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MPR-SAT-FE-73-1
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-512
APOLLO 17 MISSION
BY

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

ABSTRACT

Saturn V AS-512 (Apollo 17 Mission) was launched at 00:33:00 Eastern
Standard Time (EST) on December 7, 1972, from Kennedy Space Center,
Complex 39, Pad A. The vehicle lifted off on a launch azimuth of

90 degrees east of north and rolled to a flight azimuth of 91.504

_ degrees east of north. The launch vehicle successfully placed the
manned spacecraft in the planned translunar coast mode. The S-IVB/
IU impacted the Tunar surface within the planned target area.

This was the third Apollo Mission to employ the Lunar Roving Vehicle
(LRY) during Extravehicular Activity (EVA). The performance of the
LRV was satisfactory and, as on Apolio 15 and 16 Missions, resulted in
a significant increase in lunar exploration capability relative to

the lunar exploration missions made without the LRV. The average
distance traversed with the LRV on the last three Apollo Missions

was approximately 30 kilometers, where the average distance traversed
on the three Missions without the LRV was approximately 3 kilometers.
The total distance traveled cn the lunar surface with the LRV on this
Mission was 35.7 kilometers (17 miles).

A11 launch vehicle Mandatory and Desirable Objectives were accomplished
except the precise determination of the lunar impact point. It is
expected that this will be accomplished at a later date. No failures
or anomalies occurred that seriously affected the 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, SAT-E (Phone 205-453-1030)
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MISSION PLAN

The AS-512 flignt (Apollo 17 mission) to the Taurus-Littrow site is
the twelfth flight in the Apollo/Saturn V flight program, the seventh
mission planned for lunar landing, and the third mission planned for
the Lunar Roving Vehicle. The Apollo 17 missicn is the first Apollo
flight planned for night launch and for translunar injection over the
Atlantic Ocean. The primary mission objectives are: a) perform
selenological 1nspectlon, survey, and sampling of materials and sur-
face features in a preselected area of the Taurus-Littrow region; b)
deploy and activate surface experiments: and c) conduct inflight
experiments and photographic tasks. The crew consists of E. A. Cernan
(H1ss1on Commander), R. E. Evans (Command Module Pilot), and

. H. Schmitt (Lunar Module Pilot).

The AS-512 Launch Vehicle {LY) is composed of the S-IC-]Z S-11-3i2,
S-IVB-512, and Instrument Unit (IU)-512 stages. The Spacecraft (SC)
consists of SC/Lunar Mcduie Adapter (SLA)-21), Command Module (CM)-
114, Service Module (SM)-114, and Lunar Module (LM)-12. The LM has
been modified to carry the Lunar Roving Yehicle (LRV)-3. :

Vehicle launch from Complex 39A at Kennedy Space Center (KSC) is planned
along a 90 degree azimuth followed by a roll to a flight azimuth of
approximately 72 degrees measured east of true north Vehicle mass at
ignition is nominally 6,530,819 1bm. R R b

The S-IC stage powered flight Jasts approxinate‘ly 162 seconds; the
S-11 stage provides powered flight for appreximately 395 seconds.
The S-IVB stage first burn of approximately 146 seconds inserts the
S-1VB/IU/SLA/LM/ Command and Service Module {CsM) into a circular

90 n mi. altitude (referenced to the earth's equatorial radius) -
Earth Parking Orbit (EPO) Vehicle mass at orbit insertion is
306,791 1bm.” - . 2 I e R U

At approximately 10 seconds af ter EPO insertior, the vehicle is
aligned with the local horizontal.  Continuous hydrogen venting - -

is initiated shortly after EPO insertion and the LV and Spacecraft :
(SC) systems are checked in preparation for the Translunar Inject‘lon =
(TLI) burn. Shortly after beginning the third revolution in EPO, - -
the S-IVB stage is restarted and burns for approximately 345 seconds. i
“This burn inserts the S-IVB/IUISLAILH/CSH 'Into an earth-retnrn e
translunar trajectory.

Sk -
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At 15 minutes after TLI, the vehicle initiates a maneuver to and
holds inertial.attitude for CSM separation and docking, and CSM/LM
ejection. Fcllowing attitude acquisition the SLA panels are
jettisoned and the CSM separates from the LV. The CSM then trans-
poses and docks with the LM. After ducking and latching, tae CSM/LM
is spring ejected from the S-IVB/IU. Following separation of the
combined CSM/LM .from the S-IVB/IU, the S-IVB/IU performs a yaw
maneuver and then an 80-second burn of the S-IVB Auxiliary Propulsion
System (APS) ullage engines as an evasive maneuver to decrease the
probability of S-IVB/IU recontact with the spacecraft. Subsequent
to the completion of the S-IVB/IU evasive maneuver, the S-IVB/IU is
placed on a trajectory such that it will impact the lunar surface

in a target area located. between_the Apolio 14 and 16 landing sites.
The lunar impact target is 7. 0°S latitude and 8.0°W longitude. The
impact trajectory is achieved by propulsive venting of hydrogen (HZ)'
dumping of residual liquid oxygen (LOX), and by ground-commanded
firing of the APS ullage engines. The S-IVB/IU impact will be
recorded by the seismographs deployed during the Apollo 12, i4, 15
and 16 missions. S-IVB/IU lunar impact is predicted to occur at

89 hours 16 minutes 08 seconds after launch for nominal flight.

Several inflight experiments will be flown on Apollo 17 including
experiments conducted by use of the Scientific Instrument Module ;
(SIM) located in Section I of the SM, and flight experiments during
earth orbit, transiunar coast, lunar orbit, and transearth coast
mission phases. : :

Vuring the 85-hour translunar coast, the astronauts will perform
star-earth landmark sightings, Inertial Measurement Unit (IMU) -
aligmments, general lunar navigation procedures, and midcourse
corrections. At approximately 88 hours and 50 minutes, a Service
Propulsion System (SPS), Lunar Orbit Insertion (LOI) burn of
approximately 395 seconds is initiated to insert the CSM/LM into a
51 by 171 n mi. altitude parking orbit. Approximately two revolu- --.
tions after LOI, a 22.9 secor? burn wili-adjust the orbit to 15 by
59 nmi. altitude. The LM is entered by astronauts Cernan and L5
Scmitt, and checkout is accomplished. During the twelfth revolu-
tion in orbit, at 110 hours 28 minutes, the LM separates from the -
CSM and prepares for the lunar. descent. _ The CSM .is:then inserted .
_ into an approximately 62 n mi. altitude “circular. _orbit using a 4 055"
second SPS burn. The LM Descent Propulsion System is used to lrake
the LM into the proper landing trajectory and to maneuver the LM - -
during descent to the lunar surface. Landing at Taurus-Littrow
is scheduled to occur at 113 hours 2 minutes. The landing site is



situated at 20°10° North latitude and 30°45' East longitude

Following lunar landing, three EVA time perinds of 7 hours each are
scheduled during which the-asronauts will exnlore the lunar surface
in the LRY, collect surface samples, photograph the lunar surface,
and deploy scientific instrumerts. Sorties in the LRV will be
limited in radius such that the life support system capability will
not be exceeded ir LRV failure necessitates the astronauts walking
back to the LM.~ Total stay time on the lunar surface is open-ended,
with a planned maximum of 75.0 hours depeniing upor. the outcome of
current lunar surface operations pianning and of real-time operation-
al decisions.

The CSM performs an orbital plane change approximately 8 hours before
rendezvous. LM 1iftorf nominally occurs at 183 hours 3 minutes

into the mission. The ascent stage insertion into a 9 by 48 n mi.
altitude lunar orbit occurs approximately 7 minutes later. At
approximately 190.0 hours the rendezvous and docking with the CSM

is accomplished.

Following. docking, equipment transfer, and decontamination procedures,
the LM ascent stage is jettisoned and targeted to impact the lunar
surface at a point approximately 9 km from the Apollo 17 landing

site. Transearth Injection (TEI) is accomplished at the end of
revolution 75 at approxinately 236 hours and 40 minutes with a 142.2
second SPS burn. :

During the 68-hour transearth coast. the astronauts wﬂl perforl
navigation procedures, star-earth-moon ightings, the electro-
phoretic separation demonstration, and as many as three midcourse
corrections. The Command Module Pilot will also perform an EVA to
‘retrieve film cassettes frow the SIM bays. - The SM separates from
the CM before re-entry. Splashdown occurs in the Pacific Ocean
304 hours 31 minutes after liftoff. - 3

" After the recovery operations, 2 bio]ogical quarantine is not {mposed

on the crew and CM. However, biological isolation garments will be
available for use in the event of unexp'lained crew 1llness.
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FLIGHT SUMMARY

The tenth manned Saturn Apollo space vehicle, AS-512 (Apollo 17 Mission)
was launched at 00:33:00 Eastern Standard Time on December 7, 1972, from
Kennedy Space Center, Complex 39, Pad A. The performance of the launch
vehicle and Lunar Roving Vehicle was satisfactory and all MSFC Mandatory
and Desirable Objectives were accomplished except the precise determina-
tion of the S-IVB/IU lunar impact point. Pnehmmary assessments indicate
that the final impact solution will satisfy the mission objective.

The ground systems supporting the countdown and launch performed satis-
factorily with the exception of the Terminal Countdown Sequencer (TCS).
The TCS malfunction resulted in a 2 hour 40 minute unscheduled hold.
Damage to the pad, Launch Umbilical Tower and support equipment was con-
sidered minimal.

The vehicle was launched on an azimuth 90 degrees east of north. A roll
maneuver was initiated at 13 seconds that“placed the vehicle on a flight
azimuth of 91.504 degrees east of north. In accordance with preflight
targeting objectives, the translunar injection maneuver shortened the
translunar coast period by 2 hours and 40 minutes to compensate for the
launch delay so that the lunar larding could be made with the same light-
ing conditions as originally planned. Available C-Band radar and Unified
S-Band tracking data plus telemetered guidance velocity data were used in
the trajectory reconstructicn. Because the velocity at S-II Outboard
Engine Cutoff was higher than rominal, earth parking orbit insertion con-
ditions were achieved 4.08 seconds earlier than nominal. Translunar
Injection conditions were achieved 2.11 seconds later than nominal with
altitude 5.8 kilometers greater than nominal and velocity 5.1 meters per
second less than nominal. CSM separation was Commander initiated 57.9
seconds earlier than nominal resulting in an altitude 306.1 kilometers
less than nominal and velocity 91.7 meters per second greater than nominal.

Al11 S-IC propulsion systems performed satisfactorily. In all cases, the -
propulsion performance was very close to the predicted nominal. Overall
stage site thrust was 0.30 percent higher than predicted. Total pro-
pellant consumption rate was 0.16 percent higher than predicted and the
total consumed mixture ratio was 0.002 percent higher than predicted.
Specific impulse was 0.14 percent higher than predicted. Total propellant
consumption from Holddown Arm release to Outboard nes Cutoff (0ECO)
was low by 0.14 percent. Center Engine Cutoff (CECO) was initiated by

the Instrument Unit at 139.30 seconds, 0.02 seconds earlier than planned.
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0ECO was initiated by the fuel depletion sensors at 161.20 seconds, 0.47
seconds earlier than predicted. This is well within the +5.99, -4.22
second 3-sigma limits. At OECO, the LOX residual was 36,479 1ba compared
to the predicted 37,235 1bm and the fuel residucl was 26,305 1bm compared
to the predicted 29,956 1bm. 0

The S-II propulsion systems performed satisfactorily throughout the
flight. The S-II Engine Start Command (ESC), as sensed at the engines,
occurred at 163.6 seconds. Center Engine Cutoff (CECO) was initiated

by the Instrument Unit (IU) at 461.21 seconds, 0.47 seconds earlicr than
planned. Outboard Engine Cutoff (OECO), initiated by LOX depletion
sensors, occurred at 559.66 seconds giving an outboard engine operating
time of 396.1 seconds. Engine mainstage performance was satisfactory
throughout flight. The total stage thrust at the standard time slice

(61 seconds after S-II ESC) was 0.14 percent below predicted. Total
propellant flowrate, including pressurization flow, was 0.19 percent
below predicted, and the stage specific impulse was 0.05 percent above
predicted at the standard time slice. Stage propellant mixture ratio
was 0.36 percent below predicted. Engine thrust buildup and cutoff
transients were within the predicted envelopes. The propellant manage-
ment system performance was satisfactory throughout loading and flight,
and 211 parameters were within expected limits except the LOX fine mass
indication. Propellant residuals at OECO were 1401 1bm LOX, as predicted
and 2752 1bm LH2, 107 1bm less than predicted. Control of engine mixture
ratio was accomplished with the two-position pneumatically operated Mixture
Ration Control Valves. Relative to ESC, the lower Engine Mixture Ratio
step occurred 1.6 seconds earlier than predicted. The performance of the
LOX and LH2 tank pressurization system was satisfactory. Ullage pressure
in both tanks was adequate to meet or exceed engine inlet Net Positive
Suction Pressure minimum requirements throughout mainstage.

The S-1VYB propulsion system performed satisfactorily throuchout the opera-
tional phase of first and second burns and had normal start and cutoff
transients. S-1VB first burn time was 138.8 seconds, 3.7 seconds shorter
than predicted for the actual flight azismuth uf 91.5 degrees. This dif-
ference is composed of -4.1 seconds due to the higher than expected S-11/
S-1VB separation velocity and +0.4 second due to lower than predicted

S-1VB performance. The engine performance during first burn, as deter-
mined from standard altitude reconstruction analysis, deviated from the
predicted Start Tank Discharge Valve (STDV) open +135-second time slice

by -0.68 percent for thrust and -0.14 percent for specific impulse.

The S-IVB stage first burn Encine Cutoff (ECO) was initiated by the :
Launch Vehicle Digital Computer (LVDC) at 702.65 seconds. The Comtinuous
Vent System adecuately regulated LH; tank ullage pressure at an average
level of 19.1 psia during orbit and the Oxygen/Hydrogen burner satis-
factorily achieved LH2 and LOX tank repressurization for restart. Engine
restart conditions were within specified limits. S-IVB second burn time
was 351.0 seconds, 4.0 seconds longer than predicted for the 91.5 22
degree flioht azimuth. This difference is primarily due to the lower -
S-1VB performance and heavier vehicle mass during second burn. The engine

A 4
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performance durino second burn, as determined from the standard alti-
tude reconstruction analysis, deviated from the STDV cpen +172-second
time slice by -0.77 percent for thrust and -0.16 percent for specific
impulse. Second burn ECO was initiated by the LYDC at 11,907.64 seconds,
(08:51:27.64). Subsecuent to-second burn, the stage propellant tanks
and helium spheres were safed satisfactorily. Sufficient impulse

was derived from LOX dump, LH» CVS operation and auxiliary propulsion
system (APS) uliage burn to achieve a successful lunar impact. Two sub-
seauent planned APS burns were used to improve lunar impact targeting.
The APS operation wac nominal throughout the flight. No helium or pro-
pellant leaks were observed and the regulators functioned nominally.

The structural loads experienced during the S-IC boost phase were well
below desian values. The maximum bending moment was 96 x 106 1bf-in

at the S-IC LOX tank (less than 36 percent of the desion value).

Thrust cutoff transients expericnced by AS-512 were sircdilar to those of
previous flights. The maximum longitudinal dynamic responses at the
Instrument Unit (IU) were +0.20 g and +0.27 g at S-IC Center Engine
Cutoff and Outboard Engine Cutoff (0ECD), respectively. The magnitudes
of the thrust cutoff responses are considered normal. During S-IC
stage boost, four to five hertz oscillations were detected beginnino

at approximately 100 .seconds. The maximum amplitude measured at the IU
was +0.06 g. Osciliations in the four to five hertz range have been
observed on previous flights and are considered to be normal vehicle
response to fliocht enviromment. P060 did not occur during S-IC boost.
The S-11 stage center engine LOX feedline accumulator successfully
inhibited the 16 hertz POG0 oscillations. A peak response of +0.4 g

in the 14 to 20 hertz frequency range was measured on engine No. 5
agimbal pad during steady-state engine operation. As on previous flights,
Tow amplitude 11 hertz oscillations were experienced near the end of
S-1I burn. Peak engine No. 1 gimbal pad response was +0.06 g. P060 did
not occur duirng S-II boost. The POG0 limiting backup cutoff system
performed satisfactorily durinc the prelaunch and f1iaht operations.
The system did not produce any discrete outputs and should not have
since there was no POG0. The structural loads experienced during the
S-1VB stace burns were well below design values. During first burn the
S-1VB experienced Tow amplitude, +0.14 g, 16 to 20 hertz oscillations.
The amplitudes measured on the gimbal block were comparable to previous
fliochts and within the expected rance of values. Similarly, S-IVB
second burn produced intermittert low amplitude oscillations of +0.10 g
in the 11 to 16 hertz freguency range which peaked near second burn
cutoff.

The Stabilized Flatform and the Guidance Computer successfully supported
the accomplishment of all guidance and navigation mission objectives with
no discrepancies in performance of the hardware. The end conditions at
Parking Orbit Insertion and Translunar Injection were attained with insig-
nificant navigation error. Two anomalies related to the f1f program did
occur. At approximately 5421 seconds range {ime (T5 +4718.8) =minor loop
error telemetry indicated at unreasonable change in the yaw gimbal angle
during one minor loop. At the re-initialization of boost mavigation for
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S-1VB second burn the extra accelerometer readings normally telemetered frow
GRR to liftoff plus 10 seconds were restarted and continued throughcut second
burn boost navigation. Neither of these anomalies significantly impacted
navigation, cuidance and control. A minor discrepancy occurred during

S-1I burn, when the yaw gimbal angle failed the zero reasonableness

test twice, resulting in minor loop error telemetry at 478.3 seconds

(T3 +317.2) and 559.4 seconds (T3 +398.2).

A1l control functions and separation events occurred as planned. Engine
gimbal deflections were nominal and -APS firings predictable throughout
powered flight. A1l dynamics were within vehicle capability, and bend-
ing and slosh modes were adequately stabilized. The APS provided
satisfactory orientation and stabilization during parking orbit and from
translunar injection through the S-IVB/IU passive thermal control maneuver.
APS propellart consumption for attitude control and propellant settling
prior to the APS burn for lunar target impact ixas lower than the mean
predicted reouirements. All separation sequences were performed as
planned. Transients due to spacecraft separation, docking, and Lunar
Module ejection were nominal.

The launch vehicle electrical systems and Emergency Detaction System
performed satisfactorily throughout the required period of flight. How-
ever, the temperature of the S-IVB Aft Battery No. 1 Unit No. 1,
increased significantly above tie nominal control 1imit (90°F) at approxi-
mately 9 hours due to malfunction of the primary heater control system.
Operation of the Aft Battery No. 1 remained nominal as did operation

of all other batteries, power supplies, inverters, Exploding Bridge

Wire firing units, and switch selectors.

The 3-IC and S-II base pressure environments were consistent with trends and
magnitudes observed on previous flights. The S-II base pressure environ-
ments were consistent with trends seen on previous fiights, although

the magnitudes were higher than seen on previous flights. The pressure
environment during S-IC/S-1] separation was well below maximum values.

The S-IC base region thermal environments exhibited trends and magnitudes
similar to those seen on previous flights except that the ambient tempera-
ture under Engine No. 4 cocoon rose unexpectantly and at about 50 seconds and
was approximately 13°C above the level experiended during previous flights.
During the later portion of tie S-IC boost, the temperature returned to
normal. The maximum cococn tesmperature reached was well below the upper
upper limit of the components under the cocoon. The base thermal environ-
ments on the S-1I stage were consistent w..h the trends and magnitudes
se2n on previous flichts and were wel! below design limits. Aerodynamic
heating environments and S-IVB base thermal environments were not
measured.

The S-IC stage forward compartment thermal environment was adequately
maintained although the temperature w.; lower than experienced during
previous flights. The S-IC stage aft compartment envirommental condi-
tioning systew performed satisfactorily. The S-1I stace engine compart-
ment conditioning system maintained the ambient temperature and thrust
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cone surface temperatures within design ranges thrivughout the launch
countdown. No equipment container temperature mea-urements were taken;
however, since the external temperature were satizfactor. and there
were no problems with the equipment- in-the. containers., the thermal
control system apparently performed adequately. The IU stage Environ-
mental Control System exhibited satisfactory performance for the duraticn
of the IU mission. Coolant temperatures, pressures, and flowrates were
continuously maintained within the required ranges and design limits.
At 20,998 seconds the water valve logic was purposely inhibited (with
the valve closed). Subsecuent temperature increases were as predicted
for this condition. : -

A1l data systems performed satisfactorily thriughout the flight. Flight
measurements from onboard telemetry were 99.8 percent celiable. Tele-
metry performance was normal except for noted problems. Radio Frequency
propagation was satisfactory, though the usual interferer:e due to flame
effects and staging were experienced. Usable YHF data were received
until 36,555 seconds (10:09:15). The Secure Range Safety Command
Systems on the S-IC, S-II, and S-IYB stages were ready ic perform their
functions properly, on command, if flight conditions dur+ng launch

phase had required destruct. The system properly safed the S-IVB
destruct system on a command transmitted from Bermuda (BDA) at 722.1
seconds. The performance of the Command and Communications System (CCS)
was satisfactory from 1iftoff through lunar impact at 313,181 seccends
(86:59:41). Madrid, Goldstone were receiving CCS signal carrier at
Tunar impaci. 6Good tracking data were received from the C-Band radar,
with BDA indicating final Loss of Signal at 48,420 seconds (13:27:00).

Total vehicle mass, determined from postflight analysis, was within G.68
percent of predicted from around ignition through S-IVB stage final
shutdown. This small variation indicates that hardware weights, pro-
pellant loads, and propellant utilization were close to predicted
values during flight.

The S-IVB/IU Lunar Impact Mission objectives were to impact the stage
within 350 km of the target, determine the impact time within 1 second,
and determine the impact point withir 5 km. The first two objectives
have been met. Further analysis is required to satisfy the third objective.
Pased on analysis to date, the S-IVB/IU impacted the moon December 1C,
1972, 20:32:40.99 GMT (313,180.99 seconds after range zero) a* 4.33
degrees south latitude and 12.37 degrees west longitude. This location
is 155 km (84 n mi) from the target of 7 degrees south latitude and 8
degrees west longitude. The velocity of the S-IVB/IU at impact relative
to the lunar surface was 2,544 m/s 8,346 ft/s). The incoming heading
angle was 83.0 degrees west of north and the angle relative to tne local
vertical was 35.0 degrees. The total mass impacting the moon was
approximately 13,931 kg (approximately 30,712 1bm). Real-time targeting
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activities modified the planned tirst APS Tunar impact burn to reduce the
APS ullage burn duration. A second APS burn was performed to minimize
the trajectory dispersion from the targeted impact point.

Three MSFC Inflight Demc-strations were conducted dufing translunar coast.
The purpose of the Demonstrations were to ohtain data in a low g environ-
ment on:

a. Convection in a Liquid Caused by Surface Tension Gradients.
b. Heat Flow and Convection in a Confined.Gas.
c. Heat Flow and Convection in a Liauid.

The Demonstrations were conducted as planned. The data were collected
by movie camera and crew observation, was of dood oua11ty, and is present]y
being analyzed. s T R

The Lunar Roving Vehicle (LRV) satisfactorily supported the Apollo 17
Taurus-Littrow lunar surface exploration objectives. The total odometer
distance traveled durinag the three EVA's was 35.7 kilometers at an
average velocity of 7.75 km/hr on traverses. . The maximum velacity
attained was 18.0 km/hr and the maximum slopes negotiated were 18 degrees
up and 20 degrees down. The average LRV energy consumpt’o" rate was 1.64
amp-hours/km with a total consumed energy of 73.4 amp-hours (including
14.8 amp-hours used by Lunar Communication Relay Unit) out of an approxi-
mate total available energy of 242 amp-hours. The navigation system gyro
drift and closure error were negligible.

Controllability was good. There were no problems with steering, braking,
or obstacle negotiation. Brakes were used at least partially on all
downslopes. Driving down sun was difficult because the concealed sha-
dows caused poor obstacle visibility.

While the LRV had no problems with the dust, stowed payload mechanical
parts attached to the LRY tended to bind up. The crew described dust

as being an anti-lubricant and reported that there was no EVA-4 capability
in many of the stowed payload items because of dust intrusion. Large
tolerance mechanical items such as locking bags on the gate and the pallet
Tock had problems toward the end of EVA-3. Only those items which had
been protected from the dust perfbrned without degradation.

All 1nterfaces between crew, LRY and stoued payload were satisfactony.
The following LRV system anomalies were noted:

a. At initial power-up, the LRY battery telperatures were higher than
predicted.

b. Battery No. 2 temperature indication was off scale lTow at start of
EVA-3. ;
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MISSION OBJECTIVES ACCOMPLISHMENT

Table 1 presents the MSFC Mandatory Objectives and Desirable Objectives
as defined in the “Saturn V Apollo 17/AS-512 Mission Implementation Plan,”
MSFC Document PM-SAT-8010.10A, dated September 29, 1972. An assessment
of the degree of accomplishment of each objective is shown. Discussion
supporting the assessment can be found in other sections of this report

as shovn in Table 1.

Table 1. Mission Objectives Accomplishment
MSFC MANDATORY OBJECTIVES (M0) DEGREE OF SECTION IN
AND DESIRABLE OBJECTIVES (DO) ACCOMPLISHMENT| DISCREPANCIES | WMICH DTSCUSSED|

Launch on a flight azimuth between 72 and Complete ~ Wone 4.1

100 decrees and insert the S-1VB/IU/SC

into the planned circular earth parking

orbit.(M0) e

Restart the S-IVB on the first or second

opportunity over the Atlaatic and fnject - Complete None - 4.2.3,7.6
the S-1VB/IU/SC onto the planmed tramslvear ' T -
_trajectory. (W) ;

Provide the required attitude coatrol Complete - - None 10.4.4
during TDSE. (MO) A

Perform an evasive maneuver after ejection Complete fone . 10.4.4
of the CSM/LM from the S-I1V8/IU (DO). : s

Target the S-IV8/IU stage for impact om Complete None 17.4

the lunar surface at 7.0°S, 8.0°W. (DO) - -

- | Amalysis mot

Deterwine actwal fmpact point within 5 kilo- complete g - 17.4
meters, and time of impact within | secosd. 4 “M.ﬁ' 3 None - ~

(00) e time of impact | smticiputed.

was deterwined
within | sec.

After final LV/SC separation, vent and dap Te . None

the remaining gases and propellants to safe oy y4

the S-1v8/Iu. (DO) 2




FAILURES AND ANOMALIES

Evaluation of the Launch Vehicle and Lunar Roving Vehicle data revealed
nine anomalies, one of which is considered significant. ~The signi-
ficant anomaly is summarized in Table 2, and the other anomalies are

summarized in Table 3.

Table 2. Summary of Significant Anomalies -

ARCRALY IDENTIFICATION . RECOMMENOED (L 'RECTIVE ACTION
OCCURRENCE | - \ I0LE pams.
YENICLE - RANGE TDME > ATTIOR 14 REF
SYSTEW | —-. DESCRIPTION (CANSE) EFFECT On MISSION (SEC) DESCRIPTION SVATUS »
LYGSE/ESE T 1 Countdon (TCS) Lawnch al:s of 2| T-30 sec. |Replace 411 defec- |ECP (GE | SA-513 33
failed to provide S-IV LOX Tank hours and < . | tive TCS diodes. - |10-3374E) SA-206
Presserization commend at T-167 winutes- : w‘ LYGSE  |Approved.| thrw
seconds resulting in am astomstic A < Jto de 3 TCS's |Anomaly | SA-208
cuteff of the countdmm at T-30 . " fwith 2 out of 3 closed.
seconds. (Excessive reverse voting logic at >
Cwrreat 1 throwge diodes each Mobile =
cawsed | ttent osevation Lawncher, 2
of certaia TCS owtputs.) . : grownd wwsed
.| from esch TCS.
prd - < P¥r




Table 3.

Summary of Anomalies

vEniCLE PARA,
STSTER ALY PROBABLE CAUSE SIGNIFICWCE ra
1 [S- IC/Propulsten $-1C engine stort sequewce By definition, twe engines are con- | None on this mission or en the 5.2

was 2-1-1-1 insteed of
the plomned 1-2-2.

stdered to start tegether 1f their
thrwst chesber presseres resch 100
psty In 2 100-=illisecond time
pericd. There is £~ spperest
“‘nebility te comsistently pre-
dict Individme! e start
times, within the 100 w/s

bond, in the S-1C envirommet.

SA-513 wission since amalysis
wsing significantly larger
start seqwence dfsperyions
than experienced om AS-512
have showm "o problem. This
snomaly 15 comsidered closed.

8.2

2 P—mm—

The ssbient sture
wnder € Re. | cocoen
showed an

wnezpect ~d
rise eorly in the beest,
peoking 17°C sbove the
maxtem previowsly experi-
enced flight deta at 50
seconds, then retwrned to
the norsa} operation
level for the remeinder
of S-IC beest.

1. Seall Test (less thes 0.003
Tb/sec) in Gas Cemereter (65)
Ccombwstion body érain pert
Plug tha' sealed itself
due te th' depesition of Mydre-
carben su. 43 from the fuel-
rich CC combustion geses.

o
Temporary loss of cocoss
insulation integrity, swch as
Toose CC cambwstion drais
access cover, which Tater
corrected Ttself.

2.

Agperently nome om this eis-
stom since the preolen wes
self-correcting and the sexi-
-a tempevature reeched wos
well below compoment design
Heits. Spectal attemtfom will

be given during prelawnch epera

tions to imspection of the 6
plug and cocoom access covers.

3 S- Iv8/Electrical

Aft Battery No. 1, mit
ature

Follure of Unit Se. | heater
pewer tramsister.

Nome, Battery veltage amd
current remained novwal, The
Sattery tesperatore was bept

beckup
control). This sncmaly is
closed.

1.4.2

4 Fu/Flight Pregras

fone, since only ome test
failure s sbserved and
3 fatlures are reqwired

before changeover %
backwp system. The flight

programs for subsequent
wisstons will be maified

to the

9.3.3

T
.

WFlight Progras

flone on this wissien, Pre-
ruming will st be
becawse Tlights 4o met

9.3.4

placing all relsted instructions mevicition. This gnemmly fs
in the Perfedic Precesser festesd clesed.
of in the Timey Twe Sequencer
s on AS-510 end AS-511. Gecame
811 fastructions fa the Perfedic
Preocesser ore repested for beest
g restart o
for TLI burm, the acceleremeter
MT—‘MM'.!M‘
Tg =7.2 seconds snd contivsed
&”s-—im.
|6 LAV Fender LAY right reer femder Numer carvied in the right leg Appreciemtely 26 me-wimstes | 20.11
extansion knoched off ot pochet of Commancar’s Extre- of lumer surface time was
LN site by . lor Mebility Wnit (BW) ™
Caught the extansion snd pulled fix. Mo further actiem fis
1t off. - sted since this wes
the ltost plosmed United
States lemer
explerstion.
7 Betteries migh temperetures | ot helds (eriestatien of LIV Neo perfermmmcs dogrodstiem. 2.2
.. ot tmitial poeT-wp. -n‘n--)a-uu—ow :alu‘ Precederes
Jener cosst. epansd 5t stte durtag
> * EWA-1 ond ot Statien 6
durtug £¥A-) o mstwtste
betteries withia thermsl
Timits. Mo ferther scties
s contempleted stace this
wes the last plasmed
Bt ted States lwmer serfece
emplevaties.
8 | setteries Sottory fo. 2 tamperatere | o oy oiconr to the Seme. Bettery Bs. ) ws an
fadication off scale lew - f -
ot start of EWA-3. bettery. w08 o indlooter oed
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SECTION 1
INTRODUCTION

00 PURPOSE

This report provides the National Aeronautics and Space Administration
(NASA) Headquarters, and other interested agencies, with the launch
vehicle and Lunar Roving Vehicle (LRV) evaluation results of the AS-512
flight (Apollo 17 Mission). The basic objective of flight evaluation is
to acquire, reduce, analyze, evaluate and report on flight data to the
extent required to assure future mission success and vehicle reliability.
To accomplish this objective, actual flight problems are identified, their

causes determined, and recommendations made for appropriate corre;tjye___»__ L

action.

132 SCOPE

systems and LRV, with special emphasis on problems. Summaries of launch
cperations and spacecraft performance are included.

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.

1-1/1-2
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SECTICN 2

EVENT TIMES

&s! SUMMARY OF EVENTS

Range zero occurred at 00:33:00 Eastern Standard Time (EST) (05:33:00
Universal Time [UT]) December 7, 1972. Range time is the elapsed time
from range zero, and is the time used throuahout this report unless other-
wise noted. Time from base time is the elapsed time from the start of the
indicated time base. Table 2-1 presents the time bases used in the flignt
sequence program.

Table 2-1. Time Base Summary

&R -

§

s

RO W

SRS &) AN TR

VEHICLE TIME* GROUND TIME**
TIME BASE SECONDS SECONDS SIGNAL START
(HR:MIN:SEC) (HR:MIN:SEC)
To -16.96 -16.96 Guidance Reference Release
T] 0.63 0.63 IU Umbilical Disconnect
Sensed by LVDC
T2 139.44 139.44 Initiatad by LVDC 0.013
Seconds after T] +138.8
Seconds
T3 161.22 161.22 S-1C QECO Sensed by LVDC
Ty 559.65 559.65 S-I11 QECO Sensed by LVDC
T5 702.87 702.87 S-1VB ECO (Velocity)
Sensed by LVDC
16 10,978.65 10,978.65 Restart Equation Solution
(03:02:58.65) (03:02:58.65)
T7 11,907.87 11,907.87 S-IVB ECO (Velocity)
(03:18:27.87) (03:18:27.87) Sensed by LVDC
78 18,179.88 18,180.00 Initiated by Ground
(05:02:59.88) (05:03:00.00) . Command

*Range Time of occurrence as indicated by uncorrected LVDC clock,
i.e., the time of event as tagged onboard, converted to range time.

**Range Time of Ground receipt of telemetered signal from vehicle.
Includes telemetry transmission time and LVDC clock correction.

Figure 2-1.

2-1
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The start of Time Bases Tg, T1, and T2 were nominal. T3, T4 and

Tg were initiated approximately 0.5 seconds early, 0.4 seconds early,
and 4.1 seconds early, respectively, due to variations in the stage burn
times. These variations are discussed in Sections 5, 6 and 7 of this )

document. Start times of Tg and 77 were 1.9 seconds early and 2.1 second’

late, respectively. Tg was initiated by the receipt of a ground™ ~
command.

Figure 2-1 shows the mean difference between ground station receipt time
and vehicle tagged time which may be used for precise comparisons between
onboard guidance and navigation data that is time-tagged onboard and
other data that is time-tagged by time of telemetry signal receipt at a
ground station.

A summary of significant event times for AS-512 is given in Table 2-2.
The preflight predicted times were adjusted to match the actual first

motion time. The predicted times for establishing actual minus predicted "~ =~

times in Table 2-2 were taken from 40M33627D, "Interface Control Document
Definition of Saturn SA-511, 512 and 514 Flight Sequence Program" aud
from the AS-512 Postlaunch Operational Trajectory (0T). The postlaunch
operational trajectory, MSFC Memorandum S&E-AERO-MFT-200-72, correcting

the earlier 0T for the adjusted flight azimuth, was used because of the = -

Taunch delay.
2.2 VARIABLE TIME AND COMMANDED SWITCH SELECTOR EVENTS

Table 2-3 lists the switch selector events which were issued during the
flight, but were not programmed for specific times.

2-2



MILLISECONDS

e

GROUND TIME*MINUS LVDC TIME

300

250

200

150

100

50

10,000 20,000 30,000
RANGE TIME, SECONDS
1 1 i 1
2:00:00 4:00:00 6:00:00 8:00:00

RANGE TIME, HOURS:MINUTES:SECONDS

* RANGE TIME OF GROUND RECEIPT OF TELEMETERED SIGNAL FROM VEMICLE.
» = RANGE TIME OF OCCURRENCE AS INDICATED BY UNCORRECTED LVDC CLOCK.

Figure 2-1. AS-512 Telemetry Time Difference
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Table 2-2. Sionificant Event Times Summary

RANGF T]™E TIVME FHCW PASE
JTFm FVEANT DFSCRIPTICA AC TUAL ACT-PREL ACTUAL ACT=-PPF|
SEC SEC SEL SEC
1 GUICANCE FEFFRFNCE RELEASF -17.0 0.0 *) 06 ~=F—=0s)
(Gea)
2 S=IC FAGINF START SEQUFNCFE -8.9 0.0 -9,.5% 0.0
COV¥™ANG (CROUNC)
3 S-1C ENGINE NOLS STA2Y -6.9 0.9 -1.5-- -4 0.0
4 S-1C ENGINF ANC.i STAQRY -6.7 0.0 -7.3 0.1
S S=[C EAGINF NC.2 STARY ~€.t d.9 7.2 0.0
& S=IC FNGINE NF,2 START -6.3 0.0 “be9 0.1
T S-1C ENGINE NC.4& START -6.3 0.1 -7.0 0.0
8 ALt S~-I1C FNGINES THRUST CX -l.6 -0.1 =73 -1
9 PANCE ZF?C 0.0 -C.6
10 ALL +FCLCOCWN ARMS RELEASED 0.2 c.o -C.4 0.0 -
(FIRST »CTICN)
L1 U UMPILICAL CISCCNNECT, START 0.6 0.0 c.0 0.0
OF TIwE RASF 1 (T1)
12 BEGIMN TCWEP CLFARANCF YAW sel 0.1 1.0 0.0
MANELVER
13 ENC YAW MANEUIVEPR 9.7 0.1 9.1 0.1
14 REGIN PITCH ANC RCLL MANEUVEP 12.9 0.4 12.3 Je5
1S S=IC CLYBCARD ENGINE CANY 20.6 0.0 20.0 0.0
16 ENC ROLL MANEUVER 14.3 -0.4 | & -0.4
17 MACH 1 67.5 c.0 66.9 J.l
18 MAXIMUM DYNAMIC PRESSURE R2.5 »ls1 Al.9 -l.1
f#ax Q)
19 S—IC CEANTEP EAGINE CUTCFF 139.30 -0.02 138.€7 -0.01
(CECC)
20 START CF T[IME RASE 2 (T2) 139.4 C.0 C.0 0.0
21 END PITCH MANEUVER (TILY 1€0.1 0.2 20.6 0.1
ARREST)
22 S—I1C OUTBOARD ENGINE CLTCFF 161.20 -0.47 21.75 -0.47
(CECC)
23 START CF TIPE BASE 3 (T73) 161.2 -0.5 0.0 0.0
- Aﬁ_;l
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Table 2-2. Significant Event Times Surmary (Cornt'd)
RANCE TIME TIME FQCM BASE
1TEM EVENT DESCRIPTION ACTUAL ACT-PRED ACTUAL ACT-PREC
SET SEC SEC SEC
24 START S—[1 LH2 TANK HIGH 1€1.2 -0.5 0.1 R0
PRESSURE VENT M(CCE
25 S-11 LH2 RECIRCULATICN PUMPS 1€1.4 -0.5 0.2 0.0
CFF
26 S-1C/S-11 SEPARATION COMMAND 162.9 -0.5 1e6 - e I |
TC FIRF SFPARATICN CEVICFS
AND RETAQ “NTCRS
27 S-11 ENGINE SCLEACIC ACTIVAT- 1:12.6 -0.5 2.4 0.0
ICN (AVERAGE CF FIVE)
28 S-11 ENGINE START SECUENCE 163.6 -0.5 2.4 0.0
CCMMANC (ESC)
29 S-11 IGAITICN-STDV CPEN 1£4.6 -0.5 3.4 0.0
30 S-11 MAINSTAGE 166.4 -0.5 5.2 0.0
31 S-I1 CHILLDCWN VALVES CLCSE 166.5 -0.5 5.3 0.2
32 S-II HIGH (5.5) E¥R NC. 1 ON 169.1 -0.5 7.9 0.0
33 S-I1 HIGH (5.5) EMR NJ. 2 CN 169.3 -0.5 8.1 0.0
34 S—-I1 SECONGC PLANE SEPARATION 192.9 -0.5 31.7 0.0
CCMMAND (JETTISCN S-11 AFY
INTERSTAGE)
35 LAUNCH ESCAPE TOWER (LZT) x
JETTISCA
36 ITERATIVE GUIDANCE MODE (I1GM) 204.1 0.0 42.9 0.5
PHASE 1 INITIATED
37 S~I1 CENTER ENGINE ZUTGFF 461.21 -0.47 259.98 -0.02
(CECC)
38 START COF ARTIFICIAL TAU MODE 489.0 -1.9 327.8 -1.5
39 S—I11 LOW ENGINE MIXTURE RATIO 489.2 -2.1 328.0 -1.6
{EFR) SHIFT (ACTUAL)
40 END CF ARTIFICIAL TAU MODE 499.0 -3.2 337.8 -2.8
41 S-1! CUTBCARC ENCINE CUTYCFF 559.66 -0.47 358.42 -0.02
(0ECC)
42 S-11 EMGINE CUTCFF INTERRUPY, 559.7 -0.4 0.0 0.0
START OF TIME BASE 4 (T4)
43 S-1VB ULLAGE MOTOR IGNITION 560.5 -0.5 0.9 0.0
44 S—-11/5-1V8 SEPARATION CCMMAND 560.6 -0.5 1.0 0.0
TG FIRE SEPARATICN OEVICES
AND RETRC MOTORS
. e
*Data not available.



Table 2-2. Significant Event Times Summary (Cont'd)
RANC: T[wE TIME FA(Y AASE
[TE™ EVENT PESCRIPT NN ACTuAL l ACT=-Parr ACTuLl LCT-VRET
SFC SEC SEC SEC
45 S=TyR ENGINF STAST (CrM@AND 560.17 ~0.5 1.1 De
(FIasT ¢£50)
46 FUEL CHILLTCRN PLMP CFF €€l1.8 -0.5 22 J.0
471 S=IVA IGANITICA (STCV CPEN) 563.8 -0.4 4.2 0.1
48 S-IVR WAINLSTAGE Se6.2 -C.5 €.6 ) s B
49 START CF ARTIFICIAL TAL *UDE S68.9 J.4 9.2 J.8
S0 S-IVP ULLAGE CASE JETTVISCN 572 .4 -0.5 12.8 0.0
S1 ENC CF ARTIFICILZL TAy %CCE 382.2 4.4 22.6 4.9
€2 REGIN TERMIANAL GUILAANCE £69.1 ~6e2 110.1 5.7
€3 FNO IGM PHASE 3 696.2 =317 136.7 -3.2
S4 BEGIN CHI FREEZF 696,32 ~J.7 136.7 3.2
5S S-I1VB VELCCITY CUTCFF 1C2.65 -4.09 -0.23 ~-0.02
CCPMAND ANC,. 1 (FIRST ECO) -
S6 S-IVB VELCCITY CULTCFF 102.75 -4.10 -0.12 ~0.02
CCMMANC ANC. 2
57 S—IVRB ENGINE CUTCFEF INTERRUPT, 7C2.9 ~4.1 0.0 0.0
START (OF TIME BASE S (T5)
S8 S-IVB APS ULLAGE ENCINE AC. 1 7C3.1 ~4.1 0.3 0.C
IGANITICN CO™MANC
59 S—-IVE APS ULLAGE ENCINF NO. 2 7C3.2 ~4.1 Cat 0.0
ICNITICN COm%anNC
60 LCX TAAK PRESSURIZATICN CFF 7C4.0 4.2 1.2 C.0
61 PARKING CRRIT [NSERTICA T12.¢ 4.1 9.8 c.0
€2 REGIN MANEUVER TO LOCAL 124.4 2.7 21.5 1.3
HCRIZCATAL ATTITUCE
€3 S—-1VB CCNTIANUCUS VENT 161.8 -4.1 9.0 3.2
SYSTE# (CVS) CN
€4 S—IVE APS ULL>T . F-GINE NO. 1 785.8 -4.1 87.0 Jed
CUTCFF CCPPani
65 >5-IVR APS ULLAGE ENGINE KC. 2 785.9 -4.1 87.1 2.0
CUTCFF CCPPANC
66 BEGIN CRBITAL NAVIGATICN *
67 BEGIN S—1VB RESTARY PREPARA- 05766 1.5 c.c 2.0
TICNS, START CF TINME BASE 6
(T6)

*Data not available.
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Table 2-2. Significant Event Times Summary (Cont'd)
RAPCF TIwF TIv¥E FRC™ PASFE
ITEm FVEANT DFSTAIPTICA IR Y] ACY-DRtL ICTUBL 7 Vo £ 3LE8
SEC SEC SEC SFC
68 S=IVR F2/k2 RUPRES =2 (ON 11C19.9 #1 49 o
69 S-1Ya (2/K? PUPAE® EXCITERS CA [11020.2 -1.9 “1.6 i
72 S-I1VR C2/M2 RUKNEYU LGX ON 11320.6 2149 42,0 0.0
(FELIUM FEATFR 7N\)
71 S—-IVPR CVS PFF 11220.8 -1.9 4.2 Jed
72 S-IVE LH2 REPRFSSLEIZATICN 11C26.7 -1.9 48.1 0.0
CCNTaCL VALVF CA
73 S-1VB LCX REPPESSURIZATION 11076.9 -1.9 “8.3 .0
CCATRCL VALVF CN
76 S-IVR ALX WYCRALLIC PUMP 11157.6 -1.9 215.9 0.0
FLIGFT MCFE ON
75 S—1VB LOX CHILLDCWA PUMP CN 11227.6 -1.9 245.0 0.0
76 S—=1VR LKF2 CFILLOCRAN PUFMFP (ON 11232.6 -1.9 2%4.0 0.0
77 S-1VP PREVALVES CITSED 11227.¢ -1.9 259.9 2.2
78 S-1VR MIXTURE RATIC CCATRCL 11428.7 -1.9 453.1 0.0
VALVE CPEN
79 S—IVE APS ULLAGE EAGINE MC. 1 [11474.9 -1.9 49¢6.3 0.0
IGNITION COMMAND
80 S-1VB APS ULLAGE ENGINE AC. 2 |11475.0 -1.9 49€.4 0.0
IGNITION COMMANC
81 S-1VB £2/M2 BURNER LW2 CFF 11675.4 ~1.9 4568 0.0
(HFELIUM HEATER CFF)
82 S-1VB C2/H2 RURNEK LCX CFF 11479.9 ~1.9 501.3 2.0
83 S-IVE LH2 CHILLCCWA PUMF CFF  |11548.C ~1.9 5¢5.4 0.0
€4 S—IVB LOX CHILLDCWN PUMP CFF  |11548.2 ~1.9 565.6 0.9
€5 S-1VB ENGINE RESTART CCMMANC [11548.6 -1.5 51¢.C 0.0
(FUEL LEAGC INITIATIGA)
(SECCNC ESC)
86 S—IVB APS ULLAGE ENGINE NO. 1 |11551.6 -1.9 572.) 0.9
CUTCFF CCMMANC
87 S-1vB APS ULLAGE ENGINE AC. 2 [11551.7 -1.9 S73.1 Gt
cutcrF corwant’
83 S~I1VB SECOND IGNITICA (STDV 11556.6 -1.9 578.0 2.0
CPEN)
85 3-1VB MAINSTAGE 11555.1 -1.9 S8C.4 -0.1
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Table 2-2. Significant Event Times Summary (Cont'd)
“ANC: T[wE TIvE Eupw aass
ITEM EVENT ULESCRIPTICA P ¥ 5 P ] ACT=ra™{ AC T 1EY [ ACT=-02y
“BC SEC S5 527
90 ENGINE WIXTLPE 2ATIG (E¥E) 11645, % -0.7 &71.2 17
CONTRCL VALVE SFIFT (PEGIN
VALVE MCVFMERT)
91 S—IVA Lk2 STEP PMFSSUB IZATICN [1122m.k -1.9 a5c. s n.0
(SECCAD BLA\ HELAY FFF)
92 AEGIM TERMINAL GUILANCE 11879.1 -2.3 SCC.S 4.2
33 REGIN CHI FFEEZE 11695, 2 0.7 $76.6 26
94 S-1vB SECCAC GUICEACE CUTCFF  [11907.64 2.10 -c.24 -C.0e
COMMAND AO. 1 (SFCUND £20)
65 S—1VR SECCNC GUICAACE CUTCFF  |11507.76 Fs12 -C.12 -3.02
CCMMANC NC. 2
S5 S~IVe ENGINE CUTCFF INTERRUPT, [11507.9 2l .0 0.0
STARY OF TI™g RASE 7 (T7)
S7 S-IVB ZVS GA 115C8.3 244 0.5 0.0
98 TRARSLUAAR INJECTION (TLI) 11917.6 2at G.0 0.0
S9 S-1VR CVS CFF 12C58.7 2.1 150.9 0.)
100 BEGIA CRAITAL NAVIGATICA 12059.6 1.0 151.7 0.8
101 REGIN MANEUVER TC LCCAL 12059.6 3.0 151.7 G.8
MCRIZCNTAL ATTITUCE
102 BEGIN PANEUVER TC T@ANSPCSI- [12208.9 *% 901.0
TICN AND DCCKING ATTITUDE
(TCEE)
103 CS“ SEPARATICA 13347.6 *x 1635.7
124 CSw CCCK 14230.7 * 23zz.8
105 SC/LV FINAL SEPARATION 17102.3 ** 515443
106 START CF TIME BASE E (T8) 18179.9 ** 3.0 0.0
107 S-1VE APS ULLAGE EAGINE AC. 1 [18181.1 - 1.2 0.0
IGAITICN CCMMAND
108 S-IVE AVS ULLAGE ENCINE NO. 2 [18181.2 *k 1.4 0.0
ICNITICN COMMARC
109 S-1ve APS ULLAGE' EACINE AC. 1 [18261.0 *ox 81.2 0.G
CLTCFF CCWPAND
110 S-IVE APS ULLAGE ENCINE NO. 2 B
CUTCFF CCMMAND

*Data not available.
**Prediction not available.
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Table 2-2. Significant

Event Times Summary (Cont'd)

RANGE TINE TIME FOR BASE
- -y ACTUAL ACT-PRED | ACTUAL ACT-PRED
ITEM EVENT DESCRIPTION SEC SEC SEC SEC
111 Initiate Maneuver to LOX Dump 12,760.0 i 40.1 0.0
Attitude
112 | S-1vB CVS ON 16,179.8 .- 1000.0 0.0
113 S-IVB CVS OFF 19,480.0 i 1300.0 0.0
114 | End LOX Dump Required for 19,507.9 w 1328.0 0.0
S-1VB APS Burn
115 | S-1VB APS Ullage Encine No. 1 22,199.8 e 4020.0
Ignition Command
116 | S-1VB APS Ullage Engine lo. 2 22,200.0 - 4020.2
Ignition
117 | S-Iv8 APS Ullage Engine No. 1 22,297.8 o 4118.0
Cutoff Command
118 | S-IVB APS Ullage Engine No. 2 22,298.C . 4118.2
Cutoff Command
119 | 2nd Lunar Impact Maneuver 39,760.0 i o
Command
120 | S-IVB APS Ullace Engine No. 1 40,499.8 .
Ignition Cormand
121 | S-1IVB APS Ullace Engine No. 2 40,500.0 L iod
Ignition Commard
122 | S-1VB APS Ullage Engine No. 1 40,601.8 -
Cutoff Command
123 | S-IVB APS Ullage Engine No. 2 40,602.0 e
Cutoff Command
124 | Passive Thermal Control 41,510 e
Maneuver
125 | Flight Control Computer Power 41,532 bl
off
126 CS Subcarrier Off 49,260 -
127 | S-1VB/IU Lunar Impact (Hours) 86.995 103.951
(HR:™IN:SEC) 86:59:41

**predictions not available.
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Table 2-3.

Variable Time and Commanded

Switch Selector Events

FUNCTION STAGE RANGE TINME TIME FROM BASE REMARKS
(SEC) {SEC)
Low (4.8) EMR No. 1 ON S-11 489.0 T4°4327.8 LVOC Function
Low (4.8) EMR No. 2 ON S-11 489.2 T3 +322.0 LVYDC Function
water Coolant Valve v 780.5 75 +77.6 LVCC Function
Closed
Telemetry Calibrator U 3216.1 TS +2513.2 Acquisition by Carnarvon
Inflight Calibrate ON Revolution 1
TM Calibrate ON S-IVB 3216.5 T5 +2513.6 Acguisition by Carnarvon
Revolution 1
TM Calibrate OFF S-178 3217.5 Tg +2514.6 Acguisition by Carnarvon
Revolution 1
Telemetry Calibrator Iu 3221.1 Tg +2518.2 Acquisition by Carnarvon
Inflight Calibrate OFF Revolution 1
Water Coolant Valve v 3480.5 Tg +2777.6 LVDC Function
Open
Telemetry Calibrator 1U 4712.1 Tg +4009.2 Acguisition by
Inflignt Calibrate O Hawaii Rev. 1
TM Calibrat2 ON S-1VB 4712.5 Tg +4009.6 Acquisition by
Hawaii Rev. 1
TM Calibrate OFF S-1V8 4713.5 Tg +4010.6 Aczuisition by
: Hawaii Rev. 1
Telemetry Calibrator iv 4717.1 Tg +4014.2 Acguisition by
Inflignt Calibrate OFF Goldstone Rev. 1
Telemetry Calibrator v 5344.1 Tg +4641.2 Acquisition by
Inflight Calibrate ON Goldstone Rev. 1
TM Calibrate ON S-1v8 5344.5 Ty +4641.6 Acgquisition by
Goldstone Rev. 1
TM Calibrate OFF S-1VB 5345.5 Tg +4642.6 Acquisition by
Goldstone Rev. 1
Telemetry Calibrator 1V 5349.1 T5 +4646.2 Acquisition by
Inflight Calibrate OFF Goldstone Rev. 1
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Table 2-3. Variable Time and Commanded Switch Selector Events (Contd

FUNCTION STAGE RANGE TIME TIME FROM BASE REMARKS

(SEC) (SEC)

Telemetry Calibrator v 6928.1 Tg +6225.2 Acquisition by
Inflight Calibrate ON Ascension Rev. 2

TM Calibrate ON S-1v8 6928.5 Tg +62¢(5.6 Acquisition by
Ascension Rev. 2

TM Calibrate OFF S-1V8 6929.5 Ty +€226.6 Acquisition by
Ascension Rev. 2

Telemetry Calibrator v 6935.1 Tg +6232.2 Acquisition by
Inflight Calibrate OFF Ascension Rev. 2

Telemetry Calibrator v 8808.1 Tg +8105.2 Acquisition by
Inflight ON Carnarvon Rev. 2

TM Calibrate ON S-1VB 8808.5 TS +8105.6 Acquisition by
Carnarvon Rev. 2

TM Calibrate OFF S-1v8 8809.5 Tg +8106.6 Acquisition by
Carnarvon Rev. 2

Telemetry Calibrator v 8813.1 Tg +8110.2 Acquisition by
Inflight OFF Carnarvon Rev. 2

Telemetry Calibrator v 10264.1 75 +9561.2 Acquisition by

Inflight Calibrate ON Hawaii Rev. 2

TM Calibrate ON S-1VB 10264.5 Ts +9561.6 Acquisition by

Hawaii Rev. 2

TM Calibrate OFF S-1v8 10265.5 Tg +9562.6 Acquisition by

Hawaii Rev. 2

Teiemetry Calibrator 41 10269 .1 TS +9566.2 Acquisition by

Inflight Calibrate OFF Hawaii Rev. 2

Telemetry Calibrator i 10888.1 T5 +10185.2 Acquisition by
Inflight Calibrate ON Goldstone Rev. 2

TM Calibrate ON S-1v8 10888.5 Tg +10185.6 Acquisition by
Goldstone Rev. 2

TM Calibrate OFF S-1v8 10839.5 Tg +10186.6 Acquisition by
Goldstone Rev. 2

Telemetry Calibrator v 10893.1 TS +10190.2 Acquisition by

Inflight Calibrate OFF

Goldstone Rev. 2
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Table 2-3. Variable Time and Commanded Switch Selector Events (Cont'd)

FUNCTIUN STAGE RANGE TIME TIME FROM BASE REMARKS
(SEC) (5EC)
Telemetry Calibrator v 1217552 T, +267.3 Acquisition by
Inflight Calibrate ON Ascension TLC
TM Calibrate ON S-1vB 12175.6 T7 +267.7 Acquisition by
Ascension TLC
TM Calibrate OFF S-1vB 12176.6 Ty +268.7 Acquisition by
Ascension TLC
Telemetry Calibrator U 1218C.2 T7 +272.3 Acquisition by
Inflight Calibrate OFF Ascension TLC
Water Coclant Valve Iu 19079.8 T8 +899.9 LYDC Function
Closed
S-1VB Ullage Engine S-1vB 22199.8 Tg +4020.0 Lunar Impact Burn
No. 1 ON No. 1
S-1VB Ullage Engine S-1VB 22200.0 T8 +4020.2 Lunar Impact Burn
No. 2 ON No. 1
S-1VB Ullage Engine S-1ve 22297.8 Tg +4118.0 Lunar Impact Burn
No. 1 OFF No. 1
S-I1VB Ullage Engine S-1vB 22298.0 T8 +4118.2 Lunar Impact Burn
No. 2 OFF No. 1
S-1VB Ullage Engine S-1v8 40439.8 Tg +22320.0 Lunar Impact Burn
No. 1 ON No. 2
S-1VB Ullage Engine S-1vB 40500.0 Tg +22320.1 Lunar Impact Burn
No. 2 ON No. 2
S-I1VB Ullage Ergine S-1vB 40601.0 T8 +22421.9 Lunar Impact Burn
No. 1 OFF No. 2
S-1VB Ullage Engine S-1VvB 40602.0 T8 +22422.1 Lunar Impact Burn
No. 2 OFF No. 2
Flight Control Computer U 41521.0 T8 +23341.1 CCS Command
Power OFF A
Flight Control Computer IV 41532.1 T8 +23352.2 CCS Command
Power OFF 8
Water Coolant Valve U 41554.3 T8 +23374.4 LVDC Function
Open
2-12
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SECTION 3
LAUNCH OPERATIONS

3.4 SUMMARY

The around systems supportina the AS-512/Apollo 17 countdown and launch
performed satisfactorily with the exception of the Terminal Couritdown
Seauencer (TCS). The TCS maifunction, which is discussed in paragraph
3.3, resulted in a 2 hour and 40 minute launch delay. The space vehicle
was launched at 00:33:00 Eastern Standard Time (EST) (05:33:00 UT) on
December 7, 1972, from Pad 39A of the Kennedy Space Center, Saturn
Complex. Damage to the pad, Launch Umbilical Tower (LUT) and supnort
equipment was considered minimal.

2.2 PRELAUNCH MILESTONES

A chronological summary of prelaunch milestones for the AS-512 launch is
contained in Table 3-1.

B 2al S-IC Stace

. S-1C stage and GSE systems performed satisfactorily durina countdown

with the excepticn of three failures which were subseauently corrected.

The failures were ii the {1} Safe and Arm Devices (S&A). (2) Remote Digital
Sub-Multiplexer, and (3) F-1 Encine No. 2 Gas Generator Igniter. The

Safe anrd Arm Device failed to respond to a safe command. Possibie

causes for the failure were determined to be low voltage, improper
installation, or a defective unit. The Safe and Arm Device and its mounting
block were replaced and the replacement unit performed satisfactorily.
Bench tests of the suspect unit failed to duplicate the problem and dimen-
sional anaiysis of the unit and mounting block was satisfactory. Analysis
did reveal, nowever, that output toraue of the solenoid at the lower end

of the voltage curve was marainal with respect to the toraue requirements
of the mechanical linkage of the S&A device. As a precautionary measure,
the countdown procedure was changed to arm the device at T-33 minutes
jnstead of T-5 minutes to eliminate the need for recycling to T-22

minutes in the event of a hold. In addition, the provision was made to
increase the stage bus voltaae to 30 V if the unit should fail to arm
durina the count.

At the T-9 hour scheduled hold the Remote Digital Sub-Multiplexer (RDSM)
failed and an 8 ampere current surge of one minute duration was recorded.
The RDSM was replaced and satisfactorily retested. The cause was
isolated to shorted ceramic capacitor (C7) in the power supply card.

As a result of failure analysis it was concluded that the failure was
random and no corrective action is anticipated.
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Table 3-1.

AS-512/Apollo 17 Prelaunch Milestones

DATE

ACTIVITY OR EVENT

October 27, 1970
vecember 21, 1970
June 16, 1971
June 17, 1371
March 24, 1972
March 24, 12972
May 11, 1972

May 15, 1972

May 19, 1972
June 2, 1972
June 7, 1972
June 20, 1972
June 23, 1972
July 12, 1972
August 1, 1972

Auyus T i
August 13, 1972
August 23, 1972
August 28, 1972
October 11, 1972
October 12, 1972
October 20, 1972
November 10, 1972
November 20, 1972
‘lovember 21, 1972
December £, 1972
vecember 7, 1672 (EST)

S-11-12 Stage A-rival
S-1VB-512 Stace Arrival
Lunar Module (LM)-12 Ascent Stage Arrival

Lunar Mocule 11M)Y_12 Descent Stage Arrival

Spacecraft/Lunar Module Adapter (SLA)-21 Arrival
Command and Service Moduie (CSM)-114 Arrival

S-1C-12 Stage Arrival

S-1C Erection on Mobile Launcher (ML)-3

S-11 Erection

Lunar Roving Vehicle (LRV)-3 Arrival

Instrument Unit ([U)-512 Arrival

! Erection

S-IVB Erection

Launcn Venicle (LV) Electrica) Systems Test Completed

LV Propellant Dispersion/Mal function Overall Test (0AT)
Complete

LV Service Amm QAT Complete

LRV Installation

Spacecraft (SC) Erection

Space Venicle (SV)/ML Transfer to Pad 39A
SV tlectrical Mate

SV OAT No. 1 (Plugs In) Complete

SV Flight Readiness Test (FRT) Completed
RP-1 Loading

Countdown Demonstration Test (CDOT) Completed (Wet)
COOT Completed {Dry)

SV Terminal Countdown Started (7-28 Hours)

SV Launch
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The F-' Encine No. 2 Gas Generator (GG) jagniter installed indication was
lost at T-23 hours. Both GG igniters on Engine No. 2 were replaced and
the probtlem was determined to be due to igniter failure. Failure
analysis revealed an error in manufacture in that solder had been
omitted from an electrical pin in the igniter, allowing intermittent
contact. The lack of solder was seen in the X-ray picture which is

made during receiving inspection. Corrective action taken was to review
all remaining igniter X-ray pictures to assure no more omissions exist.

3242 S-1I Stage

The S-11 stage and GSE performed satisfactorily during the countdown.
As a result of the unscheduled hold caused by the Terminal Countdown
Sequencer (TCS) malfunction, some systems such as the J-2 engine start
tank system were required to remain active.

During the first unscheduled hold at 02:52:30 UT (T-30 seconds), S-II
stage systems were safed and recycled successfully during this 65.2
minute hold duration. At 03:57:41 UT (T-22 minutes), the countdown
was resumed and continued to T-8 minutes when another hold occurred to
resolve the TCS corrective action. This hold lasted 73.3 minutes and
contingency hold Option 2 was utilized. S-II systems remaining active
through this hold were LOX system helium injection, engine actuation
hydraulic system temperature control, and engine helium and hydrogen
start tanks pressurized. It was necessary to manually control engine
helium tank venting as temperature changes di tated. The engine start
tanks were chilled, pressurized, and then required one rechill cycle
at 05:12:00 UT for proper temperature conditions. At 05:25:00 UT,

the countdown resumed at T-8 minutes and proceeded without further
problems to liftoff. Electrical batteries on the S-II stage were on
internal power about 20 seconds longer than previous vehicles and were
slightly more discharged at liftoff as a result of the repeated
countdown.

3423 S-1VB Stage

Overall performance of the S-IVB stage and GSE was satisfactory during
the countdown operations.

A hazardous gas detection sensor located at the LHp iank vent disconnect
on Swing Arm No. 7, showed an intermittent indication of GHp for approxi-
mately 1-1/2 hours from T-3 hours 30 minutes. The leak was rot larage
enough to cause a problem and was dispositioned acceptable for launch.

To keen the enaine ccntrel %elium sphere pressure below the redliine
limit of 3400 psia, the sphere was vented six times using the emergency
vent during the hold period.

Prior to resuming the countdown at T-8 minutes, the start tank was
rechiiled to bring the temperature below the maximum 1imit acceptable

for launch. After rechilling, the start tank emergency vent valve was
cycled three times to keep the start tank pressure below the maximum 1imit.
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A lona term decay was noted on Forward Battery MNo. 2, oper circuit
voltage. The open circuit voltage at the time of installation was 34.74
V. The voltage decayed 1.50 V over a 24-hour period. During the hold
at T-9 hours, a power transfer test was performed to verify battery per-
formance under loaded conditions. Battery performance was normal. At
T-8 hours 53 minutes, Battery Monitor Enable was turned on to provide

a small load in order to stabilize the battery. The battery voltage
stabilized at T-4 hours. The voltace decay was attributed to a greater
than nominal silver-peroxide level in the battery cells. The battery
met all specifications and criteria.

3.2.4 IU Stage
The IU stage performed satisfactorily durinag the countdown.
33 TERMINAL COUNTDOWN

The AS-512/Apollo 17 Terminal Countdown was picked up at T-38 hours on
December 5, 1972. Scheduled holds were initiated at T-9 hours for a

duration of 9 hours, and at T-3 hours 30 minutes for a duration of one hour.

At T-167 seconds the Terminal Countdown Seauencer (TCS) failed to issue
the "S-IVB LOX Tank Pressurization" command. When it was visually observed
tk:t the .S-IVB LOX Tank was not being pressurized, the console operator
initiated action to manually control S-IVB LOX Tank Pressurization. The
tank was pressurized, but because an interlock relay was not energized
when the TCS failed to issue the T-167 second command, a countdown hold
was experienced at T-30 seconds. This hold lasted for 2 hours and 40
minutes durinag which time the TCS failure was confirmed, a "Work-Around"
was investigated, and the "Wcrk-Around" was verified at the MSFC Saturn

V System Development Facility (SDF). Also durina this hold the countdown
was recycled to T-22 minutes. After investication of the failure and
verification of the "Work-Around" it was concluded that the countdown
could be successfully and safely accomplished by using a jumper to bypass
the "S-IVB LOX Tank Pressurized" interlock relay and manually pressurizing
the LOX tank from the LCC. The countdown seaquence was restarted at T-22
minutes and completed successfully.

Fioure 3-1 shows the electrical circuits associated with this anomaly and
the followina is a description of the functional operation of the circuits.

The T-167 second command from the TCS (Channel 3) is supplied to the
Mobile Launcher (ML) Integration Patch Distributor to energize relay

K3 which supplies a 28V signal to the ML S-IVB Patch distributor. This
signal is used to initiate 1) S-IVB LOX tank vent closed, 2) S-IVB

LOX tank pressurization valve open, and 3) energize relay K577 "Time for
LOX Tank Pressurization." Without relay K577 energized the "S-IVB

LOX Tank Pressurized" interlock relay K536 cannot be energized even if

3-4
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relay K492 "LOX Tank Minimum Low Pressure OK" is energized by manually
pressurizing the LOX tank. When X536 is not energized the "S-IVB
Ready for Launcn” relay K607 will not provide a signal to the ML S-IC
Patch Distributor "S-IVB Ready for Launch" relay K972 to compiete the
interlock chain to allow relay K465 "Swing Arm MNo. 1 Retract Prepara-
tion Complete" to be energized. If K465 is not energized when the
7-30 second TCS command (Swing Arm No. 1 Carrier Retract) is received,
a cutoff command will be initiated and a countdown hold will occur.

When the above condition occurred, the absence of the TCS T-167 second com-
mand was confirmed on the Digital Events Evaluator-6 (DEE-6) printout.
Investigation of the DEE-6 printout disclosed that the T-176 second spare
output from the TCS also did not occur. After investigation of various
combinations of lost outputs and associated fixes, it was determined that
the "LOX Tank Pressurized" relay K536 could be bypassed by moving the "LOX
Tank Pressurized Bypass" jumper from "INHIBIT" to "ON" position. This
jumper is located on S-IVB Patch Distributor in the LCC. The failure

was simulated and the "Work-Aivound” was verified at the MSFC Saturn V

SDF and a decision was made to proceed with the launch using the inter-
Tock bypass and manual pressurization. During the successful launch

all TCS outputs were obtained except the T-176 second spare output.
Therefore, the bypass and manual pressurization procedures were actually
redundant to the normal circuitry.

Investigation of this failure at KSC subsequently centered on two diodes
located in the logic circuitry of the TCS. One of these diodes
inhibited the T-167 second S-IVB LOX Tank Pressurization command and

the other inhibited the spare output. The two failures are functionally
unrelated in the TCS circuitry. Excessive reverse current leakage
through the partially shorted diodes caused intermittent operation of
TCS outputs. The two failed diodes had been in service six years.

Each TCS contains 1,827 of these diodes with approximately 1500 of

these capable of causing a Taunch hold or scrub if they failed between
CODT and launch.

Testing of all similar diodes is being conducted where feasible. Of
2196 diodes tested, 7 additional diodes exhibited reverse current
leakage in excess of the specification. The diodes that failed along
with a number of non-failed diodes from the same printed circuit

boards were subjected to extensive analysis. The following four causes
of failure have been postulated: 1) inversion layer formation, 2)
accumulation layer formation, 3) metallic precipitates in the depletion
layer cr 4) contamination in cracks partially or completely across the

depletion layer.

Since deposition of contamination in microscopic cracks (Figure 3-2)
was consistently observed in the failed diodes, this is considered to
be the most probable failure mode. However, the investigation as to
the cause of the cracks and subsequent contamination deposition is
still underway and cannot be considered conclusive at this time.
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The "Work-Arcund" with the TCS at KSC that resulted in a satisfactory
terminal countdown would not be acceptable if a problem occurred with
the TCS during the Skylab-2, -3, and -4 countdowns due to the short

launch windeows.

The following activities will be accomplished prior to the Skylab
launches in order to eliminate the possibility of another failure.

a. The dicdes will be tested and replaced as required in each of the
existing TCS's to assure reliable performance.

b. Pad 392 and Pad 39B will be modified to provide three TC3's in each
launch vehicle ESE rather than the present one.

c. Incorporate voting logic so that any two of the three TCS's will
assure that the preper signals are provided.

A11 unused signals from each TCS will be unpstched and grounded so
there will be no possibility of them causing problems.

(a8

The above activities will reduce the probability of a false gunmand
being initiated and also assure that no single electrical failure
will result in Toss of the proper terminal countdown conmand.

3.4 PROPELLANT LOADING
3.4.1  RP-1 Loading

The RP-1 system successfully supported countdown and launch without
incident. Tail Service Mast {TSM) 1-2 fill and rep.enish was accom-
plished at T-13 hours and S-IC level adjust and fill line inert

occurred at about T-60 minutes. Both operations were satisfactory, there
were no failures or anomalies. Launch countdown support corsumed 213,304
gallons of RP-1.

3.4.2 LOX Loading

The LOX system supported countdown and launch satisfactorily. The

fill sequence began with S-IVB fill command at 12:34 EST, December 6,
1972, and was completed 2 hours 4C minutes later with all stage replenish
normal at 15:15 EST. Replenishment was automatic through the first
Terminal Countdcwn Sequence but was switched to manual when S-1VB

flight mass beaan cycling shortly before final countdown. This con-
dition has been experienced during some previous loading operations

and is a result of trapped LOX warming in the S-IVB inlet line. The
LHp/LOX Auto Load allows for manual replenishment when such cycling
occurs.

when LOX loading was reinitiated shortly before recyciing to T-22
minutes, LOX system logic did not reestablish replenish operations as
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expected. Instead, it sequenced into a dual mode configuring simul-
taneously for both "vehicle replenishment" and "S-IC chilldown." In
this posture, the S-IC slcw fill valve was opened allewing LOX to be
pumped directly into the stage resulting in a slight overfill. The
system was manually reverted to prevent further coverfill. Subse-
quent investigation reve2led that an S-IC discrete necessary for
normal replenishment was iissing when loading operations were
r.sumed.

A real time procedure change to LOX/LH2 auto load, was prepared to ini-
tiate the discrete manually. Peplenishment operations were reinitiated

and continued normally throuah launch. This procedure change, which
requires manual issue of Propellant Tanking Computer System (PTCS) discretes
if tank level is at or above 98%, will prevent problem recurrence.

LOX consumption during launch countdown was 618,000 gallons.
4.3 LH, Loading

Tne LHp system successfully supported countdown and launch. The fill
sequence began with start of S-II loading at 15:27 EST, LDecember 6, 1972,
and was completed 85 minutes later when all stage replenish was
established at 16:52 EST. S-II replenish was automatic until terminated
“at initiation of the Terminal Countdown Sequencer. Intermittent .over-
fi11 indications were experienced after S-IVB auto replenish was
achieved and had to be inhibited to avoid unnecessarily cycling the
replenish valve. S-IVB replenish was switched to manual at T-1 hour

and left in that mode through start of Terminal Countdown Sequencer

at T-137 seconds.

During recycle operations at T-30 seconds the LH2 system was reverted
normally. Fill operations were reestablished when count was resumed and
both stages replenished normally tc flight mass.

Launch countdown support consumed about 520,000 gallens of LHj.

345 GROUND SUPPORT EQUIPMENT

3.5.1 Ground/Vehicle Interface

In general, performance of the ground service systems supporting all
stages of the launch vehicle was satisfactory. Overall damage to the

pad, LUT, and support equipment from blast and flame impingement was
considered minimal.

The PTCS adequately supported all countdown operations and there was no
damage or system failures.

The Environmental Control System (ECS) successfully supported the AS-512

countdown. A1l <pecifications for ECS flow rates, temgeratures, and
pressures were met and flow/pressure criteria were satisfactory during
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the air to GN, changeover.

t T-48 hours, ECS chiller No. 1 shut down due c a low refrigerant
charge. The redundant chillers were placed in operation and Freon added
to chiller No. 1. MNo impact resulted.

At T-2 minutes the S-IC forward lower compartment temperature indication
became inoperative. Redundant measurement systems were utilized and
no impect resulted.

The Holddown Arms and Service Arm Control Switches (SACS) satisfactorily
supported countdown and launch. All Holddown Arms released pneumatically
within a six (6) millisecond period. The retraction and explos:ve

release lanyard pull was accomplished in advance of crdnznce actuation
with a 42 millisecond margin. Pneumatic release valves 1 and 2 opened
within 21 milliseconds after SACS armed signal. The SACS primary swit.hes
closed simu’taneously at 449 milliseconds after commit. SACS secondary
switches closed 1.154 and 1.163 seconds after commit.

Overall performance of the Tail Service Masts was satisfactory. Mast
retraction times were nominal; 2.760 seconds for TSM 1-2, 1.980 seconds
for TSM 3-2 and 2.685 seconds for TSM 3-4, measured from umbilical
plate separation to mast retracted.

The preflight and inflight Service Arms (S/A's 1 through 8) supported
the countdown in a satisfactory manner. Performance was nominal during
terminal count and 1iftoff.

The DEE-3 system adequately supported all countdown operations. A
discrepant printed circuit board was replaced in the FR 1 subsystem

and a failed vacuum motor was replaced in the Pad A DEE-3D magnetic

tape station. The Pad A DEE-3F magnetic tape station became inonerative
subsequent to the propellant loading operations. The remainder of the
countdown was supported by backup tape and line printer rescordings.
There was no launch damage.

3.332 MSFC Furnished Ground Support Equipment
Other than the TCS anomaly discussed in Section 3.3, the MSFC furnished

electrical and mechanical grcund support equipment successfully sup-
ported the Apollo 17 Tlaunch.
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SECTION 4
TRAJECTORY

4.1 SUMMARY

The vehicle was launched on an azimuth 90 degrees east of north. A roll
maneuver was initiated at 13.0 seconds that placed the vehicle on a
flight azimuth of 91.504 degrees east of north. In accordance with
preflight targeting objectives, the translunar injection maneuver shortened
the translunar coast period by 2 hours and 40 minutes to compensate

for the launch delay so that the lunar landing could be made with the
same lighting conditions as originally planned. The reconstructed tra-
jectory was generated by merging the following four trajectory segments:
the ascent phase, the parking orbit phase, the injection phase, and

the early translunar orbit phase. The analysis for each phase was con-
ducted separately with appropriate er< point constraints to provide
trajectory continuity. Available C-Band radar and Unified S-Band (USB)
tracking data plus telemetered guidance velocity data were used in

the trajectory reconstruction.

The trajectory variables from launch to Command and Service Module

(CSM) separation are discussed below and, in general, were close to
nominal. Because the S-II Outboard Engine Cutoff velocity was higher
than nominal, earth parking orbit insertion conditions were achieved

4.08 seconds earlier than nominal. Translunar Injection (TLI) condi-
tions were achieved 2.11 seconds later than nominal with altitude 5.8
kilometers greater than nominal and velocity 5.1 meters per second less
than nominal. CSM separation was Commander initiated 57.9 seconds earlier
than nominal resulting in an altitude 306.1 kilometers less than nomi-

nal and velocity 91.7 meters per second greater than nominal.

4.2 TRAJECTORY EVALUATION
4.2.1 Ascent Phase

The ascent phase spans the interval from guidance reference release
through parking orbii insertion. The ascent trajectory was established
by using telemetered guidance velocity data as generating parameters to
fit tracking data from six C-Band stations (Mer. itt Island, Patrick Air
Force Base, Grand Turk, Bermuda FPQ-6, Bermuda FPS-16M and Antigua)
and two S-Band stations (Merriti Island and Bermuda). Approximately
13 percent of the C-Band tracking data and 42 percent of the S-Band
tracking data were not used because of inconsistencies. These values
are consistent with past experience. The launch portion of the

ascent phase (1:iftoff to approximately 20 seconds) was established by
constraining intagrated telemetered guidance accelerometer cata to the
best estimate trajectory.
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Actual and nominzgl altitude, surface range, and crossrange for the
ascent phase arz presented in Figure 4-1. Actual and nominal space-
fixed velocity and flight path angle during ascent zre shown in

Figure 4-2. Actual and nominal comparisons of total non-gravitational
accelerations are shown in Figure 4-3. The maximum acceleration during
S-IC burn was 3.87 gq.

Mach number and dynamic pressure are shown in Figure 3-4. These para-
meters were calculated using meteorolcgical data measured to an altitude
of 8.3 kilometers (31.5 n mi). Above this altitude, the measured data
were merged into the U.S. Standard Reference Atmosphere.

Actual and ncminal values of parameters at significant trajectory event
times, cutoff events, and separation events are shown in Tables 4-1,

4-2, and 4-3, respectively. AIl trajectory parameters were close to
nominal throughout ascent. The space-fixed velocity was 25.6 m/s (84.0
ft/s) higher than predicted at the end of S-II powered flight. This
difference is somewhat greater than usual and is discussed in Section 6.3.

4.2.2 Parking Orbit Phase

Orbital tracking was accomplished by the NASA Manned Space Flight
Network. Three C-Band stations (Merritt Island, Antigua and Carnarvon)
provided four data passes. Six S-Band stations (Goldstone, Bermuda,
Texas, Merritt Island, Hawaii and Ascension) furnished eight additional
tracking passes.

Velocity data generated by the ST-124M guidance platform were used to
derive the orbital non-gravitaticnal acceleration (venting) model. The
parking orbit trajectory was obtained by integrating a comprehensive
force model (gravity plus venting) with corrected insertion conditions
forward to T6 at 10,978.65 seconds (03:02:58.65). The insertion condi-
tions were obtained by using the force model and a differential cor-
rection procedure to fit the available tracking data.

A comparison of actual and nominal parking orbit insertion parameters

is presented in Table 4-4. The groundtrack from insertion to S-I1VB/
CM separation is given in Ficure 4-5. All orbital trajectory variables
were close to nominal.

2.2.2 Injection Phase

The injection phase spans the interval from 76 to TLI and was established
in two parts (T6 to 11,500 seconds and 11,500 seconds to TLI). The first
part was obtained by fitting data available from cne C-Band station
(Carnarvon) and three S-8and statioas (Texas, Goldstone, and Merritt
Island). The second part was cbtained by integrating a state vector
taken from the first part at 11,500 seconds (03:11:40) through second

burn and constraining the integration tc a final TL! state vector taken
from the early translunar orbit trajectory. Telemetered guidance velocity
data were used as generating parameters for both parts.

4-2
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Table 4-1. Comparison of Significant Trajectory Events
EVERT PARAWETER ACTUAL NOMINAL ACT -n0m
First Wotionm Range Time, sec 0.2s8 0.24 0.60
Total Iomc'aﬂuuon 1
Acceleration, 3 10.60 10.55 0.0%
(ft/s ' (34.78) (14 61) (0.17)
(1.08) (1.08) (0.00)
mach 1 Range Time, sec 67.5 67.4 0.1
Altitude, im 8.0 7.9 0.1
(mm1) (4.3) (4.3) (0.0)
Mazteym Dyngeic Pressuyre Range Time, sec 82.5 83.5 -1.0
Dymamic Prescure, lllc,2 3.36 3.27 0.09
(1nf/12%) (701.7%) (682.9%) (18.80)
Altftude, ko 13.1 13-4 -0.2
(nmt) (r.t) (7.2} (-0.1)
® Mgximys Tota) Non-Gravitatioeal
Acceleration- s-1c Range Time, sec 161.20 139.34 2106
Acceleration, -/3 37.9% 37.19 0.76
('tls ) (124.51) (122.01) (2.%0)
(3.87) (3.79) (0.08)
s-11 Range Time, sec w2 461.68 -0.47
Acceleration. -/,’ 17.07 16.97 0.10
n/s ) (56.00) (55.68) (0.32
(1.78) (1.73) (0.01
S-1Y® Fiest Byrm Range Tlme, seoc 702.66 706.74 -4.08
Acceleration, /3’ 6.54 6.62 -0.08
(fe/s ; (21.46) (21.72 } -0. 26;
(¢ (n.67) (0.68 9.0
Ik Secend Burnm Pange Time, sec 11,907.65 11,905.54 2.1
Acceleration, -/,z 13.86 14.10 -0.24
(ft/s€) (45.47) (46.2¢ (-0.79
¢ (1.81) (1.4 (-0.03
esgsinee farth-Fised
velacity: $-1C Range Time, sec 162.60 163.38 -1.38
Velocity, =/s 2,374.4 2,.362.8 11.6
fe/s) (r,7%.0) | (7,752.0) (39.0)
s-11 Range Tiwe, sec 560.60 S61.14 -0.54
Velocity, s/s 6.573.8 6.548.2 25.6
(fe/s) 21,567.6) |(21,483.6) (84.0)
S-1V8 First Bers Ronge Time, sec 712.66 116.74 -4.08
nlocn{ -ls 7.385.6 7,385.9 -8.3
26,231.0) |(24,232.0) (-1 .)
$-178 Secsad Bere Ravge Tise, sec 17,908.50 | 11,.905.7% 2.7%
Velecity, u/s 10,425.2 19,429.5 -l.{
(fess) F)‘.l‘).‘) (34,217.9) (-18.1

@ Seorest Tiog Points Avefleble
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Table 4-2. Comparison of Cutoff Events
PARAMETER 1 ACTuAL I NOw[ WAL ] ACT-nO™ ACTUML J SOMINAL l ACT-nOm
S-1C CECO (EMGINE SOLENOID) S-IC JECO (ENGINE SOLENCID)
Range Time, sec 139.30 139.34 -0.048 i61.20 161 €7 -0.87
Altitude, = 47.0 46.8 2.2 66.5 66.7 -Cc.2
(ne1) (2« &) (25.3) o 19 (35.9) (36.0) (-0.1)
Space-Flred Velocity, =/s 2.091.8 2.085.3 w5 2,746.9 2,744 .9 .0
iftss) VEIEZ .9 (& 881 5) (21 » (a,912.1) (9,005.6) {(6.5)
nq-(- Petn Angle, deg 23.199 21.296 -0.09/ .1n.829 20.47) -n.caa
Weading Angie, deg 91.35%% 91.553 -0.198 oy 2% 91.892 -0.174
Serface Bange, = 51.5 1.9 0.0 .1 1.6 -0.6
(mmi) (27.8) (27.8) (0.0) (49.1) (89.5) (-0.4)
Cross Ramge, &= 0.2 0.3 -0.1 0.3 RS <03
(net) (0.1) {0.2) (-0.1) (0.2) (i ot (-0.1)
Cross famge Velocity, =/s 18 8.2 -6.7 6.4 141 =.7
(ress) (4 9) (26.9) (-22.0) (21.0) (46.3) (-25.3)
S-11 CECO (EMGINE SOLENOID) S-11 OECO (ENSINE SOLEMDID)
Range Time, sec "W 20 461.68 -0.47 559.66 560.13 -0.47
Altitude, ke 173.0 172.7 2.3 172.6 172.1 0.5
(memt) (93.4) (93.3) (0.1) (93.2) (92.9) (0.3)
Space-Fised Velocity, »/s $.620.4 5.601.4 19.0 6.990.1 6,964.5 25.6
(fers) (18,439.8) (18,377.3) (62.3) (22,933.4) (22,849 .4) (84.0)
Fligat Patn Angle. deg -0.058 -0.085 0.027 0.254 0.247 0.007
Heading Angle, deg 97.647 97.571 0.076° 100. 2395 100.333 0.062
Surfece Range, te 1,095.0 1,992.0 2.0 1,657.6 1,653.6 4.0
(mm1) (591.3) (5%0.2) (r.n) (895.0) (892.9) (2.1)
Crass Range, im 18.6 is.9 -0.3 34.8 4.4 0.4
(mat) (10.0) (10.2) (-0.2) (18.8) (13.¢) (0.2)
Cross Ramge Velocity, ®/s 135.4 128.5 6.9 194.9 188.9 6.0
(fess) (444.2) (821.6) (z22.6) (639.4) (619._8) (19.8)
S-1v8 1ST QUIDASCE CUTOFF SICNAL S-1¥8 2WD GUIDANCE CUTOFF SIGRAL
Rarge Tieg, sec 702.€9 706.74 -4.09 11,907.64 17,905.54 2.10
Altitede. ke 170.5 170.4 0.1 300.0 294.5 5.5
(nm1) 922.1) (92.0) (a.1) (182.0) {159.0) (3.0)
Space-Fised Velecity, w/s 7.802.3 7,802.6 -0.3 10,044.6 10,849.3 -4.7
(rers) (25,.598.1) (29.599.1) (-1.0) (35,579.4) (35,594.8) | (-15.4)
Fligat Path Asgle, deg 0.031% -90.002 0.003 6.930 6.786 0.144
wesding Angle, deg 104.718 104.780 -9.062 118.046 117.967 0.079
Serface Rasge, ks 2.625.2 2.643.7 -18.5
(mmt) (1,817.5) (1.827.5) | (-10.0)
Cress B . im 67.8 67.2 0.2
" ) (36.4) (36.3) | (0.1)
Cross Rasge Veiacity, ®/s 267 .1 259.7 1.4
ft/s) (856.6) (852.0) (6.6)
laclination, deg 28.473 28.423 0.050
Descenging Sede, doy % .061 86.149 -0.088
fccentricity 0.9707 0.9708 | -0.000!
2,42 -1.773.2181 -',268,318 ! -3 908
c e/ . . te . .
MeeZin2) [-19.096,760) K-19.044.694) [ -42,066)
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Table 4-3. Comparison of Separation Events
PARAMETER l ACTUAL l NOMINAL T ACT-NO™

S-1C/S-11 SEPARATION
Range Time, sec 162.9 1€3.4 -0.5
Altftude, km 68.) 684 -n.3
(nmi) {3e.8) 136.3) {-0.1)
Space-Fixed velocity, m/s 2,754.2 2.751.2 2.5
(ft/s) (9,036.1) (9,027.9) (8.2)
Flight Path Angle, deg 20.151 20.208 -0.057
Heading Angle, deg 91.741 91.915 -0.174
Surface Range, km 94.7 95.3 -0.6
(nmi) (s1.1) (51.5) (-0.4)

Cross Range, km 0.3 0.6 -0.

(nmi) (0.2) (0.3) (-0. l)
Cross Range Velocity, m/s 6.7 14.5 -7.3
ft/s) (22.0) (47.5) (-25.6)
Geodetfc Latitude, deg N 28.580 28.577 0.003
Longftude, deg E -79.637 -79.630 -0.007

S-11/S-1VB SEPARATION
Range Time, sec 560.¢€ 561.1 -0.5
Altitude, km o 172.6 172.1 0.5
(nmi) (93.2) (92.9) (0.3)
Space-Fixed Velocity, m/s 6,992.8 6,967.2 (25.6)
(fe/s) (22,942.3) (22.858.3) (84.0)
Flight Path Angle, deg 0.244 0.236 0.008
Heading Angle, deg 100.424 100.3£% 0.060
Surface Range, km 1,663.6 1,660.1 3.5
(nmi) (898.3) 1896.4) (1.9}
Cross Range, km 35.0 34.6 0.4
(nmi) (18.9) (18.7) (0.2)
Cross Range Volodty. »/s 195.3 189.3 6.0
(ft/s) (640.7) (621.1) (19.6)
Geodetic Latftude, deg N 26.865 26.874 -0.009
Lomngfitude, deg [ -63.831 -63.866 0.035

S-1VB/CSH SEPARATION
Range Time, sec 13,3476 13,405.5. -57.9
Altitude, km 6,606.4 6,912.5 -306.1
(nmi) (3,567.2) (3,732.5) (-165.3)
Space-Fixed Velocity. m/s 7,724.7 7,633.0 9.7
(ft/s) (25,343.59) (25, 042. 7) (300.8)
Flignt Path Angle, deg 44.180 4.847 -0.667
Wesdizg Angle, deg 102.797 102.166 0.631
Geodetic Latitude, deg N -25.716 -25.944 0.228
Longitude, deg E 11.300 13.161 -1.261
4-7
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Table 4-4. Parking Orbit Insertion Conditions
PARAMETER ACTUAL NOMINAL ACT-NOM
Range Time, sec 712.66 716.74 -4.08
Altitude, km 170.5 170.3 0.2
{nmi) (92.1) (92.0) (0.1)
Space-fixed Yelocity, m/s 7,804 i 7,3038.3 -8.2
(i, £ g (ft/s) (25,604.0) (25,604.7) (-0.7)
Flight Path Angle, deg 0.003 -0.c01 0.0048
Heading Angle, deg 105.021 105,082 -0.061
Inclination, deg 28.526 28.524 0.002
" Descending Node, deg 86.978 87.024 -0.046
Eccent-icity 0.0000 0.0001 -0.0001
Apogee, km 167.2 167.4 -0.2
{nmi) (90.3) (90.4) (-0.1)
Perigee, km 166.6 166.6 0.0
(nmi) (90.0) (90.0) (0.c)
Period, min 87.83 87.83 0.00
Geodetic Latitude, deg N 24 .680 24.642 0.038
Longitude, deg E -53.810 -53.633 0.177 J
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Comparisons between the actual and nominal space-fixed velocity and
flight path angle are shown in Figure 4-6. The actual and nominal total
non-gravitational acceleration comparisons are presented in Ficure 4-7.
~ The Tower than nominal velocity and acceleration shown in Fioures

4-6 and 4-7, respectively, are due to the heavier S-IVB stage resulting
from the 4.08 seconds early first S-IVB cutoff. The actual and nominal
S-1VB second auidance cutoff conditions are presented in Table 4-2. The
¢liaohtly loncer than nominal burn compensated for the heavier S-IVB
stage and resulted in near nominal conditions at cutoff.

4.2.4 Early Translunar Orbit Phase

The early translunar orbit trajectory spans the interval from translunar

injection to S-IVB/CSM separation. Tracking data from one C-Band
_station (Carnarvon) and one S-Band station (Ascension) were fitted using

the procedure outlined in 4.2.2. The actual and nominal transiunar

injection conditions are compared in Table 4-5. The S-IVB/CSM separation

conditions are presented in Table 4-3. The large differences at CSM

separation were due to the earlier than nominal separation time which
~was Commander initiated.

Table 4-5. Translunar Injection Conditions

i PN

TS
ARSIy

PARAMETLR ACTUAL NOMINAL ACT-NOM

Range Time, sec 11,917.65 11,915.54 2.1
Altitude, km 313.5 307.7 5.8
(nmit) (169.3) (166.1) (3.2)
Space-Fixed Veloclity, m/s 10,837.0 10,842.1 -5.1
ft/s) (35,554.5) (35,571.2) (-16.7)

Flight Path Angle, deg 7.384 7.240 0.144
Hea.ing Angle, deg 118.116 118.039 0.077
Inciination, deg 28.474 28.423 0.051
Jescending Node, deg 86.061 86.149 -0.088
Eccentricity 0.9720 0.972) -0.000)
Cy, w2752 -1,695,985 -1,689,026 -6,959
(rt2/52) (~18,255,431) (-18,180,525) (-74,906)
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SECTION 5
S-IC PROPULSION

8.1 SUMMARY

A1l S-IC propulsion systems performed satisfactorily. In all cases, the
propulsion performance was very close to the predicted nominal. Overall
stage site thrust was 0.30 percent higher than predicted. Total pro-
pellant consumption rate was 0.16 percent higher than predicted and the
total consumed mixture ratio was 0.002 percent higher than predicted.
Specific impulse was 0.14 percent higher than predicted. Total propellant
consumption from Holddown Arm (HDA) release to Outboard Engines Cutoff
(OECO) was low by 0.14 percent.

Center Engine Cutoff (CECO) was initiated by the Instrument Unit (IU)

“at 139.30 seconds, 0.02 seconds earlier than planned. OECO was initiated

by the fuel depletion sensors at 161.20 seconds, 0.47 seconds eariier than
predicted. This is well within the +5.99, -4.22 second 3-sigma limits.

At OECO, the LOX residual was 36,479 1bm compared to the predicted 37,235

1bm and the fuel residual was 26,305 1bm compared to the predicted 29,956

1bm.

The S-IC hydraulic system pertormed satisfactorily.
82 S-IC IGNITION TRANSIENT PERFORMANCE

The fuel pump inlet prestart pressure of 45.3 psia was within the F-1 engine
acceptable starting region of 43.3 to 110 psia.

The LOX pump inlet prestart pressure and temperature were 81.3 psia and
-287.3°F and were within F-1 engine acceptable starting region, as shown
by Figure 5-1.

The planned 1-2-2 F-1 Engine start sequence (Engines 5, 3-1, 4-2) was
not achieved. Two engines are considered to start together if both
thrust chamber pressures reach 100 psig within 100 miiliseconds. By
this definition, the starting order was 2-1-1-1 (Engines 5-3, 1, 4, 2).
The buildup times of all five engines as measured from engine control
valve open signal to 100 psig chamber pressure, Table 5-1, were faster f
than predicted, although within specifications. The 2-1-1-1 start :
sequernce had no adverse affect on either propulsion system performance
or on the structure.
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Figure 5-1. S-IC LOX Start Box Regquirements

Table £-1. F-1 Engine Sysiems Buildup Times

BUILDUP TIME, SECONDS

| ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE 5
Predicted 4.05; 3 365 3.925 3.990 3.923
Actual* 3.862 -.861 3.605 3.669 3.819
Difference 0.155 ! 0.104 0.320 0.321 0.114
Direction l Fast l Fast ¢ Fast Fast Fast
1

*Time from 4-w3ay control valve open signal to 100 psig combustion chamber pressure
All times corrected to rominal prestart conditions

The desired 1-2-2 start sequence was also not achieved on flights AS-5C7,
AS-508, and AS-510. The timing of the start signals to each engine is
adjusted to achieve the desirea start sequence and is based on data from
individual engine firings and the single data sample in the stage environ-
ment obtained from static firing. Typically, a wide dispersion of start
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times is observed at the stage static firing. This dispersior is
attributed primarily to the differences between the stage conditions and
single engine test stand conditions. Adjustments made between stage static

.. firing and_launch have been effective in reducing the dispersions sub-

stantially. However, it is apparent from review of data from all the
Saturn V launches, that the system cannot be fine tuned accurately enough
to consistently assure the desired start sequence within the 100 ms
criterion. This fact is probably attributable to a combination of the

.limited data sample in the stage environment and typical engine start

time dispersions even under controlled conditions.

The sfructural implications of a non-standard engine start seguence
for the Skylab mission have been examined considering significantly
larger dispersions than experienced on AS-512 and other Saturn V flights,

. and. there.is .no .concern. Accordingly, no modification of the present

engine start sequence implementation is planned.

The reconstructed propellant consumption during holddown (from ignition
command to holddown arm release) was 75,090 1bm LOX (67,031 Ibm predicted)
and 22,015 1bm fuel-(18,764 1bm predicted). The greater than predicted
propellant consumption during holddown was due to the faster engine start
and longer burn before holddown release. The reconstructed oropellant
load at holddown arm release was 3,239,298 1bm LOX (3,243,932 1bm predicted
and 1,409,906 1bm fuel (1,415,766 1bm predicted). _ ' ¢

Thrust buildup rates were as expected, as shown in Figure 5-2.
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Figure 5-2. S-IC Engines Thrust Buildup
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The engine Main Oxidizer Valve (MOV), Main Fuel Valve (I'FVY), and Gas
Generator (GG) ball valve opening times were nominal.

5.3 $-1C MAINSTAGE PERFURMANCE

S-1C stage propulsion performance was satisfactory. Stage thrust, specific
impulse, mixture ratio, and propellant flowrate wer2 near ncminal pre-
.dictions as shown_in Figure 5-3. The stage site thrust (averaged f-om time
zero to OECO) was 0.30 percent higher than predicted. Total prope.lant
consumption rate was 0.16 percent higher than predicted and the total con-
sumed mixture ratio was 0.002 percent higher than precicted. The speci-
fic impulse was 0.14 percent higher than predicted. Total propellant
consumption from HDA releace to CECO was lcw by G.14 percent.

For comparison of F-1 engine fiight performance with predicted performance
the flight performance has been analytically reduced to standard condi-
tions and compared to the predicted performance which is based on ground
firings and also reduced tc standard conditions. These comparisons are
shown in Table 5-2 for the 35 to 38-second time slice. The iargest thrust
deviation from the predicted value was -7 klbf for engine 2. Engines 1
and 5 had lower thrusts than predicted by & and 1 k1bf, recpectively.
Engines 3 and 4 had higher thrust than predicted by 1 and 2 k1bf,
respectively. Total stage thrust was 11 KIbf lower than predicted for an
average of -2.2 klbf/engine. These performance values are derived from

a reconstruction math model that uses a chamber pressure and pump speed
match.

An 11 Hz, 8 psi peak amplitude, oscillation was observed in the S-iC

Engine No. 2 fuel suc.ion line inlet pressure. This oscillation was

also observed during S-IC-12 static test and dispcsed of ct that time

as no problem. This phenomenon is a self-induced oscillation charac-
teristic of the F-1 fuel pump and has been observed on previous flights.
The oscillation is Net Positive Suction Pressure (NPSP)} dependent and its
sensitivity varies from engine to engine. The stage accelerometer data

are nominal at 11 Hz and comparable to that of previous flights, indicating
the vehicle structural gain at this frequency is small.

The ambient gas temperature under Engine No. 1 cocoon increased shortly
after 1iftoff and exceeded previous flight data from approximately 30 to
65 seconds by a maximum of about 13°C. After 100 seconds the tempera-
ture returned to a normal level and remained similar to the cocoon
ambient temperature level for the other engines. The increase in the
ambient gas temperature did nct affect engine performance during flight.
The two most probable causes of the temperature increase are: 1) a
minor hot gas leakage from the Gas Generator drain port plug which
subsequently sealed, 2) a *temporary loss of cocoon insulation integrity
(possible loose combustion drain access cover) which later corrected
itself. Both of these possible causes for the cocoon ambient temperature
rise are discussed in detail in Section 13.2 Vehicle Thermal Envircrment.
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Table 5-2. S-IC Individual Standard Sea Level Engine Performance

|

STAGE

RECONSTRUCTLON DEVIATION DENIATLON
PARAMLT(R ENGINE PREDICTED ANALYSIS PERCENT PLRCENT
!hn%l ! 1522 1516 -0,394
103 1bf 2 1522 |:l5 «0,460 '
) 1822 182) 0.066 <0.14%
4 1522 1524 0.1
) 1522 1521 <0.066
= .
Specific lmpulse, \ 265.2 268.0 -0.075
1bf-8/1tm 2 265.8 265.7 0,038
b ] 265.2 265.2 0 -0.02)
4\ 265.4 266.4 0
) 264.9 264.9 0
Tota! Flowrate | 741 $122 -0.30
1bm/s ? 8728 $702 0,402
) $139 8742 0.0%2 <0.136
4 5737 5742 0.08?
) §746 5741 0.08?7
Niature Ratio | 2.28) 2,248 <0,13)
LOX/Fuel F4 2,287 2.284 -0,13)
) 2.2% 2,287 «0.044 <0,107
4 2,266 2.263 <0,132
$ 2.282 2.280 -0,088

NOTE: Performance levels were reduced to standard sea level and pump inlet conditions.

Data were taken from the 35 to J8-1econd time slice.
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.4 S-IC ENGINE SHUTDCWN TRANSIENT PERFCRMANLCE

wmn

The F-1 engine thrust decay transient was nominal. Tre cutoff irpulse,
reasured from cutoff signal to zero thrust, was €€9,632 Ibf-s fer the
center engire (0.1 percent less than predicted) and 2,593,423 Ibf-s
for all outboard engines (3.0 percent oreater than predicted). The
total stage cutcff irpulse of 3,263,055 1bf-s was 2.3 percent greater
than predicted.

Center engine cutoff was initiated by the IU at 139.20 seconds, 0.02
second earlier than planned. Cutoff signal to the outboard engines

was initiated by fuel depletion and occurred 0.47 second earlier than

the nominal predicted time of 161.67 seconds. The fuel depletion cutoff
was caused by the higher than predicted fuel density due to chilldown

of the fuel during the 2 hour 40 minute hold and the slightly higher than
nomiral batch fuel censity for this flight. The early cutoff was cue
rainly %o slichtly higher than predicted stage site thrust (0.03 percent
higher) and the accospanying hicher propellant flowrates.

8.5 S-1C STAGE PRQPELLANT MANAGEMENT

The S-1C stage does not have an active propellant utilization system.
¥inirue resicuals are obtained by atterpting to load the mixture ratio
expected to be consured by the engines plus the predicted unusable
residuals. An analvsis of the residuals experienced during a flfght

is a good measure of the performance of the passive propellant utiliza-
tion system.

The resicual LOX at OELN was 36,479 1bem compared to the predicted
value of 37,235 1be. :ne fuel residual at OECC was 26,305 1bm compared
t0 the predicted value of 29,956 1tm. A summary of the propellants
remaining at major evert times is presented in Table 5-3.

5.6 S-1C PRESSURIZATION SYSTEMS
5.6.1 S-IC Fuel Pressurization System

The fuel tank pressurization svstem performed satisfactorily, keeping
ullage pressure within acceptable limits during flight. Helium Flow
Control Yalves (HFCY) %No. 1 through & opened as nlanned and HFCY %o. 5
was not reguired.

The low flow prepressurization system was commanded on at -97.0 seconds.
The low flow system was cycled on 2 second time at -3.] seconds. High
flow pressurization, accomplished by the omboard pressurization system,
performed as expected. HFCY %o. 1 was commanded on at -2.7 seconds and
was supplemented by the ground high flow prepressurization system until
umpilical disconnect.

Fuel tank ullage pressure was within the predicted limits througtout

5-7




- Table 5-3. .S-IC Propellant Mass History

LEVEL SERSOR SECONSTRUCTED, (LB
Event PUEDICTED, LOP DATA, (8% (BEST £STIMETE)

101 FUEL Lot FUEL Lon FUEL
Igrition Comans | 3.310.363 | 1.e3e525 | - 1,631,921 | 3314388 | 1,431,520
’.‘::“""" drw 3263932 | 1,415,766 | 3,203,551 [ 1,410,136 | 3,229.29% 1,409,906
CEco 493,818 187,971 393.2%9 181,418 3o 064 182,160
cECO 1 - 37.235-1---29,96 4 3,63] 27,293 3%.49 26,305
Seperation ngrn 26.992 - .- 30,777 3.0%
lero Thrust 31,645 26,508 —-- - 30,645 23,098

-— - 3 il i

Predicted smd recoritructed valyes 40 mot include presseriZation aas 3o they will cospere with
level semsor data.

flight as shown by Figure 5-4. HFCY %o.'s 2, 3 and 4 were cosmanded open
during flight by the switch selector within acceptable limits. Helium
bottis pressure was 3000 psfa at -2.8 seconds and decayed to 475 psia

at 0ECO. Total helium flowrate was as expected.

Fuel pusp inlet pressure was maintained above the required minimm Net
fositive SWiliom Pressure (wr3P) during flight.

5.6:2 S-1C LOX Pressurfzation System

The LOX pressurization system performed satisfactorily and 211 perfor-
mance requirements were met. The ground prepressurization system main-
tained ullage pressure within acceptadble limits unti] Jaunch commit.

The onboard pressurization system performed satisfactorily during flight.

The prepressurization system was initfated at -72.0 seconds. Ullage
pressure increased to the prepressurization switch band and flow was
terminated at -58.3 seconds. The low flow systes was cycled on three
additional times at -42.9, -20.8, and -5.4 seconds. At -4.7 seconds,
tre high flow S{sw was comzanded on and raintained ullage pressure
within acceptable iimits uyntil Taunch commit.
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Figure 5-4. S-IC Fuel Tank Ullage Pressure

Ullage pressure was within the predicted limits throughout flight as
shown in Ficure 5-5. GOX flowrate to the tank was as expected. The
maximum GOX flowrate after the initial transient was 48.3 lbm/s at CECO.

The LOX purp inlet pressure met the minisum NPSP requirement throughout
flight.

St S-1C PNEUMATIC CONTROL PRESSURE SYSTEM

The control pressure system functioned satisfactorily throughout the
S-1C flight.

Sphere pressure was 2970 psia at liftoff and resained steady until CECO
when it decreased to 2850 psia. The decrease was due to center engine
prevalve actuation. There was a further decrease to 2475 psia after
0£CO. Pressure regulator performance was within limits.

The engine prevalves were closed after CECO and OECO as recuired.

5.8 S-1C PURGE SYSTEMS

Performance of the purce systems was satisfactory during flight.
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Fiqure 5-5. S-IC LOX Tank Ullage Pressure

The turtopump LOX seal storage sphere pressure of 2955 psia at liftoff
was within the prestart limits of 2700 to 3300 psia. Pressure was
within the predicted envelope throughout flight and was 2805 psia at
0ECO.

The pressure regulator performance throughout the flight was withir the
85 +10 psig limits.

9.9 S-1C POGO SUPPRESSION SYSTEM
The POGO suppression system performed satisfactorily during S-IC flioht.

Outtoard LOX prevalve temperature measurements indicated that the pre-
valve cavities were filled with gas prior to liftoff as planned. The
four resistance thermometers behaved during the AS-512 flight similarly
to the flight of AS-511. The temperature measurements in the outboard
LOX prevalve cavities remained warm (cff scale high) throughout flight,
indicating helium remained in the prevalves as planned. The two
thermometers in the center engine prevalve were cold, indicating LOX in
this vaive as planned. The pressure and flowrate in the system were
nominal.

5-10
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5.10 S-1C HYDRAULIC SYSTEM

The performance of the S-IC hydraulic system was satisfactory. Al
servo-actuator supply pressures were within required limits.

Engine control system return pressures were within predicted limits
and the engine hydraulic control system valves operated as planned.
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SECTION 6-
S-11-PROPULSION -

6.1 SUMMARY

The S-1I propulsion systems performed satisfactoriiy throughout the
flight. The S-II Engine Start Command (ESC), as sensed at the engines,
occurred at 163.6 seconds. Center Engine Cutoff (CECO) was initiated by
the Instrument Unit (IU) at 461.21 seconds, 0.47 seconds earlier than
planned. Outboard Engine Cutoff (OECO), initiated by LOX depletion
sensors, occurred at 559.66 seconds giving an outboard engine operating
time of 396.1 seconds. i PN s

Engine mainstage performance was satisfactory throughout flight. The total
stage thrust at the standard time slice (61 seconds after S-1I ESC) was
0.14 percent below predicted. Total propeilant flowrate, including pres-
surization flow, was 0.19 percent below-predicted, and -the stage specific
impulse was 0.05 percent above predicted at the standard time slice.

Stage propellant mixture ratio was 0.36 percent below predicted. Engine
thrust buildup and cutoff transients were within the predicted envelopes.-

The propellant management system performance was satisfactory throughout
loading and flight, and all parameters were within expected 1imits except
the LOX fine mass indication. Propellant residuals at OECC were 1401 1bm
LOX, as predicted and 2752 1bm LH2, 107 1bm less than predicted. Control
of Enaine Mixture Ratio (EMR) was accomplished with the two-position pneu-
matically operated Mixture Ratio Control Valves (MRCV). Relative to ESC,
the low EMR step occurved 1.6 seconds earlier than predictzd.

The performance of the LOX and LHp tank pressurization system was satis-
factory. Ullage pressure in both tanks was adeauate to meet or exceed
engine inlet Net Positive Suction Pressure (NPSP) minimum reouirements
throughout mainstage.

Performance of the center engine LOX feedline accumulator system for POGO
suppression was satisfactory. The accumulator bleed and fill subsystems
operations were within predictions.

The engine servicing, recirculation, helium injection, and valve actuation
systems performed satisfactorily.

S-II hydraulic system performance was normal throughout the flight.
6.2 S-11 CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE

The engine servicing operations reauired to condition the engines prior
to S-1I engine start were satisfactorily accomplished. Thrust chamber
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jacket temperatures were within predicted limits at both prelaunch and
S-I1 ESC. Thrust chamber chilldown requirements are -200°F maximum at
prelaunch commit and -150°F maxir.m at engine start. Thrust chamber
temperatures ranged between -286-and -258°F at prelaunch commit and
between -238 and -207°F at S-I1I ESC. Thrust chamber warmup rates
during S-IC boost aareed closely with those experienced on previous
flights.

Start tank system performance was-satisfactory. Both temperature and
pressure conditions of the engine start tanks were within the required
prelaunch and engine start boxes as shown in Figure 6-1. Start tank
temperature and pressure increase rates were normal during prelaunch and
S-1IC boost.

Start tank relief valve operation was noted.on Engine No. 3. This
characteristic had bteen predicted based upon results of the AS-512 Count-
down Demonstration Test (CDDT) start tank relief valve setting test.

A1l engine helium tank pressures were within the prelaunch limits of
2800 to 3350 psia and engine start limits of 2800 to 3500 psia. Engine
nelium tank pressures ranged between 2940 and 3060 psia at prelaunch
commit and between 3030 and 3160 psia at S-II ESC.

Engine helium tank pressures during start and initial mainstage operation
were within the predicted 1imits as shown in Figure 6-2. The helium tank
pressures decayed 350 to 370 psi during the engine start transient.

During the countdown hold initiated at -30 seconds, the hold options were
exercised. The launch vehicle was maintained in the Hold Option 2 cendi-
tion for approximately 73 minutes. This reauired control of the J-2
engine start tank and helium tank pressures to assure that they would remain
within redline limits during the hoid. Engine helium tank pressure was
maintained by manual venting using the emergency vent solenoids. Start
tank pressures were similarly controlled by use of the emergency vent
solenoids until the start tank relief valves functioned to automatically
maintain the tank pressures. A special test was run during the CDDT

to determine the individual characteristic of each start tank relief

valve and to show that it was comparable with existing stage redlines.
Figqure 6-3 shows the start tank pressures and temperatures during the
option 2 hold. Figure 6-4 illustrates the repeatibility of the start tank
relief valves operation as evidenced during an Cption 2 Hold.

During the hold period the prechilled start tanks warmed up at a rate of
approximately 1.7°F/min. Fifty eight minutes after initiating the hold,
engine 3 start tank had warmed up to the maximum temperature (-146°F)
allowed by the redline requirements. At this point it was necessary

to subject all five start tanks to a short rechill cycle in order to keep
the respective temperatures within redline limits. Figure 6-5 shows the
start tank and helium tank conditions during the rechill cycle. After
the rechill and pressurizing, the start tank and helium tank pressures
were controlled during the remainder of the hold and countdown using the
emergency vent solenoids.
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Figure 6-1. S-II Engine Start Tank Performance
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START TANK TEPERATURE, OF

Fioure 6-4. Comparison of S-II Start Tank Conditions During CDDT & Launch

This is the first time the S-II stage has been required to rechill its
engine start tanks during an actual launch situation. Personnel, proce-
dures, and hardware all performed as expected and all results were com-
pletely satisfactory.

The LOX and LHp recirculation systems, used to chill the feed ducts, turbo-
pumps, and other engine components performed satisfactorily during prelaunch
and S-IC boost. Engine pump inlet temperatures and pressures at S-II

ESC were well within the requirements as shown in Figure 6-6. The LOX pump
inlet pressure for all five engines was approximately 0.5 ps: above the
predicted envelope because the LOX tank experienced zn approximate 1 psi
increase in ullace pressure between S-IC OECU and S-II ESC. This pressure
increase is attributed to the small ullage volume, coupled with the springback
of the aft bulkhead at S-IC CECO, thus compressing the pressurant in the
ullage. The LOX pump discharge temperatures at S-II ESC were approximately
14.0°F sutccoled, wel™ F2low the 3°F subcooling reauirement.

Again, as o S-511 the deletion of the S-II ullage motors did
not adv- recirculation system. The characteristic tem-
perat pump discharge temperature between S-IC QECO
and .imately 1.5°F, similar to that experienced on

- otors installed.

.un of the propellant tanks was accomplished satisfactorily.
_- pressures at S-II ESC were 4i.5 psia for LOX and 29.1 psia
.25 well above the minimum requirement of 33.0 and 27.0 psia,
.espectively.
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S-11 ESC was received at 163.6 seconds and the Start Tank Discharce Yalve
(STOV) solencid activation sianal occurred 1.0 second later. The engine
thrust btuildup was satisfactory and well within the predicted thrust
buildup envelope. All enginec reacred GC percent thrust within 2.3
seconds after S-II ESC. : .

6.3 S-11 MAINSTAGE PEPFORMANCE i gt s

The propulsion reconstruction analysis showed that stace performance
durina mainstace operation was satisfactory. A corparison of predicted
and reccnstructed thrust, srecific irpulse, totai flowrate, and mixture
ratio versus time is shown in Fiqure £-7. “Stace perforrance was very close
to predicted. At ESC +61 seconds, total stage thrust was 1,156,694 1bf
which was 1585 1bf (0.14 percent) below the preflight prediction. Total
propeilant flowrate includinc pressurization flow, was 2743.4 ibm/s, 0.19
percent telow nredicted. Stace specific impuise, including the effect

of pressurization gas fiowrate, was 421.6 1bf-s/1bm, 0.C5 percent abcve
predicted. The stace propellant mixture ratio was 0.326 percent below
predicted.

Center Encine Cutoff was initiated at ESC +297.62 seconds, 0.47 seconis
earlier than planned. This action reduced total stace thrust by 224,121
1bf to a level of 920,746 1bf. The EMR shift from hieh te-low sccurred
325.6 seconds after ESC and the reducticn in stace thrust occurred as
expected. At ESC +351 seconds, the total stace thrust was 787,009 1bf;
thus, a cdecrease in thrust of 133,737 1bf was indicated tetween high
and low EMR operation. S-II burm duration was 396.1 seconcs.

Individual J-2 engine data are presented in Table 6-1 for the ESC +6]
second time slice. Good correlation exists between predicted and recon-
structed flight performance. The performance levels shown in Table 6-1
have not been adjusted to standard J-2 altitude conditions and do not
include the effects of pressurization fiow.

Although the propulsion reconstruction was very close to the predicted,
the trajectory reconstruction, Sectfon 4.2.1, indicated that the S-1]
stage produced approximately 23 m/s more velocity than predicted. While
this difference is within the normal range of trajectory dispersion, the
unexpectedly poor correlation of the trajectory with the engine predicted
and reconstructed performance is unfque in the history of the S-1I.

From a review of the propulsion and trajectory as well as the history of
stage and engine manufacturing and testing, it has been determined that
the compined contribution of initial conditions, m2sses, base pressure
thrust, insulation erosion, propellant loading, propellant residuals,
and reconstructed engine performance accounts for approximately 9 m/s

of the additional velocity, leaving 14 a/s still to be explained.
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¥Yost rotewortihy is the fact that the S-ergire averace Specific Impulse
(Igp) 2n S-11-72 §s tre lowest of any S-II stage, and while trere 15 nO
evidence that the engine log beok Igp values are imgrover, the oredicted
stage perforrance would have been verv close %0 thar indicated by tre
trajectory reconstruction if the average I¢p for the engines in this pro-
duction diock (Engines S/N Z0€G throuad 2120) had been assumed. This would
imply that the engine is approximately as repeatable as its associated
instrurentation.

The differences involved are quite small. The difference between ite

hlock averace lgp ard the S-11-12 average loa bock values (lags) fs within
the instrurentaticn noise level. The actuyal engire-to-engire repeatability
is vers; similar to the instrumentation run-to-run repeatatility. Therefore,
1t is reasonadble t0 hypotresize that the lcwer than averace engire cerformance
indicated bv the log bock lgp values may not have bteen real, and that actual
engine perforrance ray have been close to the bicck average. hile the
reconstruction would detect a flowrate contritution to an error in tag Igp,
it would not correct a thrust measurement ervor. (f this latter situation
were the case, a significant difference between predicted and reconstructed
crooulsion values would not be expected because the nozzle efficiency
coefficient used in both the propulsion reconstruction and the prediclicn
are derived from the same ground test data.

%o chance t0 the propulsion technizue for SA-S13 s recuired tecause the
actual velocity increment from the S-11-13, which is procrammed for an
enercy cutoff, is nrot affected and because the payload effect is ninimal

and the Skylad mission s not payload critical. Also the difference between
S-11-13 tags and the block average s only about half as large as that for
S-11-12.

Two LOX system neasurerents, engine No. 4 pump inlet temperature and
engine No. &4 punp discharge pressure, exhidited unusual characteristics
Cdurirg the later part of high DR cperation. Since both measurements
were within the same 2rgine, a3 detailed examiration was conducted to
cetermine f Uils regrizonied - erqgire rerfnrmance change, Tre examina-
tion concluded that no engire perfcrmance change was indicated by tte
flight data. For further discussion of these measurements refer to Tabie

15-3.
£.4 S-11 SHUTDOWN TRANSIENT PERFORMANCE

S-11 0E£C0 was initiates by the stage LOX cepletion cutoff system 25
planned,

Tre LOX cepletion cutoff system again included a 1.5 second delay timer,
As in previous flights (AS-504 and subsequent), this resulted in engine
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Tadle &-1. S-11 ingine Performance

prersrizetiens Mles.

thrust decay (coserved as a drop in thrust chamber pressure) prior 0
receipt of the cutoff signal.

The outdoard engine thrust decay performance was within the predicted
band, First indfcations of thrust cecay were noted C.75 second prior
to cutoff signal on engine 1. In order of engine position, thrust decay
began at 0.75, 0.50, 0.55, and 0.30 seconds prior to cutoff signal and
corresponding chamber pressure cecays were 180, 180, 130 and 120 psi.

At S-I1 OECO total thrust was down to 612,126 1bf, Stage thrust dropped
0 five percent of this level within 0.4 second. The stage cutoff
fmoulse through the five percent thrust ievel s estimated to be 121,100
]bf"o

6.5 S-il STAGE PPOPELLANT MANJGEMENT SYSTEM

Ground loading and flight performince of the S-11 stage propellant manage-
ment system were nominal and all parameters were within normal ranges.
The only exception was the LCX fine =ass measurement that exhibited 2
signal level reduction of one to two volts between -2.5 seconds and 15
seconds and then returned to normal for the remainder of the flight. This
condition Sas not been observed during previous flights. A review of the
LOX coarse mass and the Propellant Utilization (PU} eiror sigral verifies
that the PU cosputer LOX bridge servo did correspondingly move during this
time period eliminating the possidility of a2 telemetry problem. After 2
data review, this signal characteristic could not be explained by

tnown tank conditfioms. Laboratory simulations with either series of parallel

e-11

it ~aet
WD I I 19T ST 2L ‘4
Iy Y0 v Lo Fadeds ] pesipt e XTI u
Tormt, B¢ 1 Pe N =4 2 .531) o n
2 IR w2 B B i el
) ®,n m, 1. 40 3.8
mnmyon JJiave Yy
s T ms bo s I8 14 -y 38
Sonc179¢ Japotie, Wi/ 1 Qe @ 9.90
2 (S ¥ | e - 37
) Q1 [ 50 'Y . .S -y 0%
] @) 3.7 - .»
s Qe <es -
(ngtoe Flgrete, WMo/ L) s e 5.7 -2
2 sa8 01 %2 22 3
) o4 . s m 4.8 4.2
L] W47 sa L Y -_12
] “_ 51 w8 £3 -0
(ngtee ®tature fotte, LOIAS, 1 <.y $.40) S gt TR
> ¢ $.4% .99 Eal
) 3. - $.%% > B )
] S.7 .98 2.
] $.2 . -2
Ste: Perdomunce wiers of (I 41 wommes. Klers orv 1100 COREItiom ond @0 vt tociute effect of - - -«




R

PR Tl o S

resigtarce in tre leacdwire system between tre cCapacitarce crite ing tre
P corputer have cduplicated this prodlen,

7o crecluce possidle prodlems on future flights, an irspecticn o€ tre
leadwire system integrity »11] be conducted for S-11-13 and sutsequent
rericles, This measurement is ren-critical in flight and-masual-point .
serscr Saciup propellant loading cculd be used for grourd lcadirg srould this
croblem recur.

Tre Propellant Tanking Computer System {PTCS) and the stage propeliant
raragerent system properily controlled S-11 loading and repienistzent,
A1l S-II stage LCX anc Lr; liquid level point senscrs ard capac:tarce
orotes crerated without any prodbiems during the propellant: loading,
Zotn LOF and L[H2 overfil]l point sensor percent wet indicaticns were all
w1tnin re lcading redline at the -187 seccnd comit point.

Coen-lccp control of EVR curing flight was successfully accorplisnec .ihrough -

use cf tre engine %o position prneuratically operated Mixture Patio Control

Yalves (¥eCY)., At £S{, helfum pressure cdrove the valves 10 the engire

start position correspordine to the 4.8 E¥R, The high EMR (5.5) commang

was received at £SC +5.5 seconds as expected, providing a nominal high

¥R of 5.5 for tre first phase of the Programmed Mixture Ratio (PWYR). . _ . = _

The low E¥R stlep occurred at £SC +325.6 seconds, which is 1.5 seconds
eariier thar predicted. This time difference is most likely caused by
1U computational cycle arrors or the Saturn vehicle reaching the preset
step command velocity at an earlier time than planned. The average IMR
at the low step was 4.78 as compared to a predicted 4.20. This lower
than plarned DR {s well within the two sigma +0.06 mixture ratio
toierarce.

Outdoard Engine Cutoff (0ECO) was fnftiated by the LOX cepletion (O
sensors at ESC +296.07 seconds which is 0.02 seconds later than planned.
Liquid level poInt semsor cata were rot availavie w verifly Loat LIX -
pletion occurred but engine parameters such as thrust chamber oressure,
pump iniet tesperatures, pump speeds and pump flows all exhibited
characteristics similar to LOX depletion cutoff on previous flights.

Since liquid level data were not available, propellant residual mass

in tanks determination was done by other means. Based on predicted LOX
0ECO mass, predicted LH2 full load mass and flowmeter data, propellart
residual mass in tanks at OECO were 1401 1bm LOX and 2752 lbm LHp versus
1401 1tm LOX and 2858 lh-LH;wedicted. The open loop PU error at 0ECO
was -107 1bm LHy which is weil within the estimated three sigma dispersion

of 42500 1bm LH,.

Table 6-2 presents a comparison of propellant masses as measured by the
PU probes and engine flovmeters. The full load mass could not be
derived using point sensors (data not available) as a reference. The
predicted value for LHp is used as the best estimate. The LOX

full load mass #as derived from the engine flommeter integraticn and
0£CO resicdual values.

———
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Table 6-2. AS-512 Flig~t S-1I Propellant “:ss History

Py SYSTEM ENGINE FLOMETER
PREDICTED, L2 ANALYSIS INTEGRATION, LB
EYENT LSw (SEST ESTIMATE)
Lox LHy Lox 42 Lox LHy
Lifeoff 824,150 | 160,220 | 244,052 & 160,220 842,269 | 160,220
S-11 ESC 244,10 160,206 | 242,150 160,415 242,469 160,206
S-11 PU Yalve Step 107,556 25,061 | V:,229 28,367 |109,3%4 25,467
Cormand
2 Percent Point Sensor 1% .263 4268 i o e B [
S-11 0ECO 1401 2858 2502 2859 1401 2752
S-11 Residual After 1179 2744 | Data not | Data not| 1222 2676
Thrust Decay useadle useadle
Note: Tadle is tased on mass in tanks and sump only. Propeliant
trapped external to tanks and LOX sump is not included. PU
data are rot corrected for tank/probe misratch.
**point sensor discrete data not available due o Bermuda Ground Station
prodles.

6.6 S-11 PRESSURIZATION SYSTEM
6.6.1 S-11 Fuel Pressurization System

LHy tank ullage pressure, actual and predicted, is presented in Figure
6-8 for autoseguence, S-IC boost, and S-II boost. The LK, vent valves
were closed at -34.08 seconds and the ullage volume pressurized to 35.8
psia in 17.5 seconds. One make-up cycle was required at approximately
-43 seconds and the ullage pressure was increased from 34.8 psia to

35.8 psia. Ullage pressure at -19 seconds (launch commit) was 35.4 psia
wnicn is within the redline limits of 22.0 <o 28,0 psia. Ullage pres-
sure decayed to 35.1 psia at S-IC ESC at which time the pressure decay
rate increased .or about 20 seconds. (The increased decay rate was
attributed to an increase in cooling due to LH; surface agitation caused
by S-IC engine firing.) This decay is normal and seen on previous launches.

D i A Mot b e

During S-IC boost, the differential pressure across the vent valve, was

6-13 g
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Figure 6-8. S-11 Fuel Tank Ullage Pressure

within the allowable lTow-mode band of 27.5 to 29.5 psi. The LHy vent valve
Xo. 2 cycled open at 140.3 saccnds and closed at 141.1 seconds. Ullage pres-
sure at S-1I engine start was 29.1 psia exceeding the minimum engine start
requirement of 27 psia. The LH2 vent valves were switched to the high

vent mode (30.5 to 33.0 psia) prior to S-II engine start.

During S-II boost, the GH2 for pressurizing the LHp tank was controlled
by a flow control orifice in the LH tank pressurization line with
maximum tank pressure controlled by the LHp vent valves. Except for the
normal low pressure spike during start transient, the ullage pressure
throughout the S-11 Doost perioa was controlled by the Lip vent vaives
within the 30.5 to 33 psia allowable band. Lky vent valve 1 opened at
171.9 seconds and remained open until 174.2 seconds. Vent Yalve No. 2
cracked open five (5) times during the first 156 seconds of S-1I boost.
Yent valve discrete measurements are not available beyond 310.9 seconds
due to data acguisition problems. The LH2 ullage pressure was a maximum
of 0.3 psi higher than the predicted pressure.

Figure 6-3 shows LHp puo total inlet pressure, temperature, and Ket
Positive Suction Pressure (NPSP) for the J-2 engines. The parameters
were in close agreement with the predicted values throughout the S-II
flight period. NPSP remained above the minimum requirement throughout
the S-11 burn phase.
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6.6.2 S-11 LOX Pressurization System

LOX tark ullage pressure, actual and predicted, is presented in Figure

6-10 for autoseguence, S-IC boost, and S-II burn. After a 107 second

cold helium chilldown flow through the LOX tank, the chiildown flow was
terminated at -200 seconds. The vent valves were closed at -184 seconds
and the LOX tank was pressurized to the pressure switch setting of 38.5 =~
psia in 31.0 secords. No pressure make-up cycles were required. The

LOX tank ullage pressure increased to 40.0 psia because of common bulk-
head flexure during LHy tank prepressurization, Ullage pressure at -19
seconds (launch commit) was 4G.2 psia which is within the redline limits

of 26 to 43 psia. The LOX vent valves performed satisfactorily during all "

prelaunch operations.

*DATA N0T AVAILABLE BEYORD 310 SECOMDS WANGE TIME. TIMES SHOWN ASE TIMES FOR
FIRST OPEN INOICATION ATD FOR THE FIMAL CLOSED INOICATION AVAILABLE g SR S

3 1
i S Y N
A b
i D : 2
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REoLINE i NININ ENGINE
- | D staar ouireeT - "%
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] & Lox perwEsSRIZATION START 3
@
B &G s-1resc 3 g
- ¥ siam ——[tox T wiret vorime” | — 3
- W D®m SHIFT VALY T 5 3
3 %0, ] 0 123109 i
s & 1o | =1 Deea Do
—— — — sericTER
ACTuL -
16
-10
12 . o 9
-200 -100 0 100 200 300 400 500 $00 700 ~A

Figure 6-10. S-II LOX Tank Ullage Pressure
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The LOX vent valves remained closed during the S-IC boost mode and the

LOX tank ullage pressure prior to S-II engine start was 41.5 psia.

During the S-II boost mode, the LOX tank pressure varied from a maximum

of 42.0 psia at 182.0 seconds to a minimum of 39.0 psia at S-I1I OECC.
Similarly to AS-510 and AS-511 the GOX for pressurizing the LOX tank

was controlled by a flow control orifice in the LOX tank pressurization ---—- -
line with the LOX tank vent valves controlling excessive pressure buildup
within a pressure range setting of 39.” to 42.0 psia. The LOX vent

valve No. 2 first opened at 164.8 secoi'ds and reseated at 165.5 seccnas.

LOX vent valve No. 2 opened and reseated a total of five (5) times

between 164.8 seconds and 138.1 seconds. The LOX vent vaive Nec. 1 ST e
cracked open 18 times between 166.0 seconds and 310.9 seconds. Vent

valve position discrete indications are not available beyend 313.9

seconds due to data acquisition problems.

The LOX tank ullage pressure was controlled within ore psi of the pres-
sure predicted for S-II boost as shown in Figure 6-10, Comparisons of -
the LOX pump total inlet pressure, temperature and NPSP are presented
in Figure 6-11. Throughout S-II boost, the LOX pump NPSP was well above
the minimum requirement.

This was the second flight using the LOX tank pressure switch purge.
The purge system was incorporated to preclude a potential LOX/GCX incom-
patibility situation within the LOX pressure switch assembly. The purge
is connected to the heiium injection and accumulator fill helium supply
system. No-instrumentation is available to evaluate the purge system.
However, since both the helium injection and accumulator fill systems
operated successfully, it is concluded that the purge system also func-
tioned properly.

637 S-11 PNEUMATIC CONTROL PRESSURE SYSTEH

The pneumatic control system functioned satisfactorily throughout the
S-IC and S-TI boost periods. Bottle pressure was 2990 psia at -30
seconds and with normal valve activities during S-II burn, pressure
decayed to approximately 2590 psia after S-II JECO.

Regulator outlet pressure during flight remained at a constant 715 psia,
except for the expected momentary pressure drops when the recirculation
or prevalves were actuated closed just after engine start, at CECO,

and at QOECO.

6.8 S-11 HELIUM INJECTION SYSTEM

The performance of the helium injection system was satisfactory. The
supply bottle was pressurized to 2976 psia prior to liftoff and by S-II
ESC the pressure was 1663 psia. Helium injection average total flowrate
during supply bottle blowdown (-30 to 161.4 seconds) was 74 SCFM. During
the prelaunch countdown, the helium injection bottle decay test was
repeated to assure no adverse trends existed. The initial and final
decay tests were within predicted limits.
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6.9 PGGO SUPPRESSION SYSTEM

A center engine LOX feedline accumulator is installed on the S-II stage
as a POGO suppression device. Analysis indicates that there was no S-II
POGO.

The accumulator system consists of 1) a bleed system to maintain sub-
cooled LOX in the accumulator during S-IC boost and S-II engine start,
and 2) a fill system to fill the accumulator with helium subsequent to
engine start and maintain a2 heli:m filled accumulator through S-II CECGC. .

The accumulator bleed subsystem performance was satisfactory. Figure
6-12 shows the required accumulator temperature at engine start, the
predicted temperatures during prelaunch and S-IC boost, and the actual
temperatures experienced during AS-512 flight. The maximum allowabie
temoergture of -281.5°F at engine start was adequately met (-293.8°F
actual).

Accumulator fill was initiated 4.1 seconds after engine start. Figure
6-13 shows the accumulator LOX Tevel versus time during accumulator
fill. The fill time was 6.6 seconds, within the required 5 to 7 seconds.
The helium fill flow rate, during the fill transient, was 0.0055 lbm/s
and the accumulator pressure was 45.72 psia.

After the accumulator was fiiled with helium, it remained in that state
untii S-I1 CECO when the helium flow was terminated by closing the two
fill solencid valves.

The accumulator bottom temperature measurement indicated there was
liquid propellant splashing on the bottom temperature probe shortly
after the accumulator was filled with helium gas. This type of phenomena
wcs observed during the ground static firing test of the S-11-14 vehicle
and to a lesser degree during the flights of S-11-9, -10, and -11.

This splashing is not considered to be a problem. Figure 6-14 shows the
helium injection and accumulator fill supply pressure during accumulator
fill operation. As can be seen, the supply bottle pressure was within
the predicted band, indicating that the helium usage rates were as
predicted.

6.10 S-11 HYDRAULIC SYSTEM

S-11 hydraulic system performance was nominal with all pressures,
temperatures, and volumes within nominal predicted limits throughout
countdown and fiight., Actuator pesitions followed actuator commancs with
good accuracy 2nd showed norxal transient responses. The maximum engine
deflection was approxicsately 1.3 degrees in pitch on engines 3 and 4 in
response to separation and engine start transients. Actuator loads

were well within design limits. The maximum actuator load was approxi-
mately 6800 1bf for the pitch actuator of engine 1. This load also
occurred shortly after engine start.
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SECTION 7
S-1VB PROPULSION

T SUMMARY

The S-1VB propulsion system performed satisfactorily throughout the opera-
tional phase of first and second burns and had normal start and cutoff
transients.

S-IVB first burn time was 138.8 seconds, 3.7 seconds shorter than pre-
dicied for the actual flight azimuth of 91.5 degrees. This difrerence is
composed of -4.1 seconds due to the higher than expected S-I1I1/S-IVB
separation velocity and +0.4 second due to lTower than predicted S-IVB
performance. The engine performance during first burn, as determined
from standard altitude reconstruction analysis, deviated from the pre-
dicted Start Tank Discharge Valve (STDV) open +135-second time slice by
-0.68 percent for thrust and -0.14 percent for specific impulse. The
S-1VB stage first burn Enqgine Cutoff (ECO) was initiated by the Launch
Vehicle Digital Computer (LVDC) at 702.65 seconds.

The Continuous Vent System (CVS) adequately regulated LH2 tank ullage
oressure at an average level of 19.1 psia during orbit ard the Oxygen/
Hydrogen (02/H2) burner satisfactorily achieved LH2 and LOX tank repres-
surization for restart. Engine restart conditions were within specified
limits.

S-1VB seccind burn time was 351.0 seconds, 4.0 seconds longer than predicted
for the 21.5 degree flight azimuth. This difference is primarily due to
the Tower S-IVB performance and heavier vehicle mass during second burn.
The engine performance during second burn, as determined from the standard
altitude reconstruction analysis, deviated from the STDV open +172-second
cime slice by -0.77 percent for thrust and -0.1€ percent for specific
impulse, Secord burn ECO was initiated by the LVDC at 11,907.64 seconds,
(08:51:27.64).

Subsequent to second burn, the stage propellant tanks and helium spheres
were safed satisfactorily. Sufficient impulse was derived from LOX
dump, LH2 CVS operation and auxiliary propulsion system (APS) ullage
burn to achieve a successful Tunar impact. Two subsequent planned APS
hurns were used to improve lunar impact targeting.

The APS operation was nominal throughdut the flight. No helium or pro-
pellant leaks were observed and the regulators functioned nominally.

The hydraulic system performance was nominal throughout flight.



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

The thrust chamber temperature at launch was -177°F, which was below the
maximum allowable redline limit of -130°F. At S-IVB first burn Engine
Start Command (ESC), the temperature was -136°F, which was within the
reauirements of -189.6 +110°F.

The chilldown and loading of the engine GHp start tank and pneumatic con-
trol bottle prior to liftoff was satisfactory.

The engine centrol sphere pressure and temperature at liftoff were 3070
psia and -155.7°F. At first burn ESC the start tank conditions \ere

1310 psia and -i157.7°F, within the required region of 1325 +75 psia and
-170 +30°F for start. The discharge was completed and the refill initiated
at first burn ESC +3.8 seconds. The refill vas satisfactory with 1173 psia
and -223°F at cutoff.

The propellant recirculation systems operation, which was continuous
from before 1iftoff until just prior to first ESC, was satisfactory.
Start and run box requirements for both fuel and LOX were met, as shown
in Figure 7-1. At first ESC the LOX pump inlet temperature was -295°F
and the LHp pump inlet temperature was -421.5°F,

First burn fuel lead followed the expected pattern and resulted in
satisfactory conditions as indicated by the fuel injector temperature.

The first burn start transient was satisfactory, and the thrust buildup

was within the 1imits set by the engine manufacturer. Thrust data during
the start transient is presented in Figure 7-2. This buildup was similar

to the thrust buildups observed on previous flights. The Mixture Ratio
Control Valve (MRCV) was in the closed position (5.0 EMR) prior to first
start, and performance indicates it remained closed during the first burn.
The total impulse from STDV open to STDV open +2.5 seconds was 187,271 1bf-s.

T3 S-1VB MAINSTAGE PERFORMANCE FOR FIRST BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A comparison of predicted
and actual performance of thrust, specific impulse, total flowrate, and
Engine Mixture Ratio (EMR) versus time is shown in Figure 7-3. Table
7-1 shows the thrust, specific impulse, flowrates, and EMR deviations
from the predicted at the STDV open +135-second time slice at standard

altitude conditions.

Thrust, specific impulse, and EMR were slightly less than the nominal pre-
diction but well within the predicted bands. These deviations froq pre-
dicted are very minor considering the S-IVB-512 stage was net static
fired. Based on engine performance reconstruction the MRCYV setting was
within the requirement of 30.0 +1 degrees.
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Table 7-1. S-1VB Steady State Performance - First Burn
(STDV Open +135-Second Time Slice at Standard Altitude Conditions)

FLIAHT PERCENT
PARNMETER PREDICTED RECONSTRUCTINN DEVIATION DEVIATINN
= U Fpnr PPEDICTED
!
Thrust, 1bf 207,197 205,797 -1,400 | -0.63
Specific Impulse, 428.3 427.7 -0.6 -0.14
1bf-s/1bm
LOX Flowrate, 403.40 401.26 -2.14 -0.53
1bm/s
Fuel Flowrate, 80.37 79.96 -0.41 -0.51
1bm/s
Engine Mixture 5.019 5.018 -.001 -0.02
Ratio, LOX/Fuel

The first burn time was 133.8 seconds, terminated by a guidance velocity
cutoff command, which was 3.7 seconds less than predicted for the actual
flight azimuth of 91.5 degrees. This difference is composed of 4.1
seconds less due to the higher than expected S-I1I/S-IVB separation
velocity and 0.4 second longer due to lower S-IVB performance. Total
impulse from STDV open +2.5-seconds to ECO was 28.23 x 106 1bf-s which
was 874,949 1bf-s less than predicted.

The engine helium control system performed satisfactorily during main-
stage operation. An estimated 0.30 1bm of helium was consumed during
first burn.

7.4 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN

S-IVB first ECO was initiated at 702.65 seconds and the ECO transient
was satisfactory. The total cutoff impulse to zero thrust was 46,401
1bf-s which was 1237 1bf-s lower than the nominal _predicted value of
47,638 1bf-s and within the +4100 1bf-s predicted band. Cutoff occurred
with the MRCYV in the 5.0 EMR position. Thrust data during the cutoff
transient is presented in Figure 7-4.

The J-2 engine bleed vaives normally open within seven seconds from
Engine Cutoff Command (ECC) based on previous flight experience.
However, the engine helium control package was modified for this flight
to allow the purge valve to open and close at a higher pressure. This
results in a longer time to adequately reduce the accumulator pressure
to allow the bleed valves to open.
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Consequently, the bleed valves' opening time from ECC was increased from
approximately 7 to 14 seconds.

5 S-IVB PARKING ORBIT COAST PHASE CONDITIONING

i

The LHp CVS performed satisfactorily, maintaining the fuel tank ullage
pressure at an average level of 19.1 psia.

18 to 21 psia band of the inflight specification.

This was vell within the

The continuous vent regulator was activated at 761.8 seconds and was

terminated at 11,020.8 seconds (03:03:40.8).

shown in Figure 7-5.
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The CVS regulator began cvcling at 900 seconds, about 3C minutes earlier
than on previcus flights. The extended hold during launch <ountdown

and the atmospheric conditions provided low initial LH2 tank and pro-
pellant temperatures, which resulted in low boiloff and permitted regulator
cycling early in the orbital coast period.

Calculations based on estimated temperatures indicate that the mass
vented from the fuel tank during parking orbit was 2195 1bm and that the
boiloff mass was 2405 1bm, compared to predicted values of 2330 Tbm

and 2540 1bm, respectively.

LOX boiloff during the parking orbit coast phase was approximately 10 1bm.

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

Repressurization of the LOX and LH2 tanks was satisfactorily accomplished
by the 02/H2 burner. Burner "ON" command vas initiated at 11,020.6
seconds %3:03:40.6). The LH2 repressurization control valves were
opened at burner "ON" +6.1 seconds, and the fuel tank was repressurized
from 19.1 o 30.5 psia in 191 seconds. There were 26.2 1bm of cold
helium used to repressurize the LHp tank. The LOX repressurization
control valves were opened at burner "ON" +6.3 seconds, and the LOX tank
was repressurized from 36.5 to 40.1 psia in 130 seconds. There were 3.7
1bm of cold helium used to repressurize the LOX tank. LH2 and LOX
ullage pressures are shown in Figure 7-6. The burner continued to
operate for a total of 459 seconds providing nominal propellant settling
forces. The performance of the AS-512 02/H2 burner was satisfactory as
shown in Figure 7-7.

The S-IVB LOX recircuiation system satisfactorily provided conditioned
oxidizer to the J-2 engine for restart. Fuel recirculation system per-
formance was adequate and conditions at the pump inlet conditions were
satisfactory at second STDV open. The LOX and fuel pump inlet condi-
tions are plotted in the start and run boxes in Figure 7-8. At second
ESC, the LOX and fuel pump inlet temperatures were -294.4 and -418.5°F,
respectively.

Second burn fuel lead generally followed the predicted pattern and
resulted in satisfactory conditions, as indicated by the fuel injector
temperature. Since J-2 start system performance was nominal during
coast and restart, no helium recharge was required from the LOX ambient
repressurization system (bottle No. 2). The start tank performed
satisfactorily during second burn blowdown and recharge sequence. The
engine stai't tank was recharged properly and it maintained sufficient
pressure during coast. The engine control sphere first burr gas usage
was as predicted; the ambient helium spheres recharged the control
sphere to a nominal level for restart.

The second burn start transient was satisfactory. The thrust buildup was
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within the limits set by the engine manufacturer and was similar to the
thrust buildups observed on previous flights. The MRCY was in the proper
full open (4.5 EMR) position prior to the secord start. The total impulse
from STDV open to STDV open +2.5 seconds was 182,502 1bf-s.

T S-IVB MAINSTAGE PERFORMANCE FOR SECOND BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A commarison of predicted
and actual performance of thrust, specific impulse, total flowrate, and
EMR versus time is shown in Figure 7-9. Table 7-2 shows the thrust,
specific impulse, flowrates, and EMR deviations from the predicted at
the STDV open +172-second time slice at standard altitude conditions.
This time slice performance is the standard altitude perfocrmance which
is comparable to the first burn slice at STDV open +135 seconds.

Thrust, specific impulse, and EMR were well within the predicted bands.
The thrust and propellant flowrates were slightly lower than predicted.

The second burn time was 351.0 seconds which was 4.0 seconds longer than
predicted. This difference is primarily due to the siightly lower S-IVB
performance and heavier second burn vehicle mass. The total impulse
from STDV open +2.5 seconds to ECO was 69.59 x 106 1bf-s which was
466,296 1bf-s more than predicted.

The engire helium control system performed satisfactorily during mainstage
operation. An estimated 1.1 1bm of helium was consumed during second
burn.

7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN

S-1VB second ECO was initiated at 11,907.64 seconds. The ECO transient
was satisfactory. The total cutoff impulse to zero thrust was 46,260
1bf-s which was 2123 1bf-s lower than the nominal predicted value of
48,383 1bf-s and within the +4100 1bf-s predicted band. Cutoff occurred
with the MRCV in the 5.0 EMR position.

7.9 S-IVB STAGE PROPELLANT MANAGEMENT

A comparison of propellant masses at critical flight events, as deter-
mined by various analyses, is presented in Table 7-3. The best estimate
full load propellant masses were 0.027 percent greater for LOX and 0.005
percent greater for LHp than credicted. This deviation was well within
the required loading accuracy.

Extrapolation of best estimate residuals data to depletion, using the
propellant flowrates, indicated that a LOX depletion would have occurred
approximatel’ 9.22 seconds after the second burn velocity cutoff.
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Table 7-2.

S-1VB Steady State Performance - Second Burn
(STDV Open +172-Second Time Siice at Standard Altitude Conditions)

FLIGHT PERCENT
PARAMETER PREDICTED RECONSTRUCTION DEVIATION DEVIATION
"7 | FROM PREDICTED
Thrust, 1bf 207,197 205,608 -1,589 -0.77
Specific Impulse, 425.3 427 .6 -0.7 -0.16
1bf-s/1bm
LOX Flowrate, 403.40 400.95 -2.45 -0.61
1bm/s
Fuel Flowrate, 80.37 79591 -.46 -0.57
Tbm/s
Engine Mixture 5.019 5.018 -.001 -0.02
Ratio, LOX/Fuel
Table 7-3. S-IVB Stage Propellant Mass History
?u
INDICATED r FLOW BEST
it wirs|  PREDICTED (CORRECTED) |  VOLUMETRIC INTEGRAL ESTIMATE
LOX LHp LOX Ly | Lox LH, x| LOX L,
S-IC Liftoff Tom 195,584 | 43,750 | 195,421 | 43,724 | 195,421 | 43,944 | 195,495 | 43,600 | 195,636 | 43,752
First S-1VB ESC Tom 195,574 | 43,749 | 195,421 | 43,724 | 195,421 | 43,944 | 195,495 | 43,600 | 195,636 | 43,750
Firs. S-1VB Cutoff | Tbm 138,265 | 32,297 | 140,141 | 32,536 | 140,141 | 32,700 | 139,840 | 32,536 | 140,017 | 32,675
Second S-1VB ESC Tom 138,142 | 29,774 | 139,985 | 30,040 | 139,985 ! 30,163 | 139,684 | 30,040 | 139,879 | 30,075
e i Ttm wee | 2007 | a3e2| 2200 wasz | 25| sae9| 2226 | s2e9 | 2224

The masses shown do not include mass below the main engine valves, as presented in Section 16.

7-14
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During first burn, the pneumatically controlled two position Mixture
Ratio Control Valve (MRCV) was positioned at the closed position for
start and remained there, as programmed, for the duration of the burn.

The MRCV was commanded to the 4.5 EMR position 119.9 seconds prior to
second ESC. The MRCV, however, did not actually move until it received
engine pneumatic power.

At second ESC +100.0 seconds, the MRCV was commanded to the closed
position (approximately 5.0 EMR) and remained there throughout the
remainder of the flight.

7.10 S-IVB PRESSURIZATION SYSTEM
7.10.1 S-IVB Fuel Pressurization System

Performance of the LHp pressurization system was satisfactory during
prepressurization, boost, first burn, coast phase, and second burn.

The LH, tank prepressurization command was received at -96.3 seconds and
"“the tank pressurized signal was received 11.1 seconds later. Following
the termination of prepressurization, the ullage pressure reached
relief conditions (approximately 31.5 psia) and remained at that level
until Tliftoff, as shown in Figure 7-10. A small ullage collapse occurred
during the first 10 seconds of boost. The ullage pressure returned to
the relief level by 130 seconds due to self pressurization. A similar
ullage collapse occurred at S-iC/S-II separation. The ullage pressure
returned to the relief level 35 seconds later. Ullage collapse during
boost has been experienced on previous flights and is considered

normal.

During first burn, the average pressurization flowrate was approximately
0.67 1bm/s, providing a total flow of 92.2 1bm. Throughout the burn, the
ullage pressure was at the relief level, as predicted.

The LH2 tank was satisfactorily repressurized for restart by the 02/Hp
burner. The LH2 ullage pressure was 30.6 psia at second burn ESC, as
shown in Figure 7-10. The average second burn pressurization flowrate
was 0.69 1bm/s until step pressurization, when it increased to 1.34
1bm/s. This provided a total flow of 288.2 1bm during second burn. Due
to Tower than expected ullage collapse, the ullage pressure was slightly
above the predicted value, but well within acceptable limits, during the
initial portion of second burn. The increase in pressurization flowrate
resulting from the EMR change increased the ullage pressure to relief
pressure (31.7 psia) at second ESC +195 seconds. The initiation of step
pressurization at second ESC +280 seconds increased the relief level to
32.4 psia.

The LH2 pump inlet Net Positive Suction Pressure (NPSP) was calculated from

the pump interface temperature and total pressure. These values indicated
that the NPSP at first burn ESC was 15.5 psi. At the minimum point, the

s
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Figure 7-10. S-IVB LH2 Ullage Pressure - First Burn, Parking Orbit
and Second Burn

NPSP had satisfactory agreement with the predicted values. The NPSP at
second burn STDV open was 7.0 psi, which was 2.5 psi above the minimum
required value. Figures 7-11 and 7-12 summarize the fuel pump inlet
conditions for first and secona burns.

7.10.2 S-IVB LOX Pressurization System

LOX tank prepressurization was initiated at -167 seconds and increased
the LOX tank ullage pressure from ambient to 40.1 psia in 14.9 seconds,
as shown in Figure 7-13. Three makeup cycles were required to maintain
the LOX tank ullage pressure before the ullage temperature stabilized.
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Figure 7-13. S-IVB LOX Tank Ullage Pressure - First
Burn, Earth Parking Orbit, and Second Burn

At -96 seconds, fuel tank pressurization caused the LOX tank pressure

to increase from 39.7 to 42.2 psia and unseat the tank pressure relief
valve (NPV). The valve reseated at 40.6 psia and the ullage pressure

then increased to 41.2 psia at liftoff.

During boost there was a nominal rate of ullage pressure decay caused by
tank volume increase (acceleration effect) and ullage temperature decrease.
No makeup cycles can occur because of an inhibit until after Timebase

4 (T4). LOX tank ullage pressure was 36.3 psia just prior to ESC and was
increasing at ESC due to a makeup cycle.

During first burn, six over-control cycles were initiated, including the
programmed over-control cycle initiated prior to ESC. The LOX tank
pressurization flowrate variation was 0.24 to 0.29 1bm/s during under-
control and 0.33 to 0.41 1bm/s during over-control system operation. This



variation is normal and is caused by temperature effects. Heat exchanger
performance during first burn was satisfactory.

The LOX NPSP calculated at the interface was 21.7 psi at the first burn
ESC. This was 8.9 psi above the NPSP minimum requirement for start.
The LOX pump static interface pressure during first burn follows the
cyclic trends of the LOX tank ullage pressure.

"~ During orbital coast, the LOX tank ullage pressure experienced a decay
similar to that experierced in the AS-511 flight. This decay was within

the predicted band, and was not a problem.

The vehicle pitch maneuver at insertion resulted in minimal LOX slosh-
ing and no tank venting. Mass addition to the ullage from LOX evapora-
" tion was minimal and