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MPR-SAT-FE-68-1

SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-501
APOLLO 4 MISSION

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

Saturn V AS-501 (Apollo 4 Missijon) was Taunched at 0700:01 Eastern Standard
Time on November 9, 1967 from KSC LC39, Pad A. The vehicle Tifted off on
schedule, on a launch azimuth of 90 degrees east of north and rolled to a
flight azimuth of 72 degrees east of north. The actual trajectory was near
nominal.

A1l major systems performed within design Timits and close to predicted
values throughout flight. Although no malfunctions or deviations occurred
that adversely affected flight or mission, certain refinements for future
flights are indicated in camera coverage, S-IVB CVS instrumentation, S-IC
propulsion, S-II propulsion, and S-IVB propulsion.

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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FLIGHT TEST SUMMARY

Saturn V Space Vehicle AS-501 (Apollo 4 Mission), first of the Saturn V
series vehicles, was launched at 07:00:01 EST on November 9, 1967, and plac
Apollo Spacecraft 017 in orbit. The flight was the first in a series of R&l
test flights in which the primary objective is to qualify the Saturn V laun
vehicles, the Apollo spacecraft, and the ground systems for the Lunar Landii
Mission. Three highly significant milestones were successfully achieved on
this mission; the first flight of the S-IC stage, the first flight of the
S-11 stage, and the re-ignition in orbit of the S-IVB stage. A1l mission
objectives as listed in Appendix C were achieved.

AS-501 was launched from Complex 39, Pad A at Cape Kennedy, Florida,on
schedule. Two unscheduled holds occurred because of: 1) minor difficultie
causing launch operations to fall behind the clock, and 2) a range safety
command receiver check difficulty. The 3 hours and 59 minutes lost by thes
unscheduled holds were absorbed by the 7.5 hours of scheduled hold time. N
recycling of the count was required because of these holds.

The vehicle was launched on an azimuth of 90 degrees east of north and afte
11.06 seconds of vertical flight, (which included a small yaw maneuver for
tower clearance) AS-501 began to roll into a flight azimuth of 72 degrees
east of north. The actual trajectory of AS-501 was close to nominal. The
space-fixed velocity at S-IC OECO was 19.80 m/s (64.96 ft/s) Tower than
nominal. At S-II cutoff it was 38.61 m/s (126.67 ft/s) lower than nominal
and 1.24 m/s (4.06 ft/s) lower than nominal at S-IVB first burn cutoff. At
S-IVB first burn cutoff the altitude was 1.17 kilometers (0.63 n mi) higher
than nominal and the surface range was 44.17 kilometers (23.85 n mi) greate
than nominal. The cross range velocity deviated 1.52 m/s (4.99 ft/s) to th
right of nominal at S-IVB first burn cutoff. At waiting orbit injection
the actual values of the targeting parameters were very close to nominal.
The eccentricity was 0.0028 less than nominal, the inclination was 0.011
degrees less than nominal, the node was 0,004 degrees greater than nominal
and C3 was 187,669 m2/s2 (2,020,050 ft2/s2) less than nominal. At waiting
orbit injection the total space-fixed velocity was 11.4 m/s (37.4 ft/s)
greater than nominal and the altitude was 24.25 kilometers (13.09 n mi)

less than nominal.

A11 S-IC stage propulsion systems performed satisfactorily throughout fligh
The stage thrust and propellant flowrates were 0.41 percent and 0.80 percer
higher, and the specific impulse was 0.39 percent Tower than predicted,
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based upon flight simulation results. Stage reconstruction indicated that
the thrust was 0.6 percent higher and the specific impulse and flowrate
were 0.19 and 0.233 percent Tower than predicted respectively. Inboard
engine cutoff occurred approximately as predicted, and outboard engine
cutoff occurred 1.13 seconds earlier than predicted. Outboard engine
cutoff was initiated by LOX depletion.

The S-1T propulsion system operation was satisfactory. On the basis of
flight simulation, the overall average S-II stage thrust and mass loss

rate were 1.17 percent and 1.30 percent lower than predicted respectively.
The specific impulse was higher by 0.14 percent during high mixture ratio
~operation. At the 60 second time slice the stage reconstruction showed the
thrust and mass loss rate to be 1.4 and 1.7 percent lower than predicted,
and the specific impulse to be 0.23 percent higher than predicted. The
propellant management system performed satisfactorily. Because of lower
than predicted propellant flowrates and mixture ratios during the high

EMR portion of S-II operation, PU step time was Tater than predicted by

15 seconds| but well within the allowable of + 50 seconds. S-II burn time
was approximately five seconds longer than predicted due to Tow propellant
flowrates and a Tower than predicted reference mixture ratio (RMR) setting.
A11 supporting subsystems performed satisfactorily. However, some out-of-
band behavior did occur as discussed in Section 6.

The S-IVB Stage propulsion system performance was satisfactory throughout
S-IVB powered flight. The J-2 engine was successfully restarted in space
following the two revolution coast period. During first burn, based on
flight simulation results, the stage thrust and mass loss rate was 0.70
percent, and 0.72 percent Tower than predicted respectively, and the specific
impulse was 0.02 percent higher than predicted. During second burn, the
flight average thrust and mass Toss rate were 2.36 percent and 2.61 percent
higher than predicted respectively, while the flight average specific
impulse was 0.24 percent lower than predicted. Based on stage reconstruc-
tion results the first burn thrust and specific impulse were 0.971 and

0.08 percent lower than predicted and the second burn thrust and specific
impulse were 1.68 percent higher and 0.42 percent lower than predicted
respectively. The first burn time was 6.2 seconds longer than predicted.
This Tonger burn time can be attributed to Tlower thrust, mass flow rate,
and separation velocity, combined with a higher initial mass flow rate,
and separation velocity, combined with a higher initial mass and a higher
separation altitude. A 15.18 seconds shorter second burn time was
primarily due to high EMR operation for the first 55 seconds of mainstage.
A1l supporting systems performed their functions satisfactorily. However,
the stage pneumatic control system leaked causing the control sphere
pressure to drop below regulator setting after the end of the mission.
Corrective action is under study. Out-of-band behavior on other systems
is discussed in Section 7.
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The Auxiliary Propulsion System (APS) performed satisfactorily with less
than 75 percent consumption of propellants. However, a marked deterioration
in thrust for APS engine Ify and I11 may have been experienced after space-
craft separation.

The hydraulic systems on all stages performed within predicted Tlimits, and
the entire system operated satisfactorily throughout the flight.

The structural loads and dynamic environment experienced by the AS-501 Taunch
vehicle were well within the vehicle structural capability. Vehicle loads,
due to the combined rigid body and dynamic longitudinal load and bending
moment, were well below 1imit design values. Tank pressures, compartment
pressures, and structural temperatures also remained within limit design
values. Vehicle dynamic characteristics followed the trends established

by preflight analyses. As predicted prior to launch, small thrust oscil-
Tations of magnitudes Tess than 0.1 percent of total thrust occurred in

the 4.5 to 5.5 hertz frequency range and excited the first longitudinal

mode to small amplitudes. However, no longitudinal instability phenomenon
occurred. Fin bending and torsional modes compared well with analytical
predictions. No fin flutter occurred. S-IC, S-II, and S-IVB stage vibrations
were as expected except for the inertial platform input vibrations which
exceeded the random test specification at 1iftoff. No adverse effects were
noted in platform performance due to vibration.

The navigation and guidance system of AS-501 performed satisfactorily
throughout boost phase of flight. The accumulation of velocity pulses

near 1iftoff as observed in the Z (cross range) axis during the AS-202
flight, did not occur in the X, Y, or Z axes during the AS-501 flight.
Gimbal angle reasonableness test failure, as observed in the X gimbal angle
on the AS-202 flight, did not occur on the AS-501 flight. Initial pitch,
yaw, and roll maneuvers were performed as expected. Shortly after S-II
stage ignition, a +1.3 degree ladder output was generated by the Launch
Vehicle Digital Computer/Launch Vehicle Digital Adapter (LVDC/LVDA) due to
a positive clockwise torque which developed a positive roll in the vehicle.
The positive roll rate was nulled out by the ladder command and a +1.3 degree
roll offset remained throughout S-II stage burn. At S-II stage engine
cutoff, the positive clockwise roll torque was removed. Cause of the roll
offset may be attributed to a combination of engine misalignment and center
of gravity offset.

Steering misalignment corrections were developed by the LVDC shortly after
Iterative Guidance Mode (IGM) initiation. From 11,595 seconds to 11,620
seconds, commanded (CHI) rates of a maximum 1.0 degree per second in positive!
pitch and negative yaw were commanded in response to fifth phase IGM cal-
culations. During this time, a positive roll torque on the vehicle was
observed. The roll reached a maximum value of 2.2 degrees at 11,617 seconds
range time and decreased to zero at 11,638.4 seconds when CHI rates reached
zero. A1l programed maneuvers were completed satisfactorily during AS-501
orbital guidance.
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The control system performed throughout flight as expected. Liftoff
transients and drift were well within expected tolerances. Vehicle 1ift-
off acceleration, however, was substantially less than predicted possibly
due to higher than expected soft release rod forces. During S-IC powered
flight the maximum values of attitude errors were 1.3 degrees in pitch,
and 1.0 degree in yaw and roll. Angles of attack in the Max Q region were
1.48 degrees pitch and 1.29 degrees yaw. The control system performance
during S-II Stage burn was as expected. The S-II control system responded
to the guidance commands to counteract the +1.3 degree roll offset. The
S-IVB stage engine control system performed satisfactorily during first
and second burns. Auxiliary Propulsion System (APS) attitude control
engine operation was nominal throughout burn and coast periods. S-IVB
control system activity during the initial portion of second burn was
greater than expected due to approximately 55 seconds of J-2 engine
operation at the high EMR thrust Tevels. Vehicle attitudes and rates
remained within design tolerances during S-IC/S-II, S-II/S-~IVB, and
S-IVB/SC separations.

A1l separation systems performed as required. S-IC/S-II separation and
associated sequencing was accomplished as planned with the S-IC retro motors
performing satisfactorily. Subsequent S«IC dynamics provided adequate
positive clearances between the stages following separation. Performance

of the S-II separation system was satisfactory with no anomalies noted.

The S-II ullage motors functioned as predicted within the required 1imits.
Photographic coverage provided evidence that S-II second plane separation
was satisfactory. The four retro motors mounted on the S-II stage performed
satisfactorily in separating the S-II and S-IVB stages. S-IVB ullage motor
performance was also satisfactory. Separation of the S-IVB stage from the
S-1I stage was accomplished as expected within the desired time period.
S-IVB attitude control was normal during S-IVB spacecraft separation.

The performance of all Taunch vehicle stage electrical systems was satis-
factory throughout the flight period. Battery voltages and currents were
satisfactory and remained within predicted tolerances. A1l battery
temperatures were indicated as falling within acceptable Timits.

Data indicated that the redundant Secure Range Safety Command Systems
(SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform their
functions properly on command if flight conditions had required and that
the safe-disconnect system responded properly to command. The performance
of the command and communications system in the Instrument Unit (IU) was
excellent.

The performance of the Emergency Detection System (EDS), which was flown in

the "open-Toop" configuration, was satisfactory. The automatic abort circuit
was deactivated in the spacecraft. No abort Timits were reached and no false
indications were sensed by the system. The sequential events all occurred at

the proper times.

x11



The vehicle pressure and acoustic environment was in general agreement with
predictions and well within the values to which the structure was designed.

The AS-501 vehicle thermal environment was generally less severe than that
for which the vehicle was designed.

The effectiveness of the insulation on the S-IC forward skirt in reducing
protuberance induced heating could not be determined due to large varijations
in the insulation thickness, The only suspected anomaly noted in the thermal
protection system appears to be the loss of a small section of the S-IC

base heat shield M-31 to the level of the open face honeycomb. However,
since the base region environment was substantially below the design level,
temperatures in this area did not exceed design limits.

A11 Environmental Control Systems performed satisfactorily. The S-IC forward
and aft conditioning systems maintained compartment and canister temperatures
within design Timits. S-IT forward and aft control systems maintained con-
tainer temperatures within mid-range of design Timits throughout prelaunch
and boost. Hydrogen and oxygen concentrations were well below the allowable
3 percent maximum. The S-IVB aft interstage control system maintained an
Auxiliary Propulsion System temperature within design 1imits. The Instrument
Unit control subsystem held pressures, temperatures and flow rates within

the required ranges except for the ST-124M internal ambient pressure which
did not decay to the specified Tower limit. This did not cause any platform
system operation problem and was not considered a failure. Also the IU
internal ambient temperature dropped below the redline limit prior to

liftoff but a waiver was obtained and no adverse effects were noted.

A redline change is being considered.

Of the 2687 measurements active at the start of the AS-501 automatic count-
down sequence, 45 failed in flight, resulting in an overall measuring
system reliability of 98.3 percent. The Airborne Telemetry System operated
satisfactorily including preflight calibrations, inflight calibrations,

and tape recorder operation. Performance of the RF systems including
telemetry, tracking, and command systems was good.
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SECTION 1
INTRODUCTION

1.1 PURPOSE

This report provides the National Aeronautics and Space Administration
(NASA) Headquarters, and other interested agencies, with the launch
vehicle evaluation results of the AS-501 flight test. The basic objective
of flight evaluation is to acquire, reduce, analyze, evaluate and report
on flight test data to the extent required to assure future mission
success and vehicle reliability. To accomplish this objective, actual
flight malfunctions and deviations must be identified, their causes
accurately determined, and complete information made available so that
corrective action can be accomplished within the established flight
schedule.

1.2 SCOPE

This report presents the results of the early engineering flight evaluation
of the AS-501 launch vehicle. The contents are centered on the performance
evaluation of the major launch vehicle systems, with special emphasis on
malfunctions and deviations. Summaries of launch operations and spacecraft
performance are included for completeness.

The official MSFC position at this time is represented by this report. It
will not be followed by a similar report unless continued analysis or new
information should prove the conclusions presented herein to be significantly
incorrect. Final stage evaluation reports will, however, be published by

the stage contractors. Reports covering major subjects and special subjects
will be published as required.
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SECTION 2
EVENT TIMES

2.1 SUMMARY OF EVENTS

The Time Base range times and the signal for initiating each Time Base are
presented in Table 2-1. The sequence and times of major events for AS-501
are listed in Table 2-2. Guidance Reference Release (GRR), which is Time
Base Zero (Tp), was initiated at 11:59:43.362 UT. Liftoff, the start of Time
Base T (T;), was determined from the Launch Vehicle Digital Computer (LVDC)
as having occurred 17,901 seconds after GRR, at 12:00:01.263 UT, thereby
establishing Range Zero as 12:00:01 UT. A1l times referenced in this
report, unless otherwise noted, are referenced to this time. First motion
of the vehicle occurred at -0.48 seconds and Tiftoff at +0.263 seconds.

The most significant deviations from predicted shown in the table are:

S-II Engine Mixture Ratio (EMR) shift and second phase Iterative Guidance
Mode (IGM); S-IVB Chi Tilde () steering; S-IVB Engine Cutoff (ECO)
velocity, first burn; start of Time Base 5 (T5); coast period ON; IGM
termination and start Chi Tilde steering; start of Time Base 7 (T7);

coast period ON; and start Launch Vehicle (LV) and spacecraft (SC{
separation, Reasons for these time deviations are discussed in detail

in Sections 6, 7, and 10.

2.2 SEQUENCE OF EVENTS

Table 2-3 Tists the sequence of switch selector events. Range time is
calculated as the elapsed time, in seconds, from Range Zero time. Seven
switch selector functions were not verified during the boost phase because

of telemetry dropout at S-IC/S-II stage separation. However, the functions
did occur. Two switch selector functions were missed at the end of Te due

to early cutoff of S-1VB stage second burn. Switch selector events scheduled
to occur 0.1 second apart immediately after the start of a time base occurred
as much as 0.09 second late due to hardware design Timitations. The remain-
ing switch selector events have not been verified.

Table 2-4 lists inflight switch selector events activated by ground stations,
beginning at 15:07:22 UT.
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Table 2-1.

Time Base Summary

TIME BASE RANGE TIME SIGNAL START
SEC

(HR:MIN:SEC)

T0 -17.638 Guidance Reference Release

(-00:00:17.638)

T1 0.263 IU Umbilical Disconnect
(00:00:00.263)

T2 135.469 LVDC Monijtors IECO, S-IC
(00:02:15.469)

T3 150.769 QECO, S-IC
(00:02:30.769)

T4 519.759 ECO, S-II
(00:08:39.759)

T5 665.884 Velocity Cutoff, S-IVB
(00:11:05.884)

T6 11159.576 Restart Equation So1ut1‘on,§
(03:05:59.576) S-IVB

T7 11786.479 Velocity Cutoff, S-IVB
(03:16:26.479)
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Table 2-2.

Event Times Summary

EVENT RANGE TIME TIME FROM BASE
ACTUAL ACT~PRED ACTUAL PREDICTED
SEC SEC SEC SEC
(HR:MIN:SEC)
1. First Motion -0.48
-00:00:00.48
2. Range Zero 0.00
12:00:01 UT 00:00:00
3. Liftoff and Start 0.263 T1 0.000
of Time Base 1 (T]) 00:00:00.263
4. Begin Yaw Maneuver 1.263 0.263 1.000 1.000
00:00:01.263
5. End Yaw Maneuver 10.16 0.09 9.90 9.81
00:00:10.76
6. Start Roll 11.06 0.000 10.80 10.80
00:00:11.06
7. Start Pitch 11.06 0.000 10.80 10.80
00:00:11.06
8. End Ro11 31.99 1.65 31.73 30.08
00:00:31.99
9. Start of Time 135.469 0.000 T2 0.000
Base 2 (T2) 00:02:15.469
10. S-IC Inboard Engine| 135.52 0.04 0 0.04
Cutoff (IECO) 00:02:15.52
11. Tilt Arrest 145.07 0.60 9.60 9.00
00:02:25.07
12. S-IC Outboard 150.769 -1.13 T3 0.000
Engine Cutoff 00:02:30.769
(OECO) and Start
of Time Base 3 (T3)
13. S-IC/S-11 151.43 -1.16 0.66 0.70
Separation 00:02:31.43
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Table 2-2. Event Times Summary (Continued)
EVENT RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED ACTUAL PREDICTED
SEC SEC SEC SEC
(HR:MIN:SEC)
14, S-II Engine Start 152.12 -1.18 1.35 1.40
Command (ESC) 00:02:32.12
15. S-IC/S-I1 Second 181.44 _ -1.16 30.67 30.70
Plane Separation 00:03:01.44
16. Launch Escape 187.13 -1.17 36.36 36.40
Tower (LET) 00:03:07.13
Jettison
17. Initiate Iterative | 190.88 -0.39 40.11 40.50
Guidance Mode (IGM)} 00:03:10.88
18. S-II Engine Mixture 435.69 15.92 |284.92 269.00
Ratio (EMR) Shift |{00:07:15.69
and Second Phase
IGM
19. S-II Engine Cutoff 519.759 3.44 T4 0.000
(ECO) and Start of 00:08:39.759
Time Base 4 (T4)
20. S-II/S-IVB 520.53 3.41 0.77 0.81
Separation 00:08:40.53
21. S-IVB Engine Start | 520.72 3.40 0.95 4,00
Sequence 00:08:40.72
22. Third Phase 527 .65 0.69 7.90 7.20
Iterative Guidance | 00:08:47.65
Mode (IGM)
23. Jettison S-IVB 532.53 3.41 12.77 12.80
UlTage Motor Cases 00:08:52.53
24, S-1VB Chi Tilde 632.25 7.99 {112.49 104.50
(y) Steering 00:10:32.25
25. S-IVB Engine Cut- 665 .64 9.65 - -
off (ECO)(Velocity)| 00:11:05.64
26. Start of Time 665.884 9.69 T5 0.000
Base 5 (T5) 00:11:05.884
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Table 2-2.

Event Times Summary (Continued)

EVENT RANGE TIME TIME FROM BASE
ACTUAL ACT~-PRED ACTUAL PREDICTED
SEC SEC SEC SEC
(HR:MIN:SEC)
27. Coast Period ON 667.15 9.66 1.26 1.30
00:11:07.15
28. Initiate S-IVB 11159.576 2.07 T6 0.000
Restart Sequence 03:05:59.576
and Start of Time
Base 6 (T6)
29. S-IVB Engine Start| 11486.57 2.06 326.99 327.00
ON 03:11:26.57
30. Fourth Phase 11499.99 -0.59 340.41 341.10
Iterative Guidance| 03:11:39.99
Mode (IGM)
31. Iterative Guidance| 11758.18 -11.30 598.60 609.90
Mode Termination 03:15:58.18
and Start Chi
Tilde (3) Steering
32. S-IVB Engine 11786.27 - -13.12 -0.22% -0.20%*
Cutoff (ECO) 03:16:26.27
(Velocity)
33. Start of Time 11786.479 -13.11 T7 0.000
Base 7 (T7) 03:16:26.479 :
34. Coast Period ON 11787 .66 -13.13 1.15 1.15
03:16:27.66
35. Start Launch 12386.47 -13.12 599.95 600.00
Vehicle (LV) and 03:26:26.47
Spacecraft (SC)
Separation
36. LV/SC Separation 12388.244 - - -
(MSC) 03:26:28.244
*Referenced to T7.
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Table 2-3. Seqguence of Events

FUNCTION ACTUAL PREDICTED ACT-PRED
RANGE TIME (SEC) SEC

Range Zero is defined as 12:00:01 UT - - -
Liftoff and Start of Time Base 1 0.263 - -
IU Auto-Abort Enable Relays Reset 5.21 5.26 -0.,05
S-1C Multiple Engine Cutoff Enable 14.21 14.26 -0.05
S-1C Telemeter Calibrate ON 25.21 25.26 -0.05
IU Telemetry Calibrator Inflight Calibrate ON 27.23 27.26 -0.03
S-1C Telemeter Calibrate OFF 30.04 30.06 -0.02
IU Launch Vehicle Engines EDS Cutoff Enable 30.21 30.26 -0.05
IU Telemetry Calibrator Inflight Calibrate OFF 32.22 32.26 -0.04
S-1C Fuel Pressurizing Valve No. 2 Open and 49.72 49.76 -0.04
Tape Recorder Record

S-11 Start Data Recorders 74.32 74,36 -0.04
IU Telemetry Calibrator Inflight Calibrate ON 90.22 90.26 -0.04
IU Telemetry Calibrator Inflight Calibrate OFF 95.22 95.26 -0.04
S-IC Fuel Pressurizing Valve No. 3 Open 95.52 95.56 -0.04
IU Flight Control Computer Switch Point No. 1 105.21 105.26 -0.05
S-1C Telemeter Calibrate ON 115.21 115.26 -0.05
S-IVB Special Calibrate Relays ON 119.24 119.26 -0.02
S-1VB Regular Calibrate Relays ON 119.41 119.46 -0.05
IU Flight Control Computer Switch Point No. 2 120.21 120.26 -0.05
S-1C Telemeter Calibrate OFF 120.43 120.46 -0.03
S-IVB Regular Calibrate Relays OFF 124 .43 124 .46 -0.03
S-IVB Special Calibrate Relays OFF 124.62 124 .66 -0.04
$-1C Fuel Pressurizing Valve No. 4 Open 133.73 133.76 -0.03
S-IVB Fast Record ON 134.12 134.16 -0.04
IU Tape Recorder Record ON 134.21 134.26 -0.05
IU S-IC Two Engines Out Auto-Abort Inhibit Enable 134.43 134.46 -0.03
IU S-IC Two Engines Out Auto-Abort Inhibit 134.61 134.66 -0.05
IU Excess Rate (P,Y,R) Auto-Abort Inhibit Enable 134.82 134.86 -0.04
IU Excess Rate (P,Y,R) Auto-Abort Inhibit 135.04 135.06 -0.02
$-1C Two Adjacent Outboard Engines Out Cutoff Enablef135.21 135.26 -0.05
S-1C Start of Time Base 2 135.47 135.47 0.00
S-IC Inboard Engine Cutoff 135.52 135.47 +0.05
S-11 Start First PAM/FM/FM Calibration 135.82 135.86 -0.04
S-I1 Stop First PAM/FM/FM Calibration 140.82 140.86 -0.04
S-1T Ordnance Arm 144 .32 144,36 -0.04
S-1C Separation and Retro EBW Firing Units Arm 144 .53 144 .56 -0.03
1U Q-Ball Power OFF 144.72 144.76 -0.04
S-11 Camera Lights ON 144.93 144,96 -0.03
S-IC Telemetry Measurement Switch Over 145,12 145,16 -0.04
S-1C Outboard Engines Cutoff Enable 145.33 145.36 -0.03
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Table 2-3. Sequence of Events (Continued)

FUNCTION ACTUAL PREDICTED ACT-PRED
RANGE TIME (SEC) - SEC

S-1C Outboard Engines Cutoff and Start of Time 150.77 151.90 ERE
Base 3
S-IT Camera Motor On 150.85 152.00 -1.15
S-I1 LH2 Recirculation Pumps OFF 150.94 152.10 -1.16
S-1T Ullage Trigger 151.24 152.40 ~1.16
S-II Camera Event Mark 151.34 152.50 ~1.16
S-I1 S-IC/S-II Separation 151.43 152,60 <1.16
IU Switch Engine Control to S-1I; S«II Engine Out 151.52 152.70 «1.18
Indication "A" Enable; S-11 Aft Interstage
Separation Indication "A" Enable
S-I11 Engines Cutoff Reset 151.62(1) 152.80 ‘ -1.18
S-11 Engines Ready Bypass 151.72(1) 152.90 -1.18
S-11 Prevalves Lockout Reset 151.82(1) 153.00 -1.18
S-11 Engine Start 162.12(1) 153.30 -1.18
S-11 Camera Event Mark 152.22(1) { 153.40 -1.18
IU, S-II Engine Out Indication "B" Enable and S-II § 152.32(1) 153.50 -1.18
Aft Interstage Separation Indication "B" Enable
S-I1 Engines Ready Bypass Reset 152.52(1) 153.70 -1.18
S-11 Hydraulic Accumulators Unlock 153.72 154.90 -1.18
S-IT Chilldown Valves Close 157.12 158.30 -1.18
S-II Start Phase Limiter Cutoff Arm 157.42 158.60 -1.18
S-I1 Activate PU System 157 .64 158.80 -1.16
S-IT1 Start Phase Limiter Cutoff Arm Reset 158.44 159.60 -1.16
IU Tape Recorder Record OFF 161.82 163.00 -1.18
S-11 Stop Data Recorders 162.04 163.20 -1.16
S-IVB Fast Record OFF 162.22 163.40 -1.18
IU Water Coolant Valve Open 178.32 179.50 -1.18
S-11 Second Plane Separation 181.44 182.60 -1.16
S-I1 Camera Event Mark 181.54 182.70 -1.16
S-I1 Camera Event Mark 182.53 183.70 -1.17
IU Launch Escape Tower Jettison “"A" ON 187.13 188.30 -1.17
IU Launch Escape Tower Jettison "B" ON 187.32 188.50 -1.18
S-II Camera Eject No. 1 188.72 189.90 -1.18
S-I1 Camera Eject No. 2 189.33 190.50 -1.17
S-1T Camera Eject No. 3 189.84 191.00 -1.16
IU Flight Control Computer Switch Point No. 3 212.13 213.30 -1.17
S-I1 Start Second PAM/FM/FM Calibration 275.74 276.90 -1.16
S-I1 Stop Second PAM/FM/FM Calibration 280.72 281.90 -1.18
IU Flight Control Computer Switch Point No. 4 342,12 343.30 -1.18
IU Telemetry Calibrator Inflight Calibrate ON 348.32 349.50 -1.18
(] Te]émetry Calibrator Inflight Calibrate OFF 353.33 354.50 -1.17
S-IT Measurement Control Switch No. 2 Activate - 363.43 364.60 ~1.17
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Table 2-3. Seauence of Events (Continued)

FUNCTION ACTUAL PREDICTED ACT-PRED
RANGE TIME (SEC) SEC
S-11 Start Third PAM/FM/FM Calibration 375,72 376 .90 -1.18
S-11 Stop Third PAM/FM/FM Calibration 380.72 381.90 ~1.18
S-11 LH2 Step Pressurization : 470.72 471.90 <1.18
S-IVB Special Calibrate Relays ON 475,73 476.90 «1.17
S-1VB Regular Calibrate Relays ON 475,92 477.10 «1.18
IU Telemetry Calibrator Inflight Calibrate ON 476.14 477 .30 -1.16
S-IVB Regular Calibrate Relays OFF 480.73 481.90 «1.17
S-IVB Special Calibrate Relays OFF 480.94 482.10 -1.16
IU Telemetry Calibrator Inflight Calibrate OFF 481.12 482.30 -1.18
S-1VB Rate Gyro OFF 481.33 482 .50 -1.17
S-IVB Charge Ullage Ignition ON 481 .54 482.70 -1.16
S-11/S-1VB Ordnance Arm 481.72 482 .90 -1.18
IU Tape Recorder Record ON 481.94 483.10 -1.16
S-1VB Fast Record ON 482.12 483.30 -1.18
S-11 Start Data Recorders 482.33 483.50 - -1.18
S-II LOX Depletion Sensor Cutoff Arm 482,52 483.70 -1.18
S-11 LH2 Depletion Sensor Cutoff Arm 482.73 483.90 -1.18
S-11 Start of Time Base 4 519.76 516.32 +3.44
S-11 Redundant S-II Cutoff Switch Selector 519.85 516.32 +3.53
S-11 Start Recorder Timers 519.94 516.42 +3.52
S-1VB Prevalves Close OFF 520.03 516.52 +3.51
S-1VB Engine Cutoff OFF 520.13 516.62 +3.51
S-1VB Engine Ready Bypass 520.22 516.82 +3.40
S-IVB LOX Chilldown Pump OFF 520.32 516.92 +3.40
S-IVB Fire Ullage Ignition ON 520.44 517.02 +3.42
S-IVB S-I1/S-IVB Separation 520.53 517.12 +3.41
S-IVB Engine Start Interlock Bypass ON 520.63 517.22 +3.,41
S-IVB Engine Start ON 520.72 517.32 +3.40
IU Flight Control Computer S-1VB Burn Mode On “A" 520.93 517.52 +3.41
IU Flight Control Computer S-IVB Burn Mode On "B" 521.03 517.62 +3.4)
IU S-1VB Engine Out Indication "A" Enable 521.32 517.92 +3.40
IU S-IVB Engine Out Indication "B" Enable 521.53 518.12 +3.41
S-1VB Fuel Chilldown Pump OFF 521.92 518.52 +3.40
S-IVB LOX Tank Flight Pressure System ON 523.52 520.12 +3.40
S-1VB Fuel Injection Temperature OK Bypass 523.74 520.32 +3.42
S-1VB Engine Start OFF 523.91 520.52 +3.39
S-IVB First Burn Relay ON 525.52 522.12 +3.40
S-1VB Emergency Playback Enable ON 527 .53 524.12 +3.41
S-1VB Fast Record OFF i 527.72 524.32 +3.40
S-1VB PU Activate ON 528.72 525.32 +3.40
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Table 2-3. Sequence of Events (Continued)

