7 gronee c OB srewr

MPR-SAT-FE-69-4 MAY 5, 1969

SATURN V LAUNCH VEHICLE
FLIGHT EVALUATION REPORT-AS-504
APOLLO 9 MISSION

LIBRARY
[FAY 19 1969

MANNED SPACECRAFT CENTER
HOUSTON, TEXAS

e e , - PREPARED BY
SATURN FLIGHT EVALUATION WORKING GROUP

NATIONAL AEROMNAUTICS AND SPACE ADMINISTRATION

gl
’@Z»C = Farm 774 (Rev October 1967)




GEORGE C. MARSHALL SPACE FLIGHT CENTER

MPR-SAT-FE-69-4

SATURN V LAUNCH VEHICLE

FLIGHT EVALUATION REPORT - AS-504
APOLLO 9 MISSION

PREPARED BY
SATURN FLIGHT EVALUATION WORKING GROUP



bee e s
o o i

o
-
{Téj

-

i

=
oy

.

S

=
=

wﬁgﬁwww@
.

S
-

L g

i . -

o -
e wﬁwﬂ.ﬁ

e

s
S

4

e

504 LAUNCH VEHICLE

AS-



—
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SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-504
APOLLO 9 MISSION

BY

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

ABSTRACT

Saturn V AS-504 (Apollo 9 Mission) was launched at 11:00:00 Eastern
Standard Time on March 3, 1969, from Kennedy Space Center, Complex 39,
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 S-IVB Third Burn test under contingency start conditions was not
completely normal; however, it was successful in increasing the S-1VB/
IU energy to attain escape velocity. The $-IVB/IU entered a solar orbit
with a period of 325.8 days.

The principal Detailed Test Objective (DTO) of this mission was com-
pletely accomplished. Nine of the eleven secondary DTO's were com-
pletely accomplished, and two partially accomplished. No failures,
anomalies or deviations occurred that seriously affected the flight or
mission.

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

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation
Working Group, S&E-AERO-F (Phone 453-0357"
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MISSION PLAN

AS-504 (Apollo 9 mission) was the fourth flight of the Apollo Saturn V
flight test program. It was to be the second manned Apollo Saturn V
vehicle with the spacecraft including, for the first time, the lunar
module (LM). The basic purpose of the flight was to demonstrate the
capability of the manned Apolio Command and Service Modules {CSM) in
earth orbit, particularly to evaluate LM systems capabilities, LM active
rendezvous techniques, and combined CSM/LM functions. Additionally,
two S-IVB restarts were scheduled to evaluate S-IVB restart capability
to simulate Tunar mission requirements. The crew consisted of

Air Force Col. James A. McDivitt, Air Force Col. David R. Scott, and
Russell L. Schweickart.

The space vehicle was composed of the AS-504 launch vehicle consisting
of the S-1C, $-II1, S-IVB and Instrument Unit (IU) stacked stages and
spacecraft consisting of the Spacecraft Lunar Module Adapter ?SLA),
LM-3, and CSM-103.

The vehicle was to be Taunched from Complex 39, Pad A, of .the Kennedy
Space Center. The flight azimuth was to be 72 degrees east of north.

The vehicle mass at Taunch was to be about 2,940,728 kilograms
(6,483,195 Tbm). The S-IC and S$-II stage powered flight times were to
be approximately 160 and 370 seconds, respectively. The planned S-I1VB
first burn was to be about 114 seconds. The S-IVB/IU/LM/CSM was to be
inserted into a 185.2 kilometer (100 n mi) altitude (referenced to the
earth's equatorial radius) circular parking orbit. The vehicle mass at
parking orbit insertion was to be about 134,895 kilograms (297,393 1bm).

About 10 seconds after insertion, the S-IVB/IU was to assume a local
horizontal attitude until the maneuver to transposition, docking, and
spacecraft ejection attitude at about 2 hours, 34 minutes range time.
Following SLA jettisoning and separation, the CSM was to undergo trans-
position and docking with the LM early in the third revolution. LM
ejection was expected to occur at approximateéty 4 hours and 10 minutes
range time. For a nominal mission the S-IVB/IU was to revert to a
local horizontal attitude and initiate the $-IVB second burn at about
4 hours, 46 minutes range time. The 63 second S-IVB second burn was
to place the S-IVB/IU in a 2998 by 196 kilometer (1619 by 106 n mi)
intermediate orbit. The launch vehicle was to coast for approximately
80 minutes to demonstrate the S-IVB engine ability to cool down suffi-
ciently prior to a restart within one revolution. At approximately
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6 hours and 7 minutes range time the S-IVB was to ignite for the third
time and burn for about 242 seconds. The third S-IVB burn was to propel
the launch vehicle into an earth escape trajectory (solar orbit). Follow-
ing third burn, the stage safing seguence, which included dumping resi-
dual propellants, was to be initiated.

The CSM was to perform four Service Propulsion System (SPS) burns prior
to LM activation. After LM activation, a CSM/LM docked descent propul-
sion system burn and extra-vehicular activities were to be performed.

A fifth SPS burn was to circularize the orbit for the LM active rendez-
vous sequence. After the LM active rendezvous, the LM was to be jetti-
soned, and the ascent propulsion system would then burn to depletion.
The CSM was to perform additional deorbit shaping SPS burns, then was to
perform navigation sightings and other experiments prior to the deorbit.
An SPS burn was to deorbit the spacecraft, and CM splashdown was to occur
approximately 25 minutes later in the mid-Atlantic. Range time from
1iftoff was to have been about 238 hours and 12 minutes to splashdown.
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FLIGHT TEST SUMMARY

The second manned Saturn V Apollo space vehicle, AS-504 (Apollo 9 Mission),
was launched at Kennedy Space Center (KSC), Florida on March 3, 1969 at
11:00:00 Eastern Standard Time (EST) from Launch Complex 39, Pad A. This
fourth launch of the Saturn V Apollo was the first Saturn V/Apollo Space-
craft in full lunar mission configuration and carried the largest payload
placed in orbit. The one principal, and nine of the eleven secondary
Detailed Test Objectives (DT0's) were completely accomplished. The other

two DTO's, S-IVB 80-minute restart and LOX/LHy dump, were partially
accomplished.

The Taunch countdown was completed without any unscheduled countdown holds.
Ground systems performance was highly satisfactory. The relatively few
problems encountered in countdown were overcome such that vehicle launch
readiness was not compromised.

The vehicle was launched on an azimuth of 90 degrees east of north and
after 13.3 seconds of vertical flight, the vehicle began to roll into a
flight azimuth of 72 degrees east of north. Actual trajectory parameters
of the AS-504 were close to nominal except for the space-fixed velocity
at S-1I Engine Cutoff (ECO) and the escape orbit injection parameters.
Space-fixed velocity at S-IC Outboard Engine Cutoff (OECO) was 29.33 m/s
(96.23 ft/s) Tower than nominal. At S-II ECO the space-fixed velocity

was 81.70 m/s (268.04 ft/s) lower than nominal. At S-IVB first cutoff the
space-fixed velocity was 0.87 m/s (2.86 ft/s) greater than nominal. The
altitude at S-IVB first burn cutoff was 0.31 kilometers (0.17 n mi) lower
than nominal, and the surface range was 66.77 kilometers (36.06 n mi)
greater than nominal. The space-fixed velocity at insertion was 0.61 m/s
(2.00 ft/s) greater than nominal. At intermediate orbit insertion the
total space-fixed velocity was 18.67 m/s (61.25 ft/s) greater than nominal.
The escape orbit injection parameters deviated significantly from nominal.
The value of C3 was 824,712 m2/s2 (8,877,126 ft2/s2) which was 30,470,506
mZ/s2 (327,981,795 ft2/s2) lower than nominal.

A11 S-IC propulsion systems performed satisfactorily. However, the
combined thrust of the five F-1 engines was lower than predicted. At

the 35 to 38-second time slice, average engine thrust reduced to standard
pump inlet conditions was 1.21 percent lower than predicted. Average
reduced specific impulse was 0.174 percent lower than predicted. Center
Engine Cutoff (CECO) was initiated by the Instrument Unit as planned.
Outboard engine cutoff was initiated by LOX low level sensors 2.8 seconds
later than predicted but well within the 3 sigma Timit.
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The S-IT propulsion system performed satisfactorily during the entire
flight. Total stage thrust at 61 seconds after Engine Start Command (ESC),
was 0.20 percent below the prediction. Average specific impulse was 0.25
percent above prediction at this time slice. Average engine mixture

ratio was 0.33 percent above predicted. Low frequency performance
oscillations were experienced by the center engine near the end of S-I1I
burn and were similar to those on AS-503. Corrective action being planned
for AS-505 1is to cut off the center engine before the oscillations are
expected. As sensed by the engines, ESC occurred at 164.17 seconds and
engine cutoff was at 536.22 seconds with a burn time only 2.27 seconds
longer than predicted.

The S-IVB J-2 engine operated satisfactorily throughout the operational
phase of first and second burns with normal shutdowns. S$-IVB first burn
time was 123.84 seconds which was 10.3 seconds longer than predicted. The
engine performance during first burn, as determined from standard altitude
reconstruction analysis, deviated from the predicted Start Tank Discharge
Valve (STDV) +60-second time slice by 0.764 percent for thrust and -0.117
percent for specific impulse. The Continuous Vent System (CVS) performed
nominally during parking orbit, and the Oxygen/Hydrogen (0p/Hs) Burner
satisfactorily achieved LH, repressurization for restart. Repressurization
of the LOX tank was not required. Engine restart conditions were within
specified Timits. The restart was successful with no indications of any
problem. S-IVB second burn time was 62.06 seconds and was cut off by

a timer. The engine performance during second burn, as determined from
the standard altitude reconstruction analysis, deviated from the predicted
STDVY +60-second time slice by -0.587 percent, for thrust and -0.182 percent
for specific impulse. The CVS performed nominally during the intermediate
orbit, and the 0 /Hy Burner successfully achieved restart prior to third
burn. Subsequen%1y, the LHy, tank was satisfactorily repressurized by the
ambient repressurization system. Repressurization of the LOX tank was not
required. Engine conditions for the second restart (third burn) were
unusual as a result of the extended fuel lead experiment. This was a
planned experiment to evaluate the mission rule concerning failure of

both LOX and LH2 chilidown systems. The restart was successful; however,
the chamber pressure did indicate abnormal conditions during the start
transient. Mainstage performance was not as predicted due to various
anomalies which occurred during the burn. Third burn had a timed cutoff
as expected. The stage was properly safed; however, propellant dump was
not accomplished due to the third burn anomaly. During the early stages
of Taunch countdown the regulator discharge pressure was high and was
controlled by the backup system. Subsequently, the regulator pressure

was high during boost and coast phase, however, there were no adverse
effects on components or system functioning. The Auxiliary Propulsion
System (APS) pressurization system developed a helium leak in module No. 2
at 4 hours and 25 minutes which ceased at 7 hours. However, the ullage
pressures in the APS were acceptable throughout the mission.
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The hydraulic systems on all stages performed satisfactorily throughout
the flight, however, during S-IVB third burn the yaw actuator experienced
abnormal oscillations of 3 degrees peak-to-peak amplitude at 0.65 hertz.

