1VB
S-IVB
S-1VB
S-1IVB
S-IVB
IU

5-1VB
U

U

U

TU

iU

Range Time

(sec)
603,11

603.51
603,71
603.91
604,11
604,32
604,52
604.93
605,11
605.31
605,71
608,11
608,32
626,12
626.32
630.62
630,82
645,31
651.33
663.11
693,11
723,11
723,31
726.11
726,32
728,11
728.32
781.01
781.21
811,01
811.21
46,07
951.32
1576.32
1581.34

Time Fm, Base
(actual)

0.00

0.40
0.60
0,80
1.00
1.21
1.41
1.82
2.00
2.20
2.60
5.00
5,21
23.01
23,21
27.51
27.71
42,24
48,22
60. 00
90, 00
120,00
120,20
123.00
123,21
125.00
125,21
177.90
178.10
207,90
208,10
342.96
348,21
973,21
978,23

Time Fm. Base
(nominal)

0.00

0.40
0.61
0,81
1.02
1.20
1.40
1.81
2,02
2,23
2.60
5.02
5.20
23.00
23,21
27.50
27.71
43,22
48,20
60.00
90.01
120.01
120,22
123,01
123,23
125.00
125,21
177,91
178,11
207.93
208,11
343,22
348,23

11
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5.0 (C) LAUNCH OPERATIONS
5.1 SUMMARY

Launch occurred at 1112 EST on February 26, 1966 from Pad 34 at
Cape Kennedy, under bright clear skies. The launch countdown proceeded
satisfactorily but with several holds due to relatively minor problems
resulting in a total time delay during countdown of 3 hrs 27 minutes.

All launch support equipment functioned satisfactorily to produce
a successful launch, although there were a number of problems encountered,
Corrective action has been initiated to repair or redesign, as appropriate,
and no problems are anticipated for future Saturn IB launches,

At the time of ignition and liftoff, temperature and vibration effects
were somewhat more severe than was experienced with the Saturn I vehicles.

A major power failure occurred at launch when a high voltage fuse
vibrated loose from the holder clips in the pad area substation. This
power failure affected Launch Complex 34, Launch Complex 37, the Converter
Compressor Facility (CCF), and several Eastern Test Range (ETR) areas
and lasted approximately 60 minutes. The power outage also caused loss
of water quenching systems which contributed to the general fire and
temperature damage.

There was a substantial amount of miscellaneous damage to the pad
and auxiliary systems located on adjacent structures caused by the flames
and vibration, All damage can be easily repaired and adequate preventive
measures taken so that no seriocus problems are anticipated on future
Saturn IB launches,

5.2 PRELAUNCH MILESTONES

A chronological summary of events and preparations leading to the
launch of AS-201 is shown in Table 5-T.

5.3 COUNTDOWN

The launch countdown for AS-201 began on Sunday, February 20, at
2400 hours, at T-52 hours and 30 minutes. The count proceeded as planned
until held for weather and recycled to T-13 hours on February 22, at
1830 hours. The count was again delayed on February 23, due to weather
and sub-cable failure, for 24 hours, An additional 24 hour hold for
weather was called at 1715 hours on February 24, The weather during the
hold period was characterized by high winds, heavy overcast, low ceiling,
intermittent rains and high seas in the recovery area,



Date

August 14, 1965

Auguse 18, 1965

Sept.

Nov,
Nov.,
Nov.

Dec.

16

>

19,

28

29

1965

1665

1965

1965

1, 1965

20,

29

27

i

31,

Jan 5, 19

Jan,
Feb,
Feb,
Feb,
Feb.
Feb.

Feb,

Feb.

Feb,

18,
21

E

24,

24,

28,

1965

1965

196>

1965

1965

1965

1965

1965

1965

1565

1965

1965

66

1966

1966

1966

1966

1966

2, 1966

8

1966

9, 1966

3
12,
19,

20,

25

>

26,

1966
1966

1966

1966

1966

TABLE 5-1

AS-201 PRELAUNCH MILESTONES

Event

$-1B stage arvived at KSC via barge and was af{l-loaded
and moved into hangar AF on this dale.

5-1B stage transported to Launch Complex 3% and erected
on the pad, The stage was usod as a spacer for S-IVB-F
propellant tankircgs to verify the LOX and LHp loading
svstems.

The forward bulkhead on fuel tank Fl was reversed bv
overpressurization during instrament compertment leak

tests,

S-IVB stage arrived at KSC via harge and was taken to
hangar AF for inspection and modificaticns.

§-1VB-F stage de-erected,
Fuel Tank Fl of the §-IB stage was enchonged,
S-1VB stage crected,

1U arrived at KSC via barge and was off-loaded and
transported to hangar AF on this date,

Initial power applicd to the $-TB stage, with interim
operating system programs for the RCA-110A computer,

IU erected,

Command Module 009 arrived at KSC.

Initial power applicé to the S-IVB stage.

Service Module arrived at KSC.

Launch vehicle electrical mate accomplished.
Primary RCA- 110A computer operating tape arrived,
Command guidnace and control system checkout commenced,
Spacecraft crected,

CSM/SLA mating completed.

Exploding Bridge Wire (EBW) test completed,
Holddown arm qualification test completed.

Launch Vehicle/Spacecraft electrical mate completed.
Flight Readiness Review (FRR) completed,
Umbilical-in overall test completed.

LES mate and thrust vector alignment completed.
Space vehicle flight electrical mate completed.
Plugs out overall test completed.

Countdown demonstration test (dry) completed,
Countdown demonstration test (wet) completed,
Flight Readiness Test completed,

Commenced RP-1 Tanking QOperations

Launch Countdown for AS-201l began at 2400 hours this
date at T-52 hours and 30 minutes,

Terminal countdewn commenced,

LAUNCH : S
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Terminal countdown began at 1715 hours, on February 25, at T-780
minutes, Launch occurred at 1112 EST, 3 hrs and 27 minutes later than
scheduled, Table 5-I1 is a summary of the terminal countdown showing
the major problems encountered and the resulting delay time,

5.4 PROPELLANT AND COLD HELIUM LOADING
5.4.1 RP-1 LOADING

Loading of RP-1 commenced at 1420 hours on February 19, 1966,
Manual slow fill was initiated at a rate of 0.01l5 m3/s (240 gpm). At
467 mass readout, the loading rate was increased to 0.076 m3/s (1200 gpm) .
At a mass readout of 95%, the manual slow fill operation was secured,
The Propellant Tanking Computer System (PTCS) was then programmed to a
S5-IB tank ullage of 1.75% (corresponding to thumbwheel setting of 0.9010
for a pressure of 12.5 N/cm? gauge (18,14 psig). Automatic slow fill to
complete loading to 100% was attempted, but could not be accomplished as
liquid sensor 2 indicated dry, preventing an automatic slow fill standby
indication, Therefore, an automatic replenish sequence was initiated to
complete RP-1 loading., The RP-1 overfill sensor picked up at l00% mass
readout which automatically terminated the replenish sequence. As the
programmed 1,75% ullage is within 1.27 cm (0.5 in) of the RP-1 overfill
sensor levels, this was considered a satisfactory termination of RP-1
loading, The PTCS was reprogrammed to a pressure of 12,476 N/cm2 differ-
ential (18,095 psid) which was equivalent to a 2,0% ullage, and an
automatic level adjust drain was initiated to drain the vehicle to a
2.0% ullage and verify PTCS operation, The PTCS satisfactorily controlled
the automatic level adjust drain. The RP-1 loading was completed at
1715 hours.

The RP-1 tanks were replenished at (645 EST on February 26, 1966, To
obtain flipght mass requirement, a 2.0% ullage was used due to an increase
in density from low bulk temperature. The vehicle tanks were level
adjusted at T-11 minutes in the countdown to required flight mass, Due
to holds, and declining temperature gradient during holds, the tanks were
again replenished to 2,0% ullages. The RP-1 automatic replenish sequence
had to be reinitiated twice due to cutoff by the overfill sensor. Pickup
of the overfill sensor is attributed to gas bubbles being forced into
the RP-1 tanks. The problem is in the RP-1 transfer air release system.
Replenishing of the tanks during holds, required that another level adjust
drain be performed during countdown from the first T-15 recycle.
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TABLE 5-11I

COUNTDOWN SUMMARY

One hour built-in hold at T-30 was utilized as follows:

Countdown Hold Time

Time (min) Cause
T-266 min 30 Work caused by Apollo access arm problem*
T-90 min 30 To catch up on work caused by helium

regulator problem {(GSE)*%*

Lost Time Due to unscheduled holds and recycle was as follows:

Countdown Lost Time
Time (min) Cause
T-30 min 78 Hold to complete spacecraft closeout
T-4 sec 73 Hold due to low nitrogen control pressure
in S-IB Stage %¥%*
15 Recycle to T-15 min in countdown
T-5 min & 31 Hold for additional assessment of
34 sec nitrogen control pressure and special
test of control pressure system
10 Recycle to T-15 min in countdown
Total 207 minutes

Lost Time

Notes: *See Section 5.6.5
*%See Section 5.6.6
*%kSee Section 5.6.7
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The §-IB RP-1 parameters at final reading prior te ignition were:

Thumbwheel setting 0.9046

Delta pressure 12.519 N/cm? differcntial
(18.159 psid)

Mass readout (auto) 99, 74%

Mass readout (manual) 99.687%

Mass 129,489.3 kg
(285,475 1bm)

Average temperature 280.3°K

Average density 815,18 kg/m

(50.89 1lb/ft3)

Malfunctions: The only anomaly associated with the RP-1 system was
the pickup of the overfill sensor and corresponding high PTCS readout
when mast purge came on after adjust level drain,

Corrective Action: Design action has been initiated to replace the
existing 5.08 cm (2 in) air release valve with a 10.16 cm (4 in) air
release valve identical to that installed at Launch Complex 37, Modifi-
cations are being contemplated to prevent issuance of any propellant
tank computer system discrete signals during terminal count and/or after
liftoff,

5.4.,2 LOX LOADING

The S§-1IB LOX fill command to 22% was initiated at T-6 hours, Revert
occurred at 22% after a total elapsed time of 26 anutes and 34 seconds,
5-IB main fill was at a rate of approximately 0.037 m 3/s (900 gpm).

After replenish was initiated, the flow through the main fill valve was
0.056 m3/s {890 gpm) and through the replenish valve was 0.006 m3/s

(100 gpm). LOX fill command to 100% was initiated at T-4:42:48, At this
time the stage contained 42.2% of the LOX load., Flow rate after pump
command was 0,177 m3/s (2800 gpm). After replenish pre-cool, main fill
was 0.173 m3/s (2750 gpm) and replenish was 0.008 m3/s (120 gpm). The
eight minute timer, which was initiated at 50%, timed out at 86%. Stop
fast fill at 95% occurred 18 minutes and 20 sec after fill command. The
system was then set up for manual replenish, and fill command to the
S-IVB stage was initiated. The S-IVB stage was loaded at a rate of
0.057 m3/s (900 gpm) and in a total elapsed time of 35 minutes and 7 sec
was filled to 99%.

-
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At T-00:02:43, the computer indicated 99.99% for the S-1IB stage
and 100.20% for the S-IVB stage.

Materials consumed: 505,35 m3 (133,500 gallons) of LOX were con-
sumed in loading the $-IB and S-IVB stages prior to launch, 1In order
to provide the necessary quantities during countdown plus adequate
reserves, it was necessary to replenish the storage tanks.

System Performance: LOX system performance was satisfactory;
however, a number of changes are being incorporated which will improve
the overall performance,

Modifications are being considered to prevent issuance of any PTCS
discrete signals during terminal count and/or after liftoff,

5.4.3 1Ky LOADING

The LH, system performance was nominal for this launch. No leaks
were detected and all automatic sequences were accomplished. One item
of concern was the difficulty in maintaining the LH, storage tank pres-
sure. When the liquid level reached 94.6 m (25,000 gallons), it was
impossible to repressurize the tank, The final pressure at launch was
33.1 N/cm? pauge (48 psig) as compared to normal system pressure of
44,8 N/ cm? gauge (65 psig). This problem is under investigation,

Modifications are being considered to prevent any PTCS discrete
signals during terminal count and/or liftoff.

Materials consumed: Approximately 408.8 m> (108,000 gallons) of
LH2 were consumed for this mission,

5.4,4 COLD HELIUM LOADING

Prior to the initiation of LH; loading, the cold helium spheres
were pre-pressurized to 483 N/cm2 (700 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 ievel was achieved. The sphere
pressure was increased to and maintained at 2068 N/cm“ (3,000 psi). A
temperature of 277°K,at a pressure of 2068 N/cm2 (3,000 psi), was reached
1,500 sec after the start of cold helium loading., At liftoff the spheres
were charged to 2068 N/cm? (3,000 psi) at 216°K.
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5.4.5 AUXILIARY PROPULSION SYSTEM PRCPELLANT'LOADING

The Auxiliary Propulsion System (APS) was loaded with fuel
and oxidizer on February 20, 1966 for the APS confidence firing. Pro-
pellants were not unloaded, but were maintained in the tanks under a
blanket pressure until the launch,

During oxidizer loading, the bellows extension (f£ill) rate for
both modules 1 and 2 was 3.8l cm/min (1.5 in/min). The tanks were
loaded to 24.9 and 25.0 cm (9.8 and 9.85 in), respectively, Fuel was
loaded at 3.8l cm/min (1,5 in/min) to a bellows extension of 24,9 cm
{9.8 in) for both modules.

5.4.6 S-1IB STAGE PROPELLANT LOAD

3-IB-1 loading system is similar to that used for the first stage
of the Saturn I Block II vehicles. ©Notable exceptions are the use of
new loading computers in the GSE, and the determination of the fuel
density from temperature measurements in each tank rather than the
pressure difference between fixed probes in one tank,

The load required at ignition and the reconstructed leoad are shown
in Table 5-IT1I., The reconstructed load was determined from telemetered
probe data in conjunction with the Mark IV computer program propulsion
simulation reconstruction,

The values shown for the load required at ignition are the LOX and
fuel weight prescribed by the loading table for the fuel density of
815.18 kg/m> (50.89 1b/ft3) determined just prior to ignition. The
reconstructed load was based on discrete probe data, with consideration
given to the effect of the ambient conditions on propellant density, and
tank volumetric changes due to dynamic conditions, The reconstructed
load shows good agreement with the loads required for the fuel density
at ignition, with a total off-load of 214 kg (472 lbm). The KSC loads
are based on the percent mass readout from the loading computers, The
computer output was last recorded at T-460 seconds. At this time,
the percent mass readout indicated that LOX was loaded to 99.99% and
fuel to 99.,68% of the desired load. This represents a total off-load
of 443 kg (976 lbm), which shows good agreement with the reconstructed
lecad, The fuel manometer delta P and the mass read-out show good agree-
ments, but such is not the case for the LOX. The delta P manometer
indicated 635 kg (1400 lbm) less LOX than the mass readout at T-7 minutes
and 40 seconds, During LOX replenishment, earlier in the countdown,
computer readings shoved good agreement between manometer delta P and
percent mass readout, with indicated LOX load necar that required. The
percent mass readout was used for comparison vith the reconstruction
as it is felt that it more accurately refleects the true case.



TABLE 5-1X1

{C) AS-201 S-IB STAGE PROPELLANT WEIGHTS AT IGNITION COMMAND

\.

Weight Deviations

SSY TONM

Weight Requirements Weight Indications
Propellant Pred. Prior to Ignition KSC Mass Reconstructed KSC Mass Readout- Reconstructed-Ign. Reconstructed-Pred. ""T"'
Launch (1) (2) Read-out Load (3) Ignition (%) (%) (%) {
LOX {kg) 286,078, 9 286,078,9 286,050,313 286,015,8 -28.6 -63.1 ~63,1 S
{ibm) 630,696 630,696 630,633 630,557 -63 -0.01 -1139 -0.02 -139 -0,02 r‘i‘}
Fuel (kg) 127,974.7 129,489.3 129,075.2 129,338,2 -414,1 -151,1 1,363,5 ;m_ﬁ1
(1bm) 282,136 285,475 284,562 285,142 -913 -0.32 -333 -0.12 3,006 1.07 E !
*,
Total (kg) 414,053.4 415,568 2 415,125.5 415,350 -462.7 -214.2 1,300.4
(1bm) 912,832 916,171 915,195 915,699 -976 -0.11 -472 -0.05 2,867 0.31

(1) Predicted propellant weights were based

(2) Propellant weights required at ignition

determined immediately prior to launch.

(3} Best estimate of actual load,

on a LOX density of 1129.62 kg/m? (70.52 lbm/ft’) and a fuel density of 810.05 kg/m> (50.57 lbm/ft3)

were based on a LOX density of 112786 kg/md (70.41 1bm/ft3) snd a fuel density of 815.18 kg/m> (50.89 lbm/fc>)

61
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5.4.7 S8-IVB STAGE PROPELLANT LOAD

Table 3-1V presents the §-IVB propellant load at S-IB ignition
command, The best estimate includes loading determined from the PU
system, level sensors, engine analysis and trajectory reconstruction,

5.5 BOLDLOWN

Hazardous Monitering: WNo fire alarms or indications of gas concen-
trations were recorded before or after fueling operations prior to liftoff,
Both GH, and LH, propellant systems appeared to be exceptionally tight.

5.6 GROUND SUPPORT EQUIPMENT
5.6.1 ACTIVE GROUND SUPPORT EQUIPMENT

All active ground support equipment systems performed as designed
to achieve a successful launch, Some systems will require minor modifi-
cations to correct deficiencies.

The postlaunch evaluation of the active ground support equipment
system revealed that refurbishment of these systems can be made with a
minimum amount of delay, The GSE will not pace the launch of AS-202.

The launcher, engine service platform, holddown arms, firing accessories,
environmental control system and pneumatic distribution system all sus-
tained some damage. The loss of water on the launch just after liftoff
was one of the major contributors to the damage incurred. During liftoff,
the exhaust blast was deflected along the deck at the 8,2 m (27 ft) level
of the umbilical tower and was directed against the vertical cable run
causing considerable damage. Details of the incurred damage are described
in more detail in the following paragraphs.