FUNCTION ACTUAL PREDICTED ACT-PRED
. RANGE TIME (SEC) SEC

S-IVB Charge Ullage Jettison ON 530.03 526.62 +3.41
S-1VB Fire Ullage Jettison ON 532,53 529.12 +3.41
S-1VB Ullage Charging ‘Reset 535.82 532.42 +3.40
S-IVB Ullage Firing Reset 536.03 532.62 +3.41
IU Tape Recorder Record OFF 538.63 535.22 +3.47
S-1VB Emergency Playback Enable OFF 541.02 537.62 +3.40
IU Telemetry Calibrator Inflight Calibrate ON 542.12 538.72 +3.40
IU Telemetry Calibrator Inflight Calibrate OFF 547 .11 543.72 +3.40
S-IVB Regular Calibrate Relays ON 551.51 548,12 +3.39
S-1VB Regular Calibrate Relays OFF 556.51 553.12 +3.39
S-IVB Chilldown Shutoff Pilot Valve Close ON. 625,02 621.62 +3.40
S-IVB Engine Pump Purge Control Valve Enable ON 658.69 649.19 +9.50
S-1VB Cutoff S-IVB Engine (Velocity) 665.64 656.09 +9.65
S-1VB Start of Time Base 5 665.88 656.19 +9,69
S-IVB Cutoff S-IVB Engine (Redundant) 665.97 - -

S-1VB Point Level Sensor Disarming 666.07 656 .29 +9.78
S-IVB Ullage Engine No. 1 ON 666.16 656.49 +9.67
S-1VB Ullage Engine No. 2 ON 666.28 656.59 +9.69
IU S-1VB Ullage Thrust Present Indication ON 666.45 656.79 +9.66
S-1VB First Burn Relay OFF 666.58 656 .89 +9.69
S-1VB PU Activate OFF 666.74 657.09 +9.65
S-IVB Prevalves Close ON 666 .84 657.19 +9.65
S-IVB LOX Tank Flight Pressure System OFF 666.94 657.29 +9.65
S-1VB Coast Period ON 667.15 657.49 +9.66
S-IVB Engine Pump Purge Control Valve Enable ON 667.36 657.69 +9.67
S-IVB PU Fuel Boiloff Bias Cutoff ON 667.54 657.89 +9.65
IU Flight Control Computer S-IVB Burn Mode OFF "B" { 669.14 659.49 +9.65
IU Flight Control Computer S-IVB Burn Mode OFF "A" { 669.36 659.69 +9.67
S-1VB Aux. Hydraulic Pump Coast Mode ON 669.54 659.89 +9.65
S-1VB Aux. Hydraulic Pump Flight Mode OFF 669.75 660.09 +9.66
IU S-1VB Engine Out Indication "A" Enable Reset 675.86 666.19 +9.67
IU S-IVB Engine Out Indication "B" Enable Reset 676.04 666 .39 +9.65
S-1VB SS/FM Transmitter OFF 688.04 678.39 +9.65
S-1VB SS/FM Group OFF 688.25 678.59 +9.66
S-1VB LH2 Tank Continuous Vent Valve Open ON 724 .84 715.19 +9.65
IU Telemetry Calibrator Inflight Calibrate ON 725.44 715.79 +9.65
S-1VB Prevalves Close OFF ' 726.35 716.69 +9.66
S-IVB Chilldown Shutoff Pilot Valve Close OFF 726.56 716.89 +9.67
S-1vB LH2 Tank Continuous Vent Valve Open OFF 726 .86 717.19 +9.67
IU Telemetry Calibration Inflight Calibrate OFF 730.44 720.79 +9.65
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Table 2-3. Sequence of Events (Continued)

FUNCTION ACTUAL PREDICTED ACT-PRED
RANGE TIME (SEC) SEC
"S-1VB Ullage Engine No. 1 OFF 753,84 744 .19 +9.65
S-IVB Ullage Engine No. 2 OFF 753.94 744.29 +9.65
IU S-1VB Ullage Thrust Present Indication OFF 754 .15 744 .49 +9.66
S-1VB Emergency Playback Enable ON 764.15 754 .49 +9.66
IV Tape Recorder Playback Reverse ON 767.33 758.69 +8.64
IU Tape Recorder Playback Reverse OFF 853,34(2) 843.69 +9.65
S-IVR Emergency Playback Enable OFF 854.14 844 .49 +9.65
S-1vB Slow Record ON 954 .14 944 .49 +9.65
S-IVB Slow Record ON 957.14(2) 947 .49 +9.65
S-1VB Engine Pump Purge Control Valve Enable OFF 1268.44 1258.79 +9.65
S-IVB Slow Record ON 2232.15(2) § 2222.49 +9.66
S-1VB Slow Record OFF 2264 .15 2254.49 +9.66
S-1VB Recorder Playback ON 2264.35 2254 .69 +9.66
S-1VB Recorder Playback OFF 2429.35 2419.69 +9.66
S-IVB Slow Record ON 2511.14 2501.49 +9.65
S-1VB Siow Record ON 2514.14(2) { 2504.49 +9.65
IU Telemetry Calibrator Inflight Calibrate ON 3116.2 3106.49 +9.71
S-1VB Special Calibrate Relays ON 3116.34 3106.69 +9.65
S-1VB Regular Calibrate Relays ON 3116.54 3106.89 +9.65
IU Telemetry Calibrator Inflight Calibrate OFF 3121.34 3111.69 +9.65
S-1VB Regular Calibrate Relays OFF 3121.54 3111.89 +9.65
S-1VB Special Calibrate Relays OFF 3121.74 3112.09 +9.65
IU Telemetry Calibrator Inflight Calibrate ON 5279.4 5269.69 +9.71
S-1VB Slow Record ON 5279.45(2) § 5269.89 +9.56
S-IVB Special Calibrate Relays ON 5279.65 5270.09 +9.56
S-1VB Regular Calibrate Relays ON 5279.88 5270.29 +9.59
IU Telemetry Calibrator Inflight Calibrate OFF 5284.03(2) § 5274.69 +9.34
S-1VB Regular Calibrate Relays OFF 5284 .63 5275.29 +9.34
S-1VB Special Calibrate Relays OFF 5284.88 5275.49 +9.39
S-1VB Slow Record OFF 5311.78 5301.89 +9.89
S-1VB Recorder Playback ON 5311.78 5302.09 +9.69
S-1VB Recorder Playback OFF 5661.95 5652.29 +9.66
S-IVB Slow Record ON 5662.15 5652.49 +9.66
S-1VB Slow Record ON 5665.15 5655.49 +9.66
IU Telemetry Calibrator Inflight Calibrate ON 6318.97 6309.29 +9.68
S-IVB Special Calibrate Relays ON 6319.16 6309.49 +9.67
S-IVB Regular Calibrate Relays ON 6319.37 6309.69 +9.68
IU Telemetry Calibrator Inflight Calibrate OFF 6323.95 6314.29 +9.66
S-IVB Regular Calibrate Relays OFF 6324.35 6314.69 +9.66
S-IVB Special Calibrate Relays OFF 6324 .55 6314.89 +9.66
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Table 2-3. Sequence of Events (Continued)
FUNCTION ACTUAL PREDICTED ACT-PRED
RANGE TIME (SEC) SEC

S-I1VB Slow Record ON (3) 7723.49
S-IVB Slow Record OFF (3) 7755 .49
S-1VB Recorder Playback ON (3) 7755.69
S-IVB Recorder Playback OFF 8009.15 7999.49 +9.66
S-IVB Slow Record ON 8009.35 7999.69 +9.66
S-IVB Slow Record ON 8012.35(2) § 8002.69 +9.66
S-IVB Special Calibrate Relays ON 8685.04 8675.49 +9.55
S-IVB Reqular Calibrate Relays ON 8685.21 8675.69 +9.52
IU Telemetry Calibrator Inflight Calibrate ON 8685.6 8675.89 +9.71
S-IVB Regular Calibrate Relays OFF 8690.21 8680.69 +9.52
S-1VB Speciatl Calibrate Relays OFF 8690.41 8680.89 +9.52
IU Telemetry Calibrator Inflight Calibrate OFF 8690.61(2){ 8681.09 +9,52
S-IVB Slow Record ON 10225.17 10215.49 +9.68
S-IVB Stow Record OFF 10257.18 10247 .49 +9.69
S-1VB Recorder Playback ON 10257.38 10247 .69 +9.69
S-1VB Recorder Playback OFF 10541.37 10531.69 +9.68
S-IVB STow Record ON 10541.57 10531.89 +9.68
S-1VB Slow Record ON 10544 .57 10534.89 +9.68
IU Telemetry Calibrator Inflight Calibrate ON 10866.0 10856.29 +9.71
S-IVB Special Calibrate Relays ON (4) 10856 .49 -
S-IVB Regular Calibrate Relays ON (4) 10856 .69 -
IU Telemetry Calibrator Inflight Calibrate OFF (4) 10861.29 -
S-1VB Regular Calibrate Relays OFF (4) 10861 .69 -
S-1VB Special Calibrate Relays OFF (4) 10861.89 -
S-1VB Aux. Hydraulic Pump Flight Mode ON 10913.87 10904.19 +9.68
S-IVB Aux, Hydraulic Pump Coast Mode OFF 10914.08 10904 .39 +9.69
S-1VB Fuel Chilldown Pump ON 10918.88 10909.19 +9.69
S-1VB LOX Chilldown Pump ON 10923.87 10914.19 +9.68
S-1VB Prevalves Close ON 10933.87 10924.19 +9.68
S-1VB Begin Restart Preparations and Start of 11159.58 11157.51 +2.07
Time Base 6
S-1VB Ullage Engine No. 1 ON 11159.78 11157.71 +2.07
S-1VB Ullage Engine No. 2 ON 11159.87 11157.81 +2.06
IU S-IVB Ullage Thrust Present Indication ON 11160.08 11158.01 +2.07
S-1VB LH2 Tank Vent Valve Boost Close ON 11160.38 11158.31 +2.07
S-IVB LOX Tank Vent Valve Boost Close ON 11160.57 11158.51 +2.06
S-1vB LH2 Tank Continuous Vent Valve Close ON 11160.78 11158.71 +2.07
S-1VB LH2 Tank Repressurization Control Valve 11161.78 11159. 1 +2.07
Open ON
S-1vB LH2 Tank Vent Valve Boost Close OFF 11162.37 11160.31 +2.06
S-1VB LOX Tank Vent Valve Boost Close OFF 11162.58 11160.51 +2.07




Table 2-3. Sequence of Events (Continued)

FUNCTION ACTUAL PREDICTED ACT-PRED
RANGE TIME (SEC) SEC

S-1VB LH2 Tank Continuous Vent Valve Close OFF 11162.79 11160.71 +2.08
S-1VB Fuel Chilldown Pump ON 11165,59 11163.52 +2.07
S-1VB LOX Chilldown Pump ON 11170.51 11168.51 +2.00
S-1VB Prevalves Close ON 11180.58 11178.51 +2.07
IU Telemetry Calibrator Inflight Calibrate ON 11375.06 11373.01 +2.05
S-1VB Special Calibrate Relays ON 11375.26 11373.21 +2.05
S-IVB Regular Calibrate Relays ON 11375,48 11373.41 +2.07
U Telemetry Calibrator Inflight Calibrate OFF 11380.06 11378.01 +2.05
S-1VB Reqular Calibrate Relays OFF 11380.47 11378.41 +2.06
S-1VB Special Calibrate Relays OFF 11380.,65 11378.61 +2.04
S-1VB SS/FM Group ON 11380.86 11378.81 +2.05
S-IVB SS/FM Transmitter ON 11381.08 11379.01 +2.07
S-1VB LOX Tank Repressurization Control Valve 11416.56 11414 .51 +2.05
Open ON

S-IVB PU Activate ON 11466.56 11464.51 +2.05
S-IVB PU Valve Hardover Position ON 11466,78 11464.71 +2.07
S-1VB Prevalves Close OFF 11475.77 1473.71 +2.06
IU S-1VB Restart Alert 11476.55 11474.51 +2.04
S-IVB Engine Cutoff OFF 11485.15 11483.11 +2.04
S-IVB Engine Ready Bypass 11485.36 11483.31 +2.05
S-1VB LH2 Tank Repressurization Control Valve 11485.58 11483.51 +2.07
Open OFF

S-IYB Fuel Chilldown Pump OFF 11485.76 11483.71 +2.05
S-1VB LOX Chilldown Pump OFF 11485.97 11483.91 +2.06
S-IVB LOX Tank Pressurization Control Valve 11486.35 11484.31 +2.04
Open OFF

S-1VB Engine Start ON 11486 .57 11484 .51 +2.06
1U S-1VB Engine Out Indication "A" Enable 11487.35 11485.31 +2.04
IU S-1VB Engine Out Indication "B" Enable 11487 .57 11485.51 +2.06
S-1VB Ullage Engine No. 1 OFF 11489.56 11487 .51 +2.,05
S-IVB Ullage Engine No. 2 OFF 11489.65 11487.61 +2.04
IU S-IVB Ullage Thrust Present Indication OFF 11489.86 11487 .81 +2.05
IU Flight Control Computer S-IVB Burn Mode On "B®{ 11494.17 11492.11 +2.06
1U F1light Control Computer S-1VB Burn Mode On "A"{ 11494 36 11492 .31 +2.05
S-1VB Fuel Injection Temperature OK Bypass 11494 .60 11492.51 +2.09
S_TVB LOX Tank Flight Pressure System ON 11494.76 11492.71 +2.05
S-IVB Coast Period OFF 11494 .96 11492.9 +2.05
S-1VB Engine Start OFF 11495.16 11493.11 +2.05
S-1VB Second Burn Relay ON 11497 .17 11495.11 +2.06
S-1VB PU Valve Hardover Position OFF 11499.56 11497 .51 +2.05
S-1VB SS/FM Transmitter OFF 11752.07 11750.01 +2.06
S-1VB SS/FM Group OFF 11752.26 11750.21 +2.05
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Table 2-3. Sequence of Events (Continued)

FUNCTION ACTUAL PREDICTED ACT-PRED

v RANGE TIME (SEC) SEC
IU Flight Control Computer Switch Point No. 5 11756 .56 11754 .51 +2.05
IU Telemetry Calibrator Inflight Calibrate ON 11758.17 11756 .11 +2.06
S-1VB Special Calibrate Relays ON 11758.36 11756.31 +2.05
S-IVB Regular Calibrate Relays ON 11758.57 11756 .51 +2.06
IU Telemetry Calibrator Inflight Calibrate OFF 11763.17 11761.1 +2.06
S-1VB Regular Calibrate Relays OFF 11763.56 11761.51 +2,05
S-1VB Special Calibrate Relays OFF 11763.78 11761.71 +2.07
S-1VB Chilldown Shutoff Pilot Valve (5) - -
S-IVB Point Level Sensor Arming (5) - -
S-IVB Cutoff S-1VB Engine (Velocity) 11786.27 11799.39 -13.12
S-1VB Start of Time Base 7 11786.48 11799.59 -13.11
S-IVB Cutoff S-IVB Engine (Redundant) 11786.60 - -
S-IVB LOX Tank Vent Valve Open 11786.69 11799.79 <13.10
S-IVB Point Level Sensors Disarming 11786.78 11799.89 -13.1
S-IVB LH2 Tank Vent Valve Open 11786.88 11799.99 <13.11
S-1VB Second Burn Relay OFF 11787.26 11800.39 -13.13
S-IVB LOX Tank Flight Pressure System OFF 11787 .47 11800.59 -13.12
$-IVB Prevalves Close ON 11787 .57 11800.69 -13.12
S-IVB Coast Period ON 11787.66 11800.79 -13.13
S-IVB PU Activate OFF 11787.87 11800.99 -13.12
S-IVB PU Inverter and DC Power OFF 11787.97 11801.09 -13.12
S-IVB LOX Chilldown Pump Purge Control Valve 11788.06 11801.19 -13.13
Open OFF
IU Flight Control Computer S-IVB Burn Mode OFF "B"{11789.76 11802.89 -13.13
IU Flight Control Computer S-IVB Burn Mode OFF "A"111789.97 11803.09 -13.12
S-IVB Aux. Hydraulic Pump Flight Mode OFF 11790.16 11803.29 -13.13
S-IVB LOX Tank Vent Valve Close 11796.46 11809.59 -13.13
S-IVB LOX Tank Vent Valve Boost Close ON 11799.47 11812.59 -13.12
S-IVB LOX Tank Vent Valve Boost Close OFF 11801.47 11814.59 -13.12
S-1VB Prevalves Close OFF 11846.97 11860.09 -13.12
S-IVB Chilldown Shutoff Pilot Valve Close OFF 11847.17 11860.29 -13.12
S-1VB LH, Tank Vent Valve Close 11906.47 11919.59 -13.12
S-1vB LH2 Tank Vent Valve Boost Close ON 11909.47 11922 .59 -13.12
S-1VB LH2 Tank Vent Valve Boost Close OFF 11911.47 11924.59 -13.12
IU LV/SC Separation Sequence Start 12386.47 12399.59 -13.12
IV Switch PCM to Low Gain Antenna (Fail Safe) 413519.81 13532.89 -13.08
IU Switch CCS to Low Gain Antenna 13520.01 13533.09 -13.08
IU Telemetry Calibrator Inflight Calibrate ON 14124 .57 14137.69 -13.12
S-1VB Special Calibrate Relays ON 14124.77 14137.89 -13.12
S-1VB Regular Calibrate Relays ON 14124.97 14138.09 -13.12
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Table 2-3. Sequence of Events (Continued)
FUNCTION ACTUAL PREDICTED ACT-PRED
RANGE TIME (SEC) SEC
U Telemetry Calibrator Inflight Calibrate OFF 14129.56 14142.69 «13.13
S-IVB Regular Calibrate Relays OFF 14129.96 14143.09 -13.13
S-IVB Special Calibrate Relays OFF 14130.16 14143.29 -13.13
IU Switch PCM to High Gain Antenna 16099.77 16112.89 -13.12
IU Switch CCS to High Gain Antenna (Fail Safe) 16100.00 16113.09 «13.09
IU Switch PCM to Low Gain Antenna {Fail Safe) 19399.76 19412.89 -13.13
IU Switch CCS to Low Gain Antenna 19399.96 19413.09 -13.13
IU CCS Transmitter Inhibit 20186.52 20199.59 -13.07
TU Switch PCM to OMNI Antenna 26899.77 26912.89 «13.12
IU Switch CCS to OMNI Antenna 26899.97 26913.09 -13.12
C-Band Transponder
No. 1 and No. 2 ON 5074.87 (6) (6}
No. 2 OFF 5074 .87
No. 1 and No. 2 ON 5098.37
No. 1 OFF 5098.37
No. 1 and No. 2 ON 5698.47
No. 2 OFF 5698.54
No. 1 and No. 2 ON 11809.61
No. 1 OFF 11809.68
No. 1 and No. 2 ON 11881.52
No. 2 OFF 11881.59
No. 1 and No. 2 ON 11889.72
No. 1 OFF 11889.79
No. 1 and No. 2 ON 11897.93
No. 2 OFF 11898.01
No. 1 and No. 2 ON 11906.55
No. 1 OFF 11906.62
No. 1 and No. 2 ON 11929.67
No. 2 OFF 11929.75
No. 1 and No. 2 ON 12129.86
No. 1 OFF 12129.93
No. 1 and No. 2 ON 12306.26
No. 2 OFF 12306.33
No. 1 and No. 2 ON 12530.55
No. 1 OFF 12530.62
No. 1 and No. 2 ON 12657.59
No. 2 OFF 12657.67 {6) (6)
NOTES: (1) Data dropout-computed values.

(23 Computed values.
3

Late acquisition at Tananarive.

4) Recorder playback not programed.
5) Not issued because of early S-IVB engine cutoff.
6) These columns left blank because the events occur at variable times.
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Table 2-4. Ground Commanded Switch Selector Events
Beginning at 15:07:22 UT

EVENT RANGE TIME (SEC)
LH2 Tank Prepressurization Control Valve Open OFF 11242.06
LH2 Tank Continuous Vent Close ON 11242.93
S-IVB Stage Select Address Zero (Time Spacer) 11243.82
LH2 Tank Continuous Vent Valve Close OFF 11244 .69
LH2 Tank Repressurization Control Valve Open OFF 11295.39
LH2 Tank Continuous Vent Valve Close ON 11296.27
S-IVB Stage Select Address Zero (Time Spacer) 11297.15
LH2 Tank Continuous Vent Valve Close OFF 11298.05
LH2 Tank Repressurization Control Valve Open OFF 11325.41
LH2 Tank Continuous Vent Valve Close ON 11326.29
5-IVB Stage Select Address Zero (Time Spacer) 11327.22
LH2 Tank Continuous Vent Valve Close OFF 11328.11
Switch PCM to Low Gain Antenna (Fail Safe) 13252.32
Switch CCS to Low Gain Antenna 13255.30
Switch CCS to High Gain Antenna (Fail Safe) 13410.19
Switch CCS to OMNI Antenna 13411.19
Switch PCM to Low Gain Antenna (Fail Safe) 13412.24
Switch PCM to OMNI Antenna 13413.24
Switch CCS to High Gain Antenna (Fail Safe) 15782.42
Switch CCS to OMNI Antenna 15783.64
Switch PCM to Low Gain Antenna (Fail Safe) 15784 .84
Switch PCM to OMNI Antenna 15786.08
CCS Transponder Inhibit ON 19979.35
CCS Transponder Inhibit OFF 20159.49
CCS Transponder Inhibit OFF 20186.46
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SECTION 3
LAUNCH OPERATIONS

3.1 SUMMARY

The Apollo 4 was the first of two missions designed to qualify the Saturn

V system for manned flight. This also was the first Apollo mission utiliz-
ing a Saturn V launch vehicle (AS-501), a Lunar Module Boilerplate (LTA/
10R), and a Command Service Module (CSM 017). The launch was the first to
be made from Launch Complex 39A at Kennedy Space Center.

The Taunch countdown for AS-501 proceeded smoothly without any major holds
and culminated in the successful launch of the vehicle at 0700 hours EST
November 9, 1967.

Ground systems performance was exceptionally good; minor anomalies that
occurred did not pose any serious constraint to the vehicle nor contribute
to a significant hold. Photographic coverage experienced the most signifi-
cant deviation from standard performance. A dropout of both camera power
and timing signals was experienced just prior to liftoff. This resulted in

the cameras not starting, short runs, Jamming, and a lack of timing signals.

The problem has been documented by UCR and is under investigation.

Launch damage, while extensive in isolated areas, (the LUT Tevel platform
was completely destroyed and the engine service platform was damaged exten-
sively), was in general, less than expected.

There were no major range safety problems during the countdown. The actual
trajectory of the vehicle appeared near nominal on all the range safety
charts during flight. The command destruct receivers on the S-IVB stage
were successfully "safed" by the Bermuda Range Safety Officer after first
S-IVB cutoff.

3.2 PRELAUNCH MILESTONES

A chronological sequence of events and the preparation which led to the
successful Taunch of AS-501 is presented in Table 3-1.
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Table 3-1. AS-501 Milestones

DATE EVENT

August 15, 1966 S-IVB stage arrived and moved into VAB Tow bay

August 25, 1966 IU arrived

September 9, 1966 | SLA arrived

September 12, 1966 S-1C stage arrived at KSC via barge, and was off-loaded
and moved into VAB transfer aisle on this date

October 27, 1966 S-1C stage erected on Mobile Launcher No. 1 in high bay 1
October 31, 1966 S-11 stage spacer erected

November 1, 1966 S-IVB stage erected

November 2, 1966 IU stage erected

November 7, 1966 Initial power applied to S-IC stage

November 16, 1966 | Initial IU bus power application

November 21, 1966 | Launch vehicle electrical mate completed

December 12, 1966 | Launch vehiclie emergency detection system test completed
December 16, 1966 | Sequential malfunction test completed

December 20, 1966 | Guidance and control system checks completed

December 21, 1966 | SM arrived

December 24, 1966 | CM arrived

January 12, 1967 Apollo S/C erected

January 21, 1967 S-1I stage arrived at KSC via barge, and was off-loaded
and transported to the VAB low bay for checkout

January 23, 1967 Spacecraft systems integrated tests with Taunch vehicle
simulator started

January 24, 1967 Launch vehicle overall test (OAT) No. 1 completed
February 13, 1967 | S/C de-erected and transported to the Manned Space
Operations Building for testing

February 13, 1967 | IU de-erected

February 14, 1967 | S-IVB de-erected

February 15, 1967 | S-IVB modifications started

February 15, 1967 | S-II stage spacer de-erected

February 23, 1967 | S-II stage erected

February 24, 1967 | IU and S-IVB stages erected

March 1, 1967 Launch vehicle electrical mate accomplished

March 17, 1967 Power transfer test completed

March 22, 1967 Launch vehicle electrical support equipment (ESE) modifi
cations started

April 6, 1967 S/C Facility Verification Vehicle FVV erected

April 8, 1967 Launch vehicle electrical support equipment modification
verification completed

April 14, 1967 Launch vehicle overall test (OAT) No. 2 completed

May 24, 1967 Swing arm compatibility test performed

May 25, 1967 §-11 stage LOX tank inspection for presence of
structural flaws

May 26, 1967 De-erect S/C FVV

May 27, 1967 De-erect IU
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Table 3-1.

AS-501 Milestones (Continued)

May 27, 1967
May 28, 1967
June 3, 1967
June 5, 1967
June 12, 1967
June 16, 1967
June 18, 1967
June 19, 1967
June 19, 1967
June 20, 1967
June 23, 1967
July 14, 1967
July 24, 1967

August 1, 1967
August 6, 1967

August 7, 1967
August 18, 1967
August 24, 1967
August 26, 1967
September 7, 1967

September 20, 1967
September 27, 1967

September 27, 1967

September 29, 1967

October 14, 1967
October 19, 1967
October 22, 1967
October 26, 1967
November 3, 1967

November 4, 1967

November 4, 1967

November 6, 1967

November 9, 1967

 through October 14 as a result of numerous problems

De-erect S-IVB stage

S-11 LOX tank dye penetrant inspection start

S-IT stage de-erected

S-1T stage LHp tank inspection started

S/C cabin Teak check test accomplished

S-11 stage LH» tank inspection completed

S-1I stage erected

S-IVB stage erected

IU stage erected

S/C erected

Launch vehicle electrical mate accomplished

Launch vehicle overall test (0OAT) No. 2 completed

Space vehicle electrical mate and emergency detection

system (EDS) test was accomplished

Space vehicle overall test (O0AT) No.

Space vehicle overall test (0AT) No.
accomplished

S/C ordnance installed

Space vehicle simulated flight test completed

S-1I stage LH» insulation modifications completed

Space vehicle transferred to pad A

S/C GSE mobile service Structure/mobile Tauncher inter-
face tests completed

LOX and LHy cold flow tests completed

RP-1 Toading of the S-IC stage was completed in prepara-
fion ?or the start of the countdown demonstration test
CDDT

Countdown demonstration test was started with the comple~
tion of the precount section on September 29.

CODT terminal count section started and continued

1 plugs in, completed
2 plugs out

encountered

During this portion of the test it became necessary to
change out the fuel cells in the Apollo S/M. This activity
was not actually completed until after the test was
completed.

Terminal count portion of the CDDT
Fuel cell changeout completed
Inspection S-II stage LOX tank anti-vortex baffle complete
Space vehicle - Flight Readiness Test (FRT) completed
Space vehicle hypergolic Toading completed in prepara-
tion for the start of Taunch countdown

S-IC stage RP-1 Toading accomplished in preparation for
the start of Taunch countdown

Launch vehicle precount started at -104 hours on

Saturday, November 4, 1967, at 1200 EST

Launch vehicle terminal count was picked up at -49 hours
on Monday, November 6, 1967, at 2230 EST and progressed
through all scheduled holds without dropping behind in

the count

Liftoff occurred on schedule at 0700 hours EST

procedure was completed
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3.3 COUNTDOWN EVENTS

The launch countdown for AS-501 was divided into two segments; precount,
from -104 hours to -49 hours and countdown from -49 hours to -0 hours.
Two holds were preplanned, one of 6 hours duration at -6.5 hours, and a
second hold of 1.5 hours duration at -4 hours.

The precount was picked up at -104 hours at 1200 EST on Saturday, Novembe
4, 1967. It proceeded smoothly with only two noninterruptive problems on
November 5, 1967:

a. A scratched seal on the S-IC helium flow control valve No. 4 which
required replacement.

b. Several hydraulic leaks on the swing arms during pressurization.

On November 6, 1967, a series of early morning alarm reports resulted in
the initiation of an emergency evacuation of the LUT. However, this
evacuation was cancelled when it was confirmed the alarms had been accider
tally initiated. Later in the day the S-1VB experienced some difficulty -
propellant utilization calibrations and an erratic LOX pump inlet transduc
had to be replaced. A LOX pressurization regulator had to be replaced in
the S-II stage, and the spacecraft experienced some difficulty because of
leaks in pneumatically operated disconnects.

The launch countdown was picked up at -49 hours at 2230 EST on November
6, 1967. The count continued smoothly through 2210 EST November 7, 1967,
when the spacecraft reported a potential problem with heat loss in the
fuel cell LHp tank. At 0532 on November 8, 1967, the decision was made t
continue the count without reloading LHp. At 1231 EST November 8, 1967,
an unscheduled hold was called at -11 hours. This hold consumed 1 hour
59 minutes of the scheduled 6-hour hold and was primarily to allow the
launch vehicle to catch up with the clock. Minor difficulties had com-
pounded to cause an approximate 2.5 hour lag. At -8.5 hours at 1700 EST
November 8, 1967, a second 2-hour unscheduled hold was called because of
difficulties encountered with range safety command receiver checks. The
S-IVB Electrical Bridge Wire No. 2 did not charge because of low deviatio
from the range. A procedure rewrite was required. The count was picked
up again at 1900 EST. Prior to entering the hold, the spacecraft experi-
enced difficulties with LOX pressure; however, analysis indicated a high
probability that the pressure would be nominal at liftoff and therefore
would not constrain the count.

At 2100 EST the -6.5 scheduled hold point was attained, and the count wa
held for the 2 hours and 1 minute of the hold that remained. The count
was picked up at 2301 EST November 8, 1967, and continued smoothly to the
second hold at -4 hours. The clock was held at 0130 EST and was release
at 0300 EST as planned. No major problems were encountered from the time
the countdown clock was released until liftoff at 0700 hours November 9,
1967.

3-4



Table 3—2 presents a summary of unscheduled holds.

Table 3-2. Countdown Events

COUNTDOWN STOPPED TIME LOST CAUSE

-11 hrs. 1 hr. 59 mins. Allow Taunch vehicle to catch up
with clock

-8 hrs. 30 mins. 2 hrs. Range Safety Command Receiver
check difficulty. S-IVB EBW No.
2 did not charge. Procedure
rewrite required.