The structural loads and dynamic environment experienced by the AS-504
Taunch vehicle were well within the vehicle structural capability. The
high altitude winds for this flight were the highest measured during any
previous Saturn launch. However, due to a wind bias trajectory, the
structural loads for AS-504 were well below the design limit values.
There was no evidence of an unstable coupled thrust-structure-feed system
oscillation (POGO) during S-IC powered flight. The low frequency

(16 to 19 hertz) oscillation anomaly observed on AS-503 also occurred on
AS-504 near the end of S-II stage burn. The oscillations reached a
maximum Tevel of approximately +12.0 g at the center of the S-II thrust
structure crossbeam.

The guidance and navigation system performed satisfactorily during all
periods for which data are available. The boost navigation and guidance
schemes were properly executed, and the desired parking orbit insertion
parameters were achieved with good accuracy. The third burn of the S-IVB
stage placed the S-IVB/IU in a heliocentric orbit. A1l target parameters
were satisfactorily achieved and all orbital operations were nominal.
System performance was unaffected by either the unexpected change in thrust
level during S-IVB third burn, or the failure to dump residual propellants
following the burn. The Launch Vehicle Digital Computer (LVDC), the Launch
Vehicle Data Adapter (LVDA), and the ST-124M-3 inertial platform functioned
satisfactorily.

The AS-504 Flight Control Computer (FCC), Thrust Vector Control (TVC) and
the APS satisfied all requirements for vehicle attitude control during
boost and orbital control modes. The preprogrammed S-IC boost phase yaw,
roll and pitch maneuvers were properly executed. The S-IC outboard engine
radial cant was accomplished as planned. S-IC/S-II first and second plane
separations were accomplished with no significant attitude deviations.

At Iterative Guidance Mode (IGM) initiation, pitch-up transients occurred
that were similar to those seen on AS-501 and AS-502. S-~II/S-~IVB separa-
tion occurred as expected and without producing any significant attitude
deviations. During first and second S-IVB burns, satisfactory control was
maintained over the vehicle. During the Command and Service Module (CSM)
separation from the S-IVB/Instrument Unit (IU) and during the Transpo-
sition, Docking, and Ejection {TD&E), the control system maintained a
fixed inertial attitude to provide a stable docking platform. During the
S-IVB third burn the control system experienced high amplitude osciila-
tions in the yaw plane for the first 100 seconds of burn. These oscilla-
tions were also evident in the pitch and roll planes. LOX and LHg
sloshing was coupled to the control oscillations. After the performance
shift, these oscillations damped out and pitch and yaw attitude control

XXXV



was near nominal. However, a large roll torque had been developing and
it peaked at 386 N-m (285 1bf-ft). At the performance shift the torque
changed from bidirectional to unidirectional (counter-clockwise). APS
control was as expected, except for the large demands placed upon the
system by the control oscillations. The APS propellants were depleted
as planned by an ullage burn after third burn.

In general, all AS~504 Taunch vehicle electrical systems performed satis-
factorily. Data indicated that the redundant Secure Range Safety Command
System (SRSCS) on the S-IC, S-II, and S-IVB stages were ready to perform
their functions properly on command if flight conditions during the Taunch
phase had required vehicle destruct. The system properly safed the S-IVB
SRSCS on command from Bermuda (BDA). The performance of the Command and
Communications System (CCS) in the IU was satisfactory, except for a
degraded power amplifier output occurring late into the flight.

The Emergency Detection System (EDS) performance was nominaly no abort
limits were reached. The AS-504 EDS configuration was essentially the
same as AS-503.

The vehicle internal, external, and base region pressure environments
were generally in good agreement with the predictions and compared well
with previous flight data. The pressure environment was well below
design levels. The measured acoustic levels were generally in good
agreement with the 1iftoff and inflight predictions, and with data from
previous flights.

The AS-504 vehicle thermal environment was similar to that experienced
on earlier flights with the exception of minor changes due to trajectory
differences.

The Environmental Control Systems performed satisfactorily during the
AS-504 countdown. The IU Environmental Control System {ECS) exhibited
satisfactory performance throughout the flight.

The data system for the AS-504 Taunch vehicle consisted of 2179 active
flight measurements, 17 telemetry links, 3 tape recorders and tracking

by Offset Frequency Doppler (ODOP), C-Band and Command Communication
System (CCS). A1l elements of the data system performed satisfactorily
except for 4 telemetry deviations which did not adversely affect required
data. The propagation of Radio Frequency (RF) transmissions from the
vehicle was satisfactory. The C-Band radar was commanded off at 27,213.5
seconds (7:33:03.5) and final loss of CCS signal was reported by Goldstone
(GDS) to have occurred at 48,066 seconds (13:21:06). The 87 ground
engineering cameras provided good data during the launch. However, dense
cloud coverage precluded the acquisition of tracking camera data between
30 and 50 seconds.
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SECTION 1
INTRODUCTION

1.7 PURPOSE

This report provides the National Aercnautics and Space Administration
(NASA) Headquarters, and other interested agencies, with the Taunch
vehicle evaluation results of the AS-504 flight test. The basic objec-
tive 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 evalua-
tion of the AS-504 launch vehicle. The contents are centered on the
performance evaluation of the major Taunch vehicle systems, with special
emphasis on failures, anomalies, and deviations. Summaries of launch
operations and spacecraft performance are included for completeness.

The official George C. Marshall Space Flight Center (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

Range zero time, the basic time reference for this report is 11:00:00
Eastern Standard Time (EST) (16:00:00 Universal Time FUT]). This time
is based on the nearest second prior to S-IC tail plug disconnect which
occurred at 11:00:00.6 EST. Range time is calculated as the elapsed
time from range zero time and unless otherwise noted, is the time used
throughout this report. The actual and predicted range times are
adjusted to ground telemetry received times. Figure 2~1 shows the time
delay/lead of ground telemetry received time versus Launch Vehicle
Digital Computer (LVDC) time and indicates the magnitude and sign of
corrections applied to range time in Tables 2-1, 2-2 and 2-3.

Guidance Reference Release (GRR) occurred at -16.97 seconds and start of
Time Base 1 (T,) occurred at 0.67 seconds. GRR was established by the
Digital Events Evaluation (DEE-6) and Ty was initiated at detection of
liftoff signal provided by de-energizing the Tiftoff relay in the IU

at IU umbilical disconnect.

Range time for each time base used in the flight sequence program and
the signal for initiating each time base are presented in Table 2-1.

Start of T2 was within nominal expectations for this event. Start of
T3, T4 and T5 was initiated approximately 2.8, 5.1 and 16.0 seconds
later than predicted, respectively, due to longer than expected S-IC,
S-II and S-IVB burns. Reasons for the longer than expected burn times
are discussed in Sections 5, 6 and 7 of this document. Start of Tg,
which was initiated by the LVDC upon solving the restart equation, was
5.3 seconds later than predicted. Start of Ty, Tg and Tg was 5.3, 6.1
and 6.0 seconds later than predicted, primarily because of the impact
of the late start of Tg.

A summary of significant events for AS-504 is given in Table 2-2.
Since not all events listed in Table 2-2 are IU commanded switch
selector functions, deviations are not to be consirued as failures to
meet specified switch selector tolerances. The events in Table 2-2
associated with guidance, navigation and control have been identified
as being accurate to within +0.5 seconds or accurate to within a major
computation cycle.
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Figure 2-1. Telemetry Time Delay

The predicted times for establishing actual minus predicted times in
Table 2-2 have been taken from 40M33640, "Interface Control Document
Definition of Saturn SA-504 Flight Sequence Program" and from the

"AS-504 Mission Launch Vehicle Operational Trajectory," dated 13 February
1969, as revised by S&E-AERQ-FMT-48-69. The following times were
changed:

a. "S-II Mainstage" was used rather than "S-II Engine at 90 percent
Thrust". S-II mainstage is defined as occurring 3 seconds after
engine start command.

b. "S-IVB Mainstage" was used rather than "S-IVB Engine at 90 percent

Thrust" for all three burns. S$-IVB mainstage is defined as
occurring 2.5 seconds after engine ignition.
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Table 2-1. Time Base Summary

RANGE TIME
TIME BASE SEC SIGNAL START
(HR:MIN:SEC)
To -16.97 Guidance Reference Release
Ty 0.67 IU Umbilical Disconnect
Sensed by LVDC
Ty 134.28 S-IC CECO Commanded by LVDC
T3 162.30 S-1C OECO Sensed by LVDC
T4 536.25 S-11 ECO Sensed by LVDC
Ts 664.87 S-IVB ECO (Velocity) Sensed
by LVDC
T 16,577.24 Restart Equation Solution
(4:36:17.24)
T7 17,217.82 S-IVB ECO Commanded by LVDC
(4:46:57.82)
TS 21,580.98 Initiated by LYDC 5003.0
(4:46:57.82) seconds after equation con-
vergence (Tg+5003.0 sec)
Tg 22,281.53 S-IVB ECO Commanded by LVDC
(6:11:21.53)

c. The “Helium Heater Off" times were changed in Tg to reflect the same
flight sequence event used in Tg.

d. The predicted start of Ty and T9 were changed to make these predic-
tions compatible with the switch selector cutoff commands which
initiate these time bases.

2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS

Table 2-3 Tists known switch selector events which were issued during
flight but which were not programmed for specific times. The Water
Coolant Valve Open and Close switch selector commands were issued based
upon the condition of two thermal switches in the Environmental Control
System (ECS). The outputs of these switches were sampled once every

300 seconds, beginning at 480 seconds, and a switch selector command was
issued to open and close the water valve to maintain proper temperature
control.
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Table 2-3 also contains the special sequence of switch selector events
which were programmed to be initiated by telemetry station acquisition
and included the following calibration sequence:

FUNCTION STAGE TIME (SEC)
Telemetry Calibrator In-Flight IU Acquisition +60.0
Calibrate On
T™ Calibrate On S-1vB Acquisition +60.2
TM Calibrate Off S-IVB Acquisition +61.2
In-Flight Calibrate Off U Acguisition +65.0

In addition, known ground commands sent to the LVDC are included in this
table.



Table 2-2.