Damage to the propellant systems (RP-1, LOX and LHZ) was quite minor.
The RP-1 transfer reset was rotated due to whip action of the mast flex
hose at liftoff. All pneumatic valves, relief valves and piping about
the LOX shutoff valves to the 8,2 m (27 ft) level will be removed, cleaned,
and replaced, Some 17 mineral insulation (MI) cables will be replaced
along with facility cable, Burst discs on the dresser couplings (LHz
mainfill line) will be replaced as will blown transducers., Tower LH,
vent line supports will be repaired.

The pneumatic system on and around the launcher received considerable
damage. The fuel and LOX mast retract solenoid, boxer solencids, and
tubing, and the 34.5 N/cm2 (50 psi) launcher purge line around the out-
side of the Torus area will be replaced, ALl pneumatic tubing on the
launcher must be thoroughly checked out, The doors of Valve Panel 4
were blown open by the engine blast., These panel doors will be repaired.



(C) AS-201 5-1VB STAGE PROPELLANT WELIGHTS AT S-IB IGNITION COMMAND

TABLE 5-1V

Weight Requirements

Weight Indications

Weight Deviations

Propellant Pred, Prior Ignition Loading Best Loading System- Best Estimate- Best Estimate-
to Launch System Estimate Ignition (%) Ignition (%) Pred. (%)

LOX (kg) 87,4644 87,429.9 87,398.2 87,302.5 -31.7 -127.4 -161.9

( 1bm) 192,826 192,750 192,680 192,469 -70 -0.04 -281 -0.15 -357 -0,19
Fuel (kg) 16,906.3 16,914.0 16,851,8 16,953.4 -62.2 39,4 47.1

(1lbm) 37,272 37,289 37,152 37,376 -137 -0.37 87 0.23 104 0.28
Total {kg) 104,370,7 104,343.9 104,250.0 104,255.,9 -93.9 -88.0 -114.8

{1bm) 230,098 230,039 229,832 229, 845 -207 -0,09 -194 -0.08 -253 =0.11

12
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The Environmental Control System (ECS) building received minox
damage when one wall was dislodged. Vibration during launch caused
damage to serveral Johnson Controllers, however most of the damaged
controllers are repairable,

The swing arms experienced no damage, however, the air conditioning
ducts on swing arms 1, 2 and 3 did receive minor damage,

Several of the firing accessories received heavy damage, The Q-Ball
cover and the cover inflator flexible hose were damaged beyond repair
on impact with the umbilical tower and will require replacement. The
fuel mast damage was moderate to heavy, The lower pipe weldment was
buckled near the top and the blast removed the control box from its mounts,
The only damage to the LOX line was the loss of expansion joints and
both short cable masts were damaged in the flex lines. The LOX replenish
system will be replaced, The ECS and boattail quench control and feed-
back mineral insulation (MI) cables were damaged by heat and vibration,
Damage to the MI cables was extensive enough to cause possible failure
of circuits., Twelve hard run cables were veplaced, but jackets on the
remaining cables are to be repaired,

Damage to the launcher water system and the control system cabling
was extensive., All boattail quench valves were burned to various extents
and several touer ring nozzles were damaged.

5.6.2 TFACILITIES AND STRUCTURE

The complex facilities all performed normally, There was no mal-
function of any critical equipment during the prelaunch countdown to
liftoff. The industrial power failure a few seconds after liftoff was
the only failure noted, The industrial power outage occurred when high
voltage fuses vibrated loose from their holder clips in the pad area
substation. All three fuses were found lying in the bottom of the
cabinet, The resulting condition caused a cable failure external to
the complex., Complete loss of industrial power in Complex 34, Complex
37, the Converter Compressor Facility (CCF)}, and several ETR areas that
werc supporting the launch occurred, Tt required approximately eight
hours to clean the pad area and restore power, however industrial power
was restored to other areas within an hour, Corrective action is being
taken to eliminate the recurrence of this type power loss.

5.6,3 ELECTRICAL SUPPORT EQUIPMENT

The integration Electrical Support Equipment (ESE) overall performance
was satisfactory throughout the entire countdown and launch except for
one malfunction that occurred at T-9 hours 15 minutes. Voltage + 4D310
became erratic and it was determined that a pin jack (J18/D) was faulty
due to a jumper that had been installed., Corrective action has been
taken to eliminate this problem area,.
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5,6.4 GROUND COMPUTER

The launch computer systems functioned gsatisfactorily through the
launch countdown of AS-201, with the exception of two malfunctions.

1. The Launch Control Center (LCC) Computer dc power failed, The
exact cause of this power failure could not be determined due to the
lack of monitoring circuitry. This malfunction caused a loss of computer
service of approximately 50 minutes which included power up and acceptance
test and required that both the Automatic Ground Control Station (AGCS)
and Blockhouse computers be reinitialized,

2, A positive high voltage power supply failed in Display Console 6.
This failure, however, did not cause any problems as it was not required
during the countdown,

5.6.5 APOLLO ACCESS ARM

Mating of the environmental chamber to the spacecraft, at approxi-
mately T-9 hours, required disabling of the Adapter Positioning Device
(APD) Centered signal. This was accomplished by physically displacing
the APD. Subsequently the APD inadvertently returned to a centered
position and electrically permitted a partial mating to occur. From
this configuration, it was necessary to manually retract from the space-
craft by applying pneumatic pressure directly to the individual pneumatic
cylinders, After completion of the manual backout, it was noted that
the "Hooks Open" signal was not being received, even though the hooks
were physically open. This was due to the "Left Hook Open'" limit switch
being out of adjustment, This switch was adjusted and two successful
automatic mating-~demating sequences were performed with the chamber left
in the mated condition,

During the retraction of the Apollo Arm at T-30 minutes, the '"Left
Hook Open" limit switch again failed to close. This faulted the retrac-
tion sequence, 1In order to continue, the '"Hooks Open' signal was
jumpered (after visual verification of "Hooks Open") into the logic
circuit and the retraction sequence reinitiated. The retraction cycle
then went to proper completion,

5,6,6 PNEUMATIC DISTRIBUTION

During the performance of procedure CSD-E-8019, Pneumatic Launch
Preparations, the Helium number 2 system malfunctioned, in that the
4137 N/cm? (6000 psi) inlet pressure leaked through the APCO regulators
into the 2068 N/cm? (3000 psi) outlet pressure, causing the pressure on
the Pressure Control Device (PCD) He panel manifold to increase to
2344 N/ cm? gauge (3400 psig). After determining that the number 2 system
was causing the manifold pressure increase, it was brought back to zero
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pressure and secured, Launch was supported by the number 1 helium
system without any further problems,

Examination of the APCO regulators revealed a bubble in the rubber
coating on the diaphragm plate that prevented proper seating of the stem.
This was the second occurrence of this problem in the helium systems,
however APCO regulators in GN, systems have no record of similar mal-
functions,

Corrective Action: The APCO regulators were removed from the
system and reworked, Regulators with new diaphragms were installed
Recommendations are being prepared to change the helium systems APCO
regulators to Grove regulators,

Potential Problem Areas: The only potential problem area, the LOX
Dome Purge Bypass System,is being redesigned for AS-202 and subs, This
system's flow rate was low, requiring a waiver of the vehicle flow
requirements for AS-201l. AS-201 launch was not affected.

5.6,7 S§-1IB GN, CONTROL PRESSURE PROBLEM

The launch holds and countdown recycling resulted from the problem
with the ground holds system which supplies GNj for purges of engine
injectors and the flight system which supplies GN, to actuate 3-1B stage
valves, purge calorimeters, pressurize the engine gear boxes and purge
the LOX seal area of the engine turbopump, This system is shown in Figure
5.1, The high pressure storage sphere is filled from a ground source
with the pressure being maintained from the ground source until liftoff,
Initial pressure was 2103 N/cem? (3050 psi).

At T-35 sec the high flowrate purges to the LOX dome and the thrust
chamber fuel injector manifold were started. At T-28 sec the pneumatic
controls and calorimeter purges were started, By power transfer (T-10
sec) the pressure in the high pressure spheres had decreased to approxi-
mately 1999 N/cm2 (2900 psi) instead of the normal 2068 N/cm2 (3000 psi).
By T-4 sec the pressure in the high pressure sphere had dropped below
the redline value of 1951 N/cm? (2830 psi) and automatic cutoff was
initiated by a pressure switch,

After discussions it was decided that the high flow rate ground
purges (to fuel and LOX dome) were starving the ground manifold, thus
preventing it from maintaining pressure in the flight sphere. The
pressure regulator of the GN, ground source was reset from 2103 to
2172 N/cm? (3050 to 3150 psi) to provide increased flow and pressure,

The countdown was recycled and at T-5 minutes, stage system engineers
requested a hold. Quick calculations indicated that if the high rate
of flight sphere pressure decrease were the result of excessive purge
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flow or leakage in the flight system, a liftoff sphere pressure of

1999 N/cm? (2900 psi) might not be sufficient to maintain the 689 N/cm?2
(1000 psi) required to pressurize gear boxes, purge seals, and operate
10X and fuel pre-valves, at stage burnout. Stage engineers recommended
that the calorimeter purges be cut off to reduce demand. It was quickly
determined that the launch window would expire before the estimated

2 hours of disconnect work could be completed, The recommendation to
scrub was made at this time, Launch crew engineers then devised and
suggested a test of the flight system to check the actual GN; flow
requirement of the vehicle control and purge systems during a simulated
flight. This procedure was concurred in by stage engineers and the
countdown was restarted at T-15 minutes, pending results of this test.
The test consisted of shutting off the ground supply at a simulated
lifroff and running all flight system purges and controls for a 150 sec
simulated flight. From this test it was determined that a liftoff
pressure of 1993 N/cm2 (2890 psi) in Ehe flight sphere provided by a
ground regulator setting of 2172 N/em” (3150 psi), resulted in at least
896 N/cm? (1300 psi) in the sphere at the end of the simulated S-1B
stage flight. These test data were confirmed with calculations by the
stage engineers who concurred in continuing the count,

The countdown and launch were then successfully completed, with
no change in sequencing required since the flight sphere pressure was
above the pressure switch dropout point of 1951 N/cm2 {2830 psi) at
liftoff, Telemetered flight data confirmed a residual pressure in the
sphere of 896 N/cm? (1300 psi) at S-IB cutoff.

1t has been determined that the low pressure reading was caused by
slow replenishing rate due to limited flow through the 0.160 cm (0.063 in)
orifice, shown in Figure 5-1. To avoid recurrence of this problem, a
bypass line around the filling orifice will be installed and used during
GNy replegishing and the initial sphere pressure will be increased to
2172 N/cm® (3150 psi) for future flights.

5.6,8 DIGITAL DATA ACQUISITION SYSTEM

The Digital Data Acquisition System (DDAS) station performed satis-
factorily during countdown and launch, but with a few minor problems
resulting in minimal, if any, loss of data. During RF switchover, the
output signal of the S-IB Line Receiver was distorted, which resulted in
dropping sync after liftoff, This system is currently being redesigned
to eliminate this problem,
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5.7 LAUNCH FACILITY MEASUREMENTS

The data obtained by the facilities measurement systems (Digital
Recording System, Vibration Data Acquisition Systems, and Strip Chart
displays) was of high quality, and sufficient in quantity. A total of
232 facility and envirommental measurements were recorded. All except
one were performing properly at liftoff. The recording systems in Cthe
AGCS were not adversely affected by launch, and recorded valid data
during ignition, holddown and Lliftoff.

The acoustic measurement system was essentially the same as used
during the Saturn I program at LC 34. A new pre-amplifier was employed
to reduce the data dropout from pyroelectric effect. Data was obtained
from 42 of 45 stations and revealed that the RMS sound pressure levels
on Complex 34 were from 2 to 8 db higher than levels recorded at the
same location during the Saturn I launches. The far field stations
did not indicate a significant change from Saturn I levels.
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6.0 (C) MASS CHARACTERISTICS
6.1 SUMMARY

Postflight analysis indicated that the vehicle weights were higher
throughtout S-IB powered flight than predicted, Weight deviations

ranged from 1,144.9 kg (2,524 1lbm) at first motion to 1,076.4 kg (2,373 1lbm)

at S-IB/S-IVB separation, and were primarily attributed to approximately
1,360 kg (3,000 1bm) more fuel (RP-1) tanked in the §-IB stage. Vehicle
longitudinal center of gravity was aft of the predicted value throughout
S-1IB powered flight, and mass moments of inertia were slightly higher
than predicted primarily due to the increased propellant load in the §5-IB
stage. The vehicle was approximately 180 kg (400 1lbm) lighter than
predicted at S-IVB ignition, and approximately 136 kg (300 lbm) lighter
at $-IVB first motion.

6.2 MASS ANALYSIS

Postflight mass characteristics are compared to the final predicted
mass characteristics (Ref. 2) which were used in determination of the
final predicted trajectory (Ref., 1 ). The postflight mass characteristics
were determined from an analysis of all available actual and reconstructed
data from ground ignition through spacecraft separation. Dry weights of
the S-IB stage, $-IB/S-IVB interstage, S-IVB stage, and vehicle Jastru-
ment Unit were based on an evaluation of the Weight and Balance Log
Books (MSFC Form 998), Spacecraft mass characteristics were obtained
from MSC. S-IB stage propellant loading and utilization was taken from
the Mark IV propulsion simulation reconstruction, §-IVB stage propellant
lcading and utilization was taken from the postflight propulsion eval-
uation by DAC. Propellant loading was within the specified tolerance.

The postflight dry weights were within the predicted three sigma
deviations, The MSFC/MSC interface weight (weight above the vehicle
instrument unit, excluding the LES) was only 43,5 kg (96 lbm) high, At
first motion the vehicle weight was determined to be 592,684,.6 kg
(1,306,646 1bm), which was 1,144 8 kg (2,524 lbm) higher than predicted.
This increase is primarily due to the S-IB stage total propellant loading
being 1,303.2 kg (2,873 1lbm) more than anticipated in the predicted
document by 1,363.5 kg (3,006 1lbm) more RP-1 and 60.3 kg (133 1lbm) less
LOX. This additional fuel weight was required to compensate for the fuel
bulk temperature which was colder than anticipated due to the lower
ambient temperature and long hold time, The vehicle weight at outboard
engine cutoff signal was 189,733.1 kg (418,290 lbm) and at separation
189,011.4 kg (416,699 lbm). The vehicle weight at S-IB/S-IVB separation
was 1,076.4 kg (2,373 1bm) more than predicted which was directly
attributable to higher S-IB propellant residuals, The vehicle weight
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at S-IVB ignition was 137,963.7 kg (304,158 1lbm) which was 187.8 kg
(414 1bm) less than predicted. Weight at S-IVB cutoff was 33,533.1 kg
(73,928 1bm) being 141.1 kg (311 1bm) less than predicted.

The vehicle mass history is presented in Table 6-1. A vehicle
flight sequence mass summary is presented in Table 6-II. Graphical
representations are illustrated in Figures 6-1 and 6-2,

6.3 CENTER OF GRAVITY AND MOMENT OF INERTIA ANALYSIS

The vehicle longitudinal center of gravity was slightly aft of the
predicted value at ground ignition and approximately 0.152 m (6 im) aft
at separation, These deviations were mainly caused by the additional
S-1B propellant mass located aft of the predicted center of gravity. As
§-1B stage propellants were consumed, the combination of this additional
mass moving to a lower position on the vehicle and the decreasing
vehicle weight result in a progressively greater deviation between the
actual and predicted centers of gravity.

Mass moments of inertia of the vehicle during S-IB powered flight
were slightly higher than predicted values. Deviations of 0.5% in roll
and 1.3% in pitch and yaw were noted at separatiom, These deviations
were primarily a result of the additional S-IB propellant mass,

The center of gravity and mass moments of inertia at the beginning
and end of the S-IVB powered flight were essentially as predicted. The
longitudinal center of gravity was 0,043 m (1.7 in) forward of the pre-
dicted value at cutoff due to less propellants. The radial center of
gravity was within 0.012 m (0.5 in) of the predicted value at cutoff.

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-TIIT. Graphical representations of this data are illustrated
in Figures 6-1 and 6-2,

All weights presented are of masses for one standard "g" acceleration,
g p g



JUNCLASS

‘
K

1

-

~
T

|

e - TERLCLE HASSES
L] S1em STRLE e
IERITION COMMANY PIAST MOTIOR BCiug CUTORY SEPAMATION enLCL o T CRPaRRTICE
LS
Fradh Acvasl Predr autasl Precs Actust r - v - [ TR s o T prem Hore!
BAMLF TAME o 0 SR LR 0.11 ot 1ee b 1= " BED N E [UERN 23 [ [

PPN

5185 1VR Totece 5,600,4
Betacre bt Progeliane ks e
T- 481 5.8 S-IVB Intaty. s sf e L

S VA Sxace DT
am

[

v

LA AoV stamr FIENET BN La,a5e BERLUE SEWSSIN RO BT
¥ 1aaccmant 0.0 1980 8 T0s 0 | 0 e

Ara e nalt T, cAd ) o et .