3.4 PROPELLANT AND COLD HELIUM LOADING

3.4.1 RP-1 Loading

RP-1 Toading for launch countdown was accomplished on November 3, 1967. To
compensate for thermal shrinkage and later filling of F-1 engine Tlines, a
flight mass overload of 2 percent was used. The level adjust operation was
completed ahead of schedule on November 9, 1967. The RP-] mass readouts did
not recover to the previous value following power transfer test at -27
minutes. However, since no valves had opened since level adjust, the §orrect
level for launch was assured. There were approximately 769.953 meters
(203,400 gal) of RP-1 onboard at 1iftoff.

The RP-1 system operated satisfactorily through FRT and launch countdown with
no delays and only a few minor problems.

The following anomalies and problems were encountered:

a. Mast cutoff valve A9651 did not close during terminal count, therefore,
the RP-1 Tines were contaminated at 1iftoff. This valve is intended to
close at completion of RP-1 level adjust/line inert. During FRT, the
valve opened at commit because the valve control system deenergized.
Design evaluation indicated the valve could remain open for AS-501, so
no changes were made. Redesign is recommended to ensure mast cutoff
valve closure for subsequent launches.

b. RP-1 vent trap A4120 in room 4A Teaked about 0.0076 meters3 (2 aal)
of RP-1 on the pad. The actual time of leakage cannot be determined
as this area was cleared during RP-1 Toading. Possible causes may
have been momentary float binding as RP-1 entered the component, or
continuous Teakage throughout loading. Inspection per NCR 019916
will ensure acceptability before use on AS-503.
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c. The RP-1 mass readout decreased approximately 0.16 percent during power
transfer test. Recurrence could prevent accurate mass readout monitor-
ing and cause the mass readout indicator to drop out of flight mass
tolerance after about -27 minutes. Power transfer also affects the
S-IC fuel probe package 60B43006-27-G readout in the Propellant Tankin
Computer System (PTCS).

CR 5-8531-136 and UCR KSC300216 cover this problem. Work is in proces
to develop a more reliable readout for AS-502.

3.4.2 LOX Loading

The LOX consumption on S-IC stage totaled 2093.33 meters3 (553,000 gal)
from start of count to system securing. About 1703.43 meters3 (450,000 ga
were aboard at liftoff. S-II LOX 100 percent mass, 359,037 kilograms
(791,542 1bm), was attained at -4 hours during the built-in hold, after
which time the count was resumed. At 1iftoff, the indicated S-IVB LOX
load was 87,624 kilograms (193,179 1bm). The PTCS indicated 99.96 percent
at 1iftoff. The LOX load required for launch was 87,667.2 + 437.7 kilogra
(193,273 + 965 1bm). The total loss of LOX due to boiloff after loading
was complete and prior to liftoff was 10,269 kilograms (22,640 Tbm).

The LOX system supported FRT, and AS-501 launch from -6.5 hours through -0
with no serious problems or delays. Vehicle flight mass at liftoff was
within specifications. There was no unexpected or excessive damage to
either the storage area or LUT LOX equipment. An S-IC LOX tank overfill
occurred as a result of launch vehicle power transfer test at -27 minutes.
This was rectified and the vehicle launched with an acceptable LOX flight
mass.

During storage tank pressurization (0017 EST), LOX vaporizer flow control
valve A12 did not respond to control pressure. At -4 hours 29 minutes

57 seconds (0100:03 EST) the valve broke loose from the fully open positic
and thereafter functioned normally. It was checked out during securing
from launch and functioned properly. Ice accumulation on the valve pro-
bably caused the failure. A more adequate purge will minimize icing.

3.4.3 LH2 Loading

The system performance was excellent, with no major delays because of mal
functions during the fill sequences. The system consumed or delivered to
the S-IC stage 1627.73 meters3 (430,000 gal) of LHp. The S-1I LHp

100 percent mass, 69,694.5 kilograms (153,650 1bm), was attained at -1 ho
and 45 minutes. At liftoff, the indicated S-IVB LH Toad was 18,656 kilo
(41,129 1bm). The PTCS indicated 99.85 percent. The LHy Toad required f
launch was 18,698 + 93.4 kilograms (41,222 + 206 1bm). The total loss of
LHp due to boiloff, after loading was complete and prior to 1iftoff, was

1,746 kilograms (3,850 1bm).



The following anomalies were noted:

a. During PTCS checkout, S-II Automatic Pneumatic On was lost at the S-II LH»
console in the LCC. The setting of pressure switch 3 was too close to
the operating pressure of the valve control assembly on level 120 and
caused a dropout when the valve was cycled. The Tow resolution gages
used to reverify the regulator pressure settings aggravated the problem.
The pressures were set by installation of a Heise gage and adjusting
the regulators accordingly. This anomaly could cause a hold in AS-502
testing or Taunch if no corrective action is taken to increase the
differential pressure between the pressure switch and regulator settings.

b. The vehicle vent system filling with water at the burn pond after a
loading operation was an anomaly common to both CDDT and launch count-
down. This was attributed to a siphoning action through the standpipes,
which was initiated by rapid closing of the S-II and S-IVB vent valves
after stage vent. The fluid dynamics of the GH2 in the vent system
caused a negative pressure when the vents were closed and pulled a
small vacuum at the standpipes, thus starting the siphoning. This
could result in an inability to vent GHp through the vehicle vent
system during AS-502 CDDT and launch if no corrective action is taken.
A procedural change to initiate a purge in the vent 1ine during venting
has been incorporated as a workaround.

Recommendations for corrective action are as follows:

a. Change valve control assembly pressure settings and install high quality
calibrated gages.

b. Install an automatic helium purge system in the LHp storage area.

c. Install a purge regulator and gage in the LH7 storage area for maintain-
ing standby helium blanket pressure.

d. Install vent Tine valves to isolate the burn pond from the LUT vent Tines.

e. Relocate the S-IVB heat exchanger purge line closer to the DAC/Boeing
interface for a more efficient purge.

f. Provide a means for venting the hydrogen transport trailers after a tank
fill operation.

g. Install pneuﬁatic console reliefs to prevent cabinet rupture during
launch.

h. Provide a stronger support bracket on the S-II drain line at the 100-foot
Tevel,
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i. Install a vacuum pumpdown valve on the LH2 storage tank boot.

j. Install a sample vent valve on the 4-inch storage area vent line
for safer LH2 sampling.

3.4.4 Cold Helium Loading

Pressurization of the four cold helium spheres in the S-IC LOX tank was
accomplished in two steps utilizing helium from the ground support equip-
ment (GSE) cold gas system. Prior to LOX Toading, the spheres were
pressurized to approximately 1034 N/Cmé (1500 psia) to prevent them from
collapsing as they cooled during the initial part of the LOX loading. Aft
98 percent of the LOX had been tanked, the sphere pressure was raised to
2082 N/Cm? (3020 psia) where it remained until Tiftoff.

The eight S-IVB cold helium spheres in the LH7 tank were also filled in t
steps. The final 1iftoff mass in the spheres was 151 kilograms (332 1bm)
at a pressure of 2006 N/CmZ (2910 psia).

3.4.5 Auxiliary Propulsion System Propeilant Loading

The Auxiliary Propulsion System (APS) functioned as expected during
propellant loading and ho delays resulted.

The APS loading history prior to launch follows:
a. Module 1

(1) Oxidizer System (Nitrogen Tetroxide, N204)
Volume loaded 67,219.74 centimeters3 (4102 in.3) at 300°K (81°F)
Volume off-loaded 6095.99 centimeterss (372 in.3) at 298°K (76°F)

Volume removed with bubble bleed during burp firing 458.84
centimeters3 (28 in.3) at 304°K (87°F)

Volume removed with bubble bleed during countdown 2458.06
centimeterss (150 in.3) at 304°K (87°F)

(2) Fuel System
Volume loaded 67,219.74 centimeters3 (4102 1n.3) at 302°K (84°F)
Volume off-Toaded 1442.06 centimetersS (88 in.3) at 298°K (77°F)

Volume removed during countdown 327.74 centimeters3 (20 1n.3)
at 304°K (87°F)

3-8



b. Module 2
(1) Oxidizer System (Mono Methyl Hydrazine, MMH)

Volume loaded 67,219.74 centimetersS (4102 1n.3) at 30C°K (81°F)
Volume off-loaded 6095.99 centimeters3 (372 in.3) at 299°K (79°F)

Volume remoyed with bubble bleed during burp firing 1147.09
centimeters3 (70 in.3) at 304°K (87°F)

Volume remoyed with bubble bleed during countdown 327.74
centimeters3 (20 in.3) at 304°K (87°F)

(2) Fuel System

Volume loaded 67,219.74 centimeters3 (4102 in.3) at 302°K (84°F)
Volume off-Toaded 1442.06 centimeters3 (88 in.3) at 302°K (84°F)

Volume remoyed with bubble bleed during countdown 409.68
centimeters3 (25 in.3) at 304°K (87°F)

3.4.6 S-IC Stage Propellant Load

Initial propellant loads obtained from the KSC weight and balance log were
checked against the continuous level sensor data. The LOX load agreed very
well, but the fuel load was approximately 1115 kilograms (2459 Tbm) less.

The reconstruction, utilizing an RPM match, was able to follow the continuous
level sensor data for both LOX and fuel with an accuracy of +1.27 centimeters
(£0.5 in.). It also matched the residuals calculated from lavel sensor and
line pressure data, indicating that the propellant loads calculated from

the Tevel sensor data are accurate. The reconstructed fuel load was 0.18
percent Tow, which is well within the predicted 3 sigma limits of #0.5

percent. Total propellants onboard at ignition command are shown in
Table 3-3.

3.4.7 S-II Stage Propellant Load

The S-IT LOX tank was entirely filled through the 6-inch replenish line at
a slow rate of 0.0574 m3/sec (900 gpm) maximum. The facility Propellant
Tanking Coptrq] System (PTCS) functioned satisfactorily during S-II Tloading
and reLﬂeM_shmg. The LOX capacitance probe fine mass indication was
slightly high (87.87 vs 87.72 percent planned). The best estimates of pro-
pellants loaded are 69,416 kilograms (153,036 1bm) LH» and 358,416 kilograms
(790,171 1bm) LOX based on flowmeter integration from the 3 percent point
sensor indicated mass and the ? percent LOX point sensor indicated mass.
This compares to predicted values of 69,569 kilograms (153,375 Tbm) LH, and

259,037 kilograms (791,542 1bm) LOX. Table 3-4 presents the S-II stage
propellant load at S-IC ignition command.
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3.4.8 S-1VB Stage Propellant Load

The best estimate S-IVB propellant mass values at S-IC ignition command
were 88,141 kilograms (194,318 1bm) LOX and 18,656 kilograms (41,130 Tbm)
LHo as compared to desired mass values of 87,667 kilograms (193,273 1bm)
LOX and 18,698 kilograms (41,222 1bm) LH2. These values were well within
required loading accuracies. Table 3-5 presents the S-IVB stage propellant
load at S-IC ignition command.

3.5 S-II INSULATION PURGE AND LEAK DETECTION

Performance of the S-II insulation to control the LHp boiloff rate was

well within specification requirements. Heat transmitted théough the
insulation to the 1iquid hydrogen is calculated as 1.85 x 10° watts

(180,000 Btu), which is 16 percent below the maximum allowable specificatior
requirement of 2.27 x 108 watts (215,000 Btu). External insulation surface
temperatures were Tower than predicted.

Hazardous gas concentrations were low in all circuits during the prelaunch
hold. No concentration of GHp or G02 was detected in any circuit greater
than 100 ppm. GNp concentrations in the common bulkhead reached 700 ppm
during LH» fill. However, this is consistent with previous data from
Mississippi Test Facility (MTF) operations (see Table 3-6). Gas concentra-
tions are launch constraints only when GO2 is in excess of 450 ppm in the
common bulkhead prior to LHp loading, or when GHp reaches 10,000 ppm in

the common bulkhead or 100,000 ppm in the feedline circuit after initiation
of LHp fill.

During the countdown the following anomalies were noted in this system:

a. During operational television (OTV) scan of S-II insulation at
the start of LHp fill, using OTV cameras 34 and 35 at ground
level (420 feet from the Mobile Launcher) and cameras 9 and 16
on the Mobile Launcher (160 foot level), helium vapor was
detected near feedlines 1, 4, and 5. It appeared to be venting
from Under the fairings covering these LHp feedlines. The source
of the vapor could not be determined since it was not shown that
the leak came from the insulation; and since any defect in the
insulation would have been protected by fairings from wind stream
in flight, no action was taken.

b. OTV scan 45 minutes prior to launch detected two blisters in the
close-out seal at approximately stringer 120, Station 565. They
were less than 2 inches diameter as shown by honeycomb cell out-
line. No vapor was observed coming from the area which indicated
no external leakage or surface defect. Insulation integrity was
judged acceptable due to excellent OTV inspection detail and the
absence of any change in sidewall insulation pressure.
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c. The 30-minute pressure test of the common bulkhead forward
facing sheet after LH2 fill was deleted. This decision was
based on the effect back pressure from the facility venting
system would have on other stages at the time of S-II
depressurization and the time required (in excess of 1 hour)
to re-establish thermal stability. Past experience at MTF
has revealed no leakage, the pressure test of the aft facing
sheet after S-II LOX Toading indicated no GO2 leakage, and a
measurement of GHp leakage is obtained during the hold period
just prior to launch.

d. Feedline outlet pressure fell to O.34N/Cm2 (0.5 psig) during LHo
fill and flowmeter indication was Tlost during cryogenic fill.
These facts indicate closure of the back pressure regulator which
would invalidate gas concentrations data for this circuit.

3.6 GROUND SUPPORT EQUIPMENT

Ground systems performance was exceptionally good. Swing arms, holddown
arms, tail service masts, propellant tanking systems and all other ground
equipment functioned well together to support the AS-501 Taunch. Minor
anomalies that occurred did not present any serious problems. A dropout
of ground camera power and timing signals experienced just prior to
1iftoff was the most significant deviation from expected performance.
This resulted in cameras not starting, short runs, jamming, and a lack

of timing signals.

Launch damage was, in general, less than expected. However, there were
specific items that received extensive damage. Refurbishment is not
expected to have any impact on future Taunch schedules. The following
conditions of major damage were observed:

a. Fires in the swing arm hinge areas on arms 1, 2, 3, and 4 exposed
hinges, hinge bearings, retract cylinders, flex hoses and tubing,
in these areas, to high temperatures.

b. A1l tail service mast hoods were carried away by exhaust blast
allowing the aft umbilical carriers and service lines to be
damaged by engine blast and fire.

c. Holddown arm hoods were slightly warped and electrical line and
pneumatic distributors inside damaged by flame.

d. The LUT level platform was completely destroyed and the engine
service platform and transporter damaged extensively. The
transporter winches were also damaged significantly.

e. Storage racks and stored equipment on the LUT 60, 100, and 120
foot levels were badly damaged.

f. Six OTV cameras were destroyed and four were damaged but can be
repaired.
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SECTION 4
TRAJECTORY ANALYSIS

4.1 SUMMARY

The actual trajectory of AS-501 was close to nominal. The vehicle was
launched on an azimuth of 90 degrees east of north. At 11.06 seconds, the
vehicle started a maneuver to a flight azimuth of 72 degrees east of north.
The space-fixed velocity at S-IC OECO was 19.80 m/s (64.90 ft/s) lower than
nominal. At S-II cutoff it was 38.61 m/s (126.67 ft/s) lower than nominal
and 1.24 m/s (4.07 ft/s) lower than nominal at S-IVB first burn cutoff. At
S-IVB first burn cutoff the altitude was 1.17 kilometers (0.63 n mi) higher
than nominal and the surface range was 44.17 kilometers (23.85 n mi) greater
than nominal. The cross range velocity deviated 1.52 m/s (4.99 ft/s) to the
right of nominal at S-IVB first burn cutoff.

At waiting orbit injection the actual values of the targeting parameters were
very close to nominal. The eccentricity was 0.0028 less than nominal, the
inclination was 0.011 degrees less than nominal, the node was 0.004 degrees
greater than nominal and C3 was 187,069 m2/s2 (2,020,050 ft2/s2) less than
nominal. At waiting orbit injection the total space-fixed velocity was

11.4 m/s (37.4 ft/s) greater than nominal and the altitude was 24.25 kilometers
(13.09 n mi) less than nominal.

The loss of telemetry signal of the S-IC stage occurred at approximately 410.0
seconds. This is close to time when the S-IC stage lost its structural integ-
rity. At this time the actual surface range and altitude as determined from

a theortical free-flight simulation were within 1.1 kilometers (0.59 n mi)

and 0.8 kilometer (0.4 n mi), respectively, of nominal. The free-flight
trajectory indicates the S-II stage impacted 197.76 kilometers (106.78 n mi)
short of the nominal impact point. The S-IVB free-flight trajectory indicates
the impact occurred close to the nominal, but almost 11 minutes earlier than
nominal.

A summary of all AS-501 orbital C-band tracking performed by various stations
is presented in Table 4-1.

4.2 ASCENT TRAJECTORY
4.2.1 Tracking Data Utilization

Tracking data was obtained during the period from 0.03 seconds through
parking orbit insertion. This data, excluding radars, showed less than
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0.05 kilometers (0.03 n mi) deviation in position components measured by the
various systems in the period up to 26bb seconds. After 266 seconds, GLOTRAC
Segment I was the only precision tracking system that furnished data.

The postflight trajectory was established from a least squares curve fit of
the fixed camera data tied to a best estimate trajectory. The telemetered

guidance values were used as a model for obtaining the proper velocity and

acceleration profiles through the transient areas. These data points were

adjusted in magnitude to match the best estimate trajectory.

The best estimate trajectory, as determined by the GATE program, utilized
the telemetered guidance velocities as the generating parameters to fit date
from GLOTRAC Station I, and six different C-Band radar tracking stations.
These data points were fit through a nine term guidance error model and
constrained to the insertion vector obtained from the orbital solution.
Comparison of the best estimate trajectory with data from all the tracking
systems yielded reasonable agreement.

GLOTRAC Segment I provided the only precision tracking data after 266 seconc
The GLOTRAC Segment I data and the best estimate trajectory agree to within
0.04 kilometers (0.02 n mi) in X (downrange), 0.13 kilometers (0,070 n mi)
in Z (cross range) and 0.72 kilometers (0.39 n mi) in Y (vertical). The
vertical component experienced a discontinuity at handovers. Before handove
the vertical component difference was about 0.25 kilometers (0.14 nmi); th
indicates that the vertical component in the trajectory was less accurate
than the other components. The GLOTRAC Segment I data were not used in the
final trajectory due to late arrival and a tape format problem.

Table 4-1. Summary of AS-501 Orbital C-Band Tracking Stations

STATION REVOLUTION 1 REVOLUTION 2 REVOLUTION 3

Bermuda (FPS-16) X X
Bermuda (FPQ-6) X
Carnarvon X
Hawaii

White Sands
California
Grand Bahama
Merritt Island
Antigua

Canary Island
Tananarive X

Woomera ' X

Ascension X

> <
> > > >} >

><
>3 XK X

X - Station performing tracking
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Table 4-2. Comparisons of Cutoff Events
PARAMETER ACTUAL NOMINAL ACT-NOM ACTUAL NOMINAL ACT-NOM
S-I1C IECO S-1C Q0ECO
Range Time sec 135.5 135.5 0.0 150.8 151.9 -1
Altitude km 49.64 48.46 1.18 63.70 63.61 0.09
{(n mi) (26.80) (26.17) (0.63) (34.40) (34.35) (0.05)
Surface Range km 54.29 53.75 0.54 82.63 85.01 -2.38
(n mi) (29.31) (29.02) (0.29) (44.62) (45.90) (-1.28)
Space-Fixed Velocity m/s 2207.20 2179.62 27.58 2691.81 2711.61 -19.80
(ft/s) (7241.47) (7150,98) (90.49) (8831.49) (8896.36) (-64.87)
Flight Path Angle deg 23.275 22.955 0.320 20.955 20,330 0.625
Heading Angle deg 75,952 76.376 -0.424 75.293 75.624 -0.331
Cross Range km 0.45 0.76 -0.31 0.56 1.12 -0.56
(n mi) (0.24) (0.41) (-0.17) (0.30) (0.60) (-0.30)
Cross Range Velocity m/s 7.82 21.34 -13,%2 5.45 21.16 -15.71
(ft/s) (25.66) (70.01)  (-44.35) (17.89) (69.42)  (-51.53)
S-11 ECO S-IVB ECO
Range Time sec 519.8 516.3 3.5 665.6 656.0 9.6
Altitude km 192,34 189.74 2.60 192.61 191.44 1.17
(n mi) (103.86) (102.45) (1.47) (104.00) (103.37)  (0.63)
Surface Range km 1477 .64 1471.79 5.85 2448.25 2404.08 44 .17
(n mi) (797.86) (794.70) (3.16) (1321.95) (1298.10) (23.85)
Space-Fixed Velocity m/s 6813.99 6852.60 -38.,61 7789.76 7791.00 -1.24
(ft/s) (22,355.61) (22,482.28) (-126.67) (25,556.96) (25,561.02) (-4.06)
Flight Path Angle deg 0.642 0.523 0.119 0.015 -0.001 0.016
Heading Angle deg 81.485 81.429 0.056 87.210 86.96¢ 0.241
Cross Range knm 21.62 22.99 -1.37 51.25 51.03 0.22
{(n mi) (11.67) (12.41) (-0.74) (27.67) (27.55)  (0.12)
Cross Range Velocity m/s 155.84 152.91 2.93 256.69 255.17 1.52
(ft/s) (5611.29) (501.67) (9.62) (842.16) (837.17)  (4.99)
S-1VB (2) ECO
Range Time sec 11,786.3 11,799.4 -13.1
Altitude km 538.44 562,32 -23.88
(n mi) (290.73) (303.63) (-12.90)
Space-Fixed Velocity m/s 9412.73 9399.93 12.80
(ft/s) (30,881.65) (30,839.67)  (41.98)
Flight Path Angle deg 14.766 15.026 -0.260
Heading Angle deg 102.379 102,641 -0.262
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Table 4-3.

Comparisons of Separation Events

S-IC/S-11 SEPARATION

PARAMETER ACTUAL NOMINAL ACT-NOM

Range Time sec 151.4 152.7 -1.3
Altitude km 64.35 64,34 0.01
(n mi) (34.75) (34.74) (0.01)

Surface Range km 84.01 86.65 -2.64
(n mi) (45.36) (46.79) (-1.43)

Space-Fixed Velocity m/s 2700.71 2721.20 -20.49
(ft/s) (8860.60) (8927.82) (-67.22)
Flight Path Angle deg 20.855 20.214 0.641
Heading Angle deg 75.287 75.619 -0.332
Cross Range km 0.56 1.14 -0.58
(n mi) (0.30) (0.62) (-0.32)

Cross Range Velocity m/s 5.46 21.24 -15.78
(ft/s) (17.91) (69.69) (-51.78)

S-11/S-1VB SEPARATION

PARAMETER ACTUAL NOMINAL ACT-NOM

Range Time sec 520.5 517.2 3.3
Altitude km 192.40 189.89 2.51
(n mi) (103.89) (102.53) (1.36)

Surface Range km 1481.87 1477.27 4.60
(n mi) (800.15) (797.66) (2.49)

Space-Fixed Velocity m/s 6816.54 6857.48 -40.94
(ft/s) (22,363.98) (22,498.29) (-134.31)
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Table 4-3. Comparisons of Separation Events (Cont)

S-T11/S-TVB SEPARATION (CONT)

PARAMETER ACTUAL NOMINAL ACT-NOM
Flight Path Angle deg 0.632 0.514 0.118
Heading Angle deg 81.510 81.461 0.049
Cross Range km 21.72 23.13 -1.41
(n mi) (11.73) (12.49) (-0.76)
Cross Range Velocity m/s 156.26 153.46 2.80
(ft/s) (512.66) (503.48) (9.18)

S-IVB/CSM SEPARATION

PARAMETER ACTUAL NOMINAL ACT-NOM

Range Time sec 12,388.2 12,399.6 -11.4
Altitude km 2423.30 2457.37 -34.,07
(n mi) (1308.48) (1326.87) (-18.39)
Space-Fixed Velocity m/s 7995.02 7984.96 10.06
(ft/s) (26,230.38) (26,197.38) (33.00)
Flight Path Angle deg 26.542 26,715 -0.173
Heading Angle deg 116.450 116.496 -0.046

4.2.2 Trajectory Evaluation

Actual and nominal altitude, surface range, and cross range for the first
powered phase are presented in Figure 4-1. The actual and nominal total
earth-fixed velocities and the elevation angles of the velocity vectors are
shown in Figure 4-2. Actual and nominal space-fixed velocity and flight path
angle during ascent are shown in Figure 4-3. Comparisons of the actual and
nominal cutoff events are shown in Table 4-2. Comparisons of the actual and
nominal separation events are shown in Table 4-3. The nominal trajectory is
presented in "Saturn V AS-501 Launch Vehicle Operational Flight Trajectory-
Final," Boeing document D5-15551(F)-1. )

Through the major portion of the first powered phase the altitude was greater
than nominal and the surface range was slightly less than nominal. The total
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inertial acceleration shown in Figure 4-4 was greater than nominal for the
S-IC phase and less than nominal for the S-II and S-IVB first burn phases.

The combined burn time of the S-IC, S-II, and S-IVB first burn was 9.6 sec-
onds Tonger than nominal. The S-IC burned 1.1 seconds less than nominal,

the S-IT burned 4.6 seconds longer than nominal and the S-IVB first burn was
6.1 seconds longer than nominal. The total space-fixed velocity at the S-IVB
first burn cutoff was 1.24 m/s (4.07 ft/s) lower than nominal. The longer
burn time explains the 44,17 kilometers (23.85 n mi) greater surface range

at the S-IVB first burn cutoff. The altitude at S-IVB first burn cutoff was
1.17 kilometers (0.63 n mi) greater than nominal. The accuracy of the
trajectory at S-IVB first burn cutoff is estimated to be + 1.0 m/s (3.3 ft/s)
velocity and + 0.7 kilometers (0.4 n mi) altitude. N

The guidance sensed velocity increase, due to engine cutoff impulse, during
the time period from guidance signal for S-IC QECO to first plane separation
is shown in Table 4-4. A similar velocity increase during the period from
S-T11 ECO signal to S-II/S-IVB separation signal is also shown. Also shown

is the guidance sensed velocity increase due to complete engine cutoff impulse
after S-IVB first burn ECO signal. The S-IVB first burn ECO signal was given
by the guidance computer at 665.6 seconds.

Mach number and dynamic pressure are shown in Figure 4-5, These parameters
were calculated using measured meteorological data to an altitude of 52.5
kilometers (28.3 n mi). Above this altitude the measured data were merged
into the U.S. Standard Reference Atmosphere.

Table 4-4., Velocity Gains Sensed by Guidance System after ECO Signal

ACTUAL NOMINAL
m/s m/s
(ft/s) (ft/s)
S-I1C OECO 9.1 11.0
(29.9) (36.1)
S-II ECO 4.7 4,2
(15.4) (13.8)
First S-IVB ECO 1.7 2.1
(5.6) (6.9)
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Table 4-5. Comparison of Significant Trajectory Events

EVENT PARAMETER ACTUAL NOMINAL ACT-NOM
First Motion Range Time sec -0.48 -0.48 0.00
Total Inertial Acceleration m/s2 10,02 12.21 ~2.19
(ft/s2) (32.87) (40,06) (-7.19)
Mach 1 Range Time sec 61.4 62.0 -0.6
Altitude km 7.35 7.53 -0.18
{(n mi) (3.97) (4.07) -0.10
Maximum Dyanmic Pressure Range Time sec 78.4 78.4 0.0
Dynamic Pressure N/cm2 3.437 3.424 0.013
(psia) (4.98) (4.97) (0.01)
Altitude km 13.26 13.21 0.05
(n mi) (7.16) (7.13) (0.03)
Maximum Total Inertial Range Time sec 135.6 135.1 0.5
Acceleration (S-1C Stage) Acceleration m/s2 a.27 40.26 1.01
(ft/s2) (135.40) (132.09) (3.31)
Maximum Total Inertial Range Time sec 520.0 516.4 3.6
Acceleration (S-II Stage) Acceleration m/szl 19.48 20.35 -0.87
(ft/s2) (63.91) (66.77) (-2.86)
Maximum Total Inertial Range Time sec 665.7 656.1 9.6
Acceleration (S-1VB) Acceleration m/s2 8.25 7.93 0.32
(ft/s2) (27.07) (26.02) (1.05)
Apex (S-1C Stage) Range Time sec 263.2 263.5 -0.3
Surface Range km 314.84 319.23 -4.39
{n mi) (170.00) (172.37) (-2.37)
Altitude km 117.67 115.66 2.01
(n mi) (63.54) (62.45) (1.09)
Apex (S-1I Stage) Range Time sec 556.0 547.5 8.5
Surface Range km 1701.90 1668.19 33.7
{n mi) (918.95) (900.75) (18.20)
Altitide km 193.70 190.78 2.92
(n mi}) (104.59) (103.01) (1.58)
Apex (S-IVB Stage) Range Time sec 20,202.5 20,543.0 -340.5
Altitude km 16,745.90 17,410.00 -664.10
{n mi) {9042.06) (9400.65) (-358.59)
Loss of Telemetry Range Time sec 410.0 410.0 1 0.0
(s-1C Stage) Altitude km 28.01 27.25 0.76
(n mi) (15.12) (14.71) (0.41)
Surface Range km 604.78 605.89 -1
(n mi) (326.56) (327.]5) {-0.59)
Elevation Angle From Pad deg -0.018 -0.032 0.014
Maximum Earth-Fixed Range Time sec 151.7 152.9 -1.2
Velocity (S-IC Stage) Velocity m/s 2345.32 2363.04 -17.72
(ft/s) (7694.62) (7752.76) (-58.14)
Maximum Earth-fixed Range Time sec 520.8 517.5 3.3
Velocity (S-11 Stage) Velocity m/s 6419.21 6459.35 -40.14
t/s) (21,060.40)  (21,192.09)  (-131.69)
Maximum Earth-Fixed Range Time sec 11,786.8 11,799.9 -13.
velocity (S-1VB Stage) Velocity m/s 8997.63 8985.09 12.54
(ft/s) (29,519.78) (29,478.64) (41.14)
S-1VB Engine Restart Range Time sec 11,486.6 11,484.5 2.1
Command Altitude km 203.62 204.73 1.1
(n mi) (109.95) {110.55) (-0.60)
Space Fixed Velocity m/s 7786.65 7787.89 -1.24
(ft/s) (25,546.75) (25,550.82) (-4.07)
Space-Fixed Flight Path Angle deg -0.001 -0.009 0.008
Space-Fixed Heading Angle deg 97.537 97.346 0.191
Farth-Fixed Velocity n/s 7382.75 7383.87 -1.12
(ft/s) (24,221.62) (24,225.30) (-3.63)
Geodetic Latitude deg 31.9509 31.9795 -0.u286
-82.3260 -82.7026 0.3766

Longitude deg




Table 4-6.