Significant Event Times Summary

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED ACTUAL- [ACT-PRED
EVENT SEC SEC SEC SEC
1. Guidance Reference -16.97 0.02 T1-]7.63 0.63
Release (GRR)
2. S-IC Engine Start -8.9 0.0 T1-9.6 0.0
Sequence Command
3. S$-IC Engine No. 1 -6.0 0.0 T1-6.7 0.0
Start
4, S-IC Engine No. 2 -5.7 0.0 T1»6.4 0.0
Start
5. S$-IC Engine No. 3 -6.1 0.0 T1m6.8 0.0
Start
6. S-IC Engine No. 4 -6.0 0.0 T1~6.7 0.0
Start
7. S-IC Engine No. 5 -6.3 0.0 Ty-7.0 0.0
Start
8. All S-IC Engines -1.3 0.2 T1~2.0 0.2
Thrust OK
9. Range Zevro .0 - T1-0.7 -
10. A1l Holddown Arms 3 0.0 T1m0.4 0.0
Released (First
Motion)
11. IU Umbilical Dis . 0.67 0.01 Ty -
connect Start of
Time Base 1 (T1)
12. Begin Tower Clear- 1.7% 0.1 1.1* 0.1
ance Yaw Maneuver
13. End Yaw Maneuver 9,7% 0.0 9.0% 0.0
14, Begin Pitch and Roll 13.3* 1.8 12.6% 1.7
Maneuver
15. S-IC Radial Engine 20.6 0.0 20.0 0.0
Cant
16. End Roll Maneuver 33.0%* 2.7 32.3% 2.7

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

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL | ACT-PRED
EVENT SEC SEC SEC SEC
17. Mach 1 Achieved 68.2 2.8 67.5 2.8
18. Maximum Dynamic 85.5 4,1 84.8 4.1
Pressure (Max Q)
19. Start of Time Base 2 134.28 0.07 Ty ~
(Tp)
20. S$-IC Center Engine 134,34 0.07 0.06 -0.01
Cutoff (CECO)
21. End Pitch Maneuver 158.0% 1.0%% 23.7% 1.0%*
{Ti1t Arrest)
22. S-1C OQutboard Engine 162.76 2.80 28.48 2.73
Cutoff (OLCO)
23. Start of Time Base 3 162.80 2.83 Ty -
(T3)
24. Start S-II LH» Tank 162.9 2.8 0.1 0.0
High Pressure Vent
Mode
25. S-I1 LH2 Recircula- 163.0 2.8 0.2 0.0
tion Pumps Off
26. S-II Ullage Motor 163.27 2.8 0.47 -0.03
Ignition
27. S-IC/S-I1 Separation 163.45 2.77 0.65 -0.05
Command to Fire
Separation Devices
and Retro Motors
28, Separation EBY Fire 163.45 2.77 0.65 -0.06
Signal
29. S$-IC Retro Motor 163.46 2.77 0.66 -0.06
EBW Fire Signal
30. S-IC Retro Motor 163.47 2.77 0.67 -0.13
Burn Time Initiation
(Thrust Buildup
Begin)

*Accurate to within +0.5 second.
**Actual or predicted time is accurate to major computation cycle
dependent upon length of computation cycle.
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Table 2-2. Significant Event Times Summary (Continued)

RANGE TIME TIME FROM BASE

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

31. S-II Engine Start 164.17 2.79 1.37 -0.04
Command {ESC)

32. S-II Engine Ignition 165.16 2.78 2.36 -0.03
(STDV Opens, Avg.
of 5)

33. S-IT Mainstage 167.17 2.79 4.37 -0.04

34, S-II Ullage Motor 167.4 2.5 4.6 0.4
Burn Time Termina-
tion (75 percent
Thrust)

35. S-II Chilldown 169.2 2.8 6.4 0.0
Valves Close

36. Activate S-II PU 169.7 2.8 6.9 0.0
System

37. S-~II Second Plane 193.5 2.8 30.7 0.0
Separation (Jettison
S-11 Aft Interstage)

38. Launch Escape Tower 198.3+ 2.1 35.5% 0.7
(LET) Jettison:

39. Iterative Guidance 204.6%* 3. 3%% 47.8% 0, 5%*
Mode (IGM) Phase 1
Initiated

40. S-IT LOX Step Pres- 262.8 2.8 100.0 0.0
surization

41. S-II Low Engine Mix- 452.5 9.2 289.7 6.4
ture Ratio ?EMR)
Shift (Actual)

42. Guidance Sensed EMR 461.5% 15.2%% | 298.7* 12.4%*
Shift; IGM Phase 2
Initiated and Start
of Artificial Tau
Mode

*Accurate to within +0.5 second.

**Actual or predicted time is accurate to major computation cycle
dependent upon length of computation cycle.

+Based on real-time report.




Table 2-2.

Stgnificant Event Times Summary (Continued)

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL ACT-PRED
EVENT SEC SEC SEC SEC
43, S-II LHp Step 462.8 2.8 300.0 0.0
Pressurization
44, End of Artificial 492 7** 16.7%* 329 ,9%* 13.9%*
Tau Mode
45, Begin Chi Freeze: 527.1* =3, 1** 364.3% -6.0%*
End of IGM Phase 2
46, S-1I Engine Cutoff 536.22 5.06 373.42 2.23
(ECO}
47, Start of Time Base 4 536.25 5.09 Ty -
(Tq)
48, S-IVB Ullage Motor 537.1 5.2 0.8 0.7
Ignition
49, S-1I1/S-1VB Separa- 537.2 5.2 0.9 0.1
tion Command to Fire
Separation Devices
and Retro Motors
50. S-II Retro Motor 537.3 5.3 1.04 0.3
Burn Time Initiation
(Thrust BuiTdup
Begins)
51. S-IVB Engine Start 537.28 5.08 1.03 0.01
Command (ESC)
52. S-IVB Fuel Chilldown 538.4 5.1 2.2 0.0
Pump Off
53. S-1VB Engine 540,82 5.66 4.57 0.57
Ignition (STDV Open)
54, S-IVB Mainstage 543.32 5.66 7.07 0.57
55. §-IVB PU Mixture 545 .2 .0 9.0 0.0
_ Ratio 5.5 On
56. S-IVB Ullage Case 549.0 5.1 12.8 0.0
Jettison
*Accurate to within +0.5 second.
**Actual or predicted time is accurate to major computation cycle

dependent upon length of computation cycle.




Table 2-2.

Significant Event Times Summary (Continued)

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL ACT-PRED
EVENT SEC SEC SEC SEC
57. End of Chi Freeze; 557 .0% 12.0%% | 14.7% 6.9%*
IGM Phase 3 Initi-
ated and-Start of
Artificial Tau Mode
58. End of Artificial 552 ,9%* 3. 4%* 16 .6%* -1.8%%
Tau Mode
5%. Begin Chi Bar 631.4% 15.4%%* 95.2* 10.3**
Steering
60. Begin Chi Freeze; 657.8% 16,3%* 121.6%* 11.2%*
End of IGM Phase 3
61. S-IVB Velocity Cut- 664,65 15.93 T5—0.23 -0.03
off Command
(Guidance Cutoff)
62. S-IVB Engine Cutoff 664 .66 15.93 T5=0.21 -0.07
(ECO)
63. Start of Time Base & 664 .87 15.95 Tg -
(Ts)
64. S-IVB APS Ullage 665.2 15.9 0.3 0.0
Engine Ignition '
65. S-IVB LOX Tank Pres- 666.2 15.9 1.4 0.0
surization Off
66. Parking Orbit 674.65 15.93 9.78 -0.02
Insertion
67. Command Maneuver to 684 .9% 15.9%% 20.0* =0.7%*
Local Horizontal
Attitude
68. S-IVB LH» Continu- 723.8 15.9 59.0 0.0
ous Vent On (CVS)
69. S-IVB APS Ullage 751.9 15.9 87.0 0.0
Engine Cutoff

*Accurate to within +0.5 second. .
**Actual or predicted time is accurate to major computat1on cyc]e

dependent upon Tength. of computation cycle.
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Table 2-2.

Significant Event Times Summary {Continued)

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL |ACT-PRED
EVENT SEC SEC SEC SEC
70. First Orbital Navi- 767 . 7%* 10.7%% ¢ 102.8% -5, 3x*
gation Calculations
71. Maneuver to Separa- 9241.0* 12.0%* | 8576.1 -4 Q**
tion Attitude )
/2. CSM/LM S-IVB Sepa- 9676.0 93.1 9011.1 77.1
ration Command
73. CSM/LM S-IVB Docking 10,927+ 504 10,262+ 4388
74. PU Inverter and DC 13,264 .84+ 15.9 12,6004+ 0.0
Power On
75. CSM/LM Ejection 14,886+ -97 14,221+ -113
from S-IVB
76. Command Maneuver to 15,905,7* 12.2%% |15,240.2 -3, 9%*
Local Horizontal
Attitude
77. Restart Maneuver 16,452+ - 15,787+ -
Enable (Ground
Command)
78. Begin S-IVB First 16,577.24 5.30 Tg -
Restart Prepara-
tions; Start of
Time Base 6 (Tg)
79. Begin Powered Flight 16,582 ® 16** 115,917 0.0
Navigation
80, S-IVB 02/Hy Burner 16,618.5 5.3 41.3 0.0
LHo On
81. S-IVB 02/Hy Burner 16,618.8 5.3 41.6 0.0
Exciters On
82. S-IVB 02/H, Burner 16,619.2 5.3 42.0 0.0
LOX On %He ium
Heater On)

*Accurate to within +0.5 second.
**Actual or predicted time is accurate to major computation cycle

tBased on real-time report.
t+Derived Time
® Accurate to within +2.0 seconds.

dependent upon length of computation cycle.
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Table 2-2. Significant Event Times Summary (Continued)

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED ACTUAL |JACT-PRED
EVENT SEC SEC SEC SEC
83. S$-IVB LHo Vent Off 16,619.4++ 5.3 42 .24+ 0.0
(CVS 0ff§
84, S-IVB LH2 Repres- 16,625.3 5.3 48.7 0.0
surization Control
On
85, S-IVB LOX Repres- 16,625.5 5.3 48.3 0.0
surization Control
On
86. S-IVB Aux Hydraulic | 16,796.2 5.3 219.0 0.0
Pump Flight Mode On
87. S-IVB LOX Chilldown | 16,826.2 5.3 249.0 0.0
On
88. S-IVB LHp Chilldown | 16,831.2 5.3 254.0 0.0
ON
89, S-IVB Prevalves 16,836.2 5.3 259.0 0.0
Closed
90. S-IVB PU Mixture 17,027 .4 5.3 450.2 0.0
Ratio 4.5 On
91. S-IVB APS Ullage 17,073.6 5.3 496.3 0.0
Engine Ignition
92. S-IVB 0p/Ho Burney 17,074.0 5.3 496.8 0.0
LHo Off
93. S-IVB 0y/Hp Burner | 17,078.5 5.3 501.3 0.0
LOX Off (Helium
Heater Off)
94. prevalves Close Off | 17,136.3 5, 559.4 0.0
95. S-IVB LHp Chilldown | 17,146.6 5. 569.4 0.0
Off
96. S-IVB LOX Chilldown | 17,146.8 5.3 569.6 0.0
Off
97. S$-IVB Engine Re- 17,147.20 5.26 569.96 -0.05
start Command (2nd
ESC~Fuel Lead
Initiation)

++Derived Time.