[ L] BT RS T

18 18

LY

(A ety
Seat o
SRRt ke

Fros, o
Lo, 2y
Canr By Vs
Befior et Prige.iow 1Lee
Pore 3 IR - AP dnrer. [
3,085 21,003
192,600} 102102

17,128
"

i
s & -
1< m .
w1 -1 . i -
L "’ - -
f . . .
3 - ' )
e S, Vo i, vy [
s 387 o _wl L
b ~rae LA [RTS R,
. e fyuser N R O ) LTI

AT s sk laRte ase Phose teperued $u R-RAVE-VAM-

NCLASSIE.

kY
L




- : .-\. v: -« i
i : HES
' i l : L.
R
TABLE 6-11 (C) AS-20! FLIGHT SEQUENCE MASS SUMMARY
ACTUAL PREDICTED
MASS HISTORY
kg {1bm) ke { Lbm}

S-IB Stage at Ground Ignitiom 458,167.9 1..009,955 456,641 . C 1,086,221
5-1B/S-IVE Interstage at Ground Ignition 2,910.7 6,417 2,884 8 n, 360
S.IVE Stage at Ground Ignition 115,392.1 254,196 115,445.6 Ce sl
Yehicle Instriment Urit at Groeed Iegnition 1,980.8 4,367 2,053.0 -, 526
Spacecraft at Ground Igrnition 20,7881 45,830 20,756,4 45, 180
First Flight Stage at Ground Ignition 599,179.6 1,320,965 397,780.8 1,217, 88
$-18 Thrust Buildup -6,495.0 -14,319 -6,241,0 413,759
First Flight Stage at Liftoff 542 ,684.6 1,306,656 | 591,5319.3 1,304,122
5-1B Mainstage Propellants -401,027.8 -B84, 115 -401,219.3 -884, 537
5-18 Frost -453.6 -1,000 -a33.6 -1,000
S-1B Gear Box Consumption {RP-1) -331.6 =731 -251.8 -5%5%
5-1B Seal Purge -1.,6 -8 4,5 -10
S-I8 Fuel Additive (Qronite) ~-10.9 =24 -10.9 24
$-1B IETD Propellants -917.5% -2,155 -977.0 -2,154
S-TVB Frost -136,0 -100 45 4 - 100
$-IVB Hp Pressure Gas Vented -10.5 -23

First Flight Stage at OECC Signal 189,733.1 418,290 188,9772.13 ais, a2
S-IB OETD to Separation =714 4 -1,575 -642,2 -1,416
S-TVB Ullage Rocket Propellanc -7.3 -16 -
First Flight Stage at Separation 189,11, 416,699 187,935, 1 414,328
S-1IB Stage at Sepatration -48,093.5 -106,028 -46.840.7 -103,266
5-1B/S-IVE Intecstage -2,910.7 -6,417 -2,684.8 -6,360
S-IVB Aft Frame -11,3 -25 -11.3 =23
§-IVB Ullage Rocket Proapellant -30.3 -67 449 -99
5-1IVB Separation System Compenents -1.4 -1 -1.4 -3
5-IVBE Ullage System Components -0.5 -1 -0.% -1
Second Flight Stage at Ignition 137,963.7 304,158 138,151.% 304,372
§-1VB Thrust Buildup Propellant ~276.3 -609 -164 .2 =362
S-1VB LH; Start Tank -1.8 A -1.4 -3
§-1VB Ullage Rocker Propellant =426 -94 -38.1 -84
Second Flight Stage at Liftoff 137,643.0 303,451 137,947.8 304,123
5-1VB Hainstage -100,227.6 -220,964 | -100,3463.2 -221,263
s-Ive WUllage Rocket Cases -101,2 223 -98,0 -216
$-1VB Helium Engine Pneumatics -0 o 0.5 -1
S-1VB APS Pover Roll -0.9 -2 -19.9 Gh
Launch Escape System -3,780,2 -8,334 -3,792.0 -8,360
Second Flight Stoge at Cutoff Signal* 33,531.1 713,928 33,6742 74,239
$-IVB Thrust Decay -67.1 -L%8 41,7 =92
Second Flight Stage at EID 313,406.0 73,780 33,632.5 74,147
S-IVB Engine Liquids -18.1 ~40 -15.9 -35
S-IVB APS Attitude Control -8.2 -18 -34.5 -76
S-1VB LOX Ullage Vented -63.5 -140 -631.5 -140
S-IVB Hz Ullage Vented -221.8 ~489 -181.5 _L0D
Second Flight Stage at Separation 33,15 .4 73,082 11,112.2 73,496
S-1VB Stage at Separation -14,165,7 -31,230 -14,219.9 -31,510
Instrument Unit -1,980.8 -4,367 -2,053.0 -4.,526
Adaprer (Less Ring) -1,674.2 -1,691 -1,602.5 -3,533
Spacecraft 15,333.7 33,805 15,361.8 33,867
Command Module 4,990.4 11,002 5,030.4 11,090
Service Module Less Propellant 3,653.7 §,055 3, 742.1 8,250
Service Module Propellant 6,650.1 14,661 6,561.2 14,465
SLA Attach Ring 39.5 az 8.1 62

*Guidance Cutoff

Note: 1ETD - Inboard Engine Thrust Decay
OETD - Outboard Engine Thrust Decay
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: I SO
- ni.ijrif Wy




32

Mass (1000 kg

600

500

400

300

Center of Gravity in Calibers

N

\ //‘H&SS

~ L~
Center of Gravity ~\\\\\“\\~
:7 \\\\ et
\\
Q 20 40 60 80 100 120 140 160

Moment of Inertia-Pitch

(1000 kg-m?)

80,000

70,000

60,000

50, 000

40,000

30,000

Range Time (sec)

(Ref Sra 2,54 m) (1 cal = 6.33 m%

Moment of Inertia-Roll
(1000 kg-m?)

T~

...,\\\\\N Pitch

Roll?

~

N
~

N\

0 20

FIGURE 6-1

40

60

80 100 120
Range Time (sec)

OF INERTIA DURING 5-1B STaE POWERED FLIGHT

140

VEHICLE MASS, CENTER OF GRAVITY, AND MASS MOMENT

160

2500

2000

1500

1000

500



Mass (1000 kg)

14
*
.

'u!

Center of Gravity in Calibers

(Ref Sta 27.59 m) (1 cal = 6,604 m)

180 2.6
140 - 2.2
Center of Gravity /
100 \\ -
\ /_. Mass
60 / \\Q 1.4
20 1.0
100 200 300 400 500

0
90% Thrust—=ad (152.9 se

<)

Range Time

Moment of Inertia-Pitch

(1000 kg-m?)

§-IVB Burn Time (sec)

Moment of Inertia-Roll

(1000 kg-m?)

12,000 240
]
10,000 200
/'— Pitch
8,000 160
Roll—/
6,000 \ 120
4,000 80
100 200 300 400 500

0
907 Thrust—» (152.9 sec)

Range Time

FIGURE 6- 2

S-TVE Burn Time (sec)

VEHICLE MASS, CENTER OF GRAVITY, AND MASS MOMENT
OF INERTIA DURING S-IVB STAGE POWERED FLIGHT

R

L AR



TABLE «-1T01 «0) HASS CHARACTERISTICS COMPARISOM

N LONCITUDLNAL RADIAL ROLL MUMENT T MEFNT
HASS L. vn 5TR) coc. OF INENT1A OF INERTIS
a5
- . e recters N . B . .
» . De. e Ax-Fre s eSS kg " De- wnex " S u-m . Dy
Predr ~Ls u_ule
[Fha [ bl . U 2 -
S-§R Stawe, Dre
A v.gl a_ 1% .
L4 et o [ TR "o PROLRLY 1
Ereds a3
S-18:S 1VB Tnte &Tacr Ih 33,400 2
tin.i. RR Preph .ot o
ne or ETNTH vt R 2 . -
S-IVB Stoqr. Dre at ™, | 292, 14 23R 2us
313.3e" | U, 150
Lhdn " 5. [ T enr o e S0% [
| Sy
191 v
1 v n .0
.. 307 ol LR Som 3 s 14
Pread 55,147 c,25
2,181 9.2 L3 g R R
Actaal 35, M40 RLR ) (113 ©.012
1.t10,9 -i.1 5, .5 Ty f06, 159 .2 2%
Pree 129
e O CRTERTS
A canl -, 008 L.
i 2042 08 17,1007 0.t EENFERIS T A
Precw [WUE
tse Flict Stmse s Il 350 6,997, 300 T8, M98, Do
o Frost Rotren 3 tuad (L] wuly [
[ “i.r o wo 159, 101 <2 ST 2en kD [ - Y
Prese \ .l
Vst Fleirt SCeec ' Rttt g
¢ pECO Actoat 189.333.1 0,643 0.0
18, tep 0o L o 453,413 PO TEN s ERTER I 1~
Fredt 193,235,1 ad
bet Firant Stapr R H) L7 421,9% ER TR I B, e
41 S-IRCSEVR
Sopatation Avtual ti3 [
ub [ RS 249 974 “D,518, T .1 1.
Preat a%, .y P H
S-TH + Interstaze ot 108,266 (RPN
S-1B S-IVN Sepirstion
L dules att Trame) ry x...aH &, 5% C, e BNET] RO
&% s -1,3 [ Ul NG, R3E .5 v a1 T
Freas 133,1%10.%
ime Flizne staae tha, 572 140 0 45, 10,00
A tuald 137,965 7 5.ty [
10, 158 i | [PCL LN LY 134,82t 6.5 (LT b [T 16,382,636 [
Prea 3% 31,81 win
Stage Taae L T A9 L5, {8l G S R © 00, Bt
A cany 1,501 amn 1,010
11,928 L] R,7? (e 139, w2 mon 4,990 N8 ny 3,089 608 [
Pre= 21 82 LAY
Ind Flugi: Stear 1k N Lie, 3% 1,968 50
ar S-1VA CSM
Sepot st Lomkd Actaa) )8 n.e’3 w0l
wn 1,700 29 oy 115,413 4,00,500 o] o
S-TVB o (U » SLA Tresv 17,578k 58
(Lews Ringh =t S-TVE " 629 1,376.2 N R TH
£ Scparebin
ESLA upent EN S | 15,021 O, gu? [N}
I T4 ERL N ) Jun S0 .1 KPR T 1.4 )
Breqr ' 0,332
Sepatate. (SM a1 174 H e Ta, uie
3-TYB CSM Separarian
(10 1. SLA Birg)™= At u g 0,315
v .y 1.2 Y] .2 f,4m 5t Lk

Neteo Prroamt s £ion s aDe 12200 — Actuadt ok btS
SPredt Lo acinl'D aFe ERuew reporite! ip K-PEVE-VAL-¢ - 172
wePropellants Afe w--ute. e be 221 B Enler o xreuit L ocation

-




35

7.0 (U) TRAJECTORY
7.1 SUMMARY

The actual trajectory of AS-201 was very close to nominal, The
space-fixed total velocity was 8.0 m/s higher than nominal at OECO and
0.5 m/s lower than nominal at S-IVB cutoff. At S-IVB cutoff the actual
altitude was 0.73 km higher than nominal and the range ras 31,00 km
longer than nominal, The cross range velocity deviated 4.6 m/s to the
right of nominal at $-IVB cutoff.

The $-IB stage was calculated to have impacted at a surface range
1.39 km greater than nominal, S-IVB stage impact was calculated at a
surface range 81,81 km greater than nominal.

The vehicle at S-IVB/CSM separation had a space-fixed velocity of
0.8 m/s more than nominal, Altitude and range were 1.4 km and 31.9 km
greater than nominal, respectively,

7.2 TRACKING DATA UTILIZATION

Tracking data were available from first motion through S-IVB/CSM
separation., Tracking data, excluding radars, showed deviations between
the various systems of less than 25 m in position components until 250

seconds. After 250 sec, GLOTRAC was the only precision tracking system
that furnished data.

The postflight trajectory was established from the data sources
shown in Table 7-1

TABLE 7-1

DATA UTILIZATION

Time Interval (sec) Data Source
0.11 - 27 Fixed Camera
27 - 100 0DOP
100 - 135 GLOTRAC Station 1
135 - 165 Adjusted Telemetered Guidance

165 - 844.9 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 1, and the computed trajectory; were
used to obtain the proper velocity and acceleration profiles through
Mach 1, S-IB stage cutoffs, and 5-IVB stage cutoff time periods.

The best estimate trajectory, beginning at 165 sec, utilized the
telemetered guidance velocities as the generating parameters aand fit
GCLOTRAC Station 1l data along with data from 5 different radar systems
through an 18 term guidance error model, The radar data used as obser-
vations in this solution went to S-IVB/CSM separation. Comparisons were
then made with the resultant computed trajectory and showed the data
from the various radars to be consistent and in good agreement.

GLOTRAC provided the only high precision data available after 250
seconds, The CLOTRAC data and the best estimate trajectory agree to
within 200 m in position components for the §-IVB powered portion of
flight. GLOTRAC was not used in the final trajectory due to late
arrival and the differences between GLOTRAC and the computed trajectory
were insignificant for most evaluation purposes.

7.3 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.
Comparisons of the actual and nominal parameters at the three cutoff
events are shown in Table 7-II, The nominal trajectory is presented
in Reference 1.

Through the major portion of the powered flight the altitude was
lower than nominal and the surface range vas greater than nominal. The
longitudinal acceleration shown in Figure 7-3, was less than nominal
for both the S-IB and S-IVB powered flight phases,

The S-IVB stage cutoff 10,13 sec later than nominal; considering
a 0.37 sec late S-1IB stage cutoff, the S-IVB stage had a 9,76 sec longer
than nominal burning time. The actual space-fixed velocity at the S-1IVB
cutoff signal, given by the guidance computer, was 0.5 m/s less than
nominal. The late $-IVB cutoff is mainly attributed to low performance
of the $-IVB stage. The longer burning time explains the 31.0 km excess
in surface range at S-IVB cutoff, The larger than expected altitude
deviation (0.73 km higher than nominal) at S-IVB cutoff is the result
of errors that have been discovered in the nominal trajectory computation.
These errors amount to 0.78 km. The actual altitude would then only be
0.05 km less than the corrected nominal,
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TABLE 7-T1

CUTOFF CONDITIONS

1ECD QECO §-IVB CO
Parameter Actual Nominal Act=Nom Actual Nominal Act-Nom Actual Nominal Act-Nom
Range Time (sec) 141,46 140.57% 0.89 146,94 146,57*% 0,37 602.86 592, 73% 10.13
Altitude (km) 52,86 53.14 -0,28 58.04 58,84 -0.80 261.25 260,52 0.73
Range (km) 53,96 52, 50 1.46 62,82 62.10 0,72 1622.15 1591.15 31,00
Cross Range, Ze (km) 0.12 0.04 0.08 0.17 0.07 0.10 39.65 38,21 1,44
Cross Range Velocity, Ze (m/s) 8.34 3,51 4,83 9,42 4,31 5.11 215,81 211.21 4.60
Earth-Fixed Velocity (m/s) 1836,65 1819,52 17.13 1927.61 1920.15 7.46 6534 .55 6334.96 -0.41
Earth-Fixed Velocity
Vector Elevation {deg) 30,796 31,269 -0.473 29,488 29,796 -0.308 B.A440 8,415 0.025
Earth-Fixed Velocity
Vector Azimuth (deg) 105,464 105,282 0.182 105,528 105,351 0.177 113.624 113,474 0.150
Space-Fixed Velocity (m/s) 2190,72 2172,52 18,20 2285,32 2277.30 8,02 6939, 54 694000 -0.46
Total Inertial Acceleration (m/sz) 40,02 39.95 0.07 20,33 17,12 3.21 26,72 26.74 -0.02

*“Based on a first motion time of 0,11 second.

Earth-Fixed Velocity Accuracy
0ECO + 0.3 ms
S-IVB CO + 0.7 m/s

Altitude Accuracy
OECO +30m
S=IVB CO + 200 m

6¢




40

Actual
— — — Nominal
Total Inertial Acceleration (m/sz) S5-1IVB CO
30 l
-~
/4
/4
Z |
20 T

16

K‘

0
150 230 310 390 470 550 630 710

Range Time (sec)

Total Inertial Acceleration (m/sz)
50

790

40

IECO

30
Ol]CO

20
/
10
0
0 20 40 60 80 100 120 140 160

Range Time (sec)

FIGURE 7-3 TOTAL INERTIAL ACCELERATION



41

The S-IVB cutoff signal was given by the guidance computer at 602_86
seconds. The velocity increments imparted to the vehicle subsequent to
the guidance cutoff signal are given in Table 7-I1I1 for the S-IB and
S-1VB stage at QECO and S-IVB guidance cutoff, respectively,

TABLE 7-II1 VELOCITY GAIN (m/s)

Event Actual Nominal
OECO 2,0 3.0
S-1IVB CO 7.7 5.8

Mach number and dynamic pressure are shown in Figure 7-4. These
parameters were calculated using measured meteorological data to an
altitude of 48 km, Above this altitude the U, §, Standard Reference
Atmosphere was used.