Stage Impact Location

PARAMETER ACTUAL NOMINAL ACT-NOM
S-IC STAGE IMPACT
Range Time sec 571.0 537.5 33.5
Surface Range km 630.59 638,71 -8.12
(n mi) (340.49) (344,88) (-4.39)
Cross Range km 6.88 11.51 -4.63
(n mi) (3.71) (6.21) (-2.50)
Geodetic Latitude deg 30.163 30.141 0.022
Longitude deg -74.354 -/74.261 -0.093
S-II STAGE IMPACT
Range Time sec 1126.7 1153.2 -26.5
Surface Range km 3915.74 4113.50 ~-197.76
(n mi) (2114.33) (2221.11) (-106.78)
Cross Range km 114.35 124,32 -9.97
(n mi) (61.74) (67.13) (-5.39)
Geodetic Latitude deg 32.203 31.983 0.220
Longitude deg -39.825 -37.746 -2.079
S-IVB STAGE IMPACT
Range Time sec 28,987.2 29,645,3 -658.1
Geodetic Latitude deg 23.435 24.212 -0.777
Longitude deg 161,207 161,297 -0.090

Comparisons of actual and nominal parameters at significant trajectory event

times are given in Table 4-5

The theoretical free-flight trajectory data for the discarded S-IC and S-II
stages were based on initial conditions obtained from the final postflight




trajectory at separation. Some radar prints from an aircraft in the recover
area represented the only data available on the discarded S-1C stage. These
radar prints can be correlated with a theoretical free-flight trajectory.
They agree best with a free-flight which assumes a 90 degree angle-of-attack
Therefore, this case is used as the S-IC stage trajectory. Visual observa-
tion and the radar prints prove that the S-IC stage lost its structural in-
tegrity before impact.

There was no tracking coverage of the discarded S-II stage. A tumbling drag
coefficient was assumed in the free-flight trajectory of the S-II stage. Th
impact times and locations of the S-IC stage pieces and the S-II stage are
presented in Table 4-6.

4.3 PARKING ORBIT TRAJECTORY
4.3.1 Tracking Data Utilization

Table 4-7 presents a summary of the stations furnishing data for use in
determining the parking orbit trajectory.

The orbital trajectory was obtained by taking the insertion conditions and
integrating them forward at the desired time intervals, The insertion condi
tions were obtained by a differential correction procedure which adjusted th
estimated insertion conditions to fit the tracking data in accordance with
the weights assigned to the data.

Table 4-7. Parking Orbit Radar Stations

STATION REVOLUTION 1 REVOLUTION 2

Bermuda (FPS-16) X
Carnarvon (FPQ-6) X
White Sands (FPS-16) X
Bermuda (FPQ-6)

Carnarvon (FPQ-6)

Hawaii (FPS-16)

White Sands (FPS-16)

Merritt Island (TPQ-18)

Grand Bahama Island (TPQ-18)

*

> > X > <

* Just prior to S-IVB second burn

The Bermuda (FPS 16), Merritt Island and Grand Bahama Island radars provided
comparatively few data points. The Bermuda data points were necessary to
determine the insertion point accurately. The Merritt Island and Grand Ba-
hama Island radars, which were tracking immediately prior to the S-IVB



second burn were used to determine initiai conditions for the S-IVB second burn.
‘Therefore, to insure reasonable agreement between the orbital and powered phasgs
these data points were weighted more heavily than the data from the other stations

4.3.2 Trajectory Evaluation

The acceleration during parking orbit due to venting is presented in Figure
4-6. Shown in this figure are the predicted venting accelerations used in the
operational trajectory, the venting acceleration implemented in the guidance
computer, and the actual venting acceleration obtained from the telemetered
guidance data. The actual venting acceleration was obtained by differentiating
the compressed guidance velocity data, removing accelerometer biases and the
effect of drag.

Scatter in insertion parameter values was obtained depending upon the combina-
tion of data used and the weights applied to the data. The solutions that
were considered reasonable had a spread of about + 0.5 kilometers (0.3 n mi)
in position components and + 1.0 m/s (3.3 ft/s) in velocity components. The
actual and nominal parking orbit insertion parameters are presented in

Table 4-8,

Table 4-8. Parking Orbit Insertion Conditions

PARAMETER ACTUAL NOMINAL ACT-NOM
Range Time sec 675.6 666.0 9.6
Space Fixed Velocity m/s 7791.8 7793.8 -2.0
(ft/s) (25,563.7) (25,570.2) (-6.5)
Flight Path Angle deg 0.0714 0.001 0.013
Inclination deg 32,573 32.561 0.012
Eccentricity 0.0003 0.0002 0.0001
Apogee km 187.23 187.85 -0.62
(n mi) (101.10) (101.43) (-0.33)
Perigee km 183.60 185,26 -1.66
(n mi) (99.14) (100.03) (-0.89)
Altitude km 192.53 191.45 1.08
(n mi) (103.96) (103.37) (0.59)
Period min 88.20 88.22 -0.02




S1801 G196 SLy8 §leL 5109 Si8Y §19¢ Slve glel 338

SLLLLN, §1:00:€  SLiOp:2  61:02:z  Gl:00:z  GLiOp:l  GLi0Z:L  §100:L _ SL:Op:0  §1:02:0 03SINIW:YH
| (035 00 + SL)WILSAS 3ONVOIND NI |

73G0W "Q3Y¥d HNISN NI93G~y
1

2000°
-t o o pef e\ o wey - e e emm jems s e e e o o — —— — e o '-ll.l-ll e V-—
7% _ 9

.¥000°

Z.L\ : A4 Q
~a e N 9000

< ,/alle/ L / NOILYISNI 411

[
T
|
:
1
-

8000°
I N
(170 wo4j) @3L3103YUd //Ay N

! 0L00°
_ | 3\

J<— W3LSAS JONVOING OL LNdNI N eloo’

0/ / / 100"

9L00°

//#Aw/ f 8100°

) ] 0o

2200°

$200°

2S/W NOILVY3T3I0V

8¢00°

8200°

0€00°

¢€00°
e (21EP PO4IIBWS|3] WOUY

vnid

<~

$£00°

9e00”

4-16



Ground track of the vehicle during flight is shown in Figure 4-7. The first
and second revolution of the parking orbit are numbered,

4.4 INJECTION PHASE TRAJECTORY
4.4.1 Tracking Data Utilization

C-band radar data from four sites (Grand Bahama Island, Merritt Island,
Antigua and Bermuda) were used to determine the injection phase trajectory.
The Grand Bahama Island and Merritt Island data were available for a consid-
erable time before S-IVB restart and were used in both the parking orbit
trajectory and the injection phase trajectory to assure there would be no
discontinuities. The data from these four radars were used as inputs to the
GATE program. These data were consistent and showed excellent agreement with
the resulting best estimate trajectory.

GLOTRAC Segment I data for the injection phase were received approximately
one month after launch. This was too late for data to be used in the con-
struction of the trajectory, but this data agreed well with the trajectory
obtained from the radars. The maximum differences between the GLOTRAC Seg-
ment I data and the best estimate trajectory for the injection phase are
0.07 kilometers (0.04 n mi) in X (downrange), 0.1 kilometers (0.05 n mi) in
Y (vertical) and 0.11 kilometers (0.059 n mi) in Z (cross range).

4.4.2 Trajectory Evaluation

Comparisons between the actual and nominal total space-fixed velocity and
flight path angle are shown in Figure 4-8. The actual and nominal total
inertial acceleration comparisons are presented in Figure 4-9, The accel-
eration is greater than nominal for the early protion of the S-IVB second
burn due to the propellant mixture ratio being higher than expected. The
velocity reflects the acceleration difference and is also greater than nominal
for the S-IVB second burn.

The cutoff signal was given by the guidance computer at 11,786.3 seconds.

At this time the altitude was 23.88 kilometers (12.90 n mi) less than nominal
and the total space-fixed velocity was 12.80 m/s (41.98 ft/s) greater than
nominal. The S-IVB second burn was 15.2 seconds shorter than nominal. The
larger protion of this difference is attributed to the greater acceleration
during the early portion of flight. The increase in the total velocity due
to thrust decay was 1.7 m/s (5.6 ft/s) which is 0.8 m/s (2.6 ft/s) less than
nominal.

4.5 WAITING ORBIT TRAJECTORY
4.5.1 Tracking Data Utilization
The waiting orbit trajectory from injection to S-IVB/CSM separation was ob-

tained in the same manner as the injection phase. The Antigua and Bermuda
radars furnished data for this protion of flight. These data points were
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used as inputs to the GATE program.
restart to S-IVB/CSM separation,
GLOTRAC Segment 1 data were received for th
These data points were received too

orbit.

but agree very well with the trajectory obta

4.5.2 Trajectory Evaluation

A comparison between the actual and nominal waitin
is presented in Table 4-9,
at S-IVB/CSM separation is P
the Canary Island radar tracked the S-IVB stage.
not usable for determination of the S-IVB trajectory.
S-IVB stage was obtained by generating a theoretical fr
using the actual S-IVB/CSM separation conditions as the
parison of the actual and nominal im
shown in Table 4-6,

The trajectory, starting before S-I1VB
was obtained through a single solution.

e first 200 seconds of the waiting
late to be used in the trajectory
ined from the radar data.

g orbit injection conditions

A comparison of the actual and nominal conditions

resented in Table 4-3.

After S-IVB/CSM separation
However, these data were
The trajectory of the
ee-flight trajectory

starting point.
pact conditions for the S-IVB stage are

Com-

TabTe 4-9. Waiting Orbit Injection Conditions
PARAMETER ACTUAL NOMINAL ACT-NOM
Range Time sec 11,796.3 11,809.4 -13.1
Space-Fixed Velocity m/s 9394.9 9383.5 11.4
(30,823.2) (30,785.8) (37.4)
Flight Path Angle deg 15.030 15.288 -0.258
Inclination deg 30.302 30.313 -0.071
Node deg 135.435 135.431 0.004
C3 m2/s? -26,672,329 -26,484 ,660 -187,669
(ft2/s2) (-287,098,560) (-285,078,510) (-2,020,050)
Eccentricity 0.5789 0.5817 -0.0028
Apogee km 17,217.25 17,426.87 -209.62
(n mi) (9296.57) (9409.76) (-113.19)
Perigee km -84.69 -82.51 -2.18
(n mi) ~ (-45.73) (-44.55) (-1.18)
Altitude km 562.58 586.83 -24.25
(n mi) (303.77) (316.86) (-13.09)
Period min 303.02 306.25 -3.23
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SECTION 5
S-I1C PROPULSION

5.1 S-IC PROPULSION SUMMARY

A1l S-IC propulsion systems performed satisfactorily. Overall performance
was as expected, and in general all performance flight data fell close to
the nominal predictions. Stage thrust averaged 0.6 percent higher than
predicted as compared with the average specific impulse which was 0.19 per-
cent lower than predicted. Propellant consumption from Engine Start Com-
mand (ESC) to separation was 0.233 percent less than predicted.

The postflight performance simulation-trajectory match analysis confirmed
S-IC propulsion system performance. This simulation analysis showed that
the performance of thrust and specific impulse agreed with propulsion recon-
struction within -0.18 percent.

Outboard engine cutoff occurred 1.13 seconds earlier than predicted, which
was caused by the thrust, specific impulse, buildup and holddown consumption,
and residual deviations. However, this cutoff time deviation was well with-
in the predicted three sigma 1imit of + 2.98 seconds.

The usable residuals resulting from the earlier than expected Outboard
Engine Cutoff (OECO) were 3597 kilograms (7929 1bm) of LOX compared to the
usable zero predicted and 1916 kilograms (4224 1bm) of fuel compared to x
2419 kilograms (5333 1bm) predicted. The higher than expected LOX residual
was due to the short timer setting with respect to first gas ingestion into
the suction lines. If the flight of AS-502 indicates repeatability, then
the timer settings will be re-evaluated for AS-503 and subsequent flight.

The subsystem operationally met all performance requirements. Higher than
specification pressures were experienced in the fuel tank pressurization
system immediately downstream of the helium flow control valves between
launch commit and aft umbilical disconnect. This was expected, and was due
to commanding the number 1 helium control valve open at Taunch commit

while ground prepressurization gas continued to flow through the aft umbili-
cal until it was disconnected. This was an overlap of approximately one
second. Sequencing will be changed to command the number 1 valve open at
aft umbilical disconnect on AS-502 and subsequent vehicles.

The LOX pressurization system had a 1.17 N/cm2 (1.7 psi) overshoot. This
overshoot was caused by the closing response time of a ground support equip-
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ment (GSE) valve, and the high pressure helium in the GSE supply system
that "blows-down" into the tank after the GSE valve is closed. This opera-
tion was typical for AS-501 and was in no way detrimental to the launch
vehicle.

5.2 S-IC IGNITION TRANSIENT PERFORMANCE

The fuel pump inlet preignition pressure and temperature was 30.9 N/ cm?
(44.8 psia) and 277°K (39°F), respectively. These fuel pump inlet conditio
were within the F-1 engine model specification 1limits as shown in Figure 5-
The preignition temperature at the fuel pump inlet was considerably lower
than the fuel bulk temperature of 292.6°K (67°F). Similarly, the LOX pump
inlet preignition temperature and pressure was 55.4 N/cmé (80.3 psia) and
96.4°K (-286°F), respectively. The LOX pump inlet conditions were also
within the F-1 engine model specification limits as shown in Figure 5-1.
The fuel and LOX ullage pressures were 20.1 N/cm2 (29.2 psia) and 18.2 N/cm
(26.39 psia) respectively at ignition.

The engine startup sequence was nominal. A 1-2-2 start was planned and
attained. Engine position starting order was 5, 3-1, 4-2. Two engines are
considered to start together if their combustion chamber pressures reach

79 N/cm2 (100 psig) in a 100-millisecond time period. Figure 5-2 shows

the thrust build-up of each engine indicative of the successful 1-2-2 start
A combustion chamber pressure spike of approximately 82.7 N/cm2 (120 psi)
occurred at -2.93 seconds during the startup of engine position 2. This ty
pressure perturbation has been observed during engine production and develo
ment testing and is associated with thrust chamber fuel system priming char
acteristics. The pressure perturbation is not considered detrimental to
engine operation. The main oxidizer valve (MOV), main fuel valve (MFV) and
gas generator (GG) ball valve opening times during engine transient were
nominal and compared well with the predicted values based on stage acceptan
test data.

The propellants consumed during holddown were 42,012 kilograms (92,621 1bm)
by the level sensor data as compared to 42,077 kilograms (92,764 1bm) by
the reconstruction analysis. These consumptions are less than the predicte
consumption of 44,889 kilograms (98,964 1bm). The less than predicted hold
down consumption resulted in best estimate Tifteff propellant loads of
1,389,147 kilograms (3,062,544 1bm) for LOX and 605,148 kilograms (1,334,12
1bm) for fuel.

5.3 S-IC MAIN STAGE PERFORMANCE

S-IC stage propulsion performance was completely satisfactory. Analysis

of the performance was accomplished by applying the F-1 engine flight data
to the reconstruction program of the S-IC propulsion system. All stage
propulsion performance parameters fell within the predicted three sigma
limits. Stage thrust averaged over flight time was 0.60 percent higher tha
predicted. Stage specific impulse was 0.19 percent lower than predicted
with the difference being essentially constant throughout flight. A1l

of the above engine performance parameters compared well with the nominal
predictions as shown in Figure 5-3.
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Individual engine parameters also fell within predicted limits. The thrusts
of engine positions 1, 2, and 3 were slightly Tower than predicted tag values
when reduced to standard conditions. Engine positions 4 and 5 were higher
than predicted with engine position 5 exhibiting the greatest deviation

from the predicted. Engine standard sea level performance is summarized in
Table 5-1.

A trajectory simulation program was employed to adjust the propulsion recon-
struction analysis results using a differential correction procedure. This
simulation determined adjustments to the reconstructed thrust, mass flow,

and aerodynamic axial force coefficient to yield a simulated trajectory which
closely matched the observed mass point trajectory. The results obtained
using the differential correction procedure are that the sea level thrust

was reduced by -0.18 percent, and the propellant flowrate was unchanged.

Total impulse was slightly lower than predicted. The resulting aerodynamic
axial force coefficient is discussed in paragraph 20.2.
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Table 5-1. S-IC Engine Performance Deviations

PARAMETER ENGINE PREDICTED {RECONSTRUCTION{ DEVIATION
ANALYSIS PERCENT

1 6766 (1521) | 6735 (1514) -0.46

Thrust 2 6695 (1505) | 6690 (1504) -0.07

3 6788 (1526) | 6775 (1523) -0.19

103 N (103 Tbf) 4 6637 (1492) | 6690 (1504) +0.80
5 6655 (1496) | 6730 (1513) +1.13

Specific Impulse 1 2594 (264.5)| 2601 (265.2) +0.26
2 2598 (264.9)| 2593 (264.4) -0.19

N-s/kg (1bf-s/1bm)j 3 2592 (264.3)| 2583 (263.4) -0.34
4 2606 (265.7)| 2595 (264.6) -0.41

5 2603 (265.4)| 2592 (264.3) -0.41

1 2609 (5752) | 2589 (5708) -0.76

Total Flowrate 2 2578 (5683) | 2580 (5689) +0.11
3 2619 (5774) | 2622 (5781) +0.12

kg/s (Tbm/s) 4 2547 (5615) | 2578 (5683) +1.21
5 2557 (5637) | 2597 (5725) +1.56

1 2.26 2.25 -0.44

Mixture Ratio 2 2.28 2.29 +0.44
3 2.26 2.26 0.0

LOX/Fuel 4 2.26 2.27 +0.44
5 2.26 2.27 +0.44

Note: Analysis was reduced to standard sea level conditions at

Tiftoff plus 35 to 38 seconds.

Table 5-2 presents a summary, reduced to sea level conditions, of the aver-
age values and deviations of longitudinal thrust, propellant flowrate, and
vehicle longitudinal specific impulse. Also included in this table are
vehicle mass at first motion (-0.48 seconds). Values from the flight simu-
lation method are compared with postflight reconstruction and the predicted.

The S-1C stage received outboard engine cutoff signal 1.13 seconds earlier
than predicted. The total earth fixed velocity at OECO was 17.33 m/s Tower
than predicted. The flight simulation results were used in an attempt to
explain the time and velocity deviations. To explain the velocity deviation
an error analysis was made to determine the contributing parameters and the
magnitude of the velocity deviation caused by each of these parameters.
Table 5-3 lists the various error contributors and the cutoff velocity
deviations associated with each.
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Table 5-2. Comparison of S-IC Stage Flight Reconstruction Data
With Trajectory Simulation Results

PARAMETERS UNITS | PREDICTED RECONSTRUCTION FLIGHT DEVIATION DEVIATION
SIMULATION FROM FROM
PREDICTED |RECONSTRUCTION

Average sea level N 34,177,915.0 | 34,379,124.0 |[34,318,323.0 +0.41% - 0.18%
longitudinal thrust|(1bf) | 7,683,500.9 7,728,734.5 7,715,065.9
Vehicle mass at kg 2,777,734 2,784,090 2,784,090 + 0.26% 0.0%
first motion (1bom) | 6,123,855 6,137,868 6,137,868
Average propellant |kg/s 13,134.01 13,238.52 13,238.52 | + 0.80% 0.0%
flow rate (1bm/s) 28,955.54 29,185.94 29,185.94
Average sea level |N-s/kg 2602.2 2596.9 2596.9
specific impulse 5)?&;) 265.36 264.81 264.34 | - 0,39% - 0.18%

Since outboard engine cutoff signal was given by a LOX level switch, the only
quantities which affected the cutoff time are those which altered the level
of LOX in the tank. Table 5-3 also Tists the parameters which contributed

to the deviation between the predicted and actual cutoff time and the "ag"
contributions made by each. The "difference" noted in Table 5-3 is probably
due to accuracy of data used in the analysis.

5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE

Cutoff signal to the inboard engine was received from the IU at 135.52 seconds.
Cutoff signal to the outboard engines was initiated by LOX depletion and
occurred at 150.77 seconds. This was 1.13 seconds earlier than the predicted
time of 151.90 seconds. Time base three in the LVDC, which was initiated by
the engine cutoff signal, was started at 150.77 seconds. The early OECO was
caused by thrust, specific impulse, and residual deviations.

Thrust decay of the F-1 engines is shown in Figure 5-4. The decay transient
was nominal. The oscillations which occur near the end of "tailoff" are
Characteristic ot the engine shutdown sequence.

The total outboard engine cutoff impulse from the engine cutoff signal to
separation signal was indicated by engine analysis to be 11,660,568 N-s
(2,621,400 1bg-s) compared to the predicted impulse of 10,108,584 N-s
(2,272,500 1bg-s). Telemetered propulsion data indicated the cutoff impulse
was greater tﬁan expected, however the guidance velocity integrator data
showed the change in velocity was less than that predicted. The velocity
increase was 9.1 m/s (29.9 ft/s) compared to the predicted of 11.0 m/s (36.1
ft/s). With the accuracy of determination of the above parameters and

the actual occurrence of QECO with respect to range time, the above cutoff
impulse and equivalent velocity increase were within the expected values.
The propellant consumption for LOX and fuel during cutoff was 2.4 percent
and 4.17 percent greater respectively than the predicted.
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Table 5.3 Velocity and Time Deviation Analysis at OECO

(Simulation Versus Predicted)

VELOCITY DEVIATION

CONTRIBUTING ERROR FACTORS

DEV. (ACT-PRED)

AV (m/sec)
Liftoff Weight Increase (0.23%) -15.80
Total Thrust Increase (0.41%) +15.63
Total Propellant Flowrate Increase (0.8(%) +25.14
Axial Force Coefficient Difference +1.23
Meteorological Data Difference - 3.02
Late IECO (0.45 sec) + 3.38
Early OECO (-1.13 sec) -40.62
Effect of Extrusion Rods -3.24
Total Contribution -17.30
Observed -17.33
Difference (Observed - Total Contribution) - 0.03

TIME DEVIATION

CONTRIBUTING ERROR FACTORS

DEV. (ACT-PRED)

At (sec)
Initial LOX Load Increase (0.14%) + 0.48
LOX Flowrate Increase (0.80%) - 1.20
Late CECO (0.45 sec) - 0.1
Short Timer Setting (0.35 sec) - 0.35
Total Contribution -1.18
Observed - 1.13
Difference + 0.05

5.5 S-IC STAGE PROPELLANT MANAGEMENT

The LOX propellant loaded was in close agreement with the predicted, but the
fuel loaded was approximately 1436 kilograms (3167 1bm) less than predicted.
This fuel load was 0.10 percent low, which is well within the predicted thre

sigma limits of + 0.5 percent.

The S-1C does not have a closed loop propellant utilization system.

residuals are obtained by attempting to load the mixture ratio of prop-

ellants which is expected to be consumed by the engines, plus the predicted
unusable residuals, plus a small additional amount of usable fuel (fuel bias

5-8
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This fuel bias Towers the probability of Targe usable LOX residuals. The
usable residual deviations are a measure of the performance of the propellant
utilization system. Table 5-4 shows propellant consumption throughout the
flight and Table 5-5 shows the residuals after the burn portion of flight.
The deviations of the usable residuals on this flight were caused by loading
and engine consumption deviations along with the timer setting in the LOX
level cutoff system. This timer setting was 1.2 seconds which was the con-
servatively predicted time between level sensor gas detection and the time
when the LOX level reached the desired cutoff level in the suction ducts.

It appeared that bubble ingestion due to fluid level dropout occurred earlier
than predicted. This phenomenon will be evaluated again on AS-502 to determine
repeatability and if it is repeatable the $-IC-3 timer settings will be re-
‘evaluated.

5.6 S-IC PRESSURIZATION SYSTEM
5.6.1 S5-IC Fuel Pressurization System

The helium pressurization system satisfactorily maintained the required
ullage pressure in the fuel tank during flight. The helium flow contro]
valves opened as programed and the fifth flow control valve was not required.
The heat exchangers performed as expected.

The Tow flow prepressurization system was commanded on at -97.658 seconds
and performed satisfactorily. However, the ullage pressure increased
approximately 0.5 N/cm2 (0.7 psi) above the maximum switch actuation pres-
sure of 19.99 N/cm2 (29.0 psia) at approximately -63 seconds as shown in
Figure 5-5. The Tow flow was not required again during countdown.

Table 5-4. S-IC Propellant Consumption*

LEVEL SENSOR

EVENT PREDICTED DATA RECONSTRUCTED BEST ESTIMATE

LOX FUEL LOX FUEL LOX FUEL Lox - FUEL
Master kg 1,421,113 616,309 [1,421,144 614,279 1,421,434 614,873 11,421,434 614,873
Ignition (1bm) § 3,133,018 {1,358,729 3,133,087 (1,354,254 (3,133,726 1,355,562 3,133,726 1,355,562
Liftoff kg f,385,429 607,104 11,388,857 604,554 1,388,704 605,526 (1,389,147 605,148

-0.148 sec. (1bm) } 3,054,348 |1,338,435 13,061,906 1,332,814 3,061,568 (1,334,956 |3,062,545 1,334,122

TECO kg 141,010 | 69,033 | 131,910 | 62,178 [ 132,074 | 63,167 | 132,517 | 62,789
(Tom) | 310,874 | 152,192 | 290,811 | 137,079 | 291,174 | 139,260 | 292.151 | 138 426

0ECO kg 15,271 14,854 18,271 17,761 13,987 | 18,200 14,281
(1bm) 33,667 | 32,747 40,280 39,157 | 30,836 [ 40,124 | 31.485

. kg 13,058 | 13,778 15,494 12,866 15,933 13,161
Separation (47 28,788 |  30.375 34,159 28,365 35,126 29,014

*Values do not include pressurization gas (GOX) so they
will compare with level sensor data.
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Table 5-5. S-IC Residuals at Qutboard Engine Cutoff Signal
PROPELLANTS PREDICTED ACTUAL DEVIATION
LOX RESIDUALS
*Usable Mainstage 0 kg 3,597 kg +3,597 kg
(0 1bm) ( 7,929 1bm) (+7,929 1bm)
Thrust Decay And
Unusable 17,491 kg 17,856 kg + 365 kg
(38,561 1bm) (39,365 1bm) ' (+ 804 1bm)
FUEL RESIDUALS
UsabTe Mainstage **2.,479 kg 1,916 kg -503 kg
( 5,333 1bm) ( 4,224 1bm) (-1,1C9 1bm)
Thrust Decay And
Unusable 12,390 kg 12,365 kg -25 kg
(27,315 1bm) (27,261 1bm) (-54 1bm)
*Includes GOX pressurization gas.
**Fyel bias.

The fuel high flow prepressurization valve of the ground support equipment
was commanded on at -4.192 seconds and maintained the ullage pressure with-
in the band. At launch commit the number 1 helium flow control valve (HFC!
of the onboard pressurization system was commanded on and increased the
ullage pressure to 20.33 N/cm2 (29.5 psia) at umbilical disconnect. The
combination of the ground pressurization system and the onboard pressuriza
system operating simultaneously resulted in a helium flowrate to the tank
of 2.85 kg/s (6.4 1bm/s)

The prepressurization Tow flow and the supplemental flow are controlled by
the Erepressurization switch with specification Timits of 18.96 to 19.99
N/cmé (27.5 to 29.0 psia). At termination of low flow prepressurization
(-63.514 seconds), the switch actuated at 20.20 N/cmé (29.4 psia) which is
0.21 N/cmé (0.3 psi) above the maximum specification 1imit. The pressure
switch failed to actuate, and the supplemental flow did not terminate befo
umbilical disconnect even though the pressure had increased to 20.34 N/cm?
(29.5 psia). In this case either the switch actuation pressure drifted
higher or the switch failed.

The onboard helium pressurization system performed satisfactorily and main
tained ullage pressure within the required limits. The number I helium
flow control valve (HFCV) was signaled to open at ltaunch commit. Since
flow was still provided from the prepressurization system, flowrates and
system duct pressures were higher than the specification limits.



The highest pressures in the ducting system downstream of the HFCV manifold
were seen at the inlet to the duct (Reference 60B49029 drawing). Figure 5-6
shows the pressure exceeded the duct specification design, proof pressures,
and the range of the transducer during the time period of flow overlap.

The peak pressure was calculated to be about 344.7 N/cm2 (500 psia) for the
2.85 kg/s (6.4 1bm/s) flow. The high flowrates and system pressures were
not detrimental to the stage ducting for AS-501 flight. During qualification
testing,the duct demonstrated that it could withstand an excess of 483 N/cm?
(700 psi) above the specification burst requirements. This operation was
expected and no action was taken prior to AS-501 launch because of quali-
fication test results. An Engineering Change Proposal (ECP) is being pro-
cessed to eliminate the flow overlap by opening the number 1 HFCV at um-
bilical disconnect.

During flight the HFCVs 2, 3, and 4 were commanded open at 49.723, 95.519
and 133.75 seconds, respectively, which held the ullage pressure within
the predicted band as shown in Figure 5-7. The number 5 HFCV was not
required to operate since ullage pressure was maintained ‘above the 5th
HFCV switch actuation pressure. Helium bottle pressure as shown in Figure
5-8 stayed within expected limits.
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Figure 5-4. S-IC Engine Shutdown Transient Performance



The heat exchangers performed within the expected performance limits with
the exception of one sampled data point. This particular data point was
just outside the expected performance band with no adverse effects on stage
performance.

5.6.2 S-IC LOX Pressurization System

The LOX pressurization system performed satisfactorily and all performance
requirements were met. The ground prepressurization system maintained
ullage pressure within acceptable Timits until launch commit. The onboard
pressurization system subsequently maintained ullage pressure within the
GOX Flow Control Valve (GFCV) band during the flight. The heat exchangers
formed as expected.
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The prepressurization system was initiated by opening of the ground supply
valve at -69.226 seconds. The ullage pressure increased until it entered
the switch band zone which resulted in terminating the flow at approximately
-61 seconds. The ullage pressure increased approximately 1.17 N/cm? (1.7 psi)
above the prepressurization switch setting of 17.93 N/cm2 (26.0 psia). This
overshoot was caused by the closing response time of the GSE valve and the
high pressure helium in the GSE supply system that "blows down" into the
tank after the valve is closed. The pressure increased into the relief
switch band by 0.14 N/cm? (0.2 psi), but did not exceed the minimum switch
actuation pressure of 19.31 N/cm2 (28.0 psia). The higher ullage pressure
overshoot was expected to occur on S-IC-1 and subsequent vehicles. However,
because of the smaller ullage volume on S-IC-4 and subsequent vehicles, some
hardware changes may be required. The ullage pressure decay after initial
pressurization occurred as the ullage gases cooled down. This caused the
Prepressurization valve to open at -25.254 seconds. This is typical of the
system performance as seen during static firing.

The LOX tank ullage pressure during flight is shown in Figure 5-9. The
ullage pressure was maintained within required limits by the GFCV through-
out the flight and followed the anticipated trend. The GFCV reached full
open at +120 seconds until the end of flight. The maximum GOX flowrate



during full open position of the valve was 24.4 kg/s (54 1bm/s). The GOX
flow requirements for the remaining four engines increased after inboard
engine cutoff until outboard engine cutoff. The heat exchanger performance
showed some of the outlet temperature data points were above the expected

performance 1limits; however, these temperatures did not exceed design Timits
of the ducting.