Table 2-2. Significant Event Times Summary (Continued)
RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL |ACT-PRED
EVENT SEC SEC SEC SEC
98. S-IVB APS Ullage 17,150.3 5.3 573.0 0.0
Cutoff
99. S-IVB 2nd Ignition | 17,155.54 5.80 578.30 0.50
(STDV Open)
100. S-IVB Mainstage 17,158.04 5.80 580.80 0.50
101. PU Programmed 17,160.2 5.3 583.0 0.0
Mixture Ratio Off
102. Freeze Inertial 17,161.5* 8.6%* 584 .,1* 3.1%*
Attitudes
103. S-IVB Engine Cutoff| 17,217.60 5.26 T7-0.22 -0.02
(2nd ECO)
104. Start of Time Base | 17,217.82 5.28 T7 -
7 (T7)
105. S-IVB APS Ullage 17,218.0 5.3 0.2 0.0
Engine Ignition
106. S-IVB LHp Vent On 17,218.2 5.2 0.4 0.0
(Cvs)
107. Intermediate Orbit | 17,227.60 5.26 9.78 -0.02
Insertion
108. First Orbital Navi-} 17,234.2 6.7%* 16.3 1, 3%%
gation Calculations
109. S-IVB APS Ullage 17,236.8 5.3 19.0 0.0
Engine Off
110, Command Maneuver to| 17,238.6* 5.9%* 20.4% 0.2%*
Local Horizontal
Attitude
111, Restart Maneuver 20,477+ - 3199+ -
Enable {Ground
Command)
112. Begin Powered 21,579.0*% 17 . 4%* 4367.1% 12 ,0%*
Flight Navigation

tBased on real-time report.
*Accurate to within +0.5 second.
**Actual or predicted time is accurate to major computation cycle
dependent upon length of computation cycle.
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Table 2-2. Significant Event Times Summary (Continued)

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL |ACT-PRED
EVENT SEC SEC SEC SEC
113. Begin S-IVB Re- 21,580.98 6.06 T8 -
start Preparations;
Start of Time Base
8 (T8)
114, S-IVB Aux Hydraulic| 21,679.9 6.0 99.0 0.0
Pump Flight Mode On
115, S-IVB LOX Chill- 21,709.9 6.0 129.0 0.0
down On
116. S-IVB LHp Chill- 21,714.9 6.0 134.0 0.0
down On
117. S-IVB Prevalves 21,720.0 6.0 139.0 0.0
Closed
118. S-IVB PU Mixture 21,781.2 6.0 200.2 0.0
Ratio 4.5 On
119, S-IVB 0p/Hp Burner 21,826.9 6.0 246 .0 0.0
LH2 On
120, S-IVB 0o/H, Burney 21,827.¢ 6.0 246 .3 0.0
Exciters On
121. §-1VB 0 /Hp Burner 21,827.6 6.0 246.,7 0.0
LOX On (Helium
Heater On)
122. S-IVB APS Ullage 21,956.9 6.0 376.0 0.0
Engines Ignition
123. S-IVB 02/H2 Burner 21,957.4 6.0 376.5 0.0
LHy Off
124. S-1VB 02/H2 Burner 21,962.0 6.0 381.0 0.0
LOX Off (Helium
Heater Off)
125. S-IVB LH2 Vent Off 21,965.3 6.0 384 .4 0.0
(cvs)
126. S-IVB Engine Re- 21,987.35 7.42 406.37 1.36
start Command (3rd -
ESC-Fuel Lead
Initiation Ground
Command)




Table 2-2.

Significant Event Times Summary (Continued)

RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL | ACT-PRED
EVENT SEC SEC SEC SEC
127. S=IVB LHo Chill- 22,030.3 6.0 449 .4 0.0
down Off
128. S=IVB LOX Chill- 22,030.6 6.0 449 .6 0.0
down Off
129, S-1VB APS Ullage 22,033.9 6.0 453.0 0.0
Engine Cutoff
130. S-IVB 3rd Ignition | 22,039.26 6.47 458.28 0.48
(STDV Open)
131. S-IVB 3rd Mainstage| 22,041.76 6.47 460,78 0.48
132. PU Programmed Mix- | 22,043.9 .0 463.0 0.0
ture Ratio OFf
133, Freeze Inertial 22,044 .6% 9. 1%* 463 .5% 2.9%*
Attitudes
134, S-IVB Engine 22,281.32 5.99 Tg-0.21 -0.01
Cutoff (3rd ECO)
135, Start of Time 22,281.53 6.00 Tg ~
Base 9 (Tg)
136. Escape Orbit 22,291.32 5.99 9.79 -0.01
Injection
137. First Orbital Navi-{ 22,298.0% 7.5%* 16.35%* 1. 3%%
gation Calculation
138. Command Maneuver to| 22,302.0% 7.3 19.4%* -0, 8%*
Local Horizontal
Attitude
139. S-IVB Start Bottle | 22,341.5 6.0 60.0 0.0
VYent On
140, S-IVB Start LOX 22,371.5 6.0 90.0 0.0
Dump
147, S-IVB Engine Helium| 22,371.7 6.0 90.2 0.0
Control Valve Open

*Accurate to within 0.5 second.
**Actual or predicted time is accurate to major computation cycle
dependent upon length of computation cycle.




Table 2-2. Significant Event Times Summary (Continued)
RANGE TIME TIME FROM BASE
ACTUAL ACT-PRED | ACTUAL [ACT~PRED
EVENT SEC SEC SEC SEC
142, S-IVYB Start LHp 23,051.3 6.0 769.8 0.0
Dump
143,  s-IVB Engine Helium| 23,051.5 6.0 770.0 0.0
Control Valve Open
144. S-IVB Aux Hydraulic| 24,147.5++ 6.0 1866 .04+ 0.0
Pump Flight Mode
Off
145,  S-IVB Engine Pneu- | 24,157.5%+ 6.0 1876.0++ 0.0
matic System Vent
On
146. S-IVB Engine Pneu- | 24,757.5 6.0 2476.0 0.0
matic System Vent
Off
147. C-Band Radar Off 27,214.7 - 4933.1 -
148. S-IVB APS Ullage 27,244 .6 - 4963.1 -
Engine No. 1
Ignition :
149.  S-IVB APS Ullage 27,245 .8 - 4964 .2 -
Engine No. 2
Ignition
150. S-IVB APS Ullage 27,671 - 5389.5 -
Engine No. 2
Depletion
151.  S-IVB APS Ullage 27,713 - 5431.5 -
Engine No. 1
Depletion

+1+Derived Times.




Table 2-3. Variable Time and Commanded Switch Selector Events

FUNCTION STAGE RANGE TIME TIME FROM BASE

(SECONDS) {SECONDS ) REMARKS
Tetemetry Calibrator Inflight Iy 2286.2 Ts+1621.4 TAN Revy
Calibration On
TM Calibrate On S-1vB 2286.4 T5+1621.6 TAN Rev
T™ Calibrate Off S-1vB 2287.4 T5+1622.6 TAN Rev
Telemetry Calibrator Inflight U 2291.2 T5+1626.4 TAN Rev
Calibrate Off
Telemetry Calibrator Inflight Iu 3198.2 T5+2533.3 CRO Rev
Calibrate On
T™™ Calibrate On S-1vB 3198.4 T5+2533.5 CRO Rev
T™ Calibrate Off S-1VB 3199.4 Tg+2534.5 CRO Rev
Telemetry Calibrator Inflight Iy 3203.1 T,.+2538.3 CRO Rev
Calibrate Off 5
Telemetry Calibrator Inflight Iy 5366.1 T5+4701.3 GYM Rey
Catibrate On
™ Calibrate On S-1VB 5366. 3 T5+4701.5 GYM Rev
™ Calibrate OFf S-1vB 5367.3 T5+4702.5 GYM Rev
Teiemetry Calibrator Inflight 1U 5371.1 T5+4706_3 GYM Rey
Calibrate Qff
Telemetry Calibrator Inflight 1U 71822.2 T5+7157.3 TAN Rev
Calibrate On
M Calibrate On S-1VB 7822.4 T5+7157.6 TAN Rev
™ Calibrate Off S-IVB 7823.4 T5+7158.6 TAN Rey
Telemetry Calibrator Inflight Iy 7827.2 T5+7162.4 TAN Rev
Calibrate Off
Telemetry Calibrator Inflight 1y 8790.1 T5+8125.3 CRO Rev
Calibrator On
TM Calibrate On S-1vB 8790.3 T5+8125.5 CRO Rev
T™ Calibrate OFff S-1vB 8791.4 T5+8126.5 CRO Rev
Telemetry Calibrator Iy 8795.1 T5+8130.3 CRO Rev
Inflight Calibrate Off
IU Command System Enable Iy 8795.6 T5+8130.8 CRO Rev
Telemetry Calibrator U 10,318.1 T5+9653.3 HAW Rev

Inflight Calibrate On




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

FUNCTION STAGE RANGE TIME TIME FROM BASE REMARKS
. (SECONDS) (SECONDS)

™ Calibrate On S-1VB 10,318.3 Ty+9653.5 HAW Rev 2

TM Calibrate Qff S$-1VB 10,319.3 T5+9654,3 HAW Rev 2

Teiemetry Calibrator U 10,323.1 Tg+9658. 2 HAW Rev 2

Inflight Calibrate OFf

Telemetry Calibrator 1y 10,958.1 T5+10,293.3 GDS Rev 2

inflight Calibrate On

TM Calibrate On S-1yB 10,958.3 T5+10,293.5 GDS Rev 2

TM Calibrate Off S-1v8 10,959.3 T5+10,294.3 GDS Rev 2

Telemetry Calibrator U 10,963.1 T5+10,298.3 GDS Rev 2

Inflight Calibrate Off

Telemetry Calibrator U 14,374.1 T5+13,709.3 CRO Rev 2

Inflight Calibrate On

TM Calibrate On S-1VB 14,374.3 T;+13,709.5 CRO ReV 3

T Calibrate Dff S-1VR 14,375.3 T5+13,710.3 CRO Rev 3

Telemetry Calibrator I 14,379.1 Tg+13,714.3 CRO Rev 3

Inflight Calibrate Off

Telemetry Calibrator IU 15,8701 T5+15,205.3 ARIA 3 Rev 3

Inflight Calibrate On

T™ Calibrate On S-1VB 15,870.3 T5+15,205.5 ARIA 3 Rev 3

TM Calibrate Off S-1VB 15,871.3 T5+15,206.5 ARIA 3 Rev 3

Telemetry Calibrator il 15,875.1 T5+15,210.3 ARIA 3 Rev 3

Inflight Calibrate Off

TM Calibrate Off S-1VB 16,575.4 T5+15,910.¢ GDS Rev 2

Water Coolant Valve Open Iy 17,315.2 T7496.4 LVDC Function

Water Coolant Valve Closed U 17,615.8 T74397.9 LYDC Function

Command PCM Coaxial Switch Iu 20,595.3 Ty+3376.5 Ground Command

Low Gain Antenna Sequence

Command CCS Switch Low ] 20,595.3 Ty+3376.5 Ground Command

Gain Antenna Sequence

Water Coolant Valve Open Y 21,526.9 T7+4309.U LVDC Function

Chilldown Shutoff S-1VB 21,710.0 Tg+129.1 Ground Command Sequence

Valve Close Off for 2nd S-IVB Restart

Fuel Chilldown Pump Off S-1vB 21,729.2 Tg+148.2 Begin Ground Command
Sequence for 2nd S-1VB
Restart

LOX Chilldown Pump Off 5-1VB 21,730.0 Tgt149.0 Ground Command Sequence
for 2nd S-IVB Restart

Water Coolant Valve Closed Iy 21,828.6 Tg+247.6 LVYDC Function

Chilldown Shuteff Valve S-1VB 21,952.8 Tgt371.8 Ground Command Sequence

Close Off for 2nd S-1VB Restart

p 1 C1 Off S-1VB 21,953.5 Ground Command Sequence

revaives tiose Tgt3rz.6 2nd S-1V8 Restart
5-1VB i toff Off S-1VB 21,954.3 Ground Command Sequence
5-1VE Engine Cuto Tgt373.3 for 2nd S-1VB Restart
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Table 2-3. Variable Time and Commanded Switch Selector Events (Continued)

FUNCTION STAGE RANGE TIME TIME FROM BASE REMARKS
{SECONDS) (SLCONDS)
Engine Ready Bypass S-14RB 21,0651 Tgt374 1 Ground Commnand

Sequence for 2nd
S-1VB Restart

S-IVB Enaine Start On S-TVB 21,987.3 T8+406,4 Ground Command
Seauence for 2nd
S-IVB Pestart