Comparisons of actual and nominal parameters at significant event
times are given in Table 7-IV. Apex, loss of telemetry, and impact are
given for both the discarded S$-IB and S-IVB stages,

The theoretical free flight trajectories for the discarded S-IB
and §-IVB stage used initial conditions from the reference trajectory
at separation, There were no tracking data available on either stage
after it separated. A nominal tumbling drag coefficient was assumed
for the reentry phase of the free flight trajectories. The calculated
impact locations and ground track site are shown in Figure 7-5,

7.4 S-IVB/CSM SEPARATION CONDITIONS

The S-IVB/CSM separation conditions were obtained from a coast
trajectory determined in the same manner as the computed 5-IVB powered
flight trajectory. The least squares fit to the tracking data through
the guidance error model using the guidance as the geperating parameters
was performed to separation. Grand Turk (7,18) and Antigua (91,18)
radars provided reliable data to use as observaticns during this coast
phase. Velocity changes imparted to the vehicle as a result of venting
were included in the guidance data used as the generating parameters,
Table 7-V shows a comparison between the actual and nominal S-IVB/CSM
separation parameters,
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TABLF 7-1V

STIGNIFICANT EVENTS
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Event Parameter Actual Kominal Act-Nom
First Moticn Remge Time (sec) . " 0.11 0.11 0.00
Total Inertial Acceleration (m/s™) 11,75 11.7¢ -0.04
Mach 1 Range Time (sec) 61,5 647 -1.2
Altitude (km) 7.86 7.93 -0.07
Maximum Dynamic Pressure Range Time (sec) \ 76.0 78.1 -2
Dynamic Pressure (N/cm®) 2.9% 3.00 -0_05
Altitude (lm) 11.26 L2.45 -1.19
Maximum Total Inertial Range Time {sec) 141,56 140.67 .89
Acceleration (5-IB Stage} Acceleration (m/s2) 40.05 40.01 0.04
Maximum Farth-Fixed Velocity Range Time (s5e<) 147,24 Yab,87 G.37
(S-1B Stage) VYelocity (m/s) 1930,25 1523, 80 6,43
Apex (S5-1B Stage) Range Time (sec) 252.1 252,13 -0.2
Alvitude (km) 107,22 05,37 =113
Surface Range (km) 233.2% 232.0% 1.24
Farth-Fixed Velocity (m/s) 1637.1 1623,8 13.3
Loss of Telemetry (S-1B Stage} Range Time (sec) 383.0 383.0 0.0
Altitude (km) 32.9 342 -1.3
Surface Range (km) 443,0 4392 3.8
Total Esrth-Fixed Avceleratiom (m/s?) | -40.7 -41.8 1.1
Elevation Angle from Pad (deg) 2,25 2.46 -0, 21
Impact (5-1B Stage) Range Time (sec) 533.1 9162 18.9
Surface Range {km) 465,17 463.78 1.39
Cross Range (km) 6.0 4.8 l..
Geodetic Latitude {(deg) 27.3078 27.3225 -0.0147
Longitude (deg) 76.0373 76.0468 -0.0095
Maximum Total Inertial Range Time {sec) 602,96 592 B1 10,15
Acceleration {$-IVB Stage) Acceleration (m/s”) 26,74 26,76 -0.02
Maximum Earth-Fixed Range Time (sec) 603.16 393,01 10.15%
Velocity (S-1VB Stage) Velocity {m/s) 6540,00 6340.00 0.06
apex ($-IVB Stage) Range Time (sec) 1084 4 1073.7 10.7
Alticude (km) 497 81 490_71 2.10
Surface Range (km) 4472 8% 4440,92 31,97
Earth-Fixed Velocity (=/s) 6226.1 62262 0.1
Loss of Telemetry (S-IVB Stage) Range Time (sec) 1706.0 1706.0 0.0
Altitude (lan) 107.6 89.6 18,0
Surface Range (km) 5 8215.9 82563 -40.4
Total Earth-Fixed Acceleration (mfs®} -8.6 -8.8 0.2
Flevation Angle from Pad (deg) -36.31 -36,62 0,31
Impact (S-IVB Stage) Range Time (sec) 1916.6 1976.9 -60.3
Surface Range {km) 8661, 30 8572.,49 81.81
Ccross Range (km) 320.2 316.2 4.0
Geodetic Latitude (deg) -9.6621 -9, 245% -0,4170
Lungitude (deg) 10.0783 10,6949 -0.6166
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TABLE 7-V

S-IVB/CSM SEPARATION PARAMETERS

Evernt Actual Nominal Act-Nom
Range Time (sec) 844.9 834 .4 10,5
Space-Fixed Velocity (m/s) 6721,1 6720.3 0.8
Altitude (km) 435.4 £34.0 1.4
Surface Range (km) 3081.4 3049.5 31.9
Cross Range (km) 101.1 98.5 2.6
Cross Range Velocity (m/s) 284.1 280.6 3.5
Flight Path Angle (deg) 414 4,13 0.01
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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
propelliant flowrate were 0.06% lower, 0,28% higher, and ‘0,347 lower
than predicted respectively.

Inboard Engine Cutoff (IECO) occcurred 0,89 sec later than predicted,
Outboard Engine Gutoff (OECO) was initiated 5.48 sec after IECO (0.37
sec later than predicted) by the premature activation of the fuel deple-
tion sensor in the sump of fuel tank F4,

Thrust buildup was satisfactory, although engine 5 experienced a
slightly slower than expected buildup.

The fuel and LOX pressurization systems operated satisfactorily.
The new helium bloudown system was used for the first time in the fuel
pressurization system,

Propellant utilization was satisfactory and was within 0,277 of
predicted.

All mechanical systems functioned satisfactorily,

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

8.2 S-1IB PROPULSION PERFORMANCE

Two separate analyses were employed in reconstructing the 5-1IB
engine performance, The first method, engine analysis, used the telem-
etered engine data to compute performance parameters., The second method
utilized a trajectory simulation to generate multipliers that were
enforced on the results of engine analysis so that the calculated tra-
jectory fit the observed trajectory, ’

8.2,1 STAGE ENGINE PERFORMANCE

All eight H-1 engines ignited satisfactorily, The automatic igni-
tion sequence, which schedules the engines to start in pairs with a
100 ms delay between each pair, began with ignition command at -3,038
sec range time. The recorded individual engine ignition signals are
shown in the top portion of Table 8-I. The bottom portion of Table
8-1 presents thrust chamber ignition, main propellant ignition (Pc prime),



TABLE 8-1

ENGINE START CHARACTERISTICS

Engine Position

5 and 7

6 and 8

Z and &4

1 and 3

Time from Ignition Command to
Engine Ignition Signal (ms)
Actual Programmed
14 10
114 110
214 210
314 310

47

Time from Engine Ignition Signal (ms)

Thrust Chamber Main Prop. TOPS*
Fngine Position Ignition Ign.(Pc Primgd) (Two Switches)
5 579 986 1348 1374
7 565 894 1089 1089
6 564 930 1182 1183
8 556 942 1238 1251
2 554 944 1218 1198
4 564 934 1144 1148
1 539 955 1231 1242
3 564 939 1170 1171

*Thrust QK Pressure Switches
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and Thrust OK Pressure Switch (TOPS) pickup times, referenced to the
individual engine ignition signal. These times indi~ate a satisfactory
transition to mainstage on each engine, although engine 5 experienced

a slightly slower buildup than the other seven engines. The late Pc
prime time (986 ms) on Engine 5 could have resulted from a low thrust
chamber jacket pre-fill., However, the late TOPS pickup times (1348 and
1374 ms) cannot be attributed to a low jacket pre-fill, since pickup
appeared to occur at the proper chamber pressure, This indicates that
the delay was not due to high TOPS switch settings., Possible causes of
the slower buildup to TOPS pickup include low turbine spinner power and
extended main fuel valve opening time, The slightly slower buildup on
engine 5 produced no adverse stage effects, and 90% thrust was reached
within the model specification limits of 1,5 sec after ignition signal,

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

S-1IB stage performance throughout flight was satisfactory. Figure
8-2 shows stage longitudinal thrust and specific impulse determined
from analysis of engine measurements, Stage longitudinal thrust averaged
88,520 N (19,900 1bf) or 1.15% lower than predicted. The stage specific
impulse was 1.90 sec or 0,687 lower than predicted. §S-IB stage propel-
lant flow characteristics are shown in Figure 8-3, Stage mixture ratio
was 0,0252 (1,12%) lower than predicted., The predicted mixture ratio
was 2.2275 to 1. Total propellant flowrate was 1l4.1 kg/s (31.0 lbm/s)
or 0.50% lower than predicted. The quoted performance parameters and
referenced figures are not adjusted to sea level conditions.

If the parameters in the preceding paragraph are adjusted to sea
level pressure, the following values result. Stage longitudinal thrust
averaged 85,072 N (19,125 1bf) or 1.20% lower than predicted. Stage
specific impulse was 1.80 sec or 0,697 lower than predicted. Total
propellant flowrate was 14.1 kg/s (31.0 lbm/s) or 0,507 lower than pre-
dicted,

The thrust deviation resulted primarily from the combined effects
of a greater than predicted fuel density and lower than predicted LOX
density, Fuel density was 5.13 kg/m3 (0.32 1bm/£t3) or 0.63% greater
and LOX pump inlet density was 3.2 kg/m3 (0.2 1bm/ft3) or 0,29% less
than predicted, The LOX pump inlet density is shown in the lower portion
of Figure 8-3. Generally speaking, increasing the fuel density decreases
thrust, specific impulse, LOX flowrate, and mixture ratio but increases
fuel flowrate, Lowering the LOX density will decrease each of the above
parameters,
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The vehicle longitudinal sea level specific impulse, vehicle long-
itudinal sea level thrust, and total weight loss rate were derived from
the telemetered propulsion system measurements in a simulacion of the
tracked trajectory. The simulation of the tracked trajectory was accom-
plished through the use of a six-degree-of-freedom trajectory calcula-
tion program, incorporating a differential correction procedure. This
program determined corrections to the level of the vehicle longitudinal
sea level thrust, total weight loss rate, and vehicle drag correction
that would yield the best fit to the velocity and acceleration from the
observed trajectory, The liftoff weight derived from telemetered pro-
pulsion evaluation was considered known.

Many conbinations of thrust and flow rates will satisfy the tracked
trajectory within its accuracy limitations, if the liftoff weight is
allowed to vary. A percentage variation in the lifroff weight will alter
the sea level thrust and flowrate by approximately the same percentage.
This percentage variation will be in the same direction in each of these
parameters so that the resulting specific impulse will be essentially
unaffected.

The solid line in Figure B8-4 shows the total longitudinal force
necessary to match the observed trajectory (assuming the mass history
from the flight simulation analysis is correct), This represents the
sum of all forces acting on the vehicle along the longitudinal axis,
which includes engine thrust, turbine exhaust, drag, etc. The dashed
line in this figure is the predicted total longitudinal force and the
dot dashed line is the total longitudinal force derived by using engine
analysis thrust and mass histories.

Table 8-1I1 presents a summary of the average values and deviations
of liftoff weight, sea level thrust, flowrate, sea level specific impulse,
and vehicle weight near inboard engine cutoff signal from the flight
simulation method, compared with the postflight engine analysis and
predicted values. The axial force coefficient resulting from this
solution along with the predicted axial force coefficient for AS-201 is
presented in Section 19.0.

The §-IB stage received inboard engine cutoff signal 0,89 sec later
than predicted. The cutoff velocity was 17.47 m/s higher than the
predicted. The flight simulation results were used in an attempt toO
explain the time and velocity deviations. To explain the velocity devia-
tion, an error analysis was made to determine the contributing parameters
and the magnitude of the velocity deviation caused by each of these
parameters. Table 8-II1 lists the various error contributors and the
cutoff velocity deviations associated with each.
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TABLE 8-11

AVERAGE S-IB STAGE PROPULSION PARAMETERS

Percentage Percentage
. . Deviation From Flight Deviaticon From
Parameter Predicted Engtne‘ Predicted Simulation Predicted
Analysis

Littott Weight (kg) 591,539.0 592,676.0 592,676.,0

( Lbm) 1,304,118.0 | ,306,626.0 0.19 1,306,626.0 0.19
Sea Level Thrust (N} 7,181,780.0 7.096,708,0 7,177,470,0

(Lbf) 1,614,529.0 1,595,404.0 -t.20 {,613,560.0 -0.06
Fiow Rate (kg/s) 2800.94 2786.87 2791 .40

(1lbm/s) 6175,00 614400 -0.50 6153,98 -0.34
Sea Level Speclific Impulse (sec) 261.46 259.66 -0.69 262.20 0.28
Weight At 140 sec. Flight Time

(kg) 199,175.0 201,902.0 201,367.0

(lbm) 439,105.0 445,118.0 1.37 44%,939.0 .10

»5
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TABLE 8-II1 VELOCITY DEVIATION ANALYSIS

Dev. Fm. Pred.
Error Contributors AY (m/s)

Liftoff Weight - 0.19%

Total Thrust - 0,067

Total Propellant Flow Rate - 0,34%
Axial Force Coefficient

Meteorological Data

Predicted Trajectory Errors

Change in Burn Time

Total Contribution

Observed

Difference (observed-total contribution)

il ol A¥S I |
Y

+
O~ ~W = NSO

H L MO OWMO WO

Since inboard engine cutoff signal was given by a LOX level switch,
the only quantities which affected cutoff times are those which alter
the level of LOX in the tanks. Table 8-1V lists the parameters which
contributed to the deviation between the predicted and actual cutoff
time and the "At" contributions made by each, To explain At "difference",
the initial LOX load would have to be increased by 344,7 kg (760 1bm) or
the mixture ratio would have to be decreased by 0,36 percent,

TABLE 8-IV TIME DEVIATION ANALYSIS

Dev, Fm, Pred.

Error Contributors At (sec)
Initial LOX Load -0.13
LOX Flowrate 1.00
Tank 02 Low LOX Level -0.16
Total Contirbution 0.71
Observed 0.89
Difference {(observed-total contribution) 0.18

The cutoff sequence on the §-TB stage began at 139.76 sec with
the actuation of LOX level cutoff probe in LOX tank 02, Inboard engine
cutoff was initiated, as programmed, 1.7 sec later by the Launch Vehicle
Digital Computer (LVDC) at 141,46 seconds, IECO occurred 0,89 sec later
than predicted, The longer than predicted bum time to IECO resulted
principally from the lower than predicted LOX flowrate, Thrust decay
on each inboard engine was normal, The inboard engine cutoff impulse
was 1,166,355 N-s (262,207 lbf-s). Inboard and outboard engine total
thrust decay is shown in Figure 8-53,
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Qutboard engine cutoff was initiated at 146,94 sec by actuation
of the fuel depletion sensor located in the sump of fuel tank F4, How-
ever, 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 6.0 seconds. The actual time
differential was 5.48 seconds. Analysis indicates, however, that if
there had not been a fuel depletion cutoff, LOX starvation cutoff would
have occurred as expected, approximately 6.0 sec after IECO. A detailed
discussion of the conditions leading to the fuel depletion probe cutoff
is contained in Para. 8.3, The unexpected fuel depletion cutoff pro-
duced no adverse effects, and thrust decay was satisfactory on each of
the outboard engines, Cutoff impulse for the outboard engines was
1,067,742 N-s (240,038 lbf-s),

8.2,2 INDIVIDUAL ENGINE CHARACTERISTICS

The S$-1IB stage was powered by eight Rocketdyne H-1 engines, and
was the first flight stage to be equipped with the uprated H-1 engines.
The uprated H-1 engine is a modified version of the H-1 engine used on
the 8-1 stage of the Saturn I Block I1 vehicles. The uprated H-1 engine
has a rated thrust of 889,644 N (200,000 1bf) and a rated mixture ratio
of 2,23 to 1 at sea level conditions. The Saturn I Block II, §-1 stage
H-1 engine had a rated thrust of 836,266 N (188,000 1bf). The major
modification made to the original model of the H-1 engine, to arrive at
the uprated model, are listed in Table 8-V. A schematic of the uprated
H-1 engine is shown in Figure 8-6,

All eight engines functioned properly throughout the entire flight,
and all measured engine parameters were within satisfactory limits.
During countdown the measurement for bearing 1 on engine 3 intermittently
indicated temperatures below the 255.4%K redline value. However, the
measurement readings were erratic and were judged to be erroneous, The
measurement appeared to function properly during flight and the tempera-
ture prior to ignition was 316.0°K, which is within the expected range.

The performance of all eight engines was satisfactory. Thrust levels
for all engines from analysis of telemetered engine measurements were
lower than predicted with an average decrease per engine of 11,187 N
(2513 1bf) excluding sea level adjustments, The average variations from
predicted thrust for engines 1 through 8 were -10,854 N (-2,440 1bf),
-6,005 N (~-1,350 1bf), -21,218 N (-4,770 1bf), -13,834 N (-3,110 1bf),
-17,259 N (-3,880 1lbf), -6,583 N (-1,480 1lbf), -979 N (-220 1bf) and
-12,766 N (-2870 1bf) respectively (Figure 8-7). The greatest deviations
for all engines occurred during the portion of flight from first metion
to 40 seconds. There were lower deviations during the remainder of
first stage flight because the LOX pump inlet density deviations during
the later portion of flight were less (Figure 8-3)., Average thrust
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TABLE 8-V
MAJOR DIFFERENCES BETWEEN THE ORIGINAL AND UPRATED
MODELS OF THE H-1 ENGINE
Thrust Chamber (T/C) - Nickel tube T/C replaced by corrosive resis-

tant, furnace brazed 347 stainless steeel for longer life,

Injector - Type 1081C injector replaced with type 6002 injector,
which had lower LOX and fuel delta P.

Main LOX Valve

a. Changed material to Tens-50 for greater strength,

b. Increased closing force by enlarging piston,

c¢. Enlarged gate shaft for higher strength.

d. Shot-peened shaft and new bearings used on the uprated model,

Main Fuel Valve - Changed material to Tens-50 for greater strength.

Mark 3H Improved Turbopump on the Uprated Model incorporated:

a., KEL-F inducer tunmnel and impeller wear ring.

b. Strengthened bearing 2 carrier to reduce axial deflection,
c. 1Improved bearings 2, 3, 4 and 7 for increased life,

d. wWider "D" gear to reduce face loading,

e. Additional LOX seal drain line.

Other Improvements Incorporated on the Uprated Model

a. Double orifice LOX bootstrap line,
b. Dual TOPS switches

¢. The material used for the gas generator LOX injector purge check
valve poppet was changed to hard anodized aluminum,

d. Conax valve moved from below turbopump to end of main fuel valve,

e. Redesigned LOX high pressure duct,.
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levels for each engine were lower than predicted, because of the pro-
pellant density combination experienced during flight (see Para, 8.2.1}),

Reconstructed specific impulses for engines 1 through 8 show
deviations from predicted of 1,89, 1,81, 2,04, 1.88, 1,95, 1.81, 1.50,
and 1,87 sec, respectively (Figure 8-7). These deviations represent an
average decrease of 0,667 from predicted, based upon telemetered engine
measurements, These deviations are not adjusted to sea level conditions.

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 load correct propel-
lant weights. Propellant usage for the S-IB stage was satisfactory
and was within 0,27% of the predicted value. However, a LOX depletion
cutoff was expected, The predicted and actual (reconstructed) percentage
of loaded propellant used during flight are shown below.

TABLE 8-VI PROPELLANT UTILIZATION

Predicted (%) Flight (%)
Total 99,24 98,97
Fuel 98.63 98.41
LOX 99.52 99,23

The propellant loading criteria for S-IB called for simultaneous
depletion of usable propellants with a fixed mainstage total propellant
consumption, The ratio, of LOX to fuel weights loaded, was dependent
upon the fuel density at ignition command,

A LOX starvation cutoff of outboard engines was planned priocr to
flight, The LOX and fuel level cutoff probe heights and flight sequence
settings were determined to yield a 1.70 sec time interval between any
cutoff probe actuation and Inboard Engine-Cutoff (TIECO). A 6,0 sec
time interval between IECO and Qutboard Engine Cutoff (OECO) was planned.
It was planned that OECO be initiated by deactivation of the thrust OK
pressure switch on any outboard engine when LOX starvation occurred,

It was assumed that approximately 0.283 m3 (75 gallons) of LOX from the
outboard suction lines was usable. 1In addition, it was assumed that a
liquid level height differential of approximately 7.62 cm (3.0 in)
existed at IECO between the center LOX tank and the outboard LOX tanks.
The use of the backup timer (flight sequencer) to initiate QECO was not
intended, therefore the timer was set to initiate OECO 11.7 sec after
IECO, To prevent engine fuel starvation, fuel depletion cutoff probes
were located in the F2 and F4 container sumps.
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The cutoff sequence on the S-IB stage commenced with a signal
from the LOX level cutoff probe in container 02 at 139,76 seconds., The
IECO signal was received 1.70 sec later at 141,46 seconds. OECO was
initiated 5.48 sec after IECO, at 146,94 sec, by a signal from the fuel
depletion probe in fuel tank F&4.