5.7 S-1C PNEUMATIC CONTROL PRESSURE AND PURGE SYSTEM

The control pressure system on the S-IC stage performed satisfactorily
during the 152-second flight. The functions of the system are:

a. Close LOX and fuel prevalves after engine cutoff.
b. Open LOX and fuel tank vent and relief valves if required.

¢. Hold LOX interconnect valves closed.
d. Hold helium fill valve closed.

The actual pneumatic control regulator outlet pressure measured 520 N/ cm@
(755 psia) as shown in Figure 5-10. The control pressure system succeeded
in actuating the prevalves after engine cutoff. All instrumented prevalves
indicated closed positions. A slight drop in regulator outlet pressure was
observed when engine number 5 prevalves were closed at approximately +136
seconds and again when engines number 1 through number 4 prevalves were
closed at approximately +151 seconds. This is also shown in Figure 5-10

of outlet pressure trace.

The turbopump LOX seal gas generator actuator housing, and radiation calori-

meter purge systems performed satisfactorily during the 152 second flight.
The LOX Dome and GG LOX Injector Purge System also met all requirements.
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SECTION 6
S-II PROPULSION

6.1 SUMMARY

The S-II propulsion system operation during flight was satisfactory. The S-II
stage performance was lower than predicted by very small percentages. Stage
thrust as determined by telemetered propulsion measurements at 60 seconds of
mainstage operation was 1.4 percent below the prediction value. At the same
time period, total vehicle flowrate was 1.7 percent below prediction while the
specific impulse exceeded the predicted Tevel by 0.23 percent.

On the basis of flight simulation, the overall average S-II stage thrust and
mass loss rate were 1.17 percent and 1.30 percent Tower than predicted re-
spectively. The specific impulse was higher by 0.14 percent during high mix-
ture ratio operation.

The Tower performance was attributed to engines numbers 2, 3, and 5, which
required replacement of LOX turbopump assemblies after stage acceptance. The
effects of these changes were not incorporated into the flight prediction,
however the effects of these changes were within the predicted Timits. Per-
formances of engines 1 and 4 were very close to predicted.

Engine performance repeatability at 60 seconds from Engine Start Command (ESC)
was within the allowable stage acceptance range. Engine thrust, mixture ratio
and specific impulse were within 1.0 percent for all engines except number 3,
which deviated by -2.6 percent on thrust and -1.5 percent on mixture ratio.

The allowable engine acceptance performance variations are 3.0 and 2.0 per-

cent for thrust and Engine Mixture Ratio (EMR) respectively, at rate conditions.

The propellant utilization system performed satisfactorily. Because of lower
than predicted propellant flowrates and mixture ratios during the high EMR
portion of S-II operation, PU step time was later than predicted by 15 sec-
onds, but well within the allowable of + 50 seconds. S-II burn time was ap-
proximately five seconds Tonger than predicted due to low propellant flow-
rates and a lower than predicted reference mixture ratio (RMR) setting. Pro-
pellant Toadings were 0.173 percent less than predicted for LOX and 0.22] per-
cent less than predicted for LH2. Residuals (propellant mass at S-II engine
cutoff [ECO] in tanks only) were 1905 kilograms (4200 1bm) for LOX and 2148
kilograms (4735 1bm) for LH2 versus the predicted 1458 kilograms (3210 Tbm)
LOX and 1936 kilograms (4268 Tbm), LH2.
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The subsystems operationally met all performance requirements, however, some
out-of-band behaviors did occur and are discussed in the following paragraph
The LHp stage fill valve closed slower than expected but within allowable
tolerances. Changéout of the 1ip seal is being considered at this time.

The engine servicing system performed satisfactorily during prelaunch oper-
ations. At liftoff and S-II ESC, the engine start tank, the helium tank, an
the thrust chamber conditions were within the required limit. In order to
improve the performance margins of this system, recommendations are being
considered to modify the start tank and thrust chamber redlines and to reduc
the Ground Support Equipment (GSE) regulator pressure supplying GH2 to the
start tanks.

The LHp pressurization system supplied more than adequate Net Positive Sucti
Pressure (NPSP) to the engines at start and throughout mainstage. An LHz ta
ullage pressure decay of 0.689 N/cm? (1.0 psi) occurred between end of press
zation on the ground to S-1I ESC versus a predicted rise of 0.345 N/cm2 (0.5
This was of no consequence for AS-501 but may be of concern for AS-502 due t
lower LH2 ullage pressure. It has been recommended that a LH2 "hi-press"
operation 1ike that implemented for the LOX tank on AS-501 be included after
initial pressurization. This will provide the additional margin required to
meet engine inlet pressure requirements on AS-502.

A high LH2 bulk temperature resulted in slightly higher than predicted pump
inlet temperatures at S-II ESC. This high LH2 bulk temperature was caused
by a high prelaunch vent stack back pressure. A modification to the Facilit
Hydrogen Disposal System is expected to reduce this high vent stack back
pressure.

The LOX pressurization system supplied more than adequate NPSP to the engine
at start and throughout mainstage. At liftoff minus 19 seconds, the LOX
ullage pressure was marginal with respect to the requirement. To prevent
this potential launch-abort condition from occurring on future flights the
following recommendations are under consideration:

a. Evacuate the common bulkhead, which will greatly reduce LOX tank ullage
gas heat loss to the LHp tank.

b. Eliminate LOX "hi-press" since it would not be necessary with a common
bulkhead vacuum.

c. Reduce the redline from 26.9 N/cm2 (39 psia) to 25.2 N/cm2 (36.5 psia).

At approximately 300 seconds after S-II ESC the LOX tank ullage pressure
dropped out of the GOX regulator band. This was the result of an abnormall
Tow GOX volumetric flow from the engine 4 heat exchanger and was possibly
due to an obstruction in the heat exchanger flow path. No changes were rec
ommended for the AS-502 flight. However, the possibility of opening up a
redundant coil in the engine heat exchanger on later stages is being consid
ered. This change will require investigation by the engine contractor and
possible testing on the S-II battleship.
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A greater than expected helium pneumatic gas usage occurred at ESC. This was
caused by a sTow closing helium purge valve on engine 2. Contamination of
this valve was suspected and a modified valve including a filter has been
implemented for future vehicles.

6.2 S-II CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE

The thrust chamber temperatures at prelaunch were satisfactory although they
were on the low side of the predicted range. These temperatures ranged from
108.8 °K (-264 °F) to 100.8 °K (-278 °F) as shown in Figure 6-1. Engine
number 3 showed 115.9 °K (-251 °F) which was well below the maximum redline
of 144.3 °K (-200 °F).

The thrust chamber warmup rates of 22.8 °K to 33.9 °K (41 °F to 61 °F) ex-
ceeded the predicted 16.7 °K (30 °F) rise due to a warmer than expected
engine environment. The high warmup rates coupled with the Tow chill result-
ed in nominal conditions at engine start. This greater than expected heatup
rate resulted in thrust chamber temperatures at ESC of 141.5 °K to 125.7 °K
E-206 to)—233 °F), which was well within the maximum allowable of 161 °K

-170 °F).

This high thrust chamber heatup rate could result in exceeding the maximum
allowable temperature at ESC if combined with a chilldown condition in the
upper portion of the predicted band. This could then result in a engine/
pump stall condition or "no start". Consequently, it was recommended that
the prelaunch redline be reduced by 17.7 °K (30 °F) which shifts the require-
ments from 144.3 °K to 127.5 °K (-200 to -230 °F). To ensure meeting the
new redline, the auto sequence permissive temperature should be reduced from
167 °K to 150 °K (-170 to -190 °F). Because of changes to engine thrust
chamber temperature start requirements (raised from 161 °K to 172 °K [170 °F
to -150 °F]) and pending verification of the thrust chamber temperature rise
rates, further changes to redline requirements may be expected. GSE and
stage systems can meet the new redline and permissive temperatures as demon-
strated on the AS-501 flight.

Both pressure and temperature results of the J-2 engine start tanks were
within the required prelaunch and engine start box conditions. These start
tank conditions occurred near the cold side of the box as shown in Figure 6-2.
This start tank condition was caused by pressurization from a high chill pres-
sure of 506 to 827 N/cmé (735 to 1200 psia) and a different than expected
environment in the S-IC/S-II interstage. This pressurization procedure

was different from the Tower pressurization conducted during static testing

at Mississippi Test Facility (MTF). This higher pressurization results in an
extended chilldown time which causes slightly higher pressures at prelaunch.
If the allowable two minute hold occurs between start of pressurization (from
Tiftoff -277 seconds to liftoff -187 seconds) the maximum heatup rates will
cause the start tank relief valve to open. This mode of operation is undesir-
able and the following recommendations are under consideration:

a. Revise start tank prelaunch and engine start box conditions.
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Figure 6-1. S-II Thrust Chamber Temperatures
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b. Revise the pressurization regulator setting from 830 + 10.3 N/cm
(1205 + 15 psia) to 808 + 10.3 N/cmZ (1175 + 15 psia).

c. Reorifice the GSE heat exchanger to provide warmer chill gas for the
start tank.

The engine helium tank pressures were within the required prelaunch and engine
start 1imit of 2376 N/cm? (3446 psia), however, the tank pressure at ESC was
above the predictcd band. Engine number 3 had the highest pressure of

2352 N/cm@ (3411 psia). This was caused by the ground regulator pressure
setting being high. A greater than expected helium pneumatic gas usage oc-
curred at ESC which was caused by the slow closing of the helium purge valve
on engine number 2. The closure of this valve occurred 4 seconds after ESC.
Contamination of this valve was suspected and a modified valve including a
filter has been implemented for future vehicles.

Prepressurization of the propellant tanks was performed during the prelaunch
automatic sequence, attaining an LH2 ullage pressure of 22.4 N/cmé (32 psia)
and a LOX ullage pressure of 26.6 N/cmZ (38 psia). LOX tank ullage pressure
was further increased to 28.0 N/cm2 (40 psia) at liftoff minus 30 seconds.
The LH2 and LOX ullage pressures at ESC command were 21 N/cm (31 psia) and
24.0 N/cm2 (34.8 psia), respectively, well within the required limits.

Both the LH2 and LOX recirculation systems performed satisfactorily giving
satisfactory pump inlet conditions as shown in Figure 6-3. However, the LH2
temperature was greater than predicted. This higher LH2 pump inlet tempera-
ture was greater than expected due to a high LH2 bulk temperature. This

high bulk temperature, as shown on Figure 6-4, was caused by a high prelaunch
vent stack back pressure. A modification to the Facility Hydrogen Disposal
System is expected to reduce this high vent stack back pressure. The S-IVB
stage experienced the same condition.

Individual J-2 engine thrust buildups were completely satisfactory. Figure 6-
shows that each engine lies within the required envelope. The slowest thrust
buildup was exhibited by engine number 3 which repeated its performance dur-
ing stage acceptance. The most rapid buildup occurs on engine number 4. As
expected, all buildup rates were faster and more uniform than those measured
during stage acceptance at sea level.

The small disturbance apparent in the buildup of engine number 4 approximatel:
three seconds after S-II engine start, was attributed to the action of the
main LOX valve. Main thrust chamber pressure and main LOX valve position are
shown on a common time axis in Figure 6-6. The initial second position ramp
rate for the valve is quite slow, resulting in a more rapid than normal engin
buildup. After the excess hydraulic forces on the valve gate are relieved,
the valve moves rapidly to the full open position and the system returns to
its normal operating level.
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Figure 6-5. S-II Engine Thrust Buildup
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Similar operating characteristics were observed during stage acceptance
testing of S-II-3 at MTF and have occurred many times during engine accep-
tance. The engine manufacturer does not consider this characteristic to be
detrimental to engine reliability. No problems resulted in mainstage opera-
tion as a result of the small disturbance in thrust buildup.

6.3 S-II MAIN STAGE PERFORMANCE

The stage performance during mainstage operation was satisfactory, but sTightly
below the predicted performance. A comparison of predicted and actual per-
formance of thrust, total flowrate, specific impulse, and mixture ratio is
shown in Figure 6-7. The deviations in predicted performance on the individ-
ual engines ranged from a -2.6 percent to + 0.2 percent thrust as shown in
Table 6-1. This table also shows the specific impulse, total flowrate and
mixture ratio deviation from the predicted.

The total stage thrust at 60 seconds after ESC was 5,056,695 Newtons

(1,136,847 1bf) as compared to a predicted of 5,128,544 Newtons (1,153,000 1bf).
The stage specific impulse, propellant flowrate, and mixture ratio was

4180 N-s/kg (426.2 1bf-s/1bm), 1210.0 kg/s (2667.5 Tbm/s) and 5.53 (LOX/Fuel),
respectively. This stage performance was in close agreement with the pre-
dicted of 4170 N-s/kg (425.2 Ibf-s/1bm), 1230.8 kg/s (2713.5 1bm/s), and

5.57, respectively.

Two separate analyses were employed in reconstructing S-1I1I stage propulsion
system performance. The first method, propulsion reconstruction analysis,
utilized telemetered engine and stage data to compute Tongitudinal thrust,
specific impulse, and stage mass flowrate. In the second method, flight
simulation, a six-degree-of-freedom trajectory simulation was utilized to

fit propulsion reconstruction analysis results to the trajectory. Using

a differential correction procedure, this simulation determined adjustments

to the reconstruction analysis of thrust and mass flow histories to yield a
simulated trajectory which closely matched the observed mass point trajectory.
These results were obtained by an iterative adjustment procedure which resulted
in an increase of 0.14 percent and 0.45 percent to the total average thrust
and flowrate respectively. The resulting decrease in specific impulse was

0.3 percent. A comparison of the predicted, reconstructed and simulated pro-
pulsion performance is given in Table 6-2.

The fit of the simulated trajectory to the observed trajectory was very good
with the maximum deviations occurring near S-II ECO. The deviations in
velocity and acceleration were 1.0 m/s and 0.1 m/s2.

6.4 S-II SHUTDOWN TRANSIENT PERFORMANCE

Engine cutoff signal was received 367.624 seconds after S-II start (519.76
seconds range time). At this time the total stage thrust was 4,084,883 Newtons
(918,364 Tbg) and the average EMR was 4.52. The stage thrust decayed to

5.0 percent of this level 1in approximately 410 milliseconds. The J-2 engine
shutdown transient band as shown in Figure 6-8 was within the model speci-
fication Timits.
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Figure 6-8. S-II Engine Shutdown Transient



The total engine cutoff impulse from engine cutoff signal to zero thrust was
923,552 N-s (207,633 1bg-s) compared to a predicted cutoff impulse of
1,012,860 N-s (227,700 1bf—s). This greater-than-expected cutoff impulse re-

sulted in a velocity increase of 4.7 m/s (15.42 ft/s) compared to the pre-
dicted of 4.2 m/s (13.8 ft/s). The velocity increase had good correlation
with the cutoff impulse change from predicted.

6.5 S-I1 PROPELLANT MANAGEMENT

The propellant management system satisfactorily performed the functions of
propellant loading, mass indication, point sensor level indication and
propellant utilization.

The LOX tank was filled through the 15.2 cm (6 inch) replenish line at a
sTow rate of 0.0574 m3/s (900 gpm) maximum as a result of problems encountere
with the fast-fill system during countdown demonstration tests. The facility
Propellant Tanking Control System (PTCS) functioned satisfactorily during
S-11 loading and replenishing. The best estimates of propellants loaded were
69,416 kilograms (153,036 Tbm) LH2 and 358,416 kilograms (790,171 1bm) LOX
based on flowmeter integration from the 3.0 percent LH2 point sensor indica-
ted mass and the 2.0 percent LOX point sensor indicated mass. This compares
to predicted values of 69,569 kilograms (153,375 1bm) LH2 and 359,037 kilo-
grams (791,542 Tbm) LOX.

At 5.5 seconds after ESC, the "PU activate® command was received and the PU
valves stepped from the nominal engine start position of 5.0 EMR to the
full-closed position, providing a nominal EMR of 5.5 for the first phase of
S-I1I Programmed Mixture Ratio (PMR). The PU valves moved off the high EMR
stop at 265 seconds compared to the predicted of 250 + 50 seconds as shown
in Figure 6-9. This PU step resulted in a thrust drop of 971,812 Newtons
(218,483 1bf). The later than nominal step time was attributed to a lower
than predicted RMR setting. The EMR started to decrease at 277 seconds,
gradually moving towards a time averaged value of 4.66 EMR versus the pre-
dicted value of 4.77 EMR. Oscillations about this average were due to probe
nonlinearities. A minimum value of 4.62 EMR occurred at 325 seconds and a
maximum value of 4.68 EMR occurred at 357 seconds. Figure 6-10 shows the
probe/tank mismatch as determined by comparison of mass data from the point
sensors, PU probes, and flowmeters. The PU system error at cutoff signal
was + 116 kilograms (+255 1bm) of LHz relative to that predicted at the
actual LOX cutoff level. This was well within the allowable error of

+ 664 kilograms (+ 1465 Tbm) LH2.

LOX depletion cutoff signal was received at 519.76 seconds, resulting in
367.624 seconds S-I1 burn time at which time the LOX remaining in the tanks
and sump was 1905 kilograms (4200 1bm) versus 1458 kilograms (3210 1bm) pre-
dicted. The LHy remaining in the tank was 2147 kilogram (4735 1bm) versus

1936 kilograms (4268 1bm) predicted. This was determined by extrapolation
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of point sensor data from the 2.0 percent LOX level and the 3.0 percent LH2

level to the time of cutoff signal. The higher than predicted residuals were
due to deletion of a 0.5 second time delay originally planned.

A comparison of propellant masses measured by the flowmeters, point sensors,
and PU probes is given in Table 6-3. The best estimate mass at S-II ig-

nition and cutoff, as determined from capacitance probe point level sensors,
flow meters and the trajectory simulation was 642,079 kilograms (1,415,542 1bm)
and 210,967 kilograms (465,103 1bm) respectively as shown in Figure 6-11.

The propellant slosh frequencies during S-IC and S-II burn were approximately
two radians per second. The slosh effects were significantly attenuated by
the electronic filters and PU system performance was stable throughout S-I1I
stage flight. Further slosh analysis is being conducted.

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

During prepressurization, the LHp tank was pressurized to the pressure switch
setting of 22 N/cm2 (32 psia). No helium makeup was required. During S-IC
boost, the LHy tank pressure decayed 0.69 N/cm2 (1.0 psi). It was predicted
that the ullage pressure would decay midway through S-IC boost and then in-
Crease again for a net gain of 0.34 N/cm2 (0.5 psi) over the pressure switch
‘setting as shown in Figure 6-12. The ullage pressure at engine start was
21.4 N/cm2 (31.0 psia) compared to the predicted pressure of 22.4 N/cm?
(32.5 psia). Consequently, the LHp ullage pressure at ESC was 1.0 N/cm2
(1.5 psia) lower than predicted. This pressure decay was probably lower
than predicted due to a higher than expected heat loss from the ullage gas
to the LHp. Since the pressurization control bands were lTowered 1.7 N/cm2
(2.5 psi) for structural reasons on AS-502 only, it is recommended that the
LH2 prepressurization sequence be changed to assure colder ullage and/or to

Table 6-3. S-II Propellant Consumption

PREDICTED PU SYSTEM ENGINE FLOW LEVEL SENSORS BEST ESTIMATE
EVENT UNITS INTEGRAL ANALYSIS

LOX LH2 LOX LHZ LOX LH2 . LoX LH2 LOX LH,
Engine Start kg 359,037 69,569 359,037 69,596 358,415 69,416 358,608 69,739 358,415 69,416
Command Tbm 791,542 153,375 791,489 153,432 790,171 {153,036 792,800 | 153,750 790,171 [ 153,036
PU Activate kg 356,412 68,879 356,941 69,079 355,790 68,726 357,113 69,264 355,790 68,726
Tom 785,754 151,852 786,921 152,293 784,383 {151,516 787,300 | 152,700 784,383 |151,516
Mixture Ratio kg 76,884 21,772 77,657 18,264 77,053 18,030 76,884 18,144 77,083 18,030
Step Tbm 169,500 47,998 171,205 40,266 169,874 39,749 169,500 40,000 169,874 39,749
*Residuals kg 1677 1952 1488 1975 1920 2073 1728 2076 1728 2076
Thm 3698 4303 3281 4355 4233 4571 3810 4578 3810 4578

*Residual at end of thrust decay in tank and sump.
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include a "hi-press” mode of operation after initial pressurization. This
change is required to insure that engine start NPSP requirements are met.

LH2 tank pressurization during flight was normal. The regulator controlled
the ullage pressure within the control band up to the time step pressuriza-
tion was initiated at 320 seconds from engine start. The ullage pressure
increased after step pressurization and at cutoff was at 22.1 N/cm2

(32.0 psia) which agrees with the prediction as shown in Figure 6-13.

No fuel pressurization venting was experienced and pump inlet conditions were
met as shown in Figure 6-14.

6.6.2 S-II LOX Pressurization System

Prepressurization of the S-II stage LOX tank was normal. Approximately

60 seconds were required to prepressurize the LOX tank to the pressure switch
setting. Several helium makeup cycles were required to maintain LOX tank
pressure within the pressure switch settings. At -40 seconds "hi-press"

was initiated increasing the LOX ullage pressure to the vent valve cracking
pressure of 27.58 N/cm2 (40.0 psia). The vent valve reseated at 27.23 N/cm2
(39.5 psia). At -19 seconds, just prior to 1iftoff, the S-II stage LOX
ullage pressure approached the redline value of 26.89 N/cm2 (39 psia) which
was probably due to LOX tank vent valves reseating at 27.23 N/cmé (39.5 psia)
during the "hi-press" operation. In addition, the measurement being monitored
by the redline observer was probably reading somewhat lower than actual.
Ullage pressure was within Timits at J-2 start. To prevent this potential
Taunch-scrub condition from occurring on future flights the following recom-
mendations are under consideration:

a. kEtvacuate the common bulkhead, which will greatly reduce LOX tank ullage
gas heat loss to the LH2 tank.

b. Eliminate LOX "hi-press" since it would not be necessary with a common
bulkhead vacuum.

c. Reduce the redline from 26.9 N/cmZ (39 psia) to 25.2 N/cm2 (36.5 psia).

During S-IC boost the LOX tank ullage pressure decayed 3.2 N/cm2 (4.7 psi).
Predicted decay was 2.6 to 3.5 N/cm2 (3.7 to 5.1 psi). LOX tank ullage pres-
sure at engine start was 24.0 N/cm2 (34.8 psia). Figure 6-15 shows the LOX
tank ullage pressure during prepressurization and S-IC boost. The LOX tank
pressure exhibited its characteristic drop of about 2.1 N/cm2 (3.0 psi) dur-
ing the first 15 seconds from engine start. The regulator controlled the
ullage pressure within its control band up to approximately 300 seconds at
which time the pressure dropped below the control band of 24.8 N/cm?

(36.0 psia) as shown in Figure 6-16. During the same period of time, all S-II
heat exchangers experienced a decrease in outlet temperature as shown in
Figure 6-17. The decrease in outlet temperature was expected at EMR step,
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but was expected to recover as noted during static firings. Engine 4 heat
exchanger experienced a higher outlet temperature than predicted, possibly
due to a restriction in the heat exchanger which caused an overall loss in
exchanger efficiency. This decrease in heat exchanger efficiency probably
caused the decrease in ullage pressure. However, LOX pump inlet conditions
were met as shown in Figure 6-18.

6.7 S-IT1 PNEUMATIC CONTROL PRESSURE SYSTEM

Valve actuations in-both the LH2 and LOX circulation systems are controlled
by a subsystem of the pressurization system. Helium gas at an initial temp-
erature of 294.3 °K + 16.7 °K (70 + 30 °F) is used as the pressurant. The
gas enters the subsystem through a disconnect and is stored at 2068.4 N/cm
(3000 psig) nominal, in the main receiver. The gas then flows through a
pressure regulator. Check valves downstream of the regulator prevent the
Toss of helium stored in surge chambers in the event of line breakage upstre
of the check valves. Relief valves operate at 551.6 N/cm? (800 psig) and
prevent over-pressurization of the system as a result of increased gas temp-
erature or regulator seat leakage.

The pneumatic control system on AS-501 functioned satisfactorily as shown iy

Figure 6-19.. Table 6-4 shows the S-II helium mass used by the pneumatic
control or valve actuation system.

Table 6-4. S-II Helium Mass:

PNEUMATIC CONTROL PRESSURE SYSTEM
LAUNCH HELIUM MASS READINGS
SEQUENCE (AS 501)
ACTUAL PREDICTED
Liftoff 1.76 kg 1.62 kg
Minus 30 Seconds: (3.88 1bm) (3.58 1bm)
S-IT Engine 1.76 kg 1.60 kg
Start Command (3.88 1bm) (3.52 1bm)
S-IT Engine 1.57_kgA 1.33 kg
Cutoff _Command (3.46 1bm) (2.93 1bm)

NOTE: Helium mass does not include engine control bottle gas.
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6.8 CAMERA EJECTION SYSTEM

The.camera ejection subsystems performed satisfactorily and functioned as
designed. The cameras were programed for ejection to start at 37.7 second
after S-II engine start and actually ejected at the predicted time.

Figure 6-20 compares the two pneumatic subsystems. It appears that both
subsystems Teaked and a greater leak existed in the position III subsyster
as evidenced by the lower storage bottles pressure, however, sufficient pr
sure was available to provide positive ejection. Both subsystems show the
same ejection characteristics based on an approximate pressurization decay
of 137.9 N/cm2 (200 psi) during ejection.

Table 6-5 shows the initial helium mass in the system and the mass decay t
occurred due to the ejection of the camera capsule.

6.9 HELIUM INJECTION SYSTEM

The inflight helium injection system supplements natural convection recirc
tion in the LOX recirculation Tine. This system injects ambient helium in
the bottom of the return 1lines to decrease the return line fluid density,
and thereby increasing the recirculation driving force.

Performance of the helium injection system was satisfactory. Requirements
were met and parameters were in good agreement with predicted values. Pre
surization of the helium supply bottle was normal but the end pressures we
slightly higher than predicted. The supply bottle was loaded with 1.50 ki
grams (3.3 1bm) and by ESC was .95 kilograms (2.7 1bm). This usage of hel
mass resulted in a heljum injection flow rate of 1.53 SCMM (54 SCFM).

Table 6-5. S-II Camera Ejection System Helium Mass Usage

LAUNCH
SEQUENCE ACTUAL PREDICTED
Position [ Position III Position I Position III
Storage Bottle, Mass,
at Fill Valve 0.39 kg 0.39 kg 0.37 kg 0.37 kg
Closure (0.86 1bm) (0.86 1bm) (0.81 1bm) (0.81 1bm)
Leakage Loss,Fill
Valve Close to 0.03 kg 0.05 kg 0.00 kg 0.00 kg
Camera Eject (0.07 1bm) {0.11 1bm) (0.00 1bm) (0.00 1bm)
Camera Ejection 0.02 kg 0.02 kg 0.02 kg 0.02 kg
Usage (0.04 1bm) (0.04 1bm) (0.04 1bm) (0.04 1bm)
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SECTION 7
S-IVB PROPULSION

7.1 SUMMARY

The J-2 engine performance was satisfactory throughout the operational phase
of the S-IVB/501 flight. The J-2 engine was successfully restarted in space
following the two revolution coast period. The average stage performance
percent deviations from the predicted are summarized below:

First Burn Second Burn
a. Thrust -0.91 +1.68
b. Specific Impulse -0.11 -0.42

The postflight performance simulation-trajectory match results for first burn
showed a 0.21 percent increase in thrust over propulsion reconstruction while
the mass flowrate had an increase of 0.08 percent. The first burn time was
6.2 seconds lTonger than predicted. This Tonger burn time can be attrib-
uted to lower thrust, Tower mass flowrate, lower separation velocity com-
bined with a higher initial weight, and a higher separation altitude. Spec-
ific impulse was 0.14 percent greater than reconstruction results.

The second burn simulation-trajectory match compared to propulsion reconstruc-
tion indicated a 0.67 percent increase in thrust and 0.49 percent increase

in mass flowrate. A 15.18-second shorter burn time was primarily due to a
high EMR operation for the first 55 seconds of mainstage. Specific impulse
was 0.096 percent greater than reconstruction results.

Extrapolation of propellant flowrates to depletion indicates that a LOX
depletion would have occurred approximately 38 seconds after second burn
velocity cutoff with a usuable LHp residual of 40 kilograms (89 1bm). This
yielded a Propellant Utilization %PU) efficiency of 99.96 percent.

The subsystems operationally met all performance requirements. However,
out-of-band behavior occurred on some systems as discussed in the following
paragraphs.

A high LHp bulk temperature resulted in slightly higher than predicted pump
inlet temperatures at S-IVB Engine Start Command (ESC). This high LHo bulk
temperature was caused by a high prelaunch vent stack back pressure. A
modification to the facility hydrogen disposal system is ‘expected to reduce
the high vent stack back pressure on future flights.
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The Continuous Vent System (CVS) performed satisfactorily, but had an erron-
eous telemetered transducer output of the vent pressure during orbital coast
and second burn operation. This erroneous transducer output was probably
caused by thermal environment and precipitated the premature termination of
the repressurization procedure by a ground command. This type of occurrence
with similar action from a ground command on future flights could result in
a "no start" for second burn operation. Investigations revealed that the
pressure transducers were mounted directly on the vent line, and hence were
subjected to the 25° K (-144.7° F) gas temperature. This temperature far
exceeded the qualified operating range for these transducers. Remote locati
of the transducers will be accomplished for AS-502 and subsequent launch
vehicles.

The pneumatic control system performed satisfactorily during boost and first
burn operations. During orbital coast a system leak developed, but sufficie
heTlium supply pressure was available to complete all second burn operations.
This leak continued during the third revolution and resulted in the supply
pressure eventually dropping below the regulator setting after the end of
the S-IVB mission. The exact cause of the Teak has not yet been determined.
The Teak is probably associated with one or more of the seven actuation
control modules, or the regulator backup calips switch. Corrective action
is being taken in both areas.

The cold helium supply for LOX tank pressurization was more than adequate to
meet flight requirements. During orbital coast the pressure in the spheres
apparently decreased indicating a leak. However, supporting analyses indica
leakage did not occur and that the pressure reading is in error.

An unexpected decay of LH2 ullage pressure was experienced after termination
of the repressurization procedure. The Tower than predicted ullage pressure
can probably be attributed to a malfunction of the diffuser. Premature
termination of the ambient repressurization operation, a cooler blowdown

of the repressurization bottles, and an energy loss from the ullage gas
resulting from interaction with the liquid bulk added to the problem.
Corrective action is in progress.

The Auxiliary Propulsion System (APS) performed satisfactorily with less tha
75 percent consumption of the propellants. However, a marked deterioration
in thrust for APS engines Ity and IT] may have been experienced after space-
craft separation. APS engine I71 exhibited an apparent chamber pressure
decrease to 55 percent of nominal which may have been caused by a restrictio
of propellant flow to the engine. This is still under investigation.