Telemetry Calibrator Iy 22,6981 To+416.5 fWM Rev 4
Inflight Calibrate On

T™ Calibrate On S-IVB 22,698.3 T9+4]6_7 UM Rev 4

T Calibrate Off S-1VR 22,699.3 Tgt417.7 GWM Rev 4
Telemetry Calibrator

Inflight Calibrate Off U 22,703.1 Tgt421.5 MM Rev 4
Engine Mainstage Control S-1vB 22,976.9 Tgt695.2 GWM Rev 4
Valve Qpen Off

Engine He Control Valve S-1VB 22,977.7 Tg+696.1 GWM Rev 4
Open Off

Engine He Control Valve S-1vB 22.,993.4 Tat711.6 GWM Rev 4
Open On 9

Passivation Enable S-1yB 22,993.6 Tg+712.0 GWM Rev 4
Engine Mainstage Control S-1vB 22,994.1 Tg+712.8 GWM Rev 4
Yalve Open On

Start Bouile Vent Control S-TVB 23,042.6 Tg+761.0 GWM PFev 4
Valve Open On

Engine Ignition Phase Control S-1VB 23,156.2 Tg+874.6 CUM Rev 4
Yalve Open OFf

Engine He Control Valve S~1vB 23,157.0 T.4875.4 GUM Rev 4
Open Off 9

Passivation Enable S-1vB 23,172.5 T9+890.9 WM Rev 4
Engine Ignition Phase Control S-1y8 23,173.2 T9+891.6 GWM Rev 4
Valve Open On

Engine He Control Valve S~1VB 23,175.1 To+893.4 LYDC Function
Open On 9

S-1VB Engine Cutoff Nff S-1VB 24,770.0 Ty+2488.4 LVDC Function
Engine Ready Bypass S-1VB 24,770.9 Tq+2489 .4 LVDC Function
Prevalves Close Off S-1VB 24,771.9 Tg+2490.3 LVDC Function
S-IVB Engine Start On S-IVB 24,772.8 Tg+2491.3 LVDC Function
Water Coolant Valve Open T 24,883.4 Tg+2551.9 LVDC Function
Water Coolant Valve Closed 48] 25,134.9 Tg+2853.4 LVDC Function
Command PCM Coaxial Switch Iy 27,010.1 Tq+4728.5 Ground Command
Omni Antenna Sequence
Command CCS Coaxial Switch U 27,0101 Totd 728 6 Ground Command
Omni Antenna 9 ! Sequence
Command PCM Coaxial Switch Iy 27,H1)9.1 To+4827.5 Ground Conmand
High Gain Antenna 9 : Sequence




Table 2-3. Variable Time and

Commanded Switch Selector Events (Continued)

FUNCTION STAGE RANGE TIME TIME FROM BASE REMARKS
(SECONDS) (SECONDS }

Command CCS Coaxial 1y 27,109.1 Tg+4827.6 Ground Command
Switch Failure Safe Sequence
High Gain Antenna
Command PCM Coaxial 1U 27,163.7 Tqt4882.1 Ground Command
Switch Fail Safe Sequence
Low Gain Antenna
Command CCS Switch i{l 27,163.7 Tg+4882.2 Ground Command
Low Gain Antenna Sequence
Command Inhibit C-Band Iu 27,191.0 Tg+4909.4 Ground Command
Transnonder No. 1 Sequence
Command Inhibit C-Band Tu 27,214.7 Tgt4933.1] Ground Command
Transponder No. 2 Sequence
S-IVB Ullage Engine No. §-1vB 27,244.6 T9+4963.0 LVDC Function
On
S-I1¥B Ullage Engine No. S-1vVB 27,245.8 T9+4964.2 LVYDEC Function
On
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SECTION 3
LAUNCH OPERATIONS

3.1 SUMMARY

The AS-504 Apollo 9 terminal countdown (-28 hours) was started at
22:00:00 Eastern Standard Time (EST), February 26, 1969. However the
launch countdown was recycled to -42 hours because of the astronauts
medical condition. The count was resumed at 2:30:00 EST, March 1, 1969,

The ground systems supporting the Apollo 9 countdown and Taunch performed
exceptionally well. There were no significant failures or anomalies.
Several systems experienced component failures and malfunctions, but
these problems did not cause any holds or significant delays in the
scheduled sequences of launch operations.

Damage to the complex and support equipment as a result of the AS-504
Jaunch was minor and the slightest yet experienced.

3.2 PRELAUNCH MILESTONES

Launch vehicle checkout at Kennedy Space Center (KSC) began with the
arrival of the S-II-504 stage on May 15, 1968. The S-IC stage and the IU
arrived on September 30, 1968, and the S-IVB stage arrived on September 12,
1968. The Lunar Module (LM) -3 arrived June 14, 1968 and was reassigned to
this mission on August 19, 1968. The Command and Service Module (CSM) -103
arrived on October 5, 1968. After satisfactory checkout, the spacecraft
was mounted atop the launch vehicle on December 3, 1968. The space vehicle
was transferred to Launch Complex 39A on January 3, 1969. Space vehicle
checkout operations at the pad proceeded without any significant problems
that would impact launch readiness; however, because the astronauts
developed colds, the terminal countdown initiated on February 26, 1969

was interrupted. After medical clearance of the crew, recycle countdown
was started on March 1, 1969, and the Apollo 9 was successfully launched
without any unscheduled holds, at 11:00:00 EST, March 3, 1969.

3.3 COUNTDOWN EVENTS

The AS-504 Apollo 9 terminal countdown was picked up at 22:00:00 EST,
February 26, 1969 (-28 hours). At 10:00:00 EST, February 27, 1969 (-16
hours) the scheduled 3-hour hold began, but at 10:30:00 EST during this



hold, the space vehicle was recycled to -42 hours because of the
astronauts medical condition. Count pickup time was 2:30:00 EST,
March 1, 1969.

The recycle countdown proceeded through Taunch scheduled as follows:
-28 hours, 5.5-hour built-in hold
-16 hours, 3-hour built-in hold

¢c. =9 hours, 6-hour built-in hold

Launch occurred at 11:00:00.6 EST, March 3, 1969,
3.4 PROPELLANT LOADING
3.4.1 RP-1 Loading

The RP-1 system successfully supported the AS-504 launch countdown.
Replenish operations for launch were started at -13:10:00 and were
compieted 44 minutes later at -12:26:00. Level adjustment operations
were initiated at -51 minutes and completed at -31 minutes, establishing
the required S-IC flight mass of RP-1. Approximately 802.6 m3

(212,035 gal) of RP-1 was consumed in support of the launch countdown.
Following level adjustment, 1iquid sensor No. 1 failed to indicate a
steady dry condition. Consequently, the transfer line automatic drain
and inerting sequence was terminated before the transfer line was
completely drained and purged. Drain and purge of the transfer line was
completed manually. As was the case with all previous launches, the dry
chemical fire extinguisher system in Launch Umbitical Tower (LUT) Room 4A
activated during 1iftoff, covering RP-1 system components with powder,

3.4.2 LOX Loading

The LOX system supported the launch countdown satisfactorily. All phases
of the LOX loading operation were completed successfully and without
incident. The LOX fill sequence was started at -8:19:00, with all stage
replenish normal mode attained 2:57:00 later. Approximately 2203.1 m3
(582,000 gal) of LOX was consumed in support of the launch countdown.
Several facility measurements which indicate operational status for

the LOX replenish pump were lost or exceeded redlines. However, in each
instance sufficient backup measurements were available to verify satisfac-
tory pump operation without interrupting the loading sequence. Launch
damage to the LOX system was minor. A LUT control distributor was split
open and some internal components damaged. In addition, several electrical
cables were damaged by blast and must be replaced.

3.4.3 LHy Loading

The LHo system successfully supported the Taunch countdown with no major
incidents. The fill sequence began with initiation of S-II loading at
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-4:45:00 and was terminated 88 minutes later upon achieving 100 percent
S-IVB LH2 load. A nominal Toading time of 81 minutes was planned, but both
S-IT and S-IVB fast-fill modes were terminated early, apparently by a

logic discrepancy. The Propellant Tanking Control System (PTCS) was
programmed to terminate fast-fill for S-II and S-IVB at 96 and 97 percent,
respectively. However, the fast-fill modes were temminated at 93 (S-II)
and 94 (S-IVB) percent of flight mass by signals from the stage stop fill
discretes. The early termination of fast-fill did not significantly affect
the loading operation. Approximately 1854.9 m3 (490,000 gal) of LHo was
consumed in support of the launch countdown. Launch damage to the LHp
system was minor. A seam was split open on the LHy disconnect tower
control distributor, but there was no damage to internal components.

3.4.4 Auxiliary Propulsion System Propellant Loading

Propellant loading of the S-IVB Auxiliary Propulsion System (APS) was
accomplished satisfactorily. Total propellant mass in both modules at
liftoff was 182 kilograms (401,2 1bm§ of Nitrogen Tetroxide (NpO4) and
116 kilograms (255.8 Tbm) of Monomethyl Hydrazine (MMH).

3.5 S-IT INSULATION, PURGE AND LEAK DETECTION

The S-I1I1-504 -tage was the first to utilize improved joint closeouts of

the external insulation. The joint closeouts for the insulation panels
were of the nylon wet-layup configuration and replaced the rubber doublers
used as closeouts on previous stages. The rubber doublers were susceptible
to excessive cracking at Tow temperatures. A marked improvement in
performance of the external insulation during ground hold and flight
reflected the improved quality of the new insulation. Hazardous gas
concentrations were low in all purge circuits.

3.5.1 Forward Bulkhead Insulation/Forward Bulkhead Uninsulated Circuits

The forward bulkhead purge circuits were set to provide a stage inlet
pressure of 1.0 N/cm2 (1.5 psig). The forward bulkhead insulation circuit
and uninsulated circuit were interconnected as on the previous flight
vehicle. During propellant tanking the insulation circuit inlet pressure
remained steady at approximately 1.0 N/cmZ (1.5 psig) and the outlet
pressure was slightly positive at approximately 0.07 N/cm@ (0.015 psig)
until launch. Inlet pressure of the forward bulkhead uninsulated circuit
was steady at 1.5 N/cm2 (2.2 psiqg).

3.5.2 Forward Skirt

The forward skirt inlet pressure decreased from 0.7 N/emZ (1.0 psig) at
the beginning of LOX Toading to 0.5 N/cmZ (0.7 psig) at the beginning of
LHz Toading. This loss of pressure was caused by the LHp tank chilling
during LOX loading. After LH2 loading the inlet pressure remained steady
at 0.4 N/cm? (0.6 psig) until launch.



3.5.3 Sidewall

From an ambient set-up value of 1.47 N/em? (2.14 psig), the sidewall inlet
pressure declined gradually to 1.2 N/cme (1.8 psig) during LHy tank chill-
down, During LH, fill, the pressure further declined to 1.0 N/cm? (1.5 psig)
but at the complétion of LHy loading it had recovered to 1.2 N/emZ2 {1.8 psig)
where it vremained until Taunch.

Following nearly the same profile as the inlet, the sidewall outlet
pressure decreased gradually from 1.2 to 0.7 N/cmé (1.8 to 1.0 psig)

during LH2 tank chilldown. At the beginning of LHp fill the pressure
changed from 0.82 N/cm2 (1.2 psig) to a minimum of 0.23 N/emé (0.34 psig)
but recoveved to 0.4 N/cm2 50.6 psig) in approximately 20 minutes, continu-
ing to increase to 0.6 N/cm¢ (0.8 psig) at launch. There were no insula-
tion discrepancies identified by operational television inspection nor

was back purge required at any time.