The left hand portion of Figure 8-8 shows a typical cutaway drawing
of the fuel tank bottom internal geometry. The fuel level is shown at
the time signals were received indicating that the fuel depletion probes
were uncovered. The fuel level measurements were commutated through a
Remote Digital Submultiplexer (RDSM) which takes samples every 83 ms.
Fuel levels, as a function of flight time, are shown in the right hand
portion of Figure 8-8. The S-1I stage fuel levels experienced on Saturn
I Block II flights were lower than the fuel level on §-IB  at the time
the §-IB sensor uncovered, No fuel depletion sensor actuations were
noted during powered flight of any Saturn I Block IL flights. There is
no evidence to support the conclusion that the fuel depletion probes
malfunctioned, since signals were received from probes in two fuel! tanks
and only during the last two sec of flight. It is believed that the fuel
probes were uncovered for brief intervals and that the uncovering may
be related to fuel tank terminal draining characteristics associated
with the lower acceleration profile and higher flowrate on S-IB stages,

A fuel bias of 453.6 kg (1000 lbm) was specified for the S-IB stage
flight. The purpose of this bias was :o minimize the to:al propellant
residuals associated with possible variations in the actual stage
mixture ratio, If the specified propellant weight had been loaded and
the performance had been as predicted, the 453.6 kg (10C0 1bm) fuel
bias would have existed above the fuel depletion probes at the time of
thrust OK pressure switch dropouts. $ince OECC was initiated by a
signal from a fuel depletion probe, it would appear that the fuel bias
was totally consumed. However, based upon continuous level probe data,
the fuel level was approximately 17.8 cm (7 in) above theoretical tank
bottom at OECO. The LOX levels indicate that approximately 0.6 sec of
additional burn time remained before deactivation of the LOX TOPS would
occur. Based upon these levels, and assuming that the fuel depletion
probes had not indicated dry, OECO would have been initiated by LOX
starvation as planned, and 45.4 kg (100 lbm) of fuel in excess of the
bias would have remained. This compares very well with predicted. The
propellant remaining above the main valves, after outboard engine thrust
decay, were 2,209 kg (4,870 lbm) of LOX and 2,063 kg (4,548 lbm) of
fuel, The predicted values were 1,385 kg (3,053 1lbm) LOX and 1,750 kg
(3,859 1lbm) fuel.

Future S-IB flights will include the following changes to prevent
the recurrence of a fuel depletion cutoff, An extra 362.9 kg (800 lbm)
of fuel will be loaded, in addition to the 453,6 kg (1,000 1bm) fuel
bias. Grouping of the TOPS will be independent of arming the fuel
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depletion sensors. The cutoff probes will be raised by approximately
3.81 cm (1.5 in) in the propellant tanks. The telemetyy sampling rates
of the cutoff probes will be increased from 12 to 120 samples per second.

Propellant usage was analyzed from signals received from three
types of probes located in the nine propellant containers. The first
type is a system of 15 discrete level probes which was located in each
container. An electrical signal was initiated by each probe as it was
uncovered by the liquid level,

The second type of probes was propellant level cutoff probes,
located in LOX containers 02 and 04 and fuel containers F2 and F4., The
IECO probe signal times and setting heights from container bottoms are
listed below.

TABLE 8-Vil CUTOFF PROBE ACTIVATION

Container Height Activation Time
(cm) (inches) (sec)
02 69,7 27.45 139.76
04 69.7 27,45 140.01
F2 80.0 31.50 140,15 -
F4 80.0 31.50 140,40

The third type of probes was continuous level probes. These were
located in the five LOX containers and in fuel containers F2 and F4.
These probes were used to determine liquid level from 28,4 cm (11.2 in)
to 131.3 cm (51.7 in) above theoretical tank bottom, Telemetered data
of the continuous level probe in fuel container F3 was not valid. Fuel
Tank Fl contained no continuous probe because of an earlier tank exchange,

8.4 S-IB PRESSURIZATION SYSTEMS
8,4.1 TFUEL PRESSURIZATION SYSTEM

The fuel tank pressurization system operated gsatisfactorily during
the entire flight, A schematic of the fuel pressurization system is
shown in Figure 8-9,

This was the first flight to use the new helium blowdown system,
This system is simpler, lighter and more reliable than the Saturn I
demand-type nitrogen system which it replaces. Helium gas is stored in
two 0.566 m3 (20 ft3) spheres at approximately 2,068 N/cm? (3,000 psi).
Two parallel solenoid valves, in series with a sonic nozzle, control
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the flow of helium into the pressurizing manifold. A pressure switch,
with an operating range of 20.3 N/cm? (29.4 psi) to 22.5 N/cm? (32.6 p51),
controls tank pressure during prepressurization and during the 3 sec
ground hold period from engine ignition to liftoff. At liftoff, electri-
cal power is disconnected from the pressure switch and from the Normally
Open (NO) solenoid valves, The system thus becomes a straight blowdown
system with pressurant flow controlled by the sonic nozzle and the sphere
pressure, Pressurant flowrate decreases with time as the sphere pres-
sure decays. Consequently pressurant flowrate is unaffected by fuel

tank ullage conditions or properties,

This method provides a continuously decreasing ullage pressure, but
one which satisfies both fuel pump NPSP requirements and fuel tank
structural requirements, In order to remain above these requirements at
all times, a minimum system design pressure of 6.9 N/cm“ gauge (10 psig)
was chosen, This requirement can be met because the ambient pressure
decreases with increasing vehicle altitude. The 6,9 N/cm2 gauge (10 psig)
minimum tank pressure requirement and the 14,1 N/ cm? gauge (20,5 psig)
vent valve relief setting define the envelope in which the fuel ullage
pressure is designed to remain. The upper portion of Figure 8-10 shows
that the fuel ullage pressure remained well within these limits.

The upper portion of Figure 8-10 compares the measured ullage absolute
pressures with predicted. There was good agreement between actual and
predicted values during the first 70 sec of flight., Refinement of the
predicted value during the latter portion of flight is required on future
vehicles, No valid pressure data for the latter portion of S-IB burn
can be obtained from static tests for purposes of comparison. Compari-
sons are invalid after pressurization from the ground facility is
introduced during static tests,

The terminal sphere gas temperature was higher than predicted, which
would have the effect of raising the tank ullage pressure. Revision of
the aerodynamic heating and heat transfer to the ullage gas will probably
account for these differences. A time history of the pressure and
temperature of the helium in the fuel tank pressurization spheres is
shown in the lower portion of Figure 8-10, TFuel pressurization system
operation throughout flight indicated that there were no abnormal pres-
sure transients, The solenoid valves and pressure switch operated
properly.

The new fuel pressurization system injects helium into the pressuriz-
ing manifold through a single point, Because the manifold lines to each
fuel tank are not the same length, the fuel levels in each fuel tank
became somewhat displaced from each other at actuation of the discrete
probes. The displacement is greatest at actuation of the first probe,
but decreases with each subsequent probe actuation. A common fuel level
is approached near the end of S-IB powered flight. The maximum



Ullage Pressure (N/cm?)

67

Ullage Pressure (psi)

24
N
r\ |
20 AN
|~ Absolute Pressure | ———— Actual
p/_ — — = Predicted
e \\
\
12 —— N
/ o~ o
i £
/ \\‘ T
~ ™ -
\ h\;;;;’-—
Gauge Pressure
4
0
1} 20 40 60 80 100 120 140 160

Hellum Temperature (9K)

230 +

280 +

270 T

260 +

240 4=

230 4

200 +-

190 4

Helium Pressure (N/cmz)

2200

Range Time (sec)

30

25

20

15

10

Helium Pressure {psi)

2000

1800
\\M, Pressure
1600 \

N\

1400

N

AN

1200

1000

AN

800

\\\ :mperamre a\

e

600

[——

400

o~

\
Pressure-&\

200

FIGURE 8-10 FUEL TANK ULLAGE PRESSURE AND HELIUM SPRERE CHARACTERISTICS

20

40 60 80

Range Time (sec)

100 120

140

160

3200

2800

2400

2000

1600

1200

800

400



68

difference in S5-1IB fuel tank levels at OECO was 1.5 cm (0.6 in),
which was well within acceptable limits.

8.4.2 LOX PRESSURIZATION SYSTEM

The LOX tank pressurization system performed satisfactorily through-
out flight. The S-IB  LOX tank pressurization system is basically the
same as that on S$-1-10 except for the heat exchanger orifice size and
the full closed stop settings of the GOX Flow Control Valve (GFCV). The
orifice diameter size was increased from 0.259 em (0,102 in) to 0.264 cm
(0.104 in), The effective flow area of the GFCV in the full closed
position was increased from 12,3 em? (1.9 inz) to 13.5 cm? (2.1 inz).

Pressurization of the LOX tanks provides increased structural rigid-
ity of the stage and adequate LOX pump inlet pressures, Prelaunch pre-
pressurization is offected with helium from a ground source. From vehicle
ignition command to liftoff, an increased helium flow is used to main-
tain adequate LOX tank pressure during engine start.

The prepressurization level is controlled by a pressure switch and
solenoid valve. The ambient setting of the switch is 4l.4 + 1.0 N/cm2
(60 + 1.5 psi) for actuation and 38.3 N/cm? (55.5 psi) minimum for
deactuation. The prepressurization level satisfies the requirement of
a minimum pressure of 55.2 N/cm2 (80 psi) at the LOX pump inlet for
engine start., The minimum pressure of 34.5 + 1.7 N/cmZ (50 + 2.5 psi)
will occur at OECO, excluding the pressure dip during start.

10X tank pressure during flight is compared with the LOX tank
pressure during S-IB long duration static test (SA-26) in the upper
portion of Figure 8-11, The LOX tank pressure during flight was lower
than static test for the first 30 sec of flight and almost coincided
with static test pressure thereafter. The lower pressure during the
early period of flight was caused primarily by the smaller initial flight
ullage pressure., The long countdown holds with LOX onboard also contri-
buted to lowering the LOX tank pressure, due to greater chilling of the
GOX standpipe inner lining.

The telemetered LOX tank pressure during SA-26 static test was, on
the average, 0.83 N/cm? (1.2 psi) lower than a similar hardwire measure-
ment. The hardwire measurement was considered to be correct after the
static test data was analyzed. Since the discrepancy could not be cor-
rected prior to flight it may be assumed that the telemetered LOX tank
pressure during flight was, on the average, lower than the actual pres-
sure by 0.83 N/em? (1.2 psi). '
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The maximum indicated LOX tank pressure after start was 37.2 N/cm?
(54 psi) at 42 seconds. LOX tank pressure decayed to 33.4 N/cm? (48,5
psi)_at OECO. The outboard LOX tank pressures were approximately 0.5
N/cm® (0.7 psi) lower than the center tank pressure between 10 and 140
seconds,

The GFCV started to close at ignition and reached its full closed
position at 24 seconds. The GOX Flow Control Valve (GFCV) position is
shown in the middle portion of Figure 8-11. The figure shows the GFCV
curve raised by 2% at the full open and full closed position, This
offset was due to the calibration procedure,

The GFCV remained in the full closed position for the remaindexr of
5-1B powered flight. During SA-26 static test, the GFCV started to leave
the full closed position at 101 sec, when the LOX tank pressure was
35.5 N/cm? (51.5 psi). During flight, the GFCV remained closed even
though the indicated LOX tank pressure dropped as low as 33.4 N/ cm?

(48,5 psi). Considering the static test measurement bias, the GFCV should
have left the full closed position at 130 sec and should have been about
4% open at IECO.

The data after OECO indicates that the GFCV opened at 159 seconds.
1t is highly unlikely that the GFCV froze in the full closed position
for part of the flight, since it was capable of opening at 159 seconds.
1t has been demonstrated that the large area of the GFCV power bellows
produces operating forces sufficient to operate its gate with badly
damaged bearings. No evidence is available showing definitely that the
GFCV malfunctioned, since the applicable specification requires only
that the GFCV be fully closed at a pressure of 36.2 N/em? (52.5 psi)
and fully open at a pressure of 32,8 N/cm? (47.5 psi). There is, however,
some indication that the GFCV set point shifted.

Pressure upstream of the GFCV and differential pressure across the
GFCV were as expected and indicated a GOX flowrate for most of the flight
of approximately 8.53 kg/s (18.8 1bm/s).

Temperature upstream of the GFCV (lower portion of Figure 8-11)
was as much as 33.3°K colder than on the SA-26 static test, which was a
greater difference than expected. pifferences of as much as 16.7 to
22.29K have been noted on previous flights. The GFCV temperature measure-
ment remained close to the upper range limit of 488.7°K during most of
the flight.



8.4.3 CONTROL PRESSURIZATION SYSTEM

The S-IB stage control pressure system is a redes1gn of the SA-10
control pressure system. A single 0,028 m3 (1 ft ) capacity fiberglass
sphere is used as the GN, storage reservoir on S-IB_ while two fiber-
glass spheres, one 0.028 m3 (1 ft3) and one 0.042 m3 (1.5 fe3) capacity,
were used on the SA-10 S-1 stage.

The decrease in the required control system flow capacity aboard
the S-IB compared to SA-10 is due to the following changes:

1. A decrease in the number of radiation calorimeter purges
required, from 10 to &,

2, Flight control pressure supply not used to control the LOX
replenishing valve. 1Instead the ground supply source is used,

3. Mlnlmum sphere pressure at ignition is increased from 1803 to
1941 N/em? (2615 to 2815 psi) by using a closer tolerance pressure switch,

4, The requirement to open the eight sets of normally closed (NC)
LOX and fuel prevalves is eliminated., These prevalves were redesigned
to be normally open and thus require pressurization for closing only
at the end of the flight,

Problems were encountered with the GN, control pressure during
countdown (Sectien 5). However, during flight the performance of the
GN, control pressure system was satisfactory. After the ground supply
pressure vas increased to approximately 2,172 N/cm? gauge (3,150 psig),
the control system sphere pressure was 2,013 N/em® (2,920 psi) at
ignition, This was well above the high pressure switch deactuation
setting of 1,973 N/ cm? (2,862 psi), The regulated pressure was between
524 and 530 N/cm2 (760 and 768 psi), within the specified red-line band
value of 493 to 562 N/cm? (715 to 815 psi). The predicted sphere pres-
sure decay rate compared favorably with actual sphere pressure decay.
The actual flight sphere pressure at 150 sec was within 17,2 N/cm?

(25 psi) or 2.5% of the predicted value.

8.5 CAMERA EJECTION SYSTEM

The operation of the camera ejection system was satisfactory. Two
movie camera capsules were incorporated on the $-IB stage to provide a
permanent visual record of the 5-IB/S-IVB separation, S-IVB ullage racket
operation and J-2 engine ignition, The movie cameras were ejected from
the 5-IB stage 25 sec following the S-IB/S-IVB separation command., The
predicted supply pressure drop at camera ejection was 86,2 to 172 N/cm
(125 to 250 psi), when the initial sphere pressure is 1,931 N/ cm? (2,800
psi). The supply source was a 0,028 m3 (1 ft3) nitrogen storage sphere,
The actual pressure drop was 89.6 N/cm? (130 psi) with an initial sphere
pressure of 2,172 N/cm? (3,150 psi).
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9.0 (C) S-IVB PROPULSION AND ASSOCIATED SYSTEMS
9.1 SUMMARY

The S-IVB propulsion system performed satisfactorily. Although
deviations from predicted flight parameters were noted, none detracted
from the success of the fli§ht.

On the basis of flight simulation overall average 5-1IVB thrust was
1.63% lower than predicted; weight loss rate was 2.11% lower than
predicted; and specific impulse was 0,50% higher than predicted,

The expected J-2 engine start time was approximately 2,9 sec, based
upon stage acceptance firing. The actual start time (ESC to 907 thrust)
was approximately 3.6 sec, due to a colder than anticipated engine
environment,

Propellant loading and utilization control by the PU system was
satisfactory. The LOX and LH; loads were within 0.09% and 0.067% respec-
tively, of the desired load. The PU system calibration was in error by
0.11% LOXand -0.71% LHp as determined from the masses used to derive
the statistically weighted average mass at various flight times.

PU valve cutback occurred 90,68 sec after S-IVB engine start command
and 14.22 sec earlier than used for the predicted trajectory. Using the
updated predicted cutback time, which incorporated two correction factors,
yielded a 3.68 sec later than predicted cutback time,

The average engine mix ture ratio after cutback was approximately
5.1 to 1, rather than 5.23 to 1 as predicted, Because of this dispersion
and the lower than predicted engine performance, an extended S-IVB burn time
of 9,76 sec occurred, This 9.76 sec longer burn time combined with the
0.37 sec later than predicted start time resulted in the S-IVB cutoff
being 10.13 sec later than predicted., A maximum thrust oscillation of
80,068 N (18,000 1bf) occurred during PU valve cutback.

Five percent of the steady state thrust was reached 0.818 sec after
the initiation of guidance cutoff signal. The impulse after the S-1IVB
switch selector received the cutoff signal was 258,486 N-s (58,110 lbf-s)
as compared to the predicted 200,392 N-s (45,050 lbf-s). The deviation is
attributed to the slower than normal closing of the main oxidizer valve.
9.2 S-IVB PROPULSION PERFORMANCE
9.2,1 ENGINE CHILLDOWHN

buring chilldown the thrust chamber skin temperature decreased

quickly, then leveled off to approximately 122 K. This lower than
expected temperature decrease was due to recycling of the countdown,

.
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which resulted in a cooler temperature than would be attained during a
no-hold countdown, Chilldown was terminated at liftoff with a thrust
chamber skin temperature of I124°K. At S-IVB engine start command the
temperature was 136°K (upper portion of Figure 9-1), within the require-
ment of 144 + 28°K.