7.2 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST BURN

The propellant recirculation systems performed satisfactorily, meeting start
and run box requirements for fuel and LOX as shown in Figure 7-1. The thrus
chamber at liftoff was well below the maximum allowable redline Timit of
147° K (-195° F). At S-IVB first burn ESC, the temperature was 145° K
(-199° F), which is within the requirement of 183 + 28° K (-160 + 50° F)

as shown in Figure 7-2.
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The chilldown and loading of the engine GH2 start sphere and pneumatic
control spheres prior to 1iftoff were satisfactory. Figure 7-3 shows the
start tank performance from first burn ESC. At first burn start command the
start tank conditions were within the required S-V/S-IVB region for initial
start (913.56 + 51.71 N/cmé, 161 +16.7° K (1325 + 75 psia, 169.7 + 30° F))
The discharge was completed and the refill initiated by S-IVB first burn
ESC + 3.88 seconds. The refill was satisfactory and in good agreement with
the acceptance test. The control bottle pressure and temperatures at 1ift-
off were 2126 N/cm (3010 psia) and 150° K (-189.7° F). Nominal chilldown
system performance levels were observed during the chilldown operation.

LOX system chilldown, which was continuous from before 1iftoff until just
prior to S-IVB first burn ESC, was satisfactory. At ESC the LOX pump inlet
temperature was 91.4° K (-295.2° F). Nominal chilldown system performance
levels were observed during the chilldown operation.

The first burn start transient was satisfactory. The thrust buildup was
within the limits set by the engine manufacturer. The PU system provided
the proper null setting of the PU valve during the start transient until
system activation. The thrust buildup to 90 percent performance (Start
Tank Discharge Valve (STDV) + 2.5 seconds) was faster than during the
acceptance test as expected. The total impulse from STDV to STDV + 2.5
seconds was 829,451 N-s (186,468 1bf-s) compared to 547,149 N-s (123,004
1bg-s) during the same interval for the acceptance test. The thrust during
first burn start is shown in Figure 7-4.
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7.3 S-IVB MAINSTAGE PERFORMANCE FOR FIRST BURN

J-2 engine steady state first burn performance is presented in Figure 7-5.
The PU valve was maintained at the full closed position during the main-
stage period as planned. The overall performance level was satisfactory,
however, the thrust and oxidizer flowrate were lower than predicted. The
Tower oxidizer flowrate resulted in a lower than predicted engine mixture
ratio. The steady state performance deviations at standard altitude condi-
tions are presented in Table 7-1.

Table 7-1. S-IVB Steady State Performance - First Burn

. FLIGHT % DEVIATION FROM
PARAMETER PREDICTED RECONSTRUCTION FLIGHT o RPN
Thrust N 1,001,490 989,213 1228 1.2
(1b) (225,144) (222.384) (-2760)
EMR
LOX/Fuel | 5.562 5.495 ~0.067 -1.20
ISP Nos/kg 4152 4148 -3.9 -0.094
(Tbe-s/lom) | (423.4) (423.0) (-0.40)
LOX Flowrate
kg/s 204.44 201.73 2.7 21.32
(1bm/s) (450.71) (444.78) (-5.977)
Fuel Flowrate
kg/s 36.76 36.71 -0.043 -1.23
(ibm/s) (81.04) (80.94) (-0.095)

*Reduced to standard altitude conditions at mainstage +60 seconds.

A trajectory simulation using a differential correction procedure determines
adjustments to the reconstructed engine thrust and flowrate to yield a
simulated trajectory which closely matched the observed mass point trajec-
tory. The results obtained indicated an increase over reconstructed values
of 0.21 percent in thrust and 0.08 percent in mass flowrate and 0.14 percent
in specific impulse for first burn as shown in Table 7-2. The S-IVB first
burn time was 6.2 seconds longer than predicted. This longer burn time

was accounted for as follows:

Burn Time
Contributor Deviation Delta (sec)
S-IVB Thrust -6846 N -1539 1b¢ +0.8
S-IVB mass flow -2.09 kg/s -4.6 1bm/s +0.0
Initial mass +433 kg +965 Tbm +1.0
Separation Velocity -134.186 ft/s ~40.9 m/s +5.2
Separation Altitude +1.404 n mi +2.6 km -1.1
Total Explained +5.9
Unexplained +0.3
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Table 7-2. Comparison of S-IVB Stage Flight Reconstruction Data - First Burn

PREDICTED FLIGHT RECONSTRUCTION % DEV. FROM PRED.
PARAMETERS UNITS HIGH FIRST BURN HIGH FIRST BURN HIGH FIRST BURN
MIXTURE FLIGHT MIXTURE FLIGHT MIXTURE FLIGHT
RATIO AVERAGE RATIO AVERAGE RATIO AVERAGE
Longitudinal N 1,002,723 1,002,723 993,648 993,648 -0.91 -0.91
Vehicle Thrust (Ibf) (225,421) (225,421) (223,381) (223,381)
Vehicle Mass kg/s 241.55 241.55 239.61 239.61 -0.80 -0.80
Loss Rate (1bm/s) (532.52) (532.52) (528.25) (528.25)
Longitudinal N-s/kg 4151.3 4151.3 4146.9 4146.9 -0.11 -0.11
Vehicle
Specific Impulse (1bf—s/1bm) (423.31) (423.31) (422.87) (422.87)
FLIGHT SIMULATION % DEV. FROM PRED. % DEV. FROM RECONST.
PARAMETERS UNITS HIGH FIRST BURN HIGH FIRST BURN HIGH FIRST BURN
MIXTURE FLIGHT MIXTURE FLIGHT MIXTURE FLIGHT
RATIO AVERAGE RATIO AVERAGE RATIO AVERAGE
Longitudinal N 995,743 995,743 -0.70 -0.70 +0.21 +0.21
Vehicle Thrust (1bf) 223,852) (223,852)
Vehicle Mass kg/s 239.81 239.81 -0.72 -0.72 +0.081 +0.081
Loss Rate (1bm/s) 528.68) (528.68)
Longitudinal N-5/kg 4152.5 4152.5 +0.02 +0.02 +0.14 +0.14
Vehicle
Specific Impulse (1bf-s/1bm) 423.44) (423.44)

7.4 S-TIVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN

The S-IVB engine cutoff was initiated at 665.64 seconds by guidance command
which was 6.2 seconds later than predicted for first burn. The engine cut-
off transient was satisfactory and agreed closely with the acceptance test
and predictions. The total cutoff impulse to 5 and zero percent of rated
thrust was 210,423 N-s (47,305 1bg-s) and 232,197 N-s (52,200 1bg-s),
respectively. Cutoff occurred with the PU valve in the fully closed
position (high Engine Mixture Ratio (EMR)). The main oxidizer valve (MOV)
actuator temperature was 180° K (-136° F) at cutoff. The cutoff impulse
was adjusted from these conditions to standard conditions for comparison
with the log book values at null PU valve position and 255.5° K or 0° F MOV
actuator temperature. After these adjustments, the flight values were near
the log book values. The thrust during cutoff js shown in Figure 7-6. A
comparison of the predicted and actual velocity increases due to the cutoff
impulse are presented in Table 7-3. This table shows a 9.5 percent decrease
in velocity change for the engine flight results over predicted while the
guidance data indicated a 19.0 percent decrease.
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Table 7-3. S-IVB Cutoff Impulse - First Burn
% DEVIATION
FLIGHT FROM PREDICTED
PARAMETER PREDICTED ENGINE GUID. DATA ENGINE GUID. DATA
Cutoff N-s 214,435 232,740 233,038 8.5  +8.8
Impulse (1bf-s) (48,207) (52,200) (52,389) (aporox)
Velocity m/s 2.1 1.9 1.7 -9, -19.
Increase (ft/s) (6.9) {6.2) (5.6) 73 °
1200 '
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Figure 7-6. S-IVB Shutdown Transient Performance - First Burn
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7.5 S-IVB COAST PHASE CONDITIONING

The continuous vent system shown schematically in Figure 7-7 performed
satisfactorily, maintaining the fuel tank ullage pressure at an average
level of 13.4 N/cm? (19.5 psia). Nozzle pressure data, thrust, and
acceleration levels for first and second orbits are presented in Figure 7-8.
Ullage conditions during coast are shown in Figure 7-9.

The continuous vent regulator was activated at 724.8 segonds range time.

The tank ullage pressure dropped from 20.3 to 15.4 N/cml (29.4 to 22.4 psia)
in 152 seconds, and then gradually leveled off to 13.4 N/cm? (19.5 psia).
Regulation at this level continued, with the expected operation of the main
poppet periodically opening, cycling, and reseating (see Figure 7-8).
Continuous venting was terminated at 11,168.54 seconds, which was 326 second:s
before second burn ESC.

Shortly after the initiation of continuous venting, the nozzle pressures
began diverging as shown in Figure /-8. sz the end of the first revolution
this discrepancy was a constant 2.1 N/cm®™ (3.0 psi). However, the response
characteristics were still the same. These transducers were mounted directl
on the CVS manifold and were subjected to the extremely cold GHp temperature
of 25° K (-414.7° F). The divergence was attributed to these thermal
effects, as presented in the S-IVB data and paragraph 19.2.3 of this report
on vehicle measurement evaluation. Following the closure of the continuous
vent regulator by preprogramed command, the nozzle pressure data indicated
a normal decrease in pressure for 1 second, a sharp pressure rise, and a
Tong period of gradual drop (see Figure 7-8). The nozzle temperatures
indicated no flow after closure.

Fuel tank ullage conditions during orbital coast are shown in Figure 7-9.
Ullage temperature sensors indicated much colder temperatures than antici-
pated and appeared wet throughout most of the coast period, except for the
101-percent sensor. These liquid indications were probably caused by a
higher wall boiloff rate than anticipated, which resulted in a greater
volume of liquid droplets in the ullage space. Stage contractor contends
that vapor entrapment in the Tiquid causes the liquid surface to rise and
cover the liquid level sensors. However, this theory is inconsistent with
AS-203 flight. The higher boiloff is also reflected in the total mass
vented through the continuous vent. The best estimate total mass vented was
calculated to be 1300 kilograms (2865 1bm). Since the ullage mass at
continuous vent termination cannot be readily determined, no final boiloff
mass is available. However, 1365 kilograms (3010 1bm) of LH2 boiloff is a
definite maximum value.

The engine control bottle temperature was 124° K (-236.7° F) at the start
of the orbital coast period which was higher than predicted, and the orbi£a1
heat up was lower than predicted. The average leakage rate of 2.26 x 107
ka/s (0.3 1bm/hr) was comparable to that of the AS-203 flight data,  The
combined effect produced a flat pressure curve at about 1282 N/cmZ (1870
psia) as measured during the 3-hour coast period.
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The start tank pressure rise attendant with the orbital heat input was suc
that the conditions were within the restart envelope approximately 735 sec
after cutoff. The flowrate through the start tank relief valve balanced ti
pressure rise due tg the tank heat up which thereby terminated the pressur«
rise at 889.42 N/cmé¢ (1290 psia) at approximately 2835 seconds after cutof
The indicated orbital temperature data as shown in Figure 7-3 deviates fro
the anticipated isochoric line due to local heat effects at the transducer
However, the indicated data of 889.42 N/cm? (1290 psia), 137° K (-212.7° F
at second burn start was within the predicted band.

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

The propellant recirculation systems performed satisfactorily meeting
start and run box requirements for fuel and LOX as shown in Figure 7-10.
The LH2 bulk temperature was greater than predicted due to high vent stack
back pressure and ullage gas entrapment in the liquid bulk. However, seco
burn fuel lead generally followed the predicted pattern and resulted in
satisfactory conditions as indicated by the thrust chamber temperature in
Figure 7-11. The LH2 injector temperature at STDV opening during second
burn were 22.9 to 90°K (-418.4 to -297.7° F), respectively. The LH»
injector temperature at second burn STDV opening was near the mid-point of
the 22.2 to 167° K (-419.7 to -159° F) fuel injector temperature range
presently considered to be acceptable for mainstage start. The 90° K

(-297.7° F) temperature at the end of the 8-second fuel tead was above the
temperature that would be predicted from AEDC tests.

The AS-501 flight thrust chamber bulk temperature at the beginning of seco
burn fuel lead was considerably less than that used for the AEDC tests.
Therefore, the high injector temperature was not explained by the thermal
environment and neither was it explained by tank pressure differences. An
effort is underway to reconcile the differences between the actual flight
environment and the assumed environment used during AEDC testing.

The LHo chilldown system performance for second burn was satisfactory. The
pump inlet temperature at second burn ESC was 22.4° K (-419.3° F). At
second burn ESC -10 seconds, the pump inlet pressure was 23.6 N/cmZ

(34.3 psia) and the temperature was 21.8° K (-420.4° F), which yielded a
Net Positive Suction Pressure (NPSP) of 8.0 N/cm2 (11.6 psi).

Immediately after prevalve opening, the pump inlet temperature was 22.2° K
(-419.8° F). During the 10-second interval between prevalve opening and
second burn ESC, the pump inlet temperature rose because chilldown
effectively ended with prevalve opening.

Second burn LOX pump chilldown was also satisfactory. At S-IVB second bur
ESC the LOX pump inlet temperature was 92.1° K (-294° F). At second burn
ESC -282 seconds, a perturbation occurred in the LOX chilldown system. Al
during second burn between ESC -282 and -263 seconds, the chilldown pump
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differential pressure and flowrate dropped from nominal to near zero and
recovered three times as shown in Figure 7-12. This was caused by GOX
bubble formation on the bottom of the tank. The GOX bubble formation is
attributed to heat leaks through the aft LOX dome during coast. APS ullage
acceleration forces resulted in the detachment of the bubble formation from
the bottom of the LOX tank. As the bubbles slowly rose from the bottom of
the tank and passed the chilldown pump inlet, some of the bubbles entered
the LOX chilldown system. Since the chilldown system recovered to its
previous level of performance, this two-phase flow disruption did not
degrade the chilldown.

The engine control bottle pressure of 1282 N/cm2 (1870 psia) was lower than
the predicted level of 1440 to 1852 N/cm (2100 to 2700 psia) due to leakage
in orbit. The measured fuel level blowdown time at second burn start was
8.55 seconds. The amount of helium consumption during second burn was about
the same as first burn but the pressure drop was considerably less than
predicted. This pressure drop was about 137 N/cmé (200 psi). The pressure
drop during the fuel lead was 617 N/cm¢ (900 psi) compared to 754 N/cm?
(1100 psi) predicted. During the engine shutdown operation and the 1-second
cutoff LOX dome purge, the pressure drop was 68.6 N/cm? (100 psi) as 2
predicted. The control bottle pressure at second burn ECO was 568.8 N/cm
(825 psia) and was within the predicted band of 206 to 617 N/cme (300 to

900 psia). The minimum control bottle pressure requirement at this time

was 206 N/cm? (300 psia).

The start tank performed satisfactorily during the initiation of second
burn providing the proper energy input to the turbines for a smooth start.
The Tower tank temperature at second burn start command contributed to the
second burn start transient being faster than the first burn transient as
expected.

The second burn engine start transient was satisfactory. The PU system
provided the proper fully open (Tow EMR) PU valve position during the
restart transient until system activation. There was no evidence of
observed propellant capillary action in zero gravity affecting the engine
PU valve. The transition to active control was smooth and as predicted.

The thrust buildup was within the Timits set by the engine manufacturer.
The thrust buildup to 90 percent performance (STDV + 2.5 seconds) was
faster than during the acceptance test as expected. The faster buildup

was caused by the engine being warmer at ESC due to the absence of convective

cooling in space. The thrust during second burn buildup transient is shown
in Figure 7-13.

7.7 S-IVB MAINSTAGE PERFORMANCE FOR SECOND BURN

The overall engine performance level was satisfactory. J-2 engine steady-

state second burn performance is presented in Figure 7-14. A major deviation

in the second burn average performance was due to the PU system commanded



Table 7-4. S-1VB Steady State Performance - Second Burn
FLIGHT % DEVIATION FROM
PARAMETER * PREDICTED RECONSTRUCTED DEVIATION PREDICTED
Thrust N 1,001,490 966,400 -5080 -0.507
(1bf) (225,144) (224,001) (~1143)
EMR
LOX/Fuel 5.562 5.601 +0.039 +0.701
Specific Impulse
N-s/kg 4152 4138.6 -13.4 -0.33
(1bf-s/1bm) (423.4) (422.02) (-1.4)
LOX Flowrate
kg/s 204.44 204.28 -0.157 ~0.0769
(1bm/s) (450.71) (450.37) (-0.347)
Fuel Flowrate
ka/s 36.73 36.47 -0.283 -0.77
(1bm/s) 81.04 80.41 -0.625
*Reduced to standard altitude conditions at 60 second time slice.
Predicted is based on high step operation.
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high mixture ratio excursion during the first 85 seconds. The high mixture
ratio excursion was mainly due to the combined effects of the first burn
Tow engine performance and the higher than predicted fuel loss in orbit.
This performance deviation contributed to the departure from the predicted
nominal mixture ratio during the second burn. A velocity commanded engine
cutoff command was earlier than predicted.

The PU system commanded the PU valve to fully closed {high EMR) position,
upon system activation, in order to remove the excess oxidizer mass

error caused by the off nominal engine performance during first burn, and
the increased fuel boiloff in orbit. The PU system maintained the engine
at high thrust until the error was eliminated, and engine performance
cutback occurred at approximately ESC +85 seconds.

The level of engine performance during the high thrust period of second
burn was closer to the predicted high level performance than during the
first burn. This is demonstrated in Table 7-4 which shows that all
performance parameters at standard altitude conditions agreed more closely
with the prediction.

A11 average performance values were within 1 percent of predicted during

the high mixture ratio portion of the burn. The deviations durina the
Reference Mixture Ratio (RMR) portion were within 3 percent. The overall
average performance values are compared to the nominal prediction which
operated at 5.0 RMR throughout the burn. The variations for overall average
performance were within 3 percent for all parameters.

A minor perturbation in performance was also induced by the PU valve
responding to a guidance commanded maneuver at approximately ESC +100 seconds

A trajectory simulation using a differential correction procedure determines
adjustments to the reconstructed engine thrust and flowrate to yield a
simulated trajectory which closely matched the observed mass point trajectory
The results obtained indicated an increase over reconstructed average flight
values of 0.67 percent in thrust and 0.488 percent in mass flowrate and
0.096 percent in specific impulses for second burn as shown in Table 7-5.

The S-IVB second burn time was 15.18 seconds shorter than predicted. This
shorter burn time was accounted for as follows:

) Burn Time
Contributor Delta (sec)

High Stop -17.0

EMR Operation

Low RMR Thrust + 1.0

Following Cutback

Unexplained + 0.8

Total -15.2
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7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN

The S-IVB Engine Cutoff (ECO) was initiated by guidance cutoff which was
15.18 seconds shorter than predicted for second burn. The second burn engine
cutoff transient was satisfactory and agreed closely with the acceptance

test and predictions. The thrust decreased to 5 percent of the rated thrust
which was 50,042 Newtons {11,250 1bf). This occurred 437 milliseconds after
engine cutoff was received at the engine, while zero thrust occurred 2.31
seconds after engine cutoff. The total cutoff impulse to 5 and zero percent
rated thrust was 190,072 N-s (42,730 1b-s) and 216,980 N-s (48,779 1b-s),
respectively. These were less than the corresponding first burn values

since second burn cutoff occurred with the PU valve below the null position
(-2.5 degrees) as compared to the first burn cutoff occurring at high EMR.
The MOV actuation temperature was 166° K (160.7° F) at cutoff. When the
cutoff impulse was referred to standard conditions (nu11 PU valve position
and 255.5° K (460° F) MOV actuator temperature), it was in good agreement
with the first burn cutoff impulse at standard conditions and with the log
book value. The thrust during cutoff is shown in Figure 7-15. The second
burn cutoff impulse to zero percent thrust resulted in a velocity increase of
3.41 m/s (11.2 ft/s) which correlates satisfactorily with predictions shown
in Table 7-6.

7.9 S-IVB STAGE PROPELLANT UTILIZATION

The propellant utilization system successfully accomplished the requirements
associated with propellant loading and management during burn. The best
estimate propellant mass values at 1iftoff were 88,141 kilograms (194,318 1bm)
LOX and 18,656 kilograms (41,130 1bm) LHp as compared to predicted mass

values of 87,667 kilograms (193,273 1bm) LOX and 18,698 kilograms (41,222 1bm)
LHo. These values were well within required loading accuracies. The best
estimate S-IVB stage and payload 1iftoff mass was 160,122 kilograms

(353,011 1bm).

A comparison of propellant mass values at critical flight events as
determined by various analyses is presented in Table 7-7. In addition to the
data listed, simulation-trajectory match results were included in the best
estimate value. The best estimate full Toad propellant masses were 0.54
percent higher for LOX and 0.22 percent lower for LH> than the predicted
values, as shown in Table 3-3 of Launch Operations, Section 3. This
deviation was well within the required Toading accuracy.

Best estimate mass values at first burn ECO and second burn ECS, shown in
Table 7-7, were the statistical results of the methods 1listed, but their
difference does not represent the most accurate measure of actual orbital
boiloff. The values for orbital boiloff, as determined by independent
methods, were 66 kilograms (146 1bm) LOX and 1300 kilograms (2865 1bm) LH2.
Figure 7-16 presents the S-IVB best estimate ignition and cutoff masses

for first and second burns. This figure includes simulation-trajectory
data and values in addition to the other measurement systems listed in
Table 7-7.
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Ta

ble 7-6.

S-IVB Cutoff Impulse - Second Burn

% DEVIATION

FLIGHT FROM PREDICTED
PARAMETER PREDICTED ENGINE GUID. DATA ENGINE GUID. DATA
Cutoff N-s 185,126 216,980 210,480 +13,7 -
Impulse (1bf—s) (41,618) (48,779) (47,318)
Velocity m/s 3.08 3.5 3.4 +13.86 +10.8
Increase (ft/s) (10.1) (11.5) (11.2)
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Figure 7-15.
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Table 7-7. S-IVB Stage Propellant Mass History
EVENT PREDICTED P.U. INDICATED |P.U. VOLUMETRIC | LEVEL SENSOR BEST ESTIMATE FLOW INTEGRAL
(CORRECTED) (EXTRAPOLATED)
LOX LH2 LOX LH2 LOX LH2 LOX LH2 LOX LH2 LOX LH2

S-IC L/0 kg 87,666 18,697.9 | 87,678 18,672 88,127 18,619 | 88,399 18,770 -88,141 18,656 | 87,976 18,660
(Tom) [ 193,273 41,222 193,299 41,164 194,289 41,049 194,887 41,381 | 194,318 41,130 (193,954 41,139

1ST ESC kg 87,666 18,697.9 { 87,683 18,646 88,132 18,594 | 88,399 18,770 88,141 18,656 | 87,976 18,660
(1bm) [ 193,273 41,222 193,380 41,107 {194,300 40,994 194,887 41,381 | 194,318 41,130 (193,954 41,139

1ST ECO kg 60,226 13,716.1 | 59,508 13,433 | 59,738 13,407 60,028 13,544 | 59,767 13,489 59,574 13,465
(1bm) | 132,777 30,239 131,193 29,614 {131,700 29,557 132,340 29,860 | 131,765 29,650 {131,338 29,685

2ND ESC kg 60,044 12,477.4 | 59,459 12,121 59,689 12,079 | 59,561 12,010 59,607 12,070 | 59,533 12,079
1bm) 132,376 27,508 131,085 26,723 |131,592 26,631 131,310 26,479 | 131,411 26,611 1131,262 26,629

PU CUT- kg [-meceem —cemol 48,994 10,100 | 49,034 10,064 |--vmwoe commo | ooeool . 49,046 10,147
BACK (1bm) 108,013 22,266 |108,103 22,187 108,128 22,357
2ND ECO kg 5,482 1,484.6 6,864 1,730 6,831 1,689 6,860 1,648 6,801 1,676 6,843 1,723
(1bm) 12,087 3,273 15,133 3,815 { 15,059 3,723 | 15,123 3,634 | 14,994 3,696 | 15,087 3,798

Extrapolation of propellant-level sensor data to depletion, using the pro-
pellant flowrates to depletion, indicated that a LOX depletion would have
occurred approximately 38 seconds after second burn velocity cutoff with a
usable LH2 residual of 40 kilograms (89 1bm). This yielded a PU efficiency
of 99.96 percent.

The first and second burn PU valve positions are illustrated in Figure 7-17.
During first burn the PU valve was positioned at null for start and remained
there until PU activate at first burn ESC + 8 seconds. The PU valve was
then commanded to the fully closed (high EMR) position at activation and it
remained there throughout first burn.

For second burn, the PU valve was successfully commanded to the fully
opened (Tow EMR) position at second burn ESC -20 seconds to satisfy engine
restart requirements. The PU valve remained there until second burn ESC
+13 seconds when the fully opened (Tow EMR) position command was removed.
At this time system dispersions caused the PU valve to travel to the fully
closed (high EMR) position.

The PU valve reached the fully closed (high EMR) position at second burn
ESC +25 seconds and remained there until ESC +63.5 seconds. The system
dispersions, that caused the PU valve fully closed (high EMR) position
operation during second burn, are nearly equally divided between propellant
boiloff during orbit and the combination of PU system calibration and first
burn engine performance deviation.

The engine performance deviation was caused primarily by a Tow LOX flowrate
during first burn. The calibration deviation resulted from a combination of
a LOX overload and an LHp underload. Variations in PU system nonlinearities
also added to the LOX rich conditions. The actual LOX mass, which boiled
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off during coast, and the LOX consumed during the first burn cutoff
transient were less than predicted and added to the LOX rich condition.

The PU system tank-to-sensor mismatch nonlinearities are presented in
Figure 7-18. The combination of sensor capillary action at the start of
second burn and two slosh waves, caused by vehicle attitude transients
during burn, caused large variations in the indicated mass data used to

determine these nonlinearities.

The actual PU system tank-to-sensor non-

linearities, with the sloshing and capillary effects removed, compared
favorably with the predicted values adjusted for actual flight dynamics
effects. Inflight LH2 tank geometry variations deviated from the predicte
The mismatch error at PU cutback was zero for LOX and

during first burn.
-30 kilograms (-66 1bm) LH2.

Figure 7-19 shows how capillary action in the sensors affected the fine ar
coarse mass readings, and for comparison
also shown. Due to the fully open (low EMR) valve command and associated
grounding of the forward shaping network filters for the first 33 seconds
of PU system activation, the effect of the capillary action on the valve
itself was negligible.
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Vehicle attitude transients resulted in two large low-frequency propellant
slosh waves. The first slosh wave appeared between second burn ESC +100
seconds and ESC +120 seconds. This slosh wave was set off by a vehicle
attitude transient following artificial tau mode. The PU valve was raised
approximately 1 degree by this disturbance and resulted in a corresponding
shift in engine performance parameters. The second lowfreqguency slosh
wave occurred approximately 5 seconds before second burn ECO. This wave
was also caused by a vehicle attitude transient and occurred at the same
time the chi freeze guidance mode was applied. This disturbance resulted
in a 1 degree valve tailoff.and corresponding thrust variation.

The redesigned forward shaping network (slosh filter) successfully attenuated
the effects of propellant sloshing on the PU valve. Propellant sloshing
within a 0.2 to 0.6 hertz range was present in the mass signals and the PU
summing point error signal. However, the added filter attenuated the slosh
effects on the signal fed to the PU valve servo.

The actual first burn EMR was Tower than predicted LOX flowrates, while the
second burn EMR variations follow the PU valve history. The thrust Tlevel
change from EMR cutback to the EMR position was 989,314 Newtons (224,430 1bf)
to 870,961 Newtons (195,800 1bf). This resulted in a thrust level change of
118,353 Newtons (28,630 1bf).

7.10 S-IVB PRESSURIZATION SYSTEM
7.10.1 S-IVB LH2 Tank Pressurization

The LH2 pressurization system operationally met all engine performance
requirements. However, the LH2 pressurization system indicated possible
deviations from the predicted during S-IVB first burn, coast phase, and
second burn operations. The pressure measurement deviations, within the
continuous vent system and LH2 pressurization system, during orbital coast
resulted in ground command activities necessitated by the mission rules.
The sequence of events and associated system performances are discussed in
the followina paragraphs.

The LH2 tank prepressurization command was received at -96.5 seconds. The
LHp tank pressurized signal was received 21.5 seconds later when the LH2
tank ullage pressure reached 23.3 N/cm (33.8 psia). The ullage pressure
continued to increase, reaching 24.8 N/cm? (35.9 psia) at S-IVB first burn
ESC as shown in Figure 7-20.

At S-IVB first burn ESC the LHo tank ullage pressure was 24.8 N/cm2

(35.9 psia). Between S-IVB first burn ESC (520.72 seconds) and approximately
525.5 seconds, the under-control orifice and the first and second burn over-
control valves were open. Pressurization flow was limited to the under-
control orifice not requiring first burn over-control valve operation until
first burn ECO at 665.64 §econds. The ullage pressure followed a normal
decay, reaching 20.0 N/cm¢ (29.0 psia) at first burn ECO. The actual
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pressure profile, while somewhat Tower than predicted as shown in Figure 7-20,
was satisfactory. LH2 tank venting did not occur during S<IVB first burn.

The GHp pressurization flowrate was approximately 0.345 kg/s (0.50 1bm/s),
providing a total flow of 48.3 kilograms (70.1 1bm) during S-IVB first burn.

Following orbit insertion, the continuous vent line pressures of the LHp
tank were reading approximately zero. These two line pressures are the cues
on which conclusions to the open/closed condition of the continuous vent
valve are made by ground control. About 1 minute after insertion, the
continuous vent system was activated and displayed the expected reading on
both Tine pressures. The system behavior as displayed on the ground was
entirely normal.

During the orbital coast, with decreasing tank pressure, the Tine pressures
steadily decayed to 13.4 N/cm? (19.5 psi) and started regular oscillations
which are attributed to regulator operation. The two line pressures exhibited
very similar values until the first pass over Carnarvon and at this time a
pressure differential of 2.1 N/cm2 (3 psi) was observed and remained for the
rest of the orbital flight and the restart sequence.

Near the completion of the second revolution, Time Base 6 (Te) was initiated
by onboard sequence while the space vehicle was in sight of the Guaymas
station. As shown in Figure 7-21, the increase in vent line temperatures
indicates a closure of the continuous vent which was scheduled to occur at
Te +1.2 seconds, The two vent line pressures, still differing by approxi-
mately 2.1 N/cm (3 psi) stopped their oscillations and then began a gradual
decrease from their former peak values. This behavior was drastically dif-
ferent from the expected immediate pressure drop to zero. At the same time,
the repressurization of the LH» tank commenced, accompanied by a corresponding
decrease of the ambient helium supply pressure as shown in Figure 7-21. The
rate of repressurization of the LHp tank was somewhat slower than anticipated
on the basis of flight predictions. Ground control concluded that this was
an additional indication of at least a partially open condition of the vent
valve and took appropriate action as required by the mission rules.