Sidewall external temperature measurements generally ranged from 266 to
278°K (20 to 40°F) with two measurements as low as 236 and 228°K

(-25 and -50°F). Because of the high relative humidity, a heavy frost
layer formed on the insulation. Maximum temperature indicated in flight
was 300°K (80°F). Total heat flow into the hydrogen during flight was
164,479,000 watt-seconds (156,000 Btu), well below contract requirements.

3.5.4 Cylinder 1, Bolting Ring and J-Ring Combined Circuits

Outlet pressure remained positive at approximately 0.03 N/cm2 (0.05 psig)
indicating integrity of the cylinder 1 bonded foam-block insulation which
was replaced prior to shipment to KSC. This repair utilized Lefkoweld 109
adhesive supported by a glass carrier cloth to bond the preformed foam
blocks to the tank wall. Inlet pressure remained steady at approximately
1.2 N/em2 (1.8 psig).

3.5.5 Common Bulkhead

Inlet pressure remained at approximately 2.5 N/cm? (3.6 psig) during the
period the bulkhead was purged.

The outlet pressure decreased from approximately 1.9 to 1.7 N/cm?

(2.7 to 2.4 psig) during LOX loading but recovered normally. At the
start of LHo loading the pressure decreased to -2.1 N/eme (-3 psig) before
recovering after approximately 20 minutes. This is normal and is the
result of thermal shrinkage of the purge gas.

Evacuation of the bulkhead was started approximately 3:40:00 prior to
launch. The redline limit of 2.1 N/cm2 (3 psia) was reached in approxi-
mately 45 minutes. Pressure at Tiftoff was 0.21 N/em? (0.3 psia) and did
not exceed 0.34 N/cmé (0.5 psia) during flight.
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3.5.6 Feedline Elbow

The feedline elbow circuit consisted of internal grooves cut into the
bolting support rings that retained the stainless steel elbows.

Inlet pressure varied between 1.9 and 2.0 N/cm® (2.8 and 2.9 psig)
throughout the countdown. The outlet pressure remained reasonably steady
at 0.6 N/cm? (0.8 psig) during the countdown.

3.6 GROUND SUPPORT EQUIPMENT (GSE)
3.6.1 Ground/Vehicle Interface

Ground systems performance was highly satisfactory. The Holddown Arms
(HDA), Tail Service Masts (TSM), Service Arms (SA), and all other ground
equipment functioned well in support of AS-504 launch.

A1l HDA were released pneumatically. A1l HDA release occurred at 0.3
second. The drop and lanyard pull for each arm was sufficiently fast to
preclude detonation of the explosive nuts. The HDA service arm control
switches functioned properly. B8last damage to the HDA consisted mainly
of warped protective hoods and removal of some of the ablative coating.
The grout under the base of HDA No. 3 was blown in, allowing flames to
scorch some of the electrical cables inside the base.

TSM retraction was normal and all protective hoods closed properly. Mast
retraction times were 2.53 seconds for TSM 1-2, 2.09 seconds for TSM 3-2,
and 2.34 seconds for TSM 3~4, measured from umbilical plate separation

to mast retract indication. The ablative coating applied to the TSM
provided adequate blast protection; only a top coating will be required to
restore the ablative protection.

SA systems performed within design limits during the launch sequence and
retraction was normal. Damage to the SA at launch was the slightest yet
experienced. There was some hydraulic fluid leakage in the SA No. 1
control console, however, there were no fires.

The SA No. 1 latchback "latched" indication was not displayed, and the
"unlatched" indication was not extinguished, on the firing room control
panel following 1iftoff. Postlaunch data reviews revealed that the
unlatched signal went off at 1.73 seconds and that the latched signal
went on at 1.77 seconds. Accordingly, it has been concluded that latchback
of the arm to the tower was achieved in the expected manner.

The accumulator level switch in SA No. 4 hydraulic withdrawal system did
not respond properly during performance of the automated pressure and
level check program from -14 to -8 minutes . The hydraulic level Tow
indication was so rapid that it was not sensed by the computer and the
accumulator bleed valve was therefore not commanded closed. The program
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halted for corrective instruction after a 90-second lapse without sensing
Tow Tevel. The bleed valve control switch was positioned manually. To
insure a full charge in the system, the charging valve control switch

was manually placed in the open position for.3 seconds and was then
returned to the automatic mode.

3.6.2 MSFC Furnished Ground Support Equipment

3.6.2.1 S$-IC Stage Oriented. The S-IC stage GSE performed satisfactorily
during countdown and Taunch. Blast damage to the mechanical support
equipment was, minor. LUT storage racks incurred slight structural damage
and activation of the dry chemical fire extinguishing system covered the
hydraulic supply and checkout unit with white powder. There was no
appreciable launch damage to the electrical support equipment.

The only mechanical support equipment anomaly occurred during charging of the
the S-IC Gaseous Nitrogen (GN,) control bottles at -6:20:00., The high
pressure fill regulator overs%ot the set pressure of 2172 +34.5 N/cm

(3150 +50 psig) and the GNp bottles were pressurized 34.5 N/cm2 (50 psi)

over the 2275 N/cm? (3300 psig) redline. The vent valve was cycled and

the bottles repressurized to 2186 N/cmZ (3170 psig). Bottle pressure
stabilized at this value and the repressurization sequence was considered
satisfactory for continuation of the countdown.

An electrical support equipment anomaly occurred during $-IC pneumatic
systems preparation for Taunch. A relay in the LOX fill and drain heater
circuit failed and caused shorting of an adjacent relay in the engine
igniter circuit. The power module, containing both relays, was replaced
and the circuit retested with no recurrence of the problem.

3.6.2.2 S-II Stage Oriented. The S-II stage GSE satisfactorily supported
countdown and Taunch. There were no significant failures or anomalies.

One minor problem was a defective relay in an amplifier sequencer rack
(leak detection circuit) that was removed and replaced prior to -28 hours.
Another minor discrepancy was a pneumatic control console (S-II insulation
purge) feedline flowmeter output drop to zero during telemetry checks.

It was determined that S-II telemetry transmitters caused Radioc Frequency
(RF} interference in the flowmeter circuitry, however, the flowmeter output
is not mandatory during this brief telemetry check period. Only very minor
damage was incurred to the S-II GSE during launch.

3.6.2.3 S-IVB Stage Oriented. Overall performance of the S-IVB stage GSE
was satisfactory. The only system problems encountered were failures of
two dome regulators and a helium relief valve in the pneumatic console.
During prelaunch preparations, the 2206 N/cm2 (3200 psi) dome regulator
located in the pneumatic supply console was replaced because of leakage.

3-6



The new regulator also failed after two operational cycles. At the same
time the 2206 N/cm? (3200 psi) ambient helium relief valve failed open.
Both the regulator and relief valve required replacement. Blast damage
to the support equipment was generally minor. However, several LUT
equipment storage racks received considerable damage such as cracked
welds, broken latches and bent doors.

3.6.2.4 IU Stage Oriented. The Instrument Unit (IU) GSE performance
during countdown was satisfactory although a few minor anomalies occurred.
One of these was valve leakage in the GNp supply system. Valve leakage
was detected in the GN» high pressure system during the pneumatic console
regulator adjustment at -20 hours. The adjustment sequence was terminated
and the system repressurized for component isolation and inspection. The
leakage did not recur although the hardware was cycled a number of times.
The system also functioned properly through the rest of the count and
subsequent recycle. There was no launch damage sustained by the mechanical
or electrical support equipment.
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SECTION 4
TRAJECTORY

4.1 SUMMARY

The vehicle was launched on an azimuth of 90 degrees east of north.

At 13.3 seconds, the vehicle started a roll maneuver to a flight azimuth
of 72 degrees east of north. The space-fixed velocity at S-IC Outboard
Engine Cutoff (OECO) was 29.33 m/s (96.23 ft/s) lower than nominal.

The space-fixed velocity at S-II Engine Cutoff (ECO) was 81.70 m/s
(268.04 ft/s) lower than nominal. The space-fixed velocity at S-IVB
first engine cutoff was 0.87 m/s (2.86 ft/s) greater than nominal. The
altitude at S-IVB first burn cutoff was 0.31 kilometer (0.17 n mi) lower
than nominal and the surface range was 66.77 kilometers (36.06 n mi)
greater than nominal.

The parking orbit insertion conditions were very close to nominal except
for the time of insertion itself. This was due primarily to the below
normal performance of the S-IC and S-II stages. Parking orbit insertion
time was 15.93 seconds later than nominal. The space-fixed velocity

at insertion was 0.61 m/s (2.00 ft/s) greater than nominal and the flight
path angle was 0.0049 degree Tower than nominal. The eccentricity was
0.000133 greater than nominal. The apogee and perigee were 1.26 kilometer
(0.68 n mi) greater than nominal and 0.49 kilometer (0.27 n mi) lower than
nhominal, respectively.

The intermediate orbit insertion conditions were very close to nominal
except for the space-fixed velocity which was 18.67 m/s (61.25 ft/s)
greater than nominal. The flight path angle at intermediate orbit inser-
tion was 0.041 degree lower than nominal. The eccentricity was 0.00503
greater than nominal.

The escape orbit injection parameters deviated significantly from nominal.
The value of C3 was 824,712 mé/s2 (2,877,126 ft2/s2) which was

30,470,506 m2/sZ (327,981,795 ft2/s%) lower than nominal. The eccentric-
ity was 0.6532 Tess than nominal, the inclination angde was 0.054 degree
less than nominal, and the descending node was 0.242 degree greater than
nominal. Required escape velocity for the actual altitude reached at
escape orbit injection was 9,596.22 m/s (31,483.66 ft/s). The actual
velocity reached at escape orbit injection was 9,637.73 m/s

(31,619.85 ft/s) which was 41.51 m/s (136.19 ft/s) greater than required.
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The total space-fixed velocity was 1,520.20 m/s (4,987.53 ft/s) lower
than nominal and the altitude was 106.05 kilometers (57.26 n mi) higher
than nominal.

The actual impact locations for the spent 5-IC and S~II stages were
determined by a theoretical free-flight simulation. The surface range
for the S-IC impact point was 32.10 kilometers (17.33 n mi) less than
nominal. The surface range for the S-II impact point was 6.23 kilometers
(3.36 n mi) less than nominal.

4.2 TRACKING DATA UTILIZATION
4.2.1 Tracking During the Ascent Phase of Flight

Tracking data were obtained during the period from the time of first
motion through parking orbit insertion.

The ascent trajectory was established by merging the launch phase trajec-
tory with the best estimate trajectory. The launch phase trajectory was
established by integrating the telemetered body-fixed accelerometer data,
and verified by Offset Frequency Doppler (0DOP) tracking data. The best
estimate trajectory utilized telemetered guidance velocities as the gener-
ating parameters to fit data from six different C-Band tracking stations.
These data points were fit through a guidance error model and constrained
to the insertion vector obtained from the orbital solution. Comparison

of the ascent trajectory with data from all the tracking systems yielded
reasonable agreement.