Figure 9-2 shows that the thrust chamber throat temperature at the
scheduled liftoff time decreased about 2.8°K with each recycling of the
countdown. The temperature at liftoff was about 116%K, at the lower
limit of 144 +-28 K required temperature band.

At 60 sec the lower engine manifold temperature had reached its
maximum (middle and lower portion of Figure 9-1). The subsequent tem-
perature drop had not been predicted, nor is it presently explainable,
The lower engine manifold temperature trend was expected te follow the
same trend as the thrust chamber skin temperature,.

The chilldown and loading of the engine GHy start sphere were
accomplished satisfactorily. At englne start command the temperature
was 111%K and the pressure was 892 N/ cm? (1,275 psi); these values
were well within the temperature and pressure requirements of 117 + 28°k
and 862 + 34 N/cm?2 (1,250 + 50 psi) respectively. GHy mass in the sphere
at liftoff was 2.23 kg (4.92 1bm). The mass diminished, after start
sphere blowdown, to 0,43 kg (0.96 lbm); the total mass consumed was
1.80 kg (3.96 1bm) The warmup rate after the sphere was pressurized,
until liftoff, was 1.4°K/min. The warmup rate was reduced to O, 44°K/m1n
during boost. The heating rate and mass consumption were satisfactory,

The engine pneumatic control sphere conditioning was satisfactory.
At 5-IVB engine start command the sphere pressure was 2,224 N/cm
(3,225 psi), the temperature was 109 K and the mass was 1.28 kg (2.83
lbm). The mass remaining after engine cutoff was 1,11 kg (2.46 lbm);
0.17 kg (0,37 1bm) was consumed.

9.2.2 START CHARACTERISTICS

The S-IVB start thrust transient was slower than expected due
primarily to a colder than anticipated engine enviromment. Thrust
buildup to the 907% level was achieved 3.575 sec after engine start com-
mand (149,35 sec), as compared to 2,948 sec during stage acceptance
testing. Figure 9-3 shows the thrust chamber pressure during the start
transient. There was a slight thrust overshoot during the buildup
transient, The total start impulse to 90% thrust was 851,390 N-s
(191,400 1bf-s), as compared to the predicted value of 738,405 N-s
(166,000 1bf-s)., The deviation has been attributed to the slightly
longer start transient time, which in turn, was caused primarily by a
colder than expected Main Oxidizer Valve (MOV).
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The main LOX valve required 3,320 ms to travel from the closed to
the open position. This exceeded the nominal time by 60 percent. Each
step of the valve opening was delayed by the times shown below:

TABLE 9-1 MOV OPENING TIME

MOV Nominal Acceptance Deviation Flight T Neviation

Sequence Time Firing Time | Fm. Nominal | Time . Fm. Nominal
(ms) (ms) (%) (ms) (%)

First Stage 50 + 20 90 80 190 280
Travel
First Stage 415 + 95 550 33 760 83
Plateau
Second Stage | 1,600 + 75 2,050 28 2,370 48
Travel
Total 2,065 + 190 2,690 30 3,320 i 60 !

The above table shows that the valve opening time was delayed some-
what during acceptance firing and that the delay was accentuated during
flight. The major factor contributing to this problem was apparently
the temperature environment, During turbopump chilldown the MOV actuator
temperature dropped below the specified operating level of 219.3 K. The
valve chilling was greater during flight test than during acceptance firing
because the §-IB/S-IVB interstage enclosure prevented circulation of
ambient air over the valve, 1In addition several pump chilldowns occurred
prior to flight due to recycling.

The effect of the excessive valve chilling was to allow a greater
helium mass into the closing side of the actuation cylinder at engine
start. Since the valve opening time is a function of the time required
to vent the closing side of the actuator, the venting time was increased
proportionally. Figure 9-4 shows a drawing of the S-IVB main oxidizer
valve in the closed position, The opening and closing control ports of
the first and second stage portions of the valve are located in the lower
and upper half of the drawing respectively. Monitoring the MOV
actuator temperature and the MOV closing line temperature on future flights
is being considered to improve ‘cutoff predictions.

The slower opening time also meant that the main LOX valve second
stage operation was occurring when the LOX pump discharge pressure was
approaching the steady state value of 620.5 N/ cm? (900 psi). The hydrau-
lic forces imposed on the valve opening under these conditions delays the
valve opening during the early portion of the second stage operation.
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Engine modifications designed to eliminate this problem on future
flights include: (1) 1installation of a large orifice in the actuator
closing side vent line thereby increasing the vent rate; (2) installa-
tion of an orifice in the gas genetrator valve control line, thereby
delaying the opening of the valve by 75 ms and subseqguently delaying
the pump discharge pressure rise.

The upper portion of Figure 9-3 compares the LOX valve opening time
with acceptance firing results. The lower portion of Figure 9-5 compares
the measured fuel turbine inlet temperature with the reconstructed tem-
perature, The reconstructed temperature is considered to be more repre-
sentative of actual values, The deviation of the measured temperatures
from reconstructed may possibly be due to an instrumentation malfunction,
The reconstructed temperatures were higher than expected due to the
slow opening of the MOV,

9.2.3 MAINSTAGE ENGINE ANALYSIS

Two separate analyses were employed in reconstructing the S-IVB
engine performance. The first method, engine analysis, used the telemetered
engine data to compute longitudinal thrust, specific impulse and stage
mass flowrates. The second method, a six-degree-of-freedom trajectory
simulation (flight simulation), utilized a differential correction pro-
redure to generate multipliers that were enforced on the results of
engine analysis, This pemmitted the generation of a trajectory simula-
tion which fit the final observed trajectory closely,

The S-IVB engine performance was reconstructed from engine start
command to engine cutoff command. The results of three computer programs
were averaged statistically to produce the final reconstruction. Devia-
tions from predicted of the reconstructed performance values are presented
in Table 9-11. Reconstructed performance values were based upon analysis
of telemetered engine parameters,

The predicted propellant depletion time was 452.6 sec after S-IVB
engine start command, This prediction was based upon acceptance test
data and the predicted PU system dynamics. The best estimate of propel-
lant residuals were 2,736 kg (6,032 lbm) LOX and 716 kg (1,579 lbm) LH,.
Depletion of these residuals would have occurred at 467.6 sec, or 135 sec
after it was predicted.

Three factors contributed to extend this depletion time; (1) Burn
time during the high thrust portion of the flight was reduced because
the PU valve cut back 14,22 sec earlier than used for the predicted
trajectory, (2) The PU system provided a lower mixture ratio after PU
valve cut back, 5.1 to | as compared to the predicted 5,23 to 1, result-
ing in lower total propellant flowrate. Just prior to cut back the
mixture ratio was as expected at 5,5 to 1, (3) A lower than predicted
overall performance level., Each factor contributed approximately 1% to
the burn time or a total of 3% (15 sec).
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TABLE 9-1I1

§-IVB PROPULSION SYSTEM PERFORMANCE

Predicted Engine Analyses % pev. Pm. Pred.® Flight Simulation % Dev, Fm, Pred,’

Parameters High Raduced | Average High | Reduced | Average High Reduced | Average High | Reduceg Averag High Reduced | Average.

Thrust! Thrust? | Thrused Thrust® | Thrust® | Thrust? Thrust | Thrust | Thrust Thrust™ Thrust® | Thrust Thrust | Thrust | Thrust .

Longitudinal (N} 1,007,966 | 916,333 | 948,017 1,001,516 | 902,410 | 927,676 -0.64 | -1,52 -2.15 | 1,006,237 | 906,296 | 932,552 20,17 | -110 §-l.63 ]

Yehicle Thrust (1bf) 226,600 206,000 213,123 225,150 202,870 208,550 226,211 203,743 206, 64t .
vehicle Mass (kg/1) 243,11 219.4 227.5 242,0 216.1 2227 -0,45 =1.49 -2,08 2‘11.44 216.0 2227 0,71 -1.57 L2,11 y
Loss Rate (lbm/a) 536.1 483.8 01,6 53316 476.6 491.1 32.3 476.2 491.0 (r‘
Longitudinal Vehicle M ,,...::. -

specific Impulse (sec) 422,7 425.9 426.9 421.,9 425,6 424,86 -0.19 -0.07 -0,07 4249 427.8 627.0 0,33 0.48 0.50 , —
k.l

: i s

From %0% thrust to thiust cutback

From thrust cutback to J-2 engine cutoff aignal

From 90% thenst to J-7 engine cutoff signal

From 90% thrust to PU .utback
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5-IVB Stage steady state performance parameters, derived by engine
analysis, are compared to predicted in Figure 9-6. Predictions are as
shown in Reference 1 . Maximum and minimum mixture ratio levels during
flight were 5,55 and 4,95, respectively. Steady state performance of the
J-2 engine was satisfactory,

Thrust fluctuations during flight, caused by the PU system, were
approximately one-half that experienced during stage acceptance firing.
This reduction was due to a modification made in the PU system electronics,

A trajectory simulation program utilizing six-degree-of-freedom was
employed to adjust the S-IVB propulsion system engine analysis results,
Using a differential correction method, this simulation program deter-
mined the adjustments to the engine analysis longitudinal thrust; mass
flow histories, and pitch plane engine misalignment angle, This yielded
a simulated trajectory which closely matched the observed trajectory.
The flight simulation propulsion performance parameters are compared to
predicted values and to engine analysis results in Table 9-TI.

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 deter-
mined from engine PU, point level sensors and trajectory simulation was
137,964 kg (304,158 lbm) and 33,533 kg (73,928 lbm) respectively. The
flight simulation solution which came closest to yielding the best esti-
mate weights indicated that the weights at S-IVB engine start command
and engine cutoff command were 137,973 kg (304,179 1bm} and 33,531 kg
(73,923 1bm) respectively, The simulation indicated that the engine
pitch misalignment required to match the actual trajectory was 0.537 deg
in & direction that would produce a nose up attitude error. This is
comparable to the 0,33 deg determined from the $-IVB control system
analysis,

The maximum inaccuracies in the flight simulated propulsion system
parameters were estimated at 0.2 percent., These inaccuracies resulted
from the combination of the simulation technique and the observed tra-
jectory data., Additional uncertainties resulted from the accuracy to
which §-IVB cutoff mass was obtained, The S-IVB cutoff mass uncertainty
of + 62 kg (+ 137 1bm) has been estimated to result in a total maximum
inaccuracy of 0.3% for individual propulsion system parameters.

9.2.4 CUTOFF CHARACTERISTICS

Figure 9-7 shows that the cutoff transient was smooth, Five percent
of steady state thrust was reached 0.818 sec after the initiation of
guidance cutoff signal, and after 2,1 sec there was no significant thrust,

.
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The cutoff impulse was determined from two sources, the propulsion
parameters and the platform accelerometers. As determined from the
first source the cutoff impulse was 258,486 N-s (58,110 1bf-s). This
impulse covers the period from initiation of the guidance cutoff signal
at 602,86 sec to zero chamber pressure, The predicted cutoff impulse
beginning with engine cutoff signal and based upon stage acceptance
tests was 200,392 + 31,138 N-s (45,050 + 7,000 1bf-s), The higher than
predicted impulse was caused by two factors. (1) The final 10% of
thrust decay produced more impulse than anticipated due to a colder than
expected MOV. (2) There was variation in the PU valve position at
cutoff,

As determined from the platform accelerometers, the cutoff impulse
was 258,442 N-s (58,100 1bf-s). This cutoff impulse begins with the
initiation of the guidance cutoff signal at 602.86 sec and terminates
at the end of thrust decay, 605,00 seconds. Both sources used to deter-
mine cutoff impulse were in good agreement,

MOV temperature directly affects the cutoff impulse; 1i.,e. as the
temperature decreases the impulse anreases As an example, for an MOV
temperature change from 144 to 117 °k an additional cutoff impulse of
22,241N-s (5,000 1bf-s) would result. MOV temperature was not monitored
on SA-201, but other environmental measurements indicate that the engine
was colder than expected and the higher cutoff impulse than predicted
appears to substantiate this,

Figure 9-7 also shows the velocity increase associated with the
cutoff impulse., The velocity increase levels out after 2,14 seconds.
The inertial velocity increase was 7.68 m/s.

9.3 S5-IVB PROPELLANT UTILIZATION
9.3.1 PROPELLANT MASS ANALYSIS

The S-IVB propellant mass history is presented in Table 9-11I. The
desired propellant load was 87,429 kg (192,750 lbm) LOX and 16,913 kg
(37,289 1lbm) LH,. The statistically weighted average propellant load,
resulting from fotal stage mass weighted averaging (Figure 9-8) indicated
a load within 0,09% LOX and 0,067 LH, of desired,

The PU system was calibrated in accordance with the mass-to-capacitance
relationship established by the engine influence coefficient computer pro-
gram, using acceptance firing data, Comparing the repeatability of the
indicated PU flight masses, corrected from flight enviromment to acceptance
firing conditions, resulted in repeatability factors of 0,06% LOX and
0.72% LH, of full load in each tank. These repeatability factors are
approxzmate because the computer program used for flight was slightly
modified from the one used for acceptance firing., The error of the PU
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TABLE 9-1II1

5-1VB PROPELLANT MASS HISTORY

Engine Flow

Statistically Wtd,

Event PU System (1) Integral (2) Average (3)
LOX LH, LOX LH» LOX LH,
§-1B Liftoff (kg) 87,398 16,851 87,294 16,972 87,302 16,953
{ lbm) 192,680 37,152 192,450 37,417 192,469 37,376
S-IVB Engine Start (kg) 87,398 16,808 87,294 16,972 87,302 16,953
Command ( 1bm) 192,680 37,056 192,450 37,417 192,469 37,376
PU Valve Cutback (kg) 69, 682 13,627 69,366 13,663 69,376 13,643
( 1bm) 153,624 30,044 152,926 30,121 152,947 30,078
Residual (4) (kg) 2,728 125 2,722 711 2,736 716
( 1bm) 6,016 1,599 6,002 1,567 6,032 1,579

(1)
(2)
(3)
(4)

PU System indicated mass corrected for flight

Composite of engine analysis programs
Composite of PU system, engine flow integral, reconstruction, and level sensor residuals
Weighted average residuals include level sensor residuals of 2773 kg (6114 1bm) LOX and

718 kg (1585 1lbm) LHj
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system calibration, based upon a comparison of the masses used to derive
the statistically weighted average masses shown in Table 9-II1 and, upon
the PU system masses corrected for non-linearities at engine start
command, yielded errors of 0.11% LOX and -0,71% LH,.

Figure 9-9 presents a comparison of LOX and LH» overall non-linearity
curves derived from flight analysis, acceptance firing analysis and manu-
facturing specification computations. 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 agree-
ment with the manufacturing non-linearities, which are corrected to flight
enviromment. The acceptance firing non-linearities curve for LH,,cor-
rected for flight enviromment, is not in good agreement with the fli ght
and manufacturing specification curves, This may be due to the modifi-
cation of the engine influence coefficient computer program after accep-
tance firing, The LOX non-linearities are not as sensitive to computer
program updating; therefore, good agreement between all three sources
was obtained,

Correction factors must be added to acceptance firing and manufac-
turing non-linearity curves to obtain correct flight non-linearity curves.
One correction factor counteracts the sensor errors caused by center of
gravity offset, The other correction factor counteracts the error caused
by the changing tank shape in flight, The changes in tank shape are
caused by changes in acceleration, temperature and pressure during flight.
Figure 9-10 shows how the center of gravity (CG) offset and tank dynamic
changes add to the manufacturing pon-linearity for LOX and LHp. The
updated PU valve cutback prediction and postflight reconstruction of the
PY valve history discussed in paragraph 9.3,2 were used in deriving
Figures 9-9 and 9-10,

9.3.2 PU VALVE RESPONSE AND THRUST FLUCTUATIONS

The S$-IVB PU system was changed after the acceptance firing to reduce
the feedback gain of the PU servo valve loop by a factor of 6 db. This
change effectively reduced the total PU system gain at 0.12 radians/s
by 6 db. The frequency of the valve oscillations during acceptance firing
was approximately 0,12 radians/s. The valve oscillation amplitudes
experienced during flight were approximately one-half of the acceptance
firing values, The upper portion of Figure 9-11 compares the telemetered
PU valve position to acceptance firing results.

The middle portion of Figure 9-11 compares the J-2 thrust history
to acceptance firing results. During flight a maximum thrust excursion,
due to sensor non-linearities, of 62,275 N (14,000 Lbf) peak-to-peak
occurred, excluding the cutback overshoot and sloshing. The peak-to-peak
value during cutback was 71,172 N (16,000 1bf}. Corresponding acceptance
firing thrust variations were 111,205 N (25,000 1bf) and 133,446 N
(30,000 1bf) peak-to-peak, respectively. The predicted maximum fluctua-
tion for flight was 66,723 N (15,000 1bf). The three-sigma thrust
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tolerance prior to PU system cutback was + 23,353 N (+ 5,250 1bf) and
was + 71,171 N (+ 16,000 1bf) during reference mixture rat1o operatiaon,
The actual values for both were within these three-sigma limits.

Thrust oscillations caused by propellant sloshing alsoc occurred.
The frequency of the sloshing as shown by valve position (upper porticn
of Figure 9-11) was fairly constant at 0.38 Hz from 350 to 550 seconds.
The sloshing frequency decreased to 0,26 Hz from 550 sec through S-IVB
engine cutoff,

The thrust fluctuations caused by sloshing ranged between 6,672 to
13,345 N (1,500 to 3,000 lbf) peak to peak. The combination of sensor
nonlinearities and sloshing increased the maximum thrust fluctuation
values to 66,723 N (15,000 lbf) excluding the PU valve cutback overshoot,
and to 80,068 N (18,000 lbf) at PU wvalve cutback.

The actual PU valve cutback time was 90,68 sec from S-IVB engine
start command, and the predicted cutback time was 104,9 seconds. The
original cutback time predicted by the stage contractor was 116 seconds.
This prediction did not include the effects of propellant sensor non-
linearities, errors caused by center of gravity offset and tank geometry
changes due to inflight dynamics. The updated prediction, which includes
these effects is compared to the reconstructed PU valve position in the
lower portion of Figure 9-11, Actual cuthack time was just 3.68 sec
later than the updated predicted cutback time of 87 seconds.