Appropriate action by ground command to the switch selector consisted of
four steps, three of which were made at the same time (Reference Table 2-4).
First, the repressurization valve was closed, stopping the ambient helium
flow into the tank. This provision was made to prevent the loss of repres-
surization gas through the open vent valve. The second command step
attempted to close the solenoid valve electrically and at the same time
applied pneumatic pressure to the pneumatic valve of the continuous vent
valve assembly. The third step consisted of removing the pneumatic
pressure from the valve assembly. This sequence was to be followed by

an opening command to the repressurization valve at Te +256 seconds to

make optimum use of the entire helium available even if the continuous

vent failed completely open. The step of commanding open the repressuriza-
tion valve was omitted due to additional attempts to close the valve and
command handover from Texas to Cape Kennedy.
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Figure 7-21.
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During this repressurization period _the LHp tank was pressurized from

13.6 N/cm2 (19.7 psia) to 22.0 N/cm (32.0 psia). The ullage pressure
subsequently decayed, reaching 19.2 N/cm? (27.8 psia) at second burn ESC
as _shown in Figure 7-22. Approximately 20.4 kilograms (45 1bm) of ambient
helium were used in the repressurization operation, with approximately

6.4 kilograms (14 1bm) remaining in the boftles. The residual helium
would have provided approximately 10.3 N/cm (1.5 psi) additional ullage
pressure. The ullage pressure of 19.2 N/cm? (27.8 psia) at second burn
ESC is lower than the minimum predicted level of 21.4 N/cm2 (31 psia).

The unexpected decay of LH2 ullage pressure, after termination of repres-
surization, was probably caused by a malfunction of the diffuser or bubble
formation. The corrective action presently under consideration is:

a. Implement diffuser ground test program.

b. Change flight sequence to optimize the repressurization cycle.
C. Reorificing the repressurization control module.

Some other possible affects on the Tow LH2 ullage pressure were:

a. Premature termination of the ambient repressurization operation.

b. A cooler than expected blowdown of the repressurization bottles
(Tower environmental heating of the pressurant gas resulted in
a lower energy input into the ullage).

c. A condensation of GH2 bubbles into the 1iquid bulk (condensation
of bubbles resulted in an expansion of the remaining ullage volume
and a corresponding ullage pressure drop).

d. An energy loss from the ullage gas was caused by a propellant
wave induced by a significant attitude change maneuver at the
start of repressurization.

Between S-IVB second burn ESC and ESC +10.6 seconds, the under control
orifice, the first and second burn over-control valves were open. The
first burn over-control valve closed for second burn, while the under
control orifice and the second burn over-control valve remained open
throughout second burn. Fuel tank ullage pressure and pressure rise
rates during S-IVB second burn were Tower than anticipated as shown in
Figure 7-22. Pref]ight predictions indicated cyclic operation within
the 21.4 - 23.4 N/cme (31-34 psia) control band. The maximum pressure
obtained, which occurred at second burn ECO, was 22.0 N/cm2 (31.9 psia).

LHz tank venting did not occur during S-IVB second burn. The GH» pressuri-

zation flowrate ranged from 0.48 to 0.52 kg/s (0.70 to 0.75 1bm/s), providing
a total flow of 142 kilograms (206 1bm) during S-IVB second burn.
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In summary it is concluded that the continuous vent system operation was
nominal. The vent Tine pressures which were nominal following CVS initiation
at 1iftoff +751 seconds began to diverge prior to liftoff +1000 seconds. The
deviation was probably transducer bias and/or inaccuracies resulting from
environmental effects and had increased to 1.7 - 2.1 N/cm? (2.5 - 3.0 psi)

by 00:52:04. Thermodynamic analysis has shown that the transducers at their
mounting Tocation were exposed to extreme low temperature environment and
that output shifts of up to 12 percent may be experienced at these low
temperatures. The oscillation of the CVS temperature and pressure prior

to restart preparation initiation (03:05:59.55) indicated that the system
functioned properly.

In order to prevent a reoccurrence of similar events, mission rule 5-38 is
being reassessed. Recommendations presently being considered are change
and/or addition of primary cues, procedural safequards against omission of
subsequent command steps, and remote location of transducers.

The LH2 pump inlet NPSP was calculated from the pump interface temperature
and total pressure. These values indicated that the NPSP at S-IVB first
burn ESC was 9.5 N/cm2 (13.8 psi). The NPSP then decreased during powered
flight to a minimum value of 6.21 N/cm2 (9 psi) at first burn ECO. At the
minimum point the NPSP was 1.8 N/cmZ (2.6 psi) above the required. Through-
out the burn, the NPSP closely followed the predicted.

The NPSP at the end of fuel lead prior to second burn was approximately the
same as the required level. The NPSP increased rapidly after ESC such that
it was above the required level during the engine burn. At second burn ECO
the NPSP was 6.0 N/cm2 (8.75 psi) which was 1.97 N/cm2 (2.85 psi) above the
required. The pump interface total pressure at the end of fuel lead was
18.5 N/cm (26.8 psi). The pressure continued to increase during the second
burn reaching a pressure of 21.3 N/cm? (30.9 psi) at ECO. The difference
between the data and the predicted was due to a lower than expected LH, tank
ulTage pressure.

Figures 7-23 and 7-24 summarize the fuel pump inlet conditions for first
and second burns, respectively.

7.10.2 S-IVB LOX Pressurization System

The oxidizer system performed adequately, supplying LOX to the engine pump
inlet within the specified operating 1imits throughout both firings. The
available NPSP at the LOX pump inlet exceeded the engine manufacturer's
minimum at all times.

LOX tank prepressurization was initiated at -167 seconds and increased the

LOX tank ullage pressure from ambient to 27.92 N/cm2 (40.5 psia) within

15 seconds as shown in Figure 7-25. Two makeup cycles were required to
maintain the LOX tank ullage pressure before the ullage temperature stabilized.
The pressurization control pressure switch controlled the pressure between

7-37



20
b 25
N 15 o
[=] '—20 i
o a
= Py
- . - 15 o
5 10 W ACTUAL S
& %& g A 10
o~ 5
= 511st ESC \_ Ist ECO |
520.72 PREDICTED |665.64
SEC, RT SEC, RT
) 4 . 0
35 — 50
45 @
- — |
Led
= 30 e
=N — 40 Z2.®
25 M B2
5= 5 © o
oL 25 ACTUAL PREDICTED \" o W
gy /WWWWW =32
A iy [qN1 W]
S 20 F1st ESC o Tst ECO 55
L 520.72 665.64 | ..
SEC, RT SE% RT
15¥
v 5
[o] 24 "
- &
g — -418 2
<
23 =
(SW]
o [a W)
(T =
o td
§ L _420 +
22 ACTUAL o
L ya =
21  — - et
= N "N—PREDICTED . a
S Ist ECO}- -422 &
" 1st ESC 5
= 665.64 ~
& 520.72 SEC, RT
s [qN]
N SEC, RT v -
) 4 150 -
35 ’ o =0 75 100 125

TIME FROM FIRST ESC, SECONDS
Figure 7-23. S-IVB Fuel Pump Inlet Conditions - First Burn

7-38



20
L. 25
o 15 : 2 o
S |sSTDV PREDICTED B @
= OPENED '\ a
4 (o8
S &
o~ — 10 IN
I i _]’ | -
ACTUAL 2nd ECO |
2nd ESC ' 03:16:26.27 RT >
03:11:34.54 RT - |
35 50
— —
t 45
= 30 ,%
N
28 PREDICTED —40 22
2% 25 1 2=
= & = o
&2 = 2
~ ] 20 — 30 Nt
TE ! _[ 2nd ECO T
2nd ESC ACTUAL 03:16:26.27 RT -
: 03:11:34.54 RT
]5' 1 1
24 W
[N ]
a a.
a.
5 ACTUAL é
- A
22 -420
4 t L‘f g
=
= PREDICTED ~
= 2] 1 =
5 “'{2nd ESC 2nd ECO —-422 5
~. 103:11:34.54 RT 03:16:26.27 RT ~
I
P, 4 | =
0 50 100 150 200 250 300 350 400

TIME FROM SECOND ESC, SECONDS

Figure 7-24. S-IVB Fuel Pump Inlet Conditions - Second Burn

7-39



ULLAGE PRESSURE, N/cm?

2

"ULLAGE PRESSURE, N/cm

ULLAGE PRESSURE, N/cm?

32

24

32

30

28

26

24

30

28

26

24

30
_J — 20
L INITIATIONOF 1st ESC |
PREPRESSURIZATION 520.72 10
L/0 SEC
\ 4 \ 4 A 4
-200 0 200 400 600
RANGE TIME, SECONDS
L 46
44
ACTUAL— — 42
) A ~ ~
; 1st ESC P \YJ"'{- 40
N 520.72 NI AN A
SEC A v e Ist ECO | 3
P 665.64 ]
»°  N——PREDICTED SEC 36
No T . | v
520 560 600 640 680
RANGE TIME, SECONDS
- 42
) . 40
| 1st ECO - 38
665.64
SEC - 36
v |
0 0 HRS 1 HRS 1 HRS 2 HRS 2 HRS
33 MIN 6 MIN 40 MIN 13 MIN 46 MIN
20 SEC 40 SEC 0 SEC 20 SEC 40 SEC
RANGE TIME, HOURS:MINUTES:SECONDS
Figure 7-25. S-IVB LOX Ullage Pressure - First Burn

7-40

ULLAGE PRESSURE, psia

ULLAGE PRESSURE, psia

ULLAGE PRESSURE, psia



26.89 N/cm2 (39 psia) and 27.92 N/cm2 (40.5 psia). At -97 seconds the LOX
tank ullage pressure increased from 27.58 N/cm2 (40 psia) to 29.37 N/cm?
(42.6 psia) due to fuel tank prepressurization, LOX tank vent valve purge
and LOX pressyre sense line purge. The LOX tank ullage pressure decreased
to 27.58 N/cm? (40 psia) during S-IC boost and maintained that pressure
during S-II boost.

The LOX tank ullage pressure was 27.58 N/cm2 (40 psia) at ESC, satisfying

the engine start requirements which is also shown in Figure 7-25. During 5
the start transient the ullage pressure decreased to a minimum of 24.68 N/cm
(35.8 psia) before the pressurant flowrate became large enough to increase
the ullage pressure. During burn the ullage pressure cycled three more times
than predicted. The greater than predicted number of cycles was due to an
ullage pressure drop, 0.689 N/cmé (1 psia) less than predicted during the
start transient, and a smaller control band than used for the predictions.
The ullage pressure was sufficient to meet the minimum NPSP requirement
during powered flight.

The slight ullage pressure rise during the first few seconds after ESC is
due to the pressurization system being activated at ESC, allowing gas to
flow during this period.

The LOX tank pressurization flowrate variation was 0.102 to 0.191 kg/s
(0.225 to 0.42 1bm/s) during over-control, and from 0.0748 to 0.136 kg/s
(0.765 to 0.3 1bm/s) during under-contro] system operation. This variation
is normal because the bypass orifice inlet temperature changes as it follows
the cold helium sphere temperature. The helium used during S-IVB powered
flight was 21.32 kilograms (47 1bm) (based upon flow integration) compared
to 150.6 kilograms (332 1bm) loaded.

The J-2 heat exchanger outlet temperature increased to 514° K (465.3° F)

by the end of the 50-second start transient period. Throughout the remainder
of the first burn the temperature increased, reaching a maximum of 556° K
(540.3° F) 9 seconds prior to first burn cutoff. The helium flowrate

through the heat exchanger was relatively constant at 0.086 kg/s (0.019 1bm/s)
during over-control and at 0.0331 kg/s (0.073 1bm/s) during under-control
operation.

The oxidizer tank ullage pressure between first burn cutoff and ESC is shown
by comparing Figures 7-25 and 7-26. The ullage pressure decreased from the
first burn cutoff pressure of 27.58 N/cm (40.0 psia) to a minimum of

26.95 N/cm2 (39.1 psia) at 01:43:20, then increased to 27.58 N/cmé

(40.0 psia) at 03:06:16 where the LOX tank ulTage pressure started to
increase. The increase of the ullage pressure after this time was believed
to be due to bubbles of gaseous oxygen rising from the bottom of the tank
to the ullage, causing approximately a 2.8° K (5° F) temperature increase
of the pressurants. Because of this pressure increase, the ullage pressure
at repressurization initiation was above the minimum required. The spheres
were not required for repressurization. The LOX tank ullage pressure at
second burn ESC was 29.37 N/cm2 (42.6 psia).
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During orbital coast the LOX tank ullage pressure did not collapse as
expected. The relative stability of the.LOX tank ullage pressure is due

to heating of the LOX residuals and formation of a gas pocket in the aft

end of the tank. The gas pocket formation is supported by the gas and

liquid temperature measurements reading above norma];]iquid bulk temperatures.
As the gas pocket grew during orbital coast,the.11qu1d was pushed into the
ullage space thereby keeping the pressure re]at1ve1y stable. The Tiquid
agitation during ullaging caused the bubb]g formation to rise through the
liquid to the tank ullage, thereby increasing the ullage pressure due to

the mixing of relatively warm bubbles with the cold ullage.

At second burn ESC the LOX tank ullage pressure shown in Figure 7-26 was
29.37 N/cm2 (42.6 psia) satisfying the engine start requirements. The
ullage pressure cycled three times during the burn, one cycle less than
the predicted. The fewer than predicted number of cycles was due to a
harrower than predicted control band and a Tower than predicted decrease
during burn. During the burn, the ullage pressure was sufficient to meet

the minimum NPSP requirements during powered flight.

The pressurant flowrate variation was from 0.125 to 0.15 kg/s (0.275 to
0.33 Tbm/s) during under-control and from 0.181 to 0.209 kg/s (0.4 to

0.46 1bm/s) during over-control system operation. The helium usage during
the second S-IVB powered flight was 43.09 kilograms (95 Tbm).

The J-2 heat exchanger outlet temperature increased to 533° K (500.3° F)

at the end of the 50-second start transient period. The temperature

reached a maximum of 561° K (550.3° F) at 100 seconds after ESC. The
temperature then cycled from 528° K (490° F) on over-control to 544° K
(520.3° F) on under-control. The helium flowrate through the heat exchanger
varied from 0.095 to 0.082 kg/s (0.21 to 0.18 Tbm/s) during over-control

and from 0.039 to 0.033 kg/s (0.085 to 0.073 1bm/s) during under-control
operation.

The cold helium supply was more than adequate to meet flight requirements.
At first burn ESC, the cold helium sgheres contained 151 kilograms (332 1bm)
of helium at a pressure of 2006 N/cm2 (2910 psia). During the 144.9 seconds
of first burn engine operation, the helium mass in the spheres decreased

17 kilograms (38 1bm), Teaving a pressure of 1082 N/cm2 (1570 psia) at first

burn ECO.

During orbital coast between first burn ECO and second burn ESC, the helium
mass in the spheres apparently decreased 19 kilograms (42 1bm) as indicated
by the pressure trace shown in Figure 7-27. This would indicate a leakage
of 0.00171 kg/s (0.00377 1bm/s). However, supporting analyses indicate that
the leakage did not occur and that the pressure reading is in error.

At second burn ESC, the cold helium sphere pressure was 986 N/cm? (1430 psia).
During the second burn period of 299.7 seconds, the mass in the helium

spheres decreased by 28 kilograms (62 1bm) Teaving 86 kilograms . (190 1bm)

at 552 N/cm? (800 psia) at second burn ECO.
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Figure 7-27. S-IVB Cold Helium Sphere Condition - Coast Phase

A1l values quoted were obtained through absolute mass calculations based
upon bottle temperatures and pressures at the indicated times. These
absolute mass calculations disagree with the values obtained through flow
integration. Evaluation is continuing to resolve the discrepancy.

The NPSP calculated at the interface was 16.3 N/cm2 (23.6 psi) at S-IVB
first burn ESC. The NPSP decreased after start and reached a minimum value
of 15.4 N/cm? (22.3 psi) at 25 seconds. This was 1.15 N/cm? (1.7 psi) above
the required NPSP at that time. The NPSP then increased and followed the
predicted closely throughout S-IVB powered flight.

The NPSP calculated at the engine interface was 17.24 N/cm2 (25.0 psia) at
S-IVB second burn ESC. At the end of fuel lead the NPSP increased rapidly

to 19.3 N/cmé (28.0 psi) then decreased to 16.68 N/cmé (24.2 psi), cycling
from this value to 17.75 N/cm@ (25.75 psi). The NPSP was close to the
predicted but somewhat higher at second burn ESC and at ECO. The differences
are due to a higher than expected ullage pressure at second burn ESC and a
Tower than expected inlet temperature at cutoff. At all times during second
burn the NPSP was above the required.

The LOX pump static interface pressure during first burn followed the cyclic
trends of the LOX tank ullage pressure. Values ranged from 25.9 N/cm

(37.6 psi) at 25 seconds to 30.8 N/cmé (44.7 psi) immediately after first
burn ESC. During the remaining portion of the engine operation the pressure
and the LOX pump interface temperature closely followed the predicted.
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The LOX pump static interface pressure during second burn also followed

the cyclic trends of the LOX tank ullage pressure. Values ranged from

32.0 N/cm2 (46.4 psia) at the end of fuel lead to 29.5 N/cm2 (42.8 psia)

at second burn ECO. During powered flight the pressure followed closely

to the predicted. The LOX pump interface temperature also closely followed
the predicted.

Figures 7-28 and 7-29 summarize the LOX pump inlet conditions for first and
second burns, respectively.

After S-IVB second burn ECO the ullage pressure remained momentarily at

27 N/cm2 (39.2 psia) until the programed LOX vent occurred at 11,786.952
seconds. The pressure then decreased rapidly to 20.1 N/cm2 (29.2 psia)
within 10 seconds. At 03:16:36.766, the LOX vent valve was closed.

By 03:20:00 the pressure had increased to 22.75 N/cm2 (33 psia) due

to vaporization of the residual LOX and heating of tank pressurants. At
19,100 seconds the ullage pressure had increased to 29.23 N/cm?2 (42.4 psia)
when the sensed pressure began oscillating. The oscillations had an
amplitude of 3.44 N/cm? (5.0 psi) and a period of approximately 0.5 second.
Data indicates the oscillation is occurring within the sense line and not
the tank ullage. Supporting data shows no change in vent valve position
during this period. Sense line purge is minimal as pneumatic helium was
essentially depleted by this time.

7.11 S-IVB PNEUMATIC CONTROL AND PURGE SYSTEM

The pneumatic control and purge system performed satisfactorily during boost
and first burn operations. During orbital coast a system leak developed,
however, the helium supply pressure was sufficient to complete all second
burn operations.

System performance was normal during boost and first burn operations.
However, at approximately 00:58:20 the pneumatic bottle pressure began
decreasing at the rate of 0.72 N/cm2/min (1.04 psi/min) as indicated in
Figure 7-30. At approximately 01:48:20, the rate of pressure loss in-
creased to 12.0 N/cmé/min (17.4 psi/min). Pneumatic control bottle
temperature and regulator outlet pressure is shown in Figure 7-31. At
04:10:00 the bottle pressure had dropped to the pneumatic regulator
operation band as shown in Figure 7-32. At this point the regulator
poppet opened fully, and thereafter the regulator discharge pressure
differed from the pneumatic bottle pressure only by the system pressure
drop from the bottle through the regulator. Bottle masses at various
pertinent times are shown in Table 7-8.

There is some evidence that the leak may be associated with the prevalve
actuation control module of the prevalves and chilldown pump shutoff
valves or the failure of a calips pressure switch diaphragm. A pneumatic
control schematic is shown in Figure 7-33. The corrective actions being
considered are to cap the calips port on the pressure switch to eliminate
a possible leak, and a redesign of the actuation control module.
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Table 7-8. S-IVB Helium Bottle Mass

TIME BOTTLE MASS

kg 1bm
Liftoff 3.71 8.19
First Burn ESC 3.70 8.17
First Burn ECO 3.69 8.14
3500 seconds 3.38 7.46
6500 seconds 3.37 7.43
Second Burn ESC (03:11:34.54) 2.30 5.08
Second Burn ECO (03:16:26.27) 2.29 5.05
17,500 seconds 0.19 0.42

7.12 S-IVB AUXILIARY PROPULSION SYSTEM

The APS pressurization systems demonstrated nominal performance throughout
the flight and met control system demands as discussed in paragraph 11.1
and 11.5.4. The regulator outlet pressures were maintained at 135 N/cm2
(196 psia). The APS pressures in the tanks were approximately 131 N/cm?
(190 psia) as shown in Figure 7-34.

The oxidizer and fuel supply systems of the APS engines performed as
expected during the flight except for the propellant temperatures measured
at the propellant control modules. These temperatures were higher than
expected with the oxidizer in the module at position I exceeding the trans-
ducer Timit of 328° K (131.3° F). The supply pressures were nominal at
approximately 131 N/cmZ (190 psia) during the mission.

With the exceptions noted in the following paragraphs, the APS engine
performance was as expected with a maximum propellant consumption of 65
percent as shown in Figure 7-35 and Table 7-9. Even with the anomalies
noted, performance was sufficient for control throughout the mission.

During the prelaunch burp firings of the AS-501 APS engines it was noted
that engine III7y did not exhibit a normal chamber pressure trace. The
abnormality was attributed to the instrumentation. During the AS-50]
flight, this abnormality cleared up somewhat. The chamber pressure level
of engine IIITy remained in the 65-70 N/cm2 (95-100 psia) range throughout
the flight.

Engine 111 exhibited normal chamber pressure during burp firings, however,
during the AS-501 flight the first pulses on this engine were approximately
15 percent below the nominal 69 N/cm2 (100 psia). During the latter part

of the mission, after 05:00:00, the chamber pressure level decreased
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Figure 7-34. S-IVB APS Pressurization System Performance, Sheet 2 of 2

to 38 N/cm2 (55 psia). A possible cause of this anomaly was a restriction
of propellant flow to the engine.

The restriction could be a result of contamination of the injector vaives,
orifices, or tubes by either foreign matter or precipitates from the
propellants. The restriction could also be caused by vaporization of the
oxidizer in the injectors or by outgassing of the helium from the propellan
The propellant temperatures (measured at the propellant control module) are
shown in Figure 7-36 and it can be seen that during the period of greatest
degradation, the oxidizer temperature of module at position I exceeded

328° K (131.3° F). The engine injector temperature was 333° K (140.3° F).
With a chamber pressure of 38 N/cm2 (55 psia) and the recorded injector
temperature, it is probable that the oxidizer will vaporize in the injector
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Table 7-9. S-IVB APS Propellant Consumption

MODULE AT POSITION I MODULE AT POSITION I1]
TIME PERIOD OXIDIZER FUEL OXIDIZER FUEL

kg (1bm) kg (1bm) kg (1bm) kg (1bm)
Initial Load 82.5 (182)] 56.7 (125) 84.8 (187) | 56.7 (125)
First J-2 Burn
Ro1l Control * * * *
J-2 ECO to End of 7.7 (17) 5.9 (13) 8.2 (18) 6.4 (14)
First APS Ullaging
1st and 2nd Earth 6.8 (15) 4.5 (10) 1 (2) 0.9 (2)
Revolutions
Restart Preparations |25 (56) |19 (41) 26 (57) 19 (42)
2nd J-2 Burn Roll 3 (7) 2 (4) 4 (8) 2 (5)
Control
2nd J-2 ECO to CSM 2 (5) 2 (4) 3 (7) 2 (5)
Separation
CSM Separation to 5.4 (12) 3 (7) 10 (22) 6 (13)
Loss of Data
Total Usage 50.8 (112) | 36 (79) 52.2 (115) | 37 (81)
Residuals 38% 37% 38% 35%

* Usage not large enough to be evaluated by methods available.

It has been noted, however, that engine I
and exhibited normal performance.
degradation of chamber pressure.
the one observed, a combination of valves would have to fail.

had a higher injector temperature

An injector valve fajlure could cause a

Engine Ity also exhibited abnormal chamber pressures.
first pulses on engine Iy were about 15 percent Tow.

have as great a degradation in the final phases of the
the period around 05:00:00 to 05:33:20
The pressure cycled from 38 to 65 N/cmé (
This frequency was near the longitudinal acoustical

noted.
mately 400 hertz.

Like engine Iy, the

However, to get a degradation as great as

This engine did not

mission, but during
» & chamber pressure oscillation was
55 to 95 psia) at approxi-

resonance frequency of the chamber, however, it could be due to an instru-

mentation problem.

The ullage engine of module at
after each of its burns.
related to the problems of
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SECTION 8
HYDRAULIC SECTION

8.1 SUMMARY

The S-IC, S-II, and S-IVB hydraulic systems performed within predicted limits,
and the entire system operated satisfactorily throughout the flight. A1l
parameters were within redlines by ample margins and there were no anomalies
apparent during flight.

8.2 S-IC HYDRAULIC SYSTEM

The S-IC stage incorporated eight gimbal actuators of the Moog model and
operated with fuel (RP-1) as the hydraulic medium. Analysis indicates that
all actuators performed satisfactorily as commanded during the flight, as
shown in Figure 8-1. The maximum actuator deflection was equivalent to

0.7 degrees engine gimbaT angle at the initiation of the vehicle roll program,
The average hydraulic supply pressure was 1340 N/cm? (1944 psia), and operated
in a small band within the operating limits. The temperature as depicted by
the return actuator fluid was 304°K (87.8°F) and operated within a narrow
band. The maximum hydraulic engine valve opening pressure of 1400 N/ cm?

(2031 psia) was in close agreement with the maximum supply pressure of

1380 N/cm2 (2002 psia) to the actuators.

8.3 S-II HYDRAULIC SYSTEM

The four separate hydraulic systems on the S-II stage (one system per out-
board engine) performed within normal Timits with events occurring close to
the predicted times. The minimum reservoir volume was 13 percent of full
versus the redline of 3.0 percent and was within the nominal predicted bands.
The hydraulic fluid minimum pressures and maximum temperatures were

2400 N/cm2 (3480 psia) and 325 °K (125°F), respectively, which were well
within the predicted limits as shown in Figure 8-2. The actuator forces were
well below the predicted maximum of 84,500 Newtons (19,000 1b). The maximum
tensile force was 46,200 Newtons (10,400 1b) which was exerted by the pitch
actuator of engine number 4. The maximum force in compression was 23,100
Newtons (5200 1b) which was exerted by the pitch actuator of engine number 1.
ATT S-II hydraulic system events occurred close to the predicted times.
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8.4 S-IVB HYDRAULIC SYSTEM (FIRST BURN)

The S-IVB hydraulic system performed within the predicted Timits after 1ift
off with no overboard venting. However, overboard dumping did occur during
prelaunch overall test operations which resulted in leaving the system at
the Tower reservoir 1imit of 85 percent at a temperature of 294°K (69.53°F)
The hydraulic fluid was near 361°K (190.1°F) with the accumulator gas tempe
ature reaching 270°K (26.3°F) which reduced the GNp precharge pressure.
These conditions resulted in an oil level of 22 percent when the system was
activated; however, the accumulator piston was not bottomed. Table 8-1 shc
minor pressure level variations and compares the Tiftoff, first burn, parki
orbit, and second burn system pressures.

During boost all system fluid temperatures rose steadily as the auxiliary
pump was operating and convection cooling was decreasing as shown in Figure
8-3. Accumulator gas and actuator cylinder temperatures remained low since
they are located on the extreme ends of the system. The main pump output
pressure setting was higher than the auxiliary pump by 10.3 N/cm (15 psi)
to 24.1 N/cm? (35 psi). The main pump flange temperature rose sharply duri
first burn because of heat transfer from the engine. Reservoir oil level
rose to 25 percent at the end of first burn due to the increased oil temper
ature. After engine cutoff, an increase to the 90 percent Tevel occurred
after the auxiliary pump "off" command. The supply pressure during both
burns was 2413 N/cm? (3500 psia) to 2517 N/cm? (3650 psia) as compared to
the allowable of 2344 N/cm2 (3400 psia) to 2517 N/cmé (3650 psia). The
maximum actuator toraue resulting from the vehicle attitude command during
first burn was in yaw at 7586 N-m (67,146 in-1b) and was well within desigr
1imits for the components.

Table 8-1. S-IVB Hydraulic System Pressures

PRESSURES LIFTOFF FIRST BURN | PARKING ORBIT | SECOND BURN | ALLOWABLE DURING BUR
N/cm?2 N/cm?2 N/cm? N/cm2 N/ cm
(PSIA) (PSIA) (PSIA) (PSIA) (PSIA)
System Qi1 2482 2503 - 2496 2416 to 2516
(3599.8) (3630.3) (3620.1) (3504.1 to 3649.1)
Accumulator GN2 2493 2503 1651 2496 2416 to 2516
(3615.8) (3630.3) (2394.6) (3620.1) (3504.1 to 3649.1)
Reservoir 011 119 125 47 123 94.5 to 137.9
(172.6) (181.3) (68.2) (178.4) (137.1 to 200.0)
Aux. Pump Air Tank 255 255 262 262 e
(359.8) (369.8) (380.0) (380.0) -
Aux. Pump Motor Air 22 23 17 16
{31.9) (33.4) (24.7) (23.2) |  °°°°7

The values have been corrected to the 293 °K ( 67 °F. )
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8.5 S-IVB HYDRAULIC SYSTEM (COAST PHASE)

During orbital coast there were no thermal cycles of the auxiliary hydraulic
pump. During a period of 50 minutes after engine cutoff, the pump inlet
temperature increased from 321 to 349 °K (118.1 to 168.5 °F) due to continuec
heat transfer from the LOX turbine dome to the pump as shown in Figure 8-4.
During remainder of the coast period this temperature decreased gradually
along with other system temperatures. System bleeddown required 57 seconds
and system pressure stabilized at 46.9 N/cm2 (68 psia).
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Figure 8-4. S-IVB Hydraulic System Performance - Coast Phase
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8.6 S-IVB HYDRAULIC SYSTEM (SECOND BURN)

The auxiliary pump was activated to the flight mode at 10,914 seconds

(580 seconds prior to second burn). System operation was normal through
restart operation and during burn. During restart prevaration the pump
inlet 0i1 temperature rose from 289°K to 309°K (60.53 to 96.53°F) at restart
as shown in Figure 8-5. System pressure stabilized at 49 N/cm? (71 psia)
following a 52-second bleeddown.

The maximum actuator torque resulting from the vehicle attitude command

during second burn was in yaw at 11,380 N-m (100,719 in-1b) and was well
within the design limit for the component.
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SECTION 9
STRUCTURES

9.1 SUMMARY

The structural loads and dynamic environment experienced by the AS-501
launch vehicle were well within the vehicle structural capability. Vehicle
loads, due to the combined rigid body and dynamic Tongitudinal load and
bending moment, were well below limit design values. Tank pressures, com-
partment pressures, and structural temperatures also remained within limit
design values.

The transients, due to thrust buildup and vehicle release, resulted in maxi-
mum longitudinal and lateral dynamic load factors of +0.2 g and +0.08 g
(simulated) respectively at the command module. The maximum bending moment

condition, 5.72 x 106 N-m (4.22x106 1b-ft) in the S-IC LOX tank, was ex-
perienced at 78.70 seconds. The maximum Tongitudinal Toads were experienced
at 135.52 seconds (IECO) at a rigid body acceleration of 4.15 g's. The maxi-
mum longitudinal dynamic load factor, +0.9 g, occurred subsequent to OECO at
the command module.

Vehicle dynamic characteristics followed the trends established by preflight
analyses. As predicted prior to launch, small thrust oscillations of magni-
tudes less than 0.1 percent of total thrust occurred in the 4.5 to 5.5 hertz
frequency range and excited the first longitudinal mode to small amplitudes.
However, no longitudinal instability phenomenon occurred.

Fin bending and torsional modes compare well with analytical predictions.

No fin flutter occurred. S-IC, S-II, and S-IVB stage vibrations were as ex-
pected. IU vibrations were as expected except for the inertial platform
input vibrations which exceeded the random test specification at 1iftoff.

No adverse effects were noted in platform performance.

9.2 TOTAL VEHICLE STRUCTURES EVALUATION
9.2.1 Longitudinal Loads
The vehicle longitudinal dynamic response, due to thrust buildup and release,

was determined by dynamic simulation and review of measured acce]erationg..
The simulation utilized the individual F-1 engine thrust buildup and ignition
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sequencing and holddown arm release times as determined from measured data.
Predicted slow release device characteristics were used due to Tack of
measured data (refer to paragraph 11.3.1). Figure 9-1 shows the results of
the simulation as compared to measured strain gage and accelerometer data.
The upper two stations, where astronaut comfort is of prime concern, are
presented in terms of acceleration and the lower two stations, where loads
are the main consideration, in terms of lToad. In general, the measured and
simulated data agree well considering that the strain gage frequency respons
was limited to 2.4 hertz or less. The pre-release (cantilevered) mode of
approximately 2.0 hertz can be seen in both the strain data and the simula-
ted data, while the post 1liftoff modes have been effectively filtered from
the strain data. The predominant frequencies after release were approxi-
mately 3.8 and 4.4 hertz, corresponding to the first two Tongitudinal modes
The noticeable beat pattern, with a period of approximately 1.5 seconds, 1s
due to the superposition of these two fundamental oscillations. During
thrust buildup and release the maximum Tongitudinal dynamic load factor,
approximately +0.2 g (simulated), occurred at the command module. The Tong
tudinal dynamic response, shown in Figure 9-1, is well within the allowable
limits when applied in conjunction with the lateral dynamic response (see
Figure 9-4) and rigid body loads which existed during thrust buildup and
release.

The longitudinal loads experienced during the time of maximum aerodynamic
Toading (maximum bending moment) and at maximum compression (IECO) are show
in Figure 9-2. The postflight calculated Tongitudinal Toads were computed
using the measured accelerations recorded during S-IC stage burn, and the
predicted mass characteristics of AS-501. The measured loads from strain
gage data show excellent correlation with the postflight calculated Toads.

The vehicle longitudinal dynamic response experienced during S-I1C OECO and
S-1C/S-11 separation is shown in Figure 9-3. The maximum longitudinal dy-
namic load factor during this period of flight, approximately +0.9 g,
occurred at the command module. This Toad factor is well within allowable
limits. The excellent correlation between the measured data and the re-
sponse simulated by using measured forcing functions is shown in Figure 9-3

9.2.2 Bending Moments

The vehicle lateral dynamic response due to thrust buildup and release was
determined by dynamic simulation and review of measured accelerations. The
simulation utilized the individual F-1 engine thrust buildup and ignition
sequencing, and holddown arm release times as determined from measured date
A steady 8 m/s (15.6 knots) wind was used. Predicted slow release device
characteristics were used due to lack of measured data (refer to para-
graph 11.3.1). Figure 9-4 shows the results of the simulation compared

to measured strain gage data. For compatibility with Figure 9-1, the
upper two stations are presented in terms of acceleration and the Tower
two in terms of bending moment. In general, considering that the filtered

9-2



YEHICLE

N BTATION
, b AQOULL (1ncian)
5 I
STAT ON JK!LE* ]
s - hphs. b
gl daanl adi
é‘ i AW o
§ ‘ i b T T e §781.0
a3 n
b 1.t ¥ Al
- - ¥59h.6
1.0 —4-—
0.94— - —_— 3 Y
] -
NS TRUMENT N1 't- —_— 38.6
1.8 I l ] —[ [/ \_\ — 3e22.
STATION 3250.0 weseoigw="  Feo--~e-- - 3100.6
1.4
-
1 o 4 oy
!
: T . )
‘. TR LY P e
‘-% 1. | ' L} 1 - P 1——— #32.0
8 Ala ._‘/L
g —— 2702.0
< 11 I \\ _,'
i £ ueasumeo As-sot FLiGr DATA peAxs 1{ ——— 26h8.%
— 7N
4 A A NJ j ‘r—nvwxc SIMULATION B L-.J
vofhw, WMWY - -~ . 9319.0
i g 1 4 1.1 ) I . g \
o I . 41 - S, Y ewro
- . L]
$-iC FORMIARD SKINT
4.0,
STATION 1528
s ™ G
Pl ~~
i , \
* A“VA A " A AA” _________ Y_ a0
: M 3
- S~
\ i ©|=— 1mé6.0
g 18 I [(’
2 DYNMRIC SIMLATE AS-501 FUIGHT STRAIN GAGE DATA ! P
3 ( FREQ. LINIT 2.4 cPS) h
r.0 f—:‘,-— S — 15M1.0
. \\
5.8 = A g d L e it i— 1ko1.0
“ 33 -9 1.0 1.9 2.0 3.0 LX) 5.0 6.0
L SeiC inTeRTR RANGE TINE - SECONDS .
> | - 4-— 9120
STATION 799 _J__‘ \\ pa
. '\Qua’,,,/ e t20
L -~ - 752.0
[\‘KAMMMAANWNWW\ - N
/
. LT P th Ees = 7 [ I N I R U U O O I Sl kg “'— €1z2.0
.. P} AS-501 ALIGHT STRAIN GAGE OATA
) {FREQ. LINTT 2.4 CPS) b —— 5.0
Iz | 7
5 ~ 225.0
2 o K -
i = AAVNAS
e
% -115.9
-3.4 -2.0 -i.0 Q 1.0 2.0 10 4“0 5.0 4.0
RANCE TTME - SECOMES

Figure 9-1.

Longitudinal Structural Dynamic Response Due to Thrust
Buildup and Release
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Figure 9-2. Longitudinal Loads at Maximum Bending Moment
and Inboard Engine Cutoff

strain gage data includes only the rigid body load, the measured and simu-
lated data agree very well up to liftoff. The deviations after liftoff can
be attributed to strain gage unreliability at these low bending moments.
During this period the maximum lateral dynamic load factor, approximately
+0.08 g (simulated); was noted at. the command module. The response shown
in Figure 9-4 is well within the allowable when applied with the longitudi-
nal dynamic response (see Figure 9-1) and the rigid body loads which existe
during thrust buildup and release.

The maximum bending moment was experienced during S-IC powered flight at
78.70 seconds. The distribution of this bending moment, as a function of
vehicle station, is shown in Figure 9-5 along with the normal Toad factor
and the design bending moment. The bending moment diagram (solid line) is
computed from measured thrust, gimbal angle, dynamic pressure, angle-of-
attack, and modal acceleration. The bending moments indicated by circles
were derived from strain gage data. The results of the two methods show
excellent agreement and both are well below the design curve. Lateral load
due to vehicle dynamics were insignificant at this time.
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9.2.3 Vehicle Dynamic Characteristics

9.2.3.1 Longitudinal Dynamic Characteristics - The predominant Tongitudinal
frequencies and amplitudes at specific time points during S-IC stage powered
flight were determined by a 0.4 hertz bandwidth spectral analysis, using
selected longitudinal measurements which had suitable response. Figure 9-6
presents the results of this analysis. The frequencies recorded correlate
very closely with the analytical and dynamic test results for the first
longitudinal mode. The tank bulging mode, shown as a dashed line, disappears
after 15 seconds as sufficient propellant is consumed. The ampTlitude of the
first mode, as recorded at the instrument unit, peaks between 10 and 20
seconds and again between 100 and 120 seconds. The amplitude at these peaks
is approximately 0.027 Grms.

Oscillograms were inspected and a spectral analysis of pump inlet and cham-
ber pressures was accomplished to determine if any longitudinal instability
phenomenon occurred due to thrust oscillations coupling with the longitudi-
nal structural dynamics. Throughout S-IC powered flight the combustion
chamber pressures exhibited small amplitude thrust oscillations varying
within a 4 to 5.5 hertz frequency range. These frequencies apparently
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coincided with the frequency of the vehicle first longitudinal mode for a
sufficient length of time to cause the two small amplitude peaks observed
in Figure 9-6. However, the structural oscillations did not feed back
into the thrust and cause a longitudinal instability. The observed
Tongitudinal oscillations were as predicted.

Figure 9-7 shows a comparison of normalized flight data with analytically
predicted Tongitudinal mode shapes. Mode shape data from the dynamic test
have been included on one of the shapes for comparison purposes. Since
the Targest amplitudes obtained from the spectral analysis represent only
1 percent of the full scale range of the accelerometers, the magnitudes
are difficult to establish with any degree of accuracy. Therefore, the
normalized amplitudes of the measured data points in Figure 9-7 are
questionable and it is believed that the true amplitudes are in close
agreement with the analytical mode shapes.

9.2.3.2 Lateral Dynamic Characteristics - Low level oscillations in both
pitch and yaw were detectable throughout S-IC powered flight. The
frequencies of these oscillations as determined from a 0.33 hertz band-
width spectral analysis, agree very well with the analytical predictions
and dynamic test results as shown in Figure 9-8. In general, the modal
amplitudes were higher in the yaw plane than in the pitch plane. The
first three yaw modes and the first two pitch modes were evident, at
various times, throughout first stage boost. The third pitch mode
appeared only during the first 107 seconds of flight. Figure 9-8
presents the analytical and dynamic test modal frequencies versus time
compared to the frequencies recorded by accelerometers at various stations.
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Figure 9-8 also shows the amplitudes of the observed modes at the instrument
unit versus time. The maximum modal ampTlitude observed was 0.011 Grms in
the first yaw mode during 1iftoff at the instrument unit. It appears that
the first mode phase stabilization used in the flight control system is
particularly effective in damping out the first mode response. A comparison
of normalized flight data with analytically predicted pitch mode shapes is
presented in Figure 9-9. Mode shape data from the dynamic test have been
included on two of the shapes for comparison purposes. Yaw mode shapes are
identical to the pitch shapes and, therefore, are not shown.

9.2.4 S-IC Fin Dynamics

Fin lateral vibration levels, as measured at fin station 132, are plotted
versus vehicle velocity in Figure 9-10 for the S-IC stage powered flight.
Acceleration levels were highest at 1iftoff and maximum dynamic pressure.

At these times the levels exceeded the +10 g calibrated range of the accel-
erometers and it was not possible to determine the actual levels. At maxi-
mum dynamic pressure the level of the 25 hertz bending mode was significant-
1y above the levels of all other modes noted.

In-flight measured values of S-IC stage fin bending and torsional mode fre-
quencies are also shown in Figure 9-10. Dynamic test vehicle measured fre-
quencies and analytically predicted frequencies are shown for comparison.
Flight measured frequencies of 25, 38, 55, 65, and 78 hertz remained
approximately constant with velocity. The 25 hertz frequency was identi-
fied as corresponding to a fin bending mode. The remaining frequencies were
identified as corresponding to fin torsion or chord bending modes. Note
that the fin modal frequencies did not coalesce. This data confirms that

no fin flutter conditions existed for AS-501.

The bending moments on S-IC stage fins were well below design capability,
since winds encountered in flight were well below design winds.

9.3 VIBRATION EVALUATION
9.3.1 S-IC Stage and Engine Evaluation

The S-IC structure, engine, and component vibration measurements taken on
the S-IC stage are summarized in Figures 9-11 through 9-13 and Table 9-1.

A total of 51 single sideband vibration measurements were taken of which 33
yielded usable data. The acoustic environment reported in paragraphs

16.4.1 and 16.4.2 of this document correlate well with these vibration data.

9.3.1.1 S-IC Stage Structure - Measurements taken on the stage structure
are summarized in Figure 9-11 and Table 9-1. Amplitudes at the thrust
structure are similar to static firing levels at 1iftoff and are lower
during the remainder of the flight. Two measurements at the thrust
structure exceeded static firing levels at 1iftoff, but are generally
within design levels. The intertank structure and forward skirt
structure show vibration levels considerably less than static firing
during Tiftoff and throughout flight.
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Figure 9-12. S-IC Stage Engine Vibration Envelopes (Turbopump)

9.3.1.2 F-1 Engines - Measurements on the F-1 engine combustion chamber
produced insufficient data to construct an overall Grms Tevel versus flight
time plot. A1l five vibration measurements on the combustion chamber are
considered invalid. Four measurements of 14 on the turbopump produced

data sufficiently valid to indicate the levels on the F-1 engine turbopump.
The Grms levels are similar to static firing throughout fliaht. Turbopump
measurements are summarized in Figure 9-12 and Table 9-1.

9.3.1.3 S-IC Stage Components - The responses of three components on the
S-1C: the servoactuators, the cold helium Tine, and the LOX feed 1ine are
summarized in Figure 9-13 and Table 9-1. The engine actuator measurements
showed amplitudes much lower than static firing. The cold helium Tine
showed levels similar to meximum levels measured during static firing.

The higher levels at 1iftoff reflect the difference in deflector location
relative to the cold helium line between the static firing stand and the
LUT. Measurements taken on the LOX feed line show data throughout flight
similar to static firing data. The constant level throughout flight
indicates that the vibration is a result of engine and flow dynamics and

is not affected by acoustics.
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9.3.2 S-II Stage and Engine Evaluation

The AS-501 S-II structure, engine, and component vibration measurements
evaluated on the S-II stage are summarized in Figures 9-14 through 9-16 and
Table 9-2. The composite vibration response characteristics of all measure-
ments were less than the maximum overall Grms levels expected. During S-IC
powered flight these vibration responses correlate closely with the acoustic
environment reported in paragraph 16.4.1 of this document.

9.3.2.1 S-II Stage Structure - The measurements taken on the stage struc-
ture are summarized in Figure 9-14 and Table 9-2. The trends were as
expected and the Grms levels were less than the maximum expected. Signifi-
cant peaks occur at liftoff and Mach 1/Max g at all locations. On the
thrust cone the maximum levels occurred after S-II engine start as expected.
On the interstage a measurable peak also occurred between S-IC/S-I1 separa-
tion and interstage jettison due to combined effects of ullage motor firing
and S-II engine thrust buildup.

9.3.2.2 S-II Stage J-2 Engines - The measurements taken on the S-II stage
J-2 engines are summarized in Figure 9-15 and Table 9-2. The trends were
as expected with the maximum levels occurring after S-II engine start. The
LOX pump measurements show a sharp amplitude increase at the engine mixture
ratio shift time, as expected. This increased vibration results from
changed flow characteristics through the LOX pump after the propellant
utilization (LOX bypass) valve position is changed. All composite Grms
amplitudes were lower than the maximum expected.

9.3.2.3 S-II Stage Components - S-1I stage forward skirt and thrust cone
container vibration levels are summarized in Figure 9-16 and Table 9-2.

A1l composite Grms amplitude levels were lower than the maximums expected
and the trends were as expected. All containers showed significant response
to 1iftoff, Mach 1/Max q, and S-II engine start.

9.3.3 S-IVB Stage and Engine Evaluation

Eight structural, eighteen component, and three engine measurements were in-
cluded in the vibration evaluation. The maximum composite (50 to 3000
hertz) vibration levels measured at each location are summarized in

Table 9-3. Time histories of the maximum and minimum composite levels for
the structural, forward skirt components, aft skirt components and engine
measurements are shown in Figure 9-17. Time histories of measurements com-
parable to measurements made during Saturn IB flights are included for in-
formation only and are shown in Figure 9-18. Vibration levels during S-IC
powered flight follow the same trend as acoustic levels reported in para-
graphs 16.4.1 and 16.4.2 of this document.
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9.3.3.1 S-IVB Stage Structure and Components - For comparison purposes the
S-TVB structure and component composite vibration levels are shown with meas:
urements taken during Saturn IB flights. The S-IVB structure and component
composite vibration levels were lower at 1iftoff and higher in the high
dynamic pressure portion of the AS-501 fliaht.

9.3.3.2 S-IVB Stage J-2 Engine - The J-2 enaine vibration levels were in-
significant during the S-IC and S-II powered portions of the fliaht. The
levels measured during the first burn of the S-IVB were the same as levels
measured during acceptance firing. No calibrations were made durinag the
second burn and the data shown are based upon the calibrations made during
the first burn. The increase in the vibration envelope part way through the
second burn coincides in time with the chanae in engine mixture ratio. This
dependency has also been noted durina acceptance firinas.

9.3.4 Instrument Unit Evaluation

Eight measurements were used on the IU for monitorina structural vibration
at the upper and lower interface rings and 20 measurements were used to moni-
tor IU component vibration. For comparison purposes the IU structure and
component measurements are shown with those taken durina the Saturn IB AS-20:
flight. Fiaure 9-19 shows the Grms time histories of these measurements.

In general, higher vibration levels were experienced on AS-501 except that
the component vibration was greater at Tiftoff on AS-202. On AS-501 the
Tevels were generally higher at Mach 1/Max q than at Tiftoff and became nea-
1igible after S-IC powered flight. The external acoustics reported in
section 16.4.1 follow the same trend as the vibrations.

9.3.4.1 Instrument Unit Structure - The structural vibration levels at the
S-TIVB/IU interface were, in general, lower than those encountered at the
IU/SLA interface, but the spread of data between the interface rings was
rather narrow.

9.3.4.2 Instrument Unit Components - The component vibration measurements
exhibit a broader range of data than the structural measurements due to the
different response characteristics of the various components. The upper por
tion of the component data envelopes was determined by the perpendicular
measurements on the flight control computer and the aas bearing supply panel
Most of the Tower portion of the envelope was determined by the three
ST-124M-3 Inertial Platform gimbal measurements E1-603, E2-603, and E3-603.
One anomaly was noted as a result of the component vibration evaluation.

The vibration input to the ST-124M-3 Inertial Platform at liftoff exceeded
the random test specification, R-P&VE-SVE-64-240, to which the nlatform was
qualified. Power spectral density (PSD) plots for measurements E37-603,
E36-603, E38-603, E43-603 and E44-603 are compared to the test specification
in Figure 9-20. The measurement locations are also shown in Figure 9-20.
Note that the tangential vibration is within the specification Timits. How-
ever, the longitudinal and perpendicular vibrations exceed the specification
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at the lower frequencies. No adverse effects were noted in the performance
of the inertial platform due to vibration (refer to paragraphs 10.2 and
10.5.1), however, specification changes are under consideration to bring the
test spectra more in Tine with the observed 1iftoff environment.
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SECTION 10
GUIDANCE AND NAVIGATION

10.1T SUMMARY

The Navigation and Guidance System of AS-501 performed satisfactorily through-
out boost phase of flight. The accumulation of velocity pulses near liftoff
which occurred in the Z (cross range) axis during the AS-202 flight, did not
occur in the X, Y, or Z axes during the AS-501 flight. Gimbal angle reason-
ableness test failure, as observed in the X gimbal angle on the AS-202 flight,
did not occur on the AS-501 flight. Initial pitch, yaw, and roll maneuvers
were performed as expected. The yaw maneuver was initiated at 1.26 seconds
and terminated at 10.16 seconds.

Shortly after S-II stage ignition, a +1.3 degree ladder output was generated
by the Launch Vehicle Digital Computer/Launch Vehicle Digital Adapter (LVDC/
LVDA) due to a positive clockwise torque which developed a positive roll in
the vehicle. The positive roll rate was nulled out by the ladder command
and a +1.3 degree roll offset remained throughout S-II stage burn. Steering
misalignment corrections were developed by the LVYDC shortly after iterative
guidance mode (IGM) initiation. At S-II stage engine cutoff, the positive
clockwise roll torque was removed.

From 11,595 seconds to 11,620 seconds, ~ommanded (CHI) rates of a maximum

1.0 degree-per-second in positive pitch and negative yaw were commanded in
response to fifth phase IGM calculations. During this time, a positive roll
on the vehicle was observed. The roll reached a maximum value of 2.2 degrees
at 11,617 seconds and decreased to zero at 11,638.4 seconds when CHI rates
reached zero. '

A11 programed maneuvers were completed satisfactorily during AS-501 orbital
guidance.

10.2 GUIDANCE SYSTEM DESCRIPTION

The ST-124M Inertial Platform is a three-gimbal configuration with gas bear-
ing gyros and accelerometers mounted on the stable element to provide a
space-fixed coordinate reference frame. for attitude control and for naviga-
tion measurements. Vehicle accelerations and rotation are sensed relative
to this stable element. Gimbal angles are measured by resolvers, which have
fine and coarse outputs, and inertial velocity is obtained from accelero-
meter head rotation in the form of encoder outputs, which have redundant
channels.

10-1



The following changes were incorporated in the AS-501/IU platform to elimi-
nate an accelerometer problem caused by vehicle vibration on uprated
Saturn I vehicles.

a. Three channel iron supports were placed on the outside of the AS-501/IU
at the mounting points of the platform for vibration attenuation.

b. The accelerometer float stops were changed from +3.0 and -3.5 degrees
freedom to +6 degrees in freedom to prevent the float striking the
mechanical stops during periods of high vibration levels at critical
frequencies.

A block diagram of the Navigation, Guidance, and Control System is shown in
Figure 10-1 and described in Appendix B.

The LVDC orbital program consists of two interruptable monitor routines.
The first is the Instrument Unit Hardware Evaluation Program (HEP), and the
second is the Telemetry Executive Program (TEP). Navigation, guidance,
event sequencing, attitude control, and ground command processing are
initiated on an interrupt basis from either HEP or TEP.

During orbital flight and when the vehicle is not over a ground station, the
HEP routine is exercised. That is, the computer will be engaged in address-
ing the Computer Interface Unit (CIU), compressing CIU and LVDC data, and
executing computer self-test.

Once the vehicle acquires a ground station, TEP is entered as the program
major Toop. This routine provides time sharing telemetry compressed and
real time data. In addition, command system data and various special data
are telemetered on an interrupt basis. Data from the LVDA is telemetered
automatically.

Ground command processing is accomplished by the Command Receiver interrupt
with the Digital Command System (DCS) routine. The DCS routine processes all
ground commands, provides data and mode verification, and supplies the
necessary information to the various affected routines.

10.3 GUIDANCE INTELLIGENCE ERRORS

The postflight guidance hardware error analysis is based on comparisons of
the measured velocities with tracking and/or an established trajectory.
Figure 10-2 presents comparisons of the platform-measured velocities with
corresponding values from the final GLOTRAC data.

The accuracy of the postflight powered trajectory to parking orbit is not as
good as desired. However, the excellent agreement between GLOTRAC and the
postflight trajectory during S-IVB second burn indicated a very good tra-
jectory for that portion of flight. The small velocity differences accumu-
lated during S-IVB second burn between guidance and tracking indicated

10-2
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very small hardware errors. No hardware error analysis is presented at this
time due to late arrival of GLOTRAC data.

The bias error of each accelerometer was checked by two methods:

a. Telemetered velocity outputs, received from the Instrument Unit after
spacecraft separation, were plotted over extended periods of time to
determine the acceleration during free fall. These accelerations should
represent the errors due to bias. These errors were essentially the
same magnitude as the preflight measurements. Any difference noted was
less than +1.0x10-4 m/s2 (3.3 x 10-4 ft/s2).

b. Solutions from the postflight Orbital Correction Program (OCP) using the
measured velocity changes were compatible with the bias terms shown.
Curve fits of compressed telemetry of the accelerometer readings were
used in the OCP.

The platform-measured velocities are shown in Table 10-1, along with values
from the reference trajectory at corresponding event times. The values shown
at S-IVB second burn cutoff and injection are velocities accumulated after
time base 6 (11,159.58 sec). No discrepancy was noted between the data
telemetered from the accelerometer pickoffs and the accumulated velocities
from the LVDC. Any discrepancies between the comparisons shown in Table 10-1
and the differences shown in Figure 10-1 are due to differences between
GLOTRAC and the postflight trajectory.

10.4  NAVIGATION AND GUIDANCE SCHEME EVALUATION
10.4.1 Guidance Comparisons

Navigation parameters at event times are shown in Table 10-2. Values from
both the operational and postflight trajectories are shown for comparison
with the LVDC computed values. The differences are relatively small for the
lTaunch phase events. Deviations between LVYDC and postflight trajectory
values reflect any errors in the guidance hardware and the accuracy of the
trajectory. The differences between the LVDC and operational trajectory
reflect nonstandard flight conditions and vehicle performance. The large
differences noted at injection into waiting orbit are explained in the fol-
lowing paragraphs.

Table 10-3 presents comparisons of the postflight trajectory with the LVDC
navigational parameters along with a similar comparison between the opera-
tional or preflight trajectory and predicted LVDC values. At 765.9 seconds
the guidance computer went into the orbital navigation mode using a pre-
Toaded venting profile instead of the measured accelerations. The preloaded
vent acceleration was intentionally held constant at a lower value (see
Figure 4-6, Section 4) than the expected venting. This bias was applied to
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Table 10-1. Guidance Inertial Velocity Comparisons
TELEMETERED GUIDANCE POSTFLIGHT
EVENTS VELOCITY ACCELEROMETER COMPUTER TRAJECTORY
m/s (ft/s) m/s (ft/s) m/s (ft/s)
S-1C X 2155.6 2155.6 2155.5
0ECO (7072.0) (7072 .0) (7071.7)
Y 2549.7 2549.7 2551.2
8364.17. (8365.0) (8369.9)
Z -2.6 -2.6 -3.0
(-8.4) (-8.4) (-9.8)
S-11 X 6641 .4 6641 .4 6641.1
Cutoff (21789.2) (21789 .2) (21788.2)
Y 3357.7 3357 .7 3359.7
(11015.9) (11015.9) (11022.7)
yA -3.6 -3.6 -6.3
(-11.8) (-11.8) (-20.7)
S-IV8 First X 7594.,7 7594 .7 7594.2
Cutoff (24916.8) (24916.9) (24915 .4)
Y 3118.0 3118.0 3119.9
(10229.7) (10229.6) (10235.9)
Z 2.5 2.5 -0.4
(8.0) (8.0) (-1.4)
Parking Orbit X 7596 .8 7596 .8 7596.3
Insertion (24923.7) (24923.7) (24922.2)
Y 3117 .5 3117 .5 3119 .4
(10227 .9) (10227.9) (10234 .2)
JA 2.5 2.5 -0.4
(8.2) (8.2) (-1.2)
S-IVB Second * X 2534.6 2534.6 2534.8
Cutoff (8315.6) (8315.6) (8316.3)
Y -63.2 -63.2 -61.8
(-207 .3) (-207.3) (-202.7)
JA -1140.8 -1140.8 -1141.0
(-3742.6) (-3742.6) (-3841.8)
Injection X 2537.1 2537.1 2537.3
(S-IVB CO + (8323.8) (8323.8) (8324.5)
10 Sec) y :
Y -66.3 -66.3 -64.9
(-217.4) (-217.4) (-212.8)
JA -1142.5 -1142.5 -1142.7
(3748 .4) (-3748.4) (-3749.1)
*NOTE: Values represent velocity change from time base 6.

Absolute values not applicable.
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obtain orbital elements which guaranteed that the spacecraft reentry path
angle would not exceed -9.2 degrees for the contingency that the spacecraft
propulsion system (SPS) did not ignite. A better approach to changing the

orbital elements would be to retarget (i.e., change the guidance presettings).

However, the retarget requirement on AS-501 came after the guidance computer
flight program input deadline had passed. The decision was made to bias the
vent acceleration rather than retarget because the impact was much less.

Due to this biased input for orbital computations, component errors in posi-
tion and velocity were large when the computer initialized for S-IVB second
burn computations.

The components of acceleration due to gravity are a function of the vehicle
position components. Since the components of the LVDC computed positions and
velocities were significantly in error when the computer switched to the
power mode of navigation for S-IVB second burn, the velocity component
changes due to gravity calculations were erroneous. The predicted values

in Table 10-3 were obtained by simulating a trajectory utilizing the mean
expected vent profile in the trajectory model and the preloaded vent pro-
file in the guidance computer model. The postflight orbital trajectory
analysis indicates that the actual vent profile was approximately 15 percent
less than the mean. Reducing the differences shown in the preflight columns
by this percentage brings them into agreement with the actual differences
experienced.

A study of Table 10-4 will show why the velocity differences at waiting orbit
injection were considerably larger than at time base 6. The space-fixed
navigational velocity is equal to the algebraic sum of the inertial guidance
velocity and the gravitational velocity (§é=§ﬁ+§é). The small }h deviations

~are due to postflight trajectory and guidance hardware uncertainties. The
navigational velocity component deviations are due to the onboard-computer
calculated gravitational velocity components. A comparison has been made
with the gravity computations made by the LVDC using position components
from the LVDC in the gravity equations used in the postflight and the
operational trajectory programs. The points checked are at time base 6 and
waiting orbit injection. The outputs of the trajectory equations are
identical with the LVDC outputs to the fourth decimal place. This indicates
that the guidance scheme performed properly on AS-501.

Table 10-5 presents a comparison of injection parameters computed from the
LVDC data and predicted navigational values. Similar values from the post-
flight and operational trajectories are shown in Section 4, Trajectory.
10.4.2 Evaluation of Programed Flight Maneuvers

The S-IC stage roll and yaw maneuvers were performed properly. The yaw com-

mand was set at 1.26 second and was removed at 10.16 seconds. The initial
roll error of -18 degrees was removed by 31.99 seconds. The time tilt began
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Table 10-4. Comparison of Velocity Changes
Time Pase 6 to Orbital Injection

GUIDANCE TRAJECTORY TRAJECTORY ~ GUIDANCE
PARAMETER LVDC (OMPT)
m/s m/s m/s
(ft/s) (ft/s) (ft/s)
X -1095.7 -1024.0 71.7
S (-3594 .7) (-3359.7) (235.0)
y -4393.7 ~4436.2 -42.5
S (-14415.1) (-14554.6) (-139.5)
7 -1217.7 _1215.0. 2.7
S (-3995.0) (-3986.2) (8.8)
km 2537.1 2537.3 0.2
(8323.8) (8324.5) (0.7)
Y -66.3 -64.9 1.4
(-217.4) (-212.8) (4.6)
Z. -1142.5 -1142.7 0.2
(-3748.4) (-3749.1) (-0.8)
X -3632.8 -3561.3 71.4
9 (-11918.5) (-11684.2) (234.4)
y -4327.5 ~4371.4 -43.9
9 (<14197.7) (-14341.8) (~144.7)
7 -75.2 -72.3 2.9
9 (-246.6) (-237.1) (9.6)
Ko= Xyt Xq
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Table 10-5. Injection Comparisons
(Second S-IVB Cutoff Plus 10 Seconds)

SOURCE PREFLIGHT PREFLIGHT 3 SIGMA
PARAMETER G