4.2.2 Tracking During Orbital Flight

Orbital tracking was conducted by the NASA Manned Space Flight Hetwork
(MSFN). C-Band radar stations furnished data for use in determining the
parking orbit, intermediate orbit, and escape orbit. There were also con-
siderable S-Band tracking data available during these periods of flight
which were not used due to the abundance of C-Band radar data.

The orbital trajectories were obtained by integrating corrected insertion/
injection conditions forward. The insertion/injection conditions, as
determined by the Orbital Correction Program (OCP), were obtained by a
differential correction procedure which adjusted the estimated insertion/
injection conditions to fit the C-Band radar tracking data in accordance
with the weights assigned to the data. After all the C-Band radar track-
ing data were analyzed, some stations and passes were eliminated
completely from use in the determination of the insertion/injection
conditions.
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4.2.3 Tracking During S-IVB Second Burn Phase of F]ight

C-Band radar data were obtained from the stations located at Patrick Air
Force Base, Merritt Island, and Grand Bahama Isliand. These tracking data
were found to be incompatible with the restart and intermediate orbit in-
sertion vectors determined by the OCP, and were not used for the
trajectory determination.

The S-I1VB second burn trajectory was obtained by integrating the corrected
restart vector forward utilizing telemetered guidance velocities. The
corrected restart vector was determined by a procedure which adjusted the
estimated restart vector in order to arrive at the same state vector at
intermediate orbit insertion as determined from the intermediate orbital
solution.

4,2.4 Tracking During S-IVB Third Burn Phase of Flight

C-Band radar data were obtained from Carnarvon during the period from
S-IVB second restart through escape orbit injection.

The S-IVB third burn trajectory was obtained by integrating the corrected
second restart vector forward utilizing telemetered guidance velocities.
The corrected second restart vector was determined by a procedure which
adjusted the estimated restart vector to fit the tracking data in a best
estimate sense utilizing the telemetered guidance velocities as generating
parameters. Comparison of the second restart vector and the resulting
escape orbit injection vector with those determined by orbital solutions
yielded reasonable agreement.

4.3 TRAJECTORY EVALUATION
4.3.1 Ascent Trajectory

Actual and nominal altitude, surface range, and cross range for the ascent
phase are presented in Figure 4-1. Actual and nominal space-fixed
velocity and flight path angle during ascent are shown in Figure 4-2.

The velocity deviation at S-II Engine Cutoff (ECO) of 81.70 m/s

(268.0 ft/s) less than nominal was outside the 3-sigma tolerance of

-69.5 m/s (-228.0 ft/s). Lower propulsion performance levels than pre-
dicted on both the S-IC and S-II stages were the primary contributors to this
velocity deviation. A breakdown of the individual contributing sources is
presented in Table 4-1. This table shows that trajectory conditicns at

the start of the S-II operation were a major contributor to reduced S-II
stage performance. The altitude deviation of -2.89 kilometers (-1.56 n mi)
was within the -3c value of -3.27 kilometers (-1.77 n mi). The major
contributor to the lower propulsion performance on both stages are
discussed in paragraph 5.3 (S~IC Propulsion) and paragraph 6.3 (S-II
Propulsion). Comparisons of total inertial accelerations are shown in
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Figure 4-3. The maximum acceleration during S-IC burn according to the
postflight trajectory was 3.85 g. The accuracy of the trajectory at
S-IVB first cutoff is estimated to be +1.0 m/s (£3.3 ft/s) in velocity
components and +500 meters (+1640 ft) in position components.

Mach number and dynamic pressure are shown in Figure 4-4. These para-
meters were calculated using measured meteorological data to an altitude
of 73.00 kilometers (39.42 n mi). Above this altitude the measured data
were merged into the U. S. Standard Reference Atmosphere.

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

Total Velocity Deviations During S-IC/S-1I Burn

AV DEVIATIONS

ACTUAL 3 SIGMA LIMIT
m/s m/s
(ft/s) (ft/s)
5-1IC Stage
Winds and Atmposheric 5
Density (16)
Stage Performance (Engine -14
Tag Values and Drag (-46)
Coefficient)
Mixture Ratio (+0.62 -13
Percent) (-43)
Fuel Density (+0.46 3
Percent) (10)
LOX Load at Holddown Arm -4
Release -2150 kg (-4740 (-13)
1bm)
LOX Residuals 2561 kg -6
(5645 Tbm) (-20)
Total S-IC Stage (Both -29 -44.5
Calculated and Observed) (-96) (-146.0)
5-11 Stage
Initial Conditions -58.3 to -61.3
(Including S-IC aV, Low (-191.3) to (-201.1)
Altitude, and 1.0 Degree
A Flight Path Angle)
S-II Propulsion -12.2 to -15.2%
Performance (-40.0) to (-49.9)
Increased S-1[ GOX
Pressurant Residual of
343 kg (756 1bm) at ECO -6.1 to =9.1
Increased Upper Stage _ (-20.0) to (-29.9)
Weight of 450 kg (992 1bm)
Total Calculated -76.6 to -85.6
(-251.3) to (-280.9)
Total Observed -81.7 -69.5
(-268.0) (-228.0)

*Only 3 to 5 m/s (10 to 16.5 ft/s) verified to be due to difference
in predicted and actual propulsion performance.
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Table 4-2.

Comparison of Significant Trajectory Events

EVENT PARAMETER ACTUAL NGMINAL ACT-NOH
First Motion Range Time, sec 0.3 Q.3 0.00
Total Inertial Acceleration)
m/s 10.78 11.01 -0.23
(ft/s2) (35.37) (36.12) (-0.75)
Mach 1 Range Time, sec 68.2 65.4 2.8
Altitude, km 7.86 7.78 0.08
(n mi) (4.24) {4.20) (0.04)
Maximum Dynamic Range Time, sec 85.5 81.4 4.1
Pressure 2
Dynamic Pressure, n/cm 3.020 3.28% -0.265
(1b/ft2) (630.740) (686.087) (-55.347)
Altitude, km 13.76 13.32 0.44
{n mi) (7.43) (7.19) {(0.24)
Maximum Total
Inertial
Acceleration: S-IC Range Time, sec 162.84 159.96 2.88
Acceleration, m/s? 37.72 38.50 -0.78
(Ft/s?) {123.75) {126.31) (-2.56)
S-11 Range Time, sec¢ 536.31 531.256 5.06
Acceleration, m/s?2 19.61 20.37 -0.76
{ft/s2) (64.34) (66.33) (-2.49)
$-~IVB st Burn Range Time, sec 664.74 648.81 15.93
Acceleration, m/s2 7.84 7.68 0.16
(ft/s?) (25.72) {25.20) {0.52)
5-1VB 2nd Burn Range Time, sec 17,217.68 17,212.41 5.27
Acceleration, mfs? 12,16 11,79 0.37
(ft/s2) (39.90) (38.68) (1.22)
5-IVB 3vrd Burn Range Time, sec 22,133.00 22.,274.41 -141.41
Acceleration, m/s?, 16.58 35.61 -19.03
(ft/sf) (54.40) (116.83) (-62.43)
Maximum Earth-
Fixed Velocity: S-IC | Range Time, sec 163.45 160.67 2.78
Velocity, m/s 2,388.99 2,407.41 -18.42
(ft/s) (7,837.89) {7,898.33) (-60.44)
5-11 Range Time, sec 536.45 531.96 4.49
Velocity, m/s 6,535.25 6,618.93 ~83.68
{ft/s) (21,441,11) (21,735.65) (-274.58)
$-1¥B 1st Burn Range Time, sec 674 .66 658.71 15.95
Velocity, m/s 7,390.30 7,389.71 0.59
(ft/s) (24,246.39) |(24,244.46) {1.93)
. Burn Range Time, sec 17,218.20 17,214.08 4.14
S-1¢8 2nd Velocity, m/s 8.056.65 8.038.53 18,12
(ft/s) (26,432.58) {26,373.13}) {59.45)
S-1VB 3rd Burn Range Time, sec 22,283.560 22,278.56 7.94
Yelocity, m/s 9,120.68 10,646.93 -1,526.25
(ft/s) (29,923.49) |(34,930.87) | (-5,007.38}
Apex: §-1C Stage Range Time, sec 266.03 270.26 -4.23
Altitude, km 109.70 118,88 -9.18
(n mi) (59.23) {64.19) {-4.96)
Surface Range, km 319.22 333.15 -13.93
{n mi} {(172.37) {179.89) (-7.52)
S-11 Stage Range Time, sec 593.58 563.26 36.32
Altitude, km 189.83 19¢.07 -0.24
{n mi) {102.50) {t02.63) (-0.13)
Surface Range, km 1,900.81 1,745. 11 155.70
{n mi) {1,026.36) {942.28) (84.08)
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Table 4-3.

Comparison of

Cutoff Events

ACTUAL I NOMINAL I ACT-HOM ACTUAL l NOMINAL I ACT-HOM
PARAMETER
$-1C CECO (ENGINE SOLENOID) S-1C 0ELO (ENGINE SOLENOQID)
Range Time, sec 134.34 134.27 0.07 162.76 159.96 2.80
AMtitude, km 47.59 45,14 -3.55 64.47 67,36 -2.89
{n mi) (22.48) (24.37) {-1.91} (34.81) (36.37) (-1.56)
Surface Range, km . 45,56 47.38 -1.82 95,66 $3.56 2.00
{n mi) {24.60) {25.58) (-0.98) (51.60) (50.52) (1.08)
Space-Fixed Velogity, m/s 1,929.23 2,008.72 -79.49 2,747.38 2,776.71 ~29.33
(ft/s)] {6,329.49) | (6,590,29) (-~260.80) §(9,013.71) {9,109.94) ((.96.23}
Flight Path Angle, deg 22.577 23.468 -0.891 18.539 19.610 -1.073
Heading Angle, dey 76.420 76.153 0.267 75.535 75.21 0.064
Cross Range, km 0.20 0.70 0.10 0.43 0.22 0.21
(n mi) (0.71}) (0.05) {0.06) (0.23) {06.12) (0.11)
Cross Range Velecity, m/s 7.18 2.97 4.27 9.40 7.44 1.96
{ft/s) (23.56) (9.74) (13.82) (30.84) (24.41) b {6.43)
$-11 ECO (ENGINE SOLENOID) S-IVB 1ST ECO (ENGINE SOLENOID)
Range Time, sec 536.22 531.16 5.06 664,66 648.73 15.93
Altitude, km 186.56 189.14 -2.58 197.04 191.35 -0.31
{n mi}) {100.73) (102.13) {-1.40) {103.15) (103.32) (-0.17})
Surface Range, km 1,538.09 1,539.29 -1.13 2,401.63 2,334.86 66,77
(n mi) (830.50) {831.15) (-0.61) ) (1,296.78) | (1,260.72) (36.06)
Space-Fixed velocity, m/s| 6,935.28 1,017.17 -81.70 7.791.90 7,791.03 0.87
(fe/s)g (22,753.54)|(23,022.21) (-268.04) [(25,563.98) [(25,561.12) {2.88)
Flight Path Angle, deg 0.918 0.464 0.454 -0.007 -0.002 -03.005
Heading Angle, deg 81.872 81.872 0.000 86.97¢ 86.545 0.434
Cross Range, km 24.29 23.91 0.138 51.58 48.45 3.13
{n mi} {13.12} {12.91) (0.21) (27.85) {26.16) (1.69)
Cross Range Velocity, m/s 168.91 170.60 ~1.68 260,12 250.89 9.23
(ft/s) (554.17) (559.71) (-5.51}) (853.421) (823.13) {30.28)
S-IVB 2ND ECO (ENGINE SOLENQID) S-1VB 3RD ECO {ENGINE SOLENOID)
Range Time, sec 17,217.60 17,212.34 5.26 22,281.32 22,275.33 £.99
Altitude, km 200.30 200.94 -0.64 2,283.40 2,172.88 110.52
{n mi) (108.15) {108.50) {-0.35) § (1,232.94) | (1,173.26) (59.68)
Space-Fixed Velocity, m/s 8,455.77 8,438.20 17.57 9,628.38 11,150.31 |-1.521.73
(ft/s) (27,742.03)|(27,684,38) (57.65) [}(31,589.17) |(36,581.73) {-4,992.56)
Flight Path Angle, deg 0.384 0.429 -0.045 -1.007 1.093 -2.100
Heading Angle, deg 112.544 112.921 ~0.377 56.509 56,737 -0.228
Eccentricity 0.17952 0.17477 0.060475 1.01443 1.66680 ~0.65237
baf mzjsz 49,748,466 -50,023,056 274,590 664,476 31,092,572 | -30,428,096
(ft2/s2) -535,488,031)] (-538,443,694) (2,955,663 )] (7,152.360) | (334,677,660) {-327,525,300
Inclination, deg 32.303 32.490 -0.187 33.824 33.869 ~0.045
Descending Node, deg 41.658 41.21 0.387 41.624 41.387 0.237

* C3 is twice the specific energy of orbit

2
C3=v2-ﬁﬂ

Constant

where ¥ = [nertial Velocity
u = Gravitational
R = Radius vector

from center of earth
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Table 4-4.

Comparison of Separation Events

PARAMETER ACTUAL l NOMINAL I ACT-NOM
S-1C/S-11 SEPARATION
Range Time, sec 163.85 160.68 2.1
Altitude, km 65,09 68.02 -2.93
(n mi) (35.15) {36.73) (-1.58)
Surface Range, km 97.06 95.10 1.96
(n mi) (52.41) {51.35) (1.06)
Space-Fixed Velocity, m/s 2,761,27 2,786.48 -25.21
{Ft/s) (9,059.28) (9,141.939) (-82.71)
Flight Path Angle, deg 18.449 19.508 -1.059
Heading Angle, deg 75.337 75.268 0.069
Cross Range, km 0.44 0.23 0.21
{n mi) (0.24) (0.12) (0.12)
Cross Range Velocity, m/s 9.92 7.56 2.36
{ft/s) (32.55) (24.80) (7.75)
Geodetic Latitude, deg N 28.872 28.868 0.004
Longitude, deg E -79.657 -79.676 0.019
S-11/5-1VB SEPARATION
Range Time, sec §37.2 532.0 5.2
Altitude, km 186.67 189,18 -2.51
{(n mi) (100.79) {102.15) (-1.36)
Surface Range, km 1.544.19 1,544 .43 -0.24
(n mi) (833.80) {833.93) (-0.13)
Space-Fixed Velocity m/s 6,937.94 7,021,96 -84 .02
{(ft/s) (22,762.27) {23,037.93) (-275.66)
Flight Path Angle, deg 0.9086 0.457 0.449
Heading Angle, deg 81.907 81.901 0.006
Cross Range, km 24,45 24.05 .40
{n mi} (13.20) (12.99) (0.21)
Cross Range Velocity, m/s 169.43 171,70 -1.87
(ft/s) (555.87) {56%.35) (-5.48)
Geodetic Latitude, deg N 31.802 31.806 -0.004
Longitude, deg E -64.978 -64.976 -0.003
S-IVB/SPACECRAFT FINAL SEPARATION
Range Time, sec¢ 14,886.0 14,983 -97.0
Altitude, kwm 194,89 193.54 1.35
{n mi) (105.23) (104.50)} (0.73)
Space-Fixed Velocity, m/s 7,792.22 7.793.29 -1.07
(ft/s) (25,565.03) (25,568.54) (~3.51)
Flight Path Angle, deg 0.028 0.037 -0.009
Heading Angle, deg 60.373 58.985 1.388
Geodetic Latitude, deg N ~-14.3158 -10.638 -3.677
Longitude, deg E 135.624 141.644 -6.020
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Figure 4-2. Ascent Trajectory Space-Fixed Velocity Comparison

The free-flight trajectories of the spent S-IC and S-II stages were
simulated using initial conditions from the final postflight trajectory.
The simulation was based upon the separation impulses for both stages and
nominal tumbling drag coefficients. No tracking data were available for
verification. Table 4-2 presents a comparison of free-flight parameters
to nominal at apex for the S-IC and S-II stages. Table 4-5 presents a
comparison of free-flight parameters to nominal at impact for the S-IC
and S-II stages.

4.3.2 Parking Orbit Trajectory

The acceleration due to venting during parking orbit is presented in
Figure 4-5. These accelerations were obtained by differentiating the
telemetered guidance velocity data and removing accelerometer biases and
the effects of drag.
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Figure 4-3. Ascent Trajectory Acceleration Comparison

A family of values for the insertion parameters was obtained depending
upon the combination of data used and the weights applied to the data.
The solutions that were considered reasonable had a spread of about

+500 meters (+1640 ft) 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 4-6. The ground track from Tiftoff to
escape orbit injection plus 5650 seconds is given in Figure 4-6.

4,3.3 S-IVB Second Burn Trajectory
Comparisons between the actual and nominal total space-fixed velocity and

flight path angle are shown in Figure 4-7. The actual and nominal total
inertial acceleration comparisons are presented in Figure 4-8. Throughout
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Table 4-5.

Stage Impact Location

PARAMETER ACTUAL NOMINAL ACT-NOM
S-1C STAGE IMPACT
Range Time, sec 536.44 547 .00 -10.56
Surface Range, km 641.97 674.07 -32.10
{n mi) (346.64) (363.97) (-17.33)
Cross Range, km 7.61 7.51 0.10
(n mi) {(4.11) {4.08) {0.05)
Geodetic Latitude, deg N 30.183 30.258 -0.075
Longitude, deg E ~-74.238 -73.917 -0.321
$-11 STAGE TMPACT
Range Time, sec 1,225.35 1,216.40 8.95
Surface Range, km 4,469.24 4,475.47 -6.23
(n mi}) (2,413.20) (2,416.56) (-3.36)
Cross Range, km 146.39 145.60 0.79
{(n mi) {(79.04) (78.62) (0.42)
Geodetic Latitude, deg N 31.462 31.462 0.000
Longitude, deg E -34.04 -33.977 -0.064

Table 4-6. Parking Orbit Insertion Conditions
PARAMETER ACTUAL NOMINAL ACT-NOM
Range Time, sec 674.65 658.72 15.93.
Altitude, km 191.04 191.36 -0.32
(n mi) {(103.15) (103,33) (-0.18)
Space-Fixed Velocity, m/s 7,793.67 7,793.06 0.61
(ft/s)i(25,569.78) |(25,567.78) {2.00)
Flight Path Angle, deg -0.0058 -0.0009 -0.0049
Heading Angle, deg 87.412 86.977 0.435
Inclination, deg 32.552 32.561 -0.009
Descending Node, deg 42.538 42.570 -0.032
Eccentricity 0.000149 0.000016 0.000133
Apogee*, km 186.57 185,31 1.26
(n mi} {100.74) (100.086) (0.68)
Perigee*, km 184.61 185.10 -0.49
{n mi) (99.68) (99.95) (-0.27)
Period, min 88.20 88.20 0.00
Geodetic Latitude, deg N 32.629 32.605 0.024
Longitude, deg E -55,166 -55.877 0.711

* Based on a spherical earth of radius 6378.165 km (3443.934 n mi)
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the S-IVB second burn phase of flight, the space~fixed velocity and the
total inertial acceleration were slightly greater than nominal, and the
flight path angle was slightly less than nominal.

The trajectory parameters at S-IVB second cutoff are presented in
Table 4-3.

4.3.4 Intermediate Orbit Trajectory

The acceleration due to venting during the intermediate orbit is presented
in Figure 4-9. The actual and nominal intermediate orbit insertion
parameters are presented in Table 4-7.

4,3.5 S-IVB Third Burn Trajectory

Comparisons between the actual and nominal total space-fixed velocity and
flight path angle are shown in Figure 4-10. The actual and nominal total
inertial acceleration comparisons are presented in Figure 4-11. These
trajectory parameters were reasonably close to nominal until approximately
550 seconds into Time Base 8 (Tg). Afterwards, the trajectory parameters
were considerably lower than nominal.

The trajectory parameters at S-IVB third cutoff are presented in Table 4-3.
4.3.6 Escape Orbit Trajectory

The escape orbit was hyperbolic with respect to the earth. The actual and
nominal escape orbit injection conditions are compared in Table 4-8.

The solar orbit attained by the S-IVB/IU differed considerably from the
predicted orbit as shown in Table 4-9, This difference was due to the
abnormal performance of the S-IVB during its third burn. A planned LHp
dump and LOX dump did not occur. The APS engines performed as shown

in Figure 4-12, increasing the velocity by 9.7 m/s (31.8 ft/s). The APS
engines were fired by ground command to increase the velocity.
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Table 4-7. Intermediate Orbit Insertion Conditions

PARAMETER ACTUAL NOMINAL  JACT-NOM

Range Time, sec 17,227.60 17,222.34 5.26
Altitude, km 200.88 201.57 -0.69
{n mi) (108.47) (108.84}1(-0.37)
Space-Fixed Velocity, m/s 8,459.30 8,440.63 18.67
(ft/s) (27,753.61) 1{27,692.36) |(61.25)

Flight Path Angle, deg 0.498 0,5397 -0,041
Heading Angle, deg 112.841 113.216| -0.375
Inclination, deg 32.302 32.490| -0.188
Descending Node, deg 41.657 41.21 0.386
Eccentricity 0.18070 0.1756710.00503
Apogee*, km 3,095.76 2,998.26 97.50
{(n mi) (1,671.58) | (1,618.93)]{(52.65)
Perigee*, km 195.85 196.24 -0.39
{(n mi) (105.75) {105.96)}{-0.21)

Period, min 119.22 118.14 1.08
Geodetic Latitude, deg N 23.622 23.530 0.092
Longitude, deg E -73.807 -73.545] -0.262

* Based on a spherical earth of radius 6378.165 km

(3443.934 n mi)

Table 4-8. Escape Orbit Injection Conditions
PARAMETER ACTUAL NOMINAL ACT-NOM
Range Time, sec 22,291.32 22,285.33 5.99
Altitude, km 2,281.56 2,175.51 106.05
(n mi) (1,231.94)| (1,174.68) (57.26)
Space-Fixed
Velocity, m/s 9,637.73 11,157.93 -1,520.20
(Ft/s) {31,619.85)| (36,607.38) |(-4,987.53)
Flight Path
Angle, deg . -0.678 1.568 -2.246
Heading Angle, deg 56.555 56.811 -0.256
Eccentricity 1.0179 1.6711 -0.6532
iy meys? 824,712.| 31,295,218. |-30.470.506.
(fFt2/s2) (8,877,126.}|(336,858,921.)(-327,981,795.)
Inclination, deg 33.825 33.879 -0.054
Descending Node, 41.623 41.381 0.242
deg
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