The center of gravity offset effects and the inflight dynamic effects
were not included in the derivation of the PU system bridge gain ratio,
These two effects, apparent during the flight, caused the PU error sig-
nal history to differ from the expected history. The error signal
difference resulted in a lower than predicted valve position history
which generated the lover than expected mixture ratic of 5.1 to 1 rather
than 5.23 to 1,

The unusual PU valve behavior between 300 and 400 sec was caused
by the discrepancy between the actual propellant sensor nonlinearities
and predicted, and by minor manufacturing inaccuracies in the probe
between spacers at the mass levels between 300 and 400 seconds.

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

The fuel pressurization system performance was satisfactory through-
out flight, supplying LHyp to the engine pump inlet within the specified
operating limits. The NPSP at the engine LHo pump inlet was maintained
above the allowable minimum throughout S-IVB powered flight. The minimum
NPSP was 6.2 N/cm? (9 psi) at S-IVB engine cutoff and was at least
2.1 N/cm? (3.0 psi) above the allowable minimum. Prepressurization
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pressurization control, and step pressurization were normal and were
within predicted limits, except during the system start transient.

Fuel temperature and fuel ullage pressure were higher than predicted
during engine chilldown, because of a higher back pressure at the facility
fyel vent and disposal system, To assure at least a minimum NPSP during
powered flight, the ullage pressure setting was changed from 19.3 to
21.4 N/cm? (28 to 31 psi) to no lower than 23.4 N/em? (34 psi). 1In
order to accomplish this change, the undercontrol orifice was resized
from 0,559 cm (0.220 in) to 0.820 cm (0.328 in) nominal diameter.

As a result of the high back pressure in the launch facility, ullage
pressure prior to prepressurization was 2.8 N/cm? (4.0 psi) above ambient.
Consequently the lower ullage pressure switch setting of 19.3 N/cm? (28
psi) was never reached during flight. An increase in the LHy bulk tem-
perature above design saturation conditions occurred, but was expected
due to the increased ullage pressure setting.

The LHp pressurization command was received approximately 111 sec
before liftoff, The LH; tank pressurized signal was received 40 sec
later when the LH; tank ullage pressure reached 24.9 K/ cm? (36.1 psi).
However, the ullage pressure continued to increase because the ullage
volume warmed and reached 27.1 N/cm? (39.3 psi) at liftoff. After liftoff,
the LHy tank ullage pressure continued to increase until 86 sec when
the LH) tank relief setting was reached. The pressure remained relatively
constant at 29.0 N/cm2 (41.5 psi) for the remainder of $-1B powered flight
(upper portion of Figure 9-12).

At S-1IVB engine start command, the LHj tank ullage pressure was
290 N/em2 (41,5 psi). Between S-IVB engine start command (149.35 sec)
and 152,15 sec, GH, bleed from the engine flowed into the LHp tank
through the nommal pressurization orifice, the control pressurization
orifice, and the step pressurization orifice. The control and step
pressurization orifices are normally open at S-IVB engine start command
and are closed 2.8 sec later. Therefore, a short duration high flow
of GHy entered the LH? tank at S5-1IVB engine start, when the control and
step pressurization orifices were closed, the ullage pressure began a
rapid decline to a minimum of nearly 24.1 N/em? (35 psi) at 240 sec
(middle portion of Figure 9-12).

The predicted gradual ullage pressure decay to about 24.8 N/cm?
(36 psi) at 450 sec was not achieved. The predicted ullage pressure
decay was based upon the resizing of the control pressurization orifice.
Cooling of the ullage immediately following S-IVB engine start contri-
buted to the abrupt drop in ullage pressure after engine start. Cooling
of the ullage is attributed to the greater contact between ullage gas
and LH, accompanying the LHp slosh noted soon after S-IVB ignition, Both
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simple cooling of ullage gas and an increased LHy boiloff rate contri-
buted to the lowering of ullage pressure and temperature, Aside from
this effect, the validity of the prediction is indicated by ullage data
at initiation of step pressurization (450 sec). At this time ullage
pressure and temperature data are close to predicted, due to the approach
of the actual conditions to the equilibrium assumption upon when the
predictions were based. Step pressurization was automatically initiated
at 450 sec to provide adequate LHz pump NPSP until S-IVB engine cutoff.
At step pressurization command both the under-control and step pressuri-
-ation control valves were opened to permit additional pressurant to

flow into the fuel tank, The ullage pressure increased from 24.9 N/ cm?
(36.1 psi) to the vent actuation pressure of 29.0 W/ cm? (42.1 psi), Venting
occurred at 499 seconds. The pressure remained between 29.0 to 29.2 N/cm
(42.1 to 42.3 psi) until S-IVB engire cutoff,

LH, tank venting after S-1VB engine cutoff conformed closely to the
predicted profile and was within the predicted limits (lower portion of
Figure 9-12), The upper limit of the predicted reflected the possibility
of a quenching effect that could result from LH3 being distributed about
the ullage immediately following cutoff, However, no such effect was
indicated by pressure data.

The GHy pressurization flowrates were 0.245 to 0.268 kg/s (0.54 to
0.59 lbm/s) until step pressurization and 0.544 to 0,594 kg/s (1.20 to
1.31 1bm/s) during step pressurization. These values were nearly equal
to predicted and indicated that from S-IVB engine start command to S-IVB
engine cutoff, 166 kg (366 1bm) of GH; was added to the ullage. The
collapse factor varied from 0.90 to 1.01 during steady state operation,

Calculations based on LHp tank ullage pressure and temperature con-
ditions at S-IVB engine start command and cutoff indicated a LHy boil-
off of 54.4 kg (120 lbm). The predicted value was 34.9 kg (77 1lbm).
The difference was the result of sloshing, an effect that was not included
in the prediction.

LH, Supply Conditions

The LH; pump NPSP was 13.8 N/cm2 (20 psi) at S-IVB engine start
command (ESC) (upper portion of Figure 9-13), 1t decreased with the
LH., tank ullage pressure, reaching a minimum (except for just prior to
5-IVB cutoff) of 8,96 N/cm? (13 psi) at 250 sec after ESC. Tt remained
essentially constant until step pressurization, when it increased to
a maximum of 12.2 N/cm? (17,7 psi), and then decreased to 5.93 N/cm?
(8.6 psi) at S-IVB engine cutoff. The pump NPSP was less than predicted
during most of the first 250 sec of the $-IVB powered flight, because
the actual tank pressure was lower than predicted. At 400 sec after
ESC, the NPSP was higher than predicted because the total pump inlet
pressure was higher and the temperature was lower than predicted,
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The LH2 system chilldown circulation was adequate, The chilldown
pump was stopped and the LH, chilldown valve was closed one sec before
5-IVB engine start. At S-IVB engine start command the LHp pump total
inlet pressure (middle portion of Figure 9-13) and temperature (lower
portion of Figure 9-13) were 28.7 N/cm? (41.6 psi) and 21,7°K respec-
tively, well within the engine start requirements (upper portion of
Figure $-14),

The LH, pump inlet temperature data dropped out at 303 seconds.
Therefore, the LH7 tank bulk temperature and the LH, tank outlet tem-
perature were biased to simulate the LH) pump inlet temperature for the
remainder of S-IVB powered flight. The lower portion of Figure 9-13
shows that the LH, pump inlet temperature was less than predicted., The
reason for this was that the actual tank back pressure prior to pre-
pressurization was lower than the predicted back pressure. The pre-
dicted back pressure was based on the countdouwn demonstration test
results. As a result the actual LH, bulk temperature was lower than
predicted, but it was greater than the design saturation condition.

9.4.2 LOX PRESSURIZATION 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 LOX pump inlet
was maintained above the allowable minimum of 13.9 N/ cm? (20.2 psi)
during high engine mixture ratio and above 9,93 N/cm? (14.4 psi) during
reduced Engine Mixture Ratio (EMR). The minimum available NPSP was
14.3 N/cm? (20.8 psi) at 173 sec (high EMR) and was at least 0,34 N/cm?
(0.5 psi) above the allowable minimim throughout S-IVB powered flight.
The overall system performance was close to predicted, Prepressuriza-
tion and pressurization control were normal and within predicted limits,
except during the system start transient,

LOX tank prepressurization was initiated 161 sec prior to liftoff
and increased the LOX tank ullage pressure from 10.5 to 27.7 N/ cm?
(15.25 to 40,2 psi) within 22 sec (upper portion of Figure 9-15). Two
make-up cycles were required to maintain the LOX tank ullage pressure
before it stabilized. The control Bressurization switch maintained the
pressure between 26,0 and 27.9 N/cm? (37.7 and 40,4 psi)., After the
last make-up cycle, the ullage pressure gradually increased to 29.4 N/cm
(42.6 psi) because of the addition from the LOX tank vent valve helium
purge., The LOX tank ullage pressure was 27.6 N/ cm? {40 psi) at S-IVB
engine start,

2

During S-IVB powered flight the ullage pressure cycled 6 times and
remained between 26.0 and 27.4 N/cm? (37.7 and 39,8 psi). The ullage
pressure was maintained within acceptable limits throughout the flight



LH> Pump Inlet Temperature (%K)

27
Item Time Fm. ESC (sec Operating Range for Mixture
1 o ) N‘ Ratio of 5.0:1 and Lower
2 Kl Operating Ranie for Mixture
26 1—2 100 Ratio of 5, 5:
4 200
5 300
& 400
25 7 500
24
7
23
:
. ?:‘
: *
I X
22 o H 3 ]
s 3 oKL 3
v 3 . 1x
.:. F::: % f : .I : ". : l:’
Zole 2 %
217 b %
M A e
L R e et ettt
o % aseTeren: Te3 s -:: smine Start Limits ] +
S .
20 X % % e’ &
"e? * %% ORI o2 <Y i
s aereeteel talelets 2 e
19 Steady State Operating Limics
1 t + T T t t
1v 12 14 16 18 20 22 24 26 28 0 32 34 36
LH, Pump ¥niet Static Pressure (Njcmz)
T — Ll T T v T A T T
is 18 22 26 30 E 38 42 46 50
LH7 Pump Inlet Stacic Pressure (psi)
LOX Pump Tnlet Temperature (°K)
102 Item Time Fm. ESC (sec) Operating Range for Hincure
1 o m Ratio of 5.0:1 and Lower
2 [+
Operating Range for Mixture
k) 21 m Ratio of 5.5:?
s 100
106 5 700 N
] oo
H 400
3 500
P <
98 N o x
. I~I.I Satstete ¢
%, eovieielelels: 2, 90
ERESIRBELRS
& ¢Engine Start Limits
L1
\ NN 2
. ORSn
3 paqar oo o sele
o3 ser
R
&
&k\ <
* N : :
) 4 B
e :::l &
sosgete] MR <
‘I A
X R 1 X 3 6 T ool
92 2 I L
X x Y ]
o -'f:_ AR 4, 5 5 % 6 10BN e
ISR tore | Tt it Ter meToete oo
2 ! X e e, s 5
99— fa"ia Ry &
e 5 2 PR et -x. R ) ag
o XL, 2R3
a8 y ¥
16 i8 20 22 24 26 28 30 32 34 35 38
10X Pump Inlet Static Pressure (H/cml)
— p— T N —r —pe
24 28 2 36 40 (1 48 52 56

LOX Pump Inlet Static Pressure {psi)

FIGURE 9-14 PROPELLANT PUMPS INLET START REQUIREMENTS



LOX Tank Ullage Pressure (Nlcmz)

Pressure (pai)

35

SO
30
m._.,.,_____‘_
e h"—_ﬁ_‘w. 40
25
s
20 10
Liftoff S$-IVB Engine
Scart Command
15 )
-150 -100 -50 0 5o 100 150

Range Time (sec)

1LOX Tank Ullage Pressure (N/cm?)
30

Pressure (psi)

L 42

- 40

38

v /f v b4

28 /| Predicted

¢ o o M K

26 \\ AN AV N N s e il
Jt

S -

- 36

- 34

S-TVB Engine TI,
Cutoff Cqommand |
2 =

150 200 250 300 350 400 450 500 350 600 650

Range Time (sec)

Venting and Coasting Period

LOX Tank Ullage Pressure (N/cm?)

28

24

22

20

18

16

14

99

Pressure (psi)

No Data

At
.

600

700

800 900 1000 1100 1200 1300 1400 1500
Range Time {sec)

FIGURE 9- 15 LOX TANK PRESSURIZATION SYSTEM PERFORMANCE

1600

1700

38

34

30

26

22

18



100

except during the start transient (middle portion of Figure 9-15).
During this period the ullage pressure dropped to 23.6 N/cm? (34.3 psi)
at 170 seconds. This value was lower than the predicted 25.5 N/ cm
(37.0 psi), and lower than the 24.8 N/cm? (36 psi) observed during
acceptance testing. However, the pressure was sufficient to meet the
minimum NPSP requirements. This pressure drop appears to have resulted
from the following four contributing factors. (1) The ullage pressure
peak after S-IVB engine start was lower than during the acceptance test,
28.3 N/cm? (41 psi) versus 29.3 N/cm? (42.5 psi). (2) The LOX pressu-
rization cold helium regulator was operating at a lower pressure level
than expected; as a result flowmtes were lower. (3) The energy
entering the LOX tank ullage was lower during flight because both flow-
mte and diffuser temperatures were lower than expected., (4) More
boiloff occurred than predicted due to sloshing. As a result the ullage
gas was cooled, causing a decrease in pressure.

After S-IVB engine cutoff the ullage pressure (lower portion of
Figure 9-15) remained 26.7 N/cm? (38.7 psi) until the programmed LOX
vent occurred at 694 seconds, The pressure then decreased rapidly to
13.8 N/cm? (20 psi) within 30 sec, as predicted. At 724 sec the LOX
vent valvg was closed. By 1660 sec the pressure had increased to
17.9 N/cm® (26 psi) due to the residual LOX vaporizing.

The LOX tank pressurization flowrate variation was 0,145 to 0.170 kg/s

(0.32 to 0.375 lbm/s) during overcontrol system operation, and 0.100 to
0.122 kg/s (0.22 to 0.27 lbm/s8) during undercontrol system operation,
excluding the first 50 sec transient period. The variation in flowrate
was caused by the cold helium regulator outlet pressure being 13.8 to
17.2 N/cm? (20 to 25 psi) lower than predicted, The helium used during
S-1VB powered flight was 60.8 kg (134 1bm); 161 kg (354 l1bm) was loaded.
The calculated collapse factor reached a maximum of 1.15 approximately
130 sec after S-IVB engine start command. It then decreased continually,
reaching 1.02 at S-IVB engine cutoff,

The J-2 engine heat exchanger outlet temperature increased to
517°K during the 50 sec start transient period. Throughout the high
engine mixture ratio portion of flight, the temperature was 533°K during
normal system operation and was 547°% during step pressurization system
operation, The heat exchanger outlet temperature decreased after the
PU valve came off the stop. Before stabilizing, the temperature data
from this probe was lost. For purposes of analysis a constant value of
511°k was used for the remainder of the flight. Temperatures during the
flight, prior to the data dropout, were 11°K to 179K higher than those
recorded during acceptance testing. This difference was caused by the
absence of convective heat transfer loss in the uninsulated part of the
pressurization line and by differences between the actual and the pre-
dicted engine mixture ratio, The helium flow through the heat exchanger
was relatively constant at 0.082 kg/s (0.18 lbm/s) during step pres-
surization system operation and 0,032 kg/s (0.07 1bm/s) during normal
system operation.
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LOX Supply Conditions

The NPSP at the pump inlet was calculated from the computed total
pressure and biased temperature for the pump inlet, These values indi-
cated that the NPSP was 16,0 N/cm? (23.2 psi) at S-IVB engine start
command as shown in the upper portion of Figure 9-16. The NPSP decreased
after §-IVB engine start, reaching a minimum value of 14,3 N/cem? (20.8 psi)
at 173 seconds. This was 0.34 N/cml (0.5 psi) above the required NPSP
at that time. The NPSP then increased and followed the pump inlet pres-
sure closely throughout S-IVB powered flight, because of the small change
in LOX temperature. The NPSP was slightly less than predicted, but was
greater than required.

The LOX system chilldown circulation was satisfactory, The chill-
down valve was closed at 0.5 sec prior to $-IVB engine start command.
At the time of S-IVB engine start command (149.35 sec), the LOX pump
inlet pressure (middle portion of Figure 9-16) was 27.8 N/cm? (40.3 psi)
and the temperature (lower portion of Figure 9-16) was 91.70K, and was
within the start requirements (lower portion of Figure 9-14), At 173
sec the LOX pump total inlet pressure reached a minimum value of 26.1 N/cm2
(37.8 psi).

Based on comparison of the LOX pump inlet pressure data with the
LOX tank ullage pressure data, the LOX pump total inlet pressure appeared
to be lower than expected during S-IVB powered flight. Since it was
possible that measurement calibration may have been affected by condi-
tions, the ullage pressure and maximum suction duct pressure drop from
acceptance testing and the pressure caused by liquid head were used to
calculate the pump inlet total pressure, The calculations indicated an
average total pressure 1.03 N/cm? (1.5 psi) greater than that indicated
by telemetered pump inlet pressure data. The pump inlet total pressure
during the first 65 sec after §-IVB engine start command was lower than
predicted because of the lower ullage pressure during this time. After
this period the pump inlet total pressure was only slightly less than
predicted.

The LOX pump inlet temperature data was lost at 303 seconds. There-
fore, the tank liquid position 1 temperature probe was biased and used
to represent the pump inlet temperature during S-IVB powered flight,
This biased temperature, shown in the lower portion of Figure 9-16,
closely followed the pump inlet temperature prior to the time of pump
inlet temperature data loss. The pump inlet temperature was 91.7°K at
5-IVB engine start command. It remained relatively constant during S-IVB
powered flight but increased slightly near S-IVB engine cutoff, During
the first half of S-IVB powered flight, the pump inlet temperature was
about 0,6°K higher than predicted. This difference then decreased with
time until S-IVB engine cutoff. At cutoff the temperature was slightly
less than predicted.
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Calculations based on LOX tank ullage pressure and temperature
conditions at S-IVB engine start command and cutoff indicate a LOX boiloff
of 175 kg (385 lbm). The predicted value was 72.6 kg (160 lbm). The
difference was caused by sloshing, which was not considered in the pre-
diction,

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,

At liftoff the stage pneumatic control helium sphere pressure was
approximately 2000 Nfcm¢ (2901 psi). It had decreased to 1944 N/cm2

(2820 psi) by engine start command, During S-IVB powered flight the
pressure dropped continuously until it reached 1890 N/cmZ (2741 psi)

at engine cutoff, As expected, the amount of helium used was low., Sphere
temperature was 252.2°K at liftoff, and decreased to 248°K at engine

start command, By engine cutoff the sphere temperature was 248,2°9K,

The helium sphere temperature and pressure are presented in Figure 9-17.

The pneumatic helium sphere was loaded at liftoff with 0,503 kg
(1.11 1bm) of helium, the mass in the sphere at engine start command
was 0,497 kg (1.095 lbm), and 0,488 kg (1.075 lbm) helium remained at
engine cutoff, The rate of helium use included a constant system bleed
in addition to the normal system used, The constant system bleed pre-
vented the system from operating in a "“bang-bang" mode.

All engine and pneumatic control valves responded properly through-
out the countdown and flight. The pneumatic control helium regulator
operated at a pressure level of 365 to 372 N/cm? (530 to 540 psi) during
flight as a result of the low helium demand (lower portion of Figure
9-17). During the period of high pneumatic system use at S-IVB engine
cutoff command, the control pressure dropped to as low as 293 N/cm
(425 psi). Such drops have occurred on acceptance firings and were
expected. Since the pressure recovers rapidly,the drops are acceptable,

During the countdown and flight all purge functions were satisfac-
torily accomplished, The LOX chilldown pump motor container pressure
was maintained at 32,4 N/cm2 (47 psi), close to the design requirement
of 33.8 to 37.2 N/cmZ (49 to 54 psi).
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10.0 (U) S-IVB AUXILIARY PROPULSION SYSTEM
10,1 SUMMARY

The performance of each motor in the two Auxiliary Propulsion
System (APS) modules was as expected. The average specific impulses
of modules 1 and 2 were 237 and 250 sec, respectively.

The APS functioned properly to provide roll control during S-IVB
powered flight and to provide pitch and yaw control following S§-IVB
engine cutoff. Up until loss of telemetry, 36.4% of the available
oxidizer and 36.4% of the available fuel were used. Only 4.7% of the
available propellants were required for all control during S-IVB powered
flight,

10.2 APS PERFORMANCE

10.2,1 PROPELLANT AND PRESSURIZATION SYSTEMS

Module 1 and 2 oxidizer and fuel systems operated properly. The
quantities of propellants used by each module are presented in Table
10-1 and Figure 10-1. Figure 10-1 also shows the APS layout and nomen-
clature. Because of noise on the PDM data and the small quantities of
propellant consumed, the values are approximate.

Prior to APS activation, the module 1 oxidizer temperature was
306°K and the mass was 17,52 kg (38,63 1bm); the module 2 oxidizer
temperature was 297°K and the mass was 17.54 kg (38.66 lbm). At 1706
sec, the module 1 oxidizer temperature was 306°K and the mass was
10.42 kg (22,98 1bm); the module 2 temperature was 303°K and the mass
was 11.86 kg (26.14 1bm). Module 1 used 40,.5% of the oxidizer mass
and module 2 used 32,38 percent.

Prior to APS activation, the module I fuel temperature was 304°K
and the mass was 10.67 kg (23,52 1bm); the module 2 fuel temperature
was 297°K and the mass was 10.74 kg (23.67 lbm). At 1706 sec, the
module 1 fuel temperature was 303°K and the mass was 6.28 kg (13.84 1lbm);
the module 2 fuel temperature was 297°K and the mass was 7.34 kg
(16.80 1bm), Module 1 used 41.15% of the fuel mass and module 2 used
31,63 percent,

APS helium pressurization systems functioned satisfactorily through-
out the flight, Prior_to APS activation, the module 1 helium sphere
pressure was 2086 N/cm? (3025 psi) at 298°K and the mass was 0,138 ke
(0.305 lbm). At 1706 sec, the module l pressure was 1696 N/cm? (2460 psi)
at 296°K and the remaining mass was 0,115 kg (0.254 1bm),



TABLE 10-1 APS PROPELLANT CONSUMPTION
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Module | Consumption

Module 2 Consumption

Oxidizer Fuel Oxidizer Fuel
Events
Mass kg Percent Used Mass kg Percent Used Mass kg percent Used Mass kg Percent Used
( Lbm) (1bm) ( 1bm) (lbm)
Powered Roll Control 0,43 0,19 0,43 0,29
(0,95 2,46 (0.42) 1.79 (0.94) 2.43 (0.64) 2,70
Initial Cenvergence, 1.91 1,21 0,92 0.39
LH; Vent Disturbance (4.21) 10,90 (2.67) 11.135 (2.,02) 5,23 (0.85) 3.59
FPitch Down Maneuver
LOX Vent Disturbance 0.67 0.47 [} 0
and LH, Vent pisturbance (1,67) 3,81 (1,04) 4 42 0 0 0 0
Stop Pitch Maneuver 0 0 1.32 0,91
0 0 0 0 (2.90) 7.50 (2.01) 8.49
Limit Cycle QOperation 0,018 0.15 0.09 0.05
(0,04) 0.10 (0,34) 1,46 (0,20) 0.52 (0.12) 0.51
$-1VB/Spacecraft 1.12 0,66 0,27 0,12
Separation Disturbance (2.47) 6.39 (1.46) 6.21 (0,60) 1,55 {0.,27) 1,14
Maneuvers After 2.95 1,70 2,66 1.63
Separation (6.51) 16,85 (3.7 15,94 {5.86) 15,15 (3,60) 15.20
Totals 7.07 4,39 5.68 3,39
(15,65} 40,51 (9.68) 41,19 (12,52) 32,38 (7,49) 31,63

BMR Average Module 1: 1,65
MR Average Module 2: L.67
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The module 1 regulator outlet pressure varied from 133 to 135 N/cm2
(193 to 196 psi). This was less than the desired range of 135 to 141
N/cm?2 (195 to 205 psi).

Pr1or to APS activation, the moaule 2 helium sphere pressure uas
2087 N/cm? (3027 psi) at 296°K and the mass was 0 140 kg (0.308 1bm).
At 1706 sec, the module 2 pressure was 1758 N/ cm? (2551 psi) and the
remaining mass of 0.122 kg (0.269 1bm) had a temperature of 290°k,
The module 2 regulator outlet pressure varied from 133 to 137 N/cm2
(193 to 199 psi). This was less than the desired range of 135 to 141
N/cm? (195 to 205 psi).

10.2.2 APS MOTOR PERFORMANCE

APS motor performance was satisfactory throughout the flight. The
total impulse required throughout the flight was less than predicted.
However, it is evident from coincidence of APS pulses and flight events
that all APS firings were of satisfactory frequency and duration. The
longest pulse required was 7.745 sec on the module 2 pitch motor at
734.6 seconds, Chamber pressure on-times varied from 0,040 to 7.745 sec
and had corresponding signal on-times of 0,065 to 7.775 seconds,

The APS module 1 and module 2 total impulse for various events
throughout the flight is presented in Table 12-II. (APS Event Summary)
in Section 12.0. The average specific impulses for module 1 and module
2 were 237 and 250 sec, respectively, The total impulses for module 1
and module 2 for the entire flight are presented in Figure 10-2,
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11,0 (U) HYDRAULIC SYSTEM

11.1 SUMMARY

S-IB hydraulic system operation during the flight was satisfactory.
Sufficient source pressures were maintained by each of the independent
closed loop systems, The oil temperatures remained within acceptable
limits, and the hydraulic oil level trends were as expected. An unusual
0il temperature increase phenomenon occurred on all four of the S-IB
hydraulic systeme as the vehicle reached Mach 1,

S-1IVB hydraulic system operation was satisfactory throughout the
flight,

11,2 S-IB HYDRAULIC SYSTEMS

Four independent closed-loop hydraulic systems, employed on the
four outboard H-1 engines, transmit energy through actuators for engine
movement to provide vehicle control,

The system pressure levels were satisfactory during flight, and
were similar to those of the last Saturn I (SA- 10) flight, At O sec,
the system pressures ranged from 2206 to 2275 N/cm §auge (3,200 to
3,300 psig). The pressure decreased about 34,5 N/cm“ (50 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 satisfactory during flight, and were
also similar to those of the SA-10 flight. There was an approximate
37 rise in each level from 0 to 150 sec, indicating an average oil
temperature rise of approximately 10°K in each hydraulic system (Figure
11-1, center portion).

The reservoir oil temperatures were satlsfactory during flight,
Liftoff temperatures for S-IB  averaged 314°K as compared to an average
of 334°K for the four SA-10 hydraulic systems. The decreased tempera-
tures for S-IB were due to the three hour holc¢ during which the
hydraullc systems were not operated. The systems were subjected to 278
to 294°K engine compartment conditioning during this hold period. The
average temperature decrease durlng the flight was 8°K for §-1B,
compared to an average of 129K for the four SA-10 hydraulic systems.

A reservoir temperature increase phenomenon, between 60 and 70
sec of flight, occurred on all four S-1IB hydraulic systems (Figure
11-1, lower portion). This condition did not occur on SA-1 through
SA-10, and cannot be explained at this time. Also on S-IB engine 2,
there was a temperature increase at 20 to 27 sec of flight, This
condition also ‘is unexplained at this time.
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11.3 S-IVB HYDRAULIC SYSTEMS

S-IVB hydraulic system performance was within predicted limits
and the entire system operated satisfactorily throughout the flight,
Noise problems encountered during checkout did not appear at any time
during flight, At S-IVB cutoff the reservoir fluid level returned to
plus 99% full without venting any fluid overboard., As predicted the
fluid temperature was not great enough to cause fluid expansion suffi-
cient to cause venting,

Hydraulic system fluid pressure, level, and temperature at liftoff,
S-1VB start, and S-IVB cutoff are presented in Table 11-I.

TABLE 11-1 HYDRAULIC SYSTEM PARAMETERS

Hydraulic System Fluid | Liftoff Start Cutoff
A—W___—___—__——'—.____

2

Pressure - Nfcm

(psi)
Auxiliary Pump 2447
(3550)
Engine Driven Pump Outlet 2454 2454
(3560) (3560)
Accumulator GNZ 2464 2478 2475
(3575) {3595) (3590)
% Temperature - °x
Engine Driven Pump Inlet 317 316 347
Reservoir 310 311 334
Yaw Actuator 229 298 304
Pitch Actuator 284 284 295
Reservoir Level - % 25.6 24,9 33.0

Continuous fluid pressure, level, and temperature values from
before 1iftoff to S-1VB cutoff are presented in Figure 11-2,
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12,0 (&8 GUIDANCE AND CONTROL
12,1 SUMMARY

In general, the performance of the guidance and contrel system was
3s expected and satisfactory, The accuracy of the terminal conditions
was impaired by two Z channel accelerometer reasonableness test failures
due to high cross range wind shears near maximum dynamic pressure.

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 that were
observed near the maximum dynamic pressure region, were attitude errors
of 2.2 deg in pitch, 2.5 deg in yaw and -0.9 deg in roll; and -1.4 deg
in pitch and -3.5 deg in yaw angle-of-attack, Initial conditions at
§-IB/S~-IVB separation in pitch and yaw were small, creating negligible
attitude and attitude rate excursions, The Auxiliary Propulsion System
corrected for a constant roll torque throughout S-IVB powered flight
which created an attitude error of approximately 0.5 deg. After powered
flight, the Auxiliary Propulsion System satisfactorily performed pitch,
yaw and roll control throughout coast and achieved the maneuvers as
required,

12,2 SYSTEM DESCRIPTION
12.2.1 CHANGES FOR SATURN IB AS-201

The Guidance and Control (G&C) System for the AS-201 vehicle differed
from Saturn I SA-10 with major changes in hardware and flight program.
The changes in operating mode were as follows: (1) the guidance coordi-
nate system was established at Guidance Reference Release (GRR), about
5 sec prior to liftoff instead of at liftoff, (2) Iterative Guidance
Mode (IGM) was used for all axes, replacing delta minimum guidance in
cross range, (3) gimbal angles and attitude commands were resolved in
the Launch Vehicle Digital Computer (LVDC) instead of through a resolver
chain, (4) mechanical feedback was used on the S-IVB engine actuators,
(5) an Auxiliary Propulsion System (APS) was used for roll control during
§-IVB burn and for attitude contrel about all axes during coast,

12,2.2 FUNCTION AND HARDWARE DESCRIPTION

The terms for the three separate functions customarily discussed
are used in this text according to the following definitions:

Navigation is the determination of position and velocity of the
vehicle from measurements made onboard the vehicle,
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Guidance is the computation of maneuvers necessary tc achieve the
desired end conditions of a trajectory (e.g., an insertion into orbit),

Control is the operation required to maintain stable attitude
relative to an angular position command.

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

The stabilized platform (ST-124M) 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
ind for nagivation 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 accelerom-
eter head rotation in the form of encoder outputs (also redundant).

The Launch Vehicle Data Adapter (LVDA) is an input-output device
for the LVDC. These two components are digital devices which operate in
conjunction to carry out the flight program. This program performs the
following functions: (1) processes the inputs from the ST-124M, (2)
performs navigation calculations, (3) provides first stage tilt program
(4) 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,

b )

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

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

Command Receiver, MCR 503 and a command directional coupler are
portions of the Secure Range Safety System carried as passenger items
on AS5-201 for the purpose of qualifying this system. These items are
also portions of the command guidance system to be used on later flights
for updating the computer data during flight,

12,2,3 NAVIGATION SCHEME DESCRIPTION

Guidance during S-IB powered flight was provided by programs stared
in the LVDC and may be broken into three segments:
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1. GRR to 10 sec after liftoff (LO + 10).
2, LO+ 10 to LO + 139
3. LO + 139 to IGM initiation

During segment 1, all steering commands were zero except in roll.
The roll steering command was set to 5 deg to inhibit the removal of
the initial 5 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 polynomials
Each of these polynomials is a least square curve fit,

During the third segment, the steering commands were arrested.

The S-IVB stage was guided by a 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 function was implemented in both pitch and yaw,

Optimized vehicle performance dictates the use of two thrust levels
during $-IVB burn., The desired thrust level change is achieved by a
change in engine mixture ratio (EMRC). The IGM scheme is very sensitive
to acceleration changes. 1In particular, tau varies as the reciprocal
of thrust/mass (F/M). Due to this sensitivity, an artificial tau mode
is employed which reflects an ideal step change in thrust for the first
30 sec after the thrust level change, The EMRC is detected by a decrease
in measured platform acceleration over two computation cycles twice in
succession,

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,

A test was used for the first time on AS-201 to determine the
reasonableness of sensed velocity changes by comparing with a band of
values® inserted into the computer to prevent platform accelerometer
failures from having an adverse affect on the vehicle flight. Failure
of the accelerometers may be characterized by zero or extremely high
values, The band of values, computed to be reasonable for the parti-
cular flight conditions, were inserted into the computer so that
accelerometer input signals that were within the band would be accepted
and signals outside of the band would be rejected as accelerometer failures.




118

The general sequence of coast guidance consisted of two phases.
The first was the attitude reorientation phase which began ten seconds
after the start of time base four. During this phase, one set of com-
puted attitude commands was used to achieve the proper attitude orien-
tation for separation of the Command Module from the Launch Vehicle
(S-1VB/1U).

The second part of the coast guidance consisted of post separation
maneuvers. The longitudinal axis of the S-IVB/IU was aligned with the
local horizontal and roll maneuvers consisting of two commands to +40
deg and to -40 deg were executed.

12.3 LAUNCH VEHICLE FLIGHT CONTROL
12.3.1 S-IB STAGE CONTROL ANALYSIS

The performance of the control system was satisfactory in the pitch,
yaw and roll planes. Attitude errors, attitude rates and average actua-
tor positions are shown on Figures 12-2, and 12-3 and 12-4 respectively.
The maximum control parameter values observed (near the maximum dynamic
pressure region) for the S-IB stage powered flight are presented in
Table 12-I. 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: 2,1 deg, 3,65 deg, and 10.6 deg N/ cm? respec-
tsvely, These maximum values were significantly below design criteria,

In the pitch plane, the magnitude of the control parameters were
small throughout $-1B stage powered flight, The pitch program (X )
began at L1.2 sec and was arrested at 134.4 sec at an angle of 61.4 deg
from the launch vertical (see Figure 12-5), This tilt program was
biased for the average median wind for December. January, February, and
March,

A comparison of the (T = 0) FPS-16 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 angle-of-attack
wind is in good agreement with the FPS-16 wind. The largest pitch wind
component near max Q was 57.3 m/s. Also shown in Figure 12-6 is a com-
parison of the Q-ball angle-of-attack and the angle-of-attack obtained
from a digital simulation using the measured FPS-16 wind.

Yaw plane control parameters were, in general, significantly greater
than in the pitch plane; however, they were well within the design limits
of the A5-201 vehicle, A comparison of the angle-of-attack computed
from Q-ball differential pressure measurements and results obtained from
a flight simulation are in good agreement (Figure 12-7). Calculated and
measured winds are shown on the upper portion of Figure 12-7, The yaw
wind component reached a peak of 43.2 m/s at 81 seconds.
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TABLE 12-1

MAXIMUM CONTROL PARAMETERS

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) 2,2 88.5 2.5 86.2
Angle-of-Attack
(free stream) (deg) -1.4 77.3 -3.5 80.2
Angular Rate (deg/s) -1l.4 91.0 -0.7 89.1
Normal Acceleration (m/sz) 0.8 88.2 -1.5 77.8
Actuator Position (deg) 1.2 88,3 -2.1 80.4
Angle-of-Attack Dynamic 5
Pressure Product (deg-N/cm“) 4,1 77.3 10.2 80.2

Attitude Error
Angular Rate

Engine Deflection Roll

Roll Plan=

During Roll Maneuver

After Roll Manszuver

Magnitude Range Time (sec) Magnitude Range Time (sec)
1.4 14,0 -0.9 78.3
-1.4 14.8 -1,7 62.9
0.17 13.0 -0.35 77.6

raAl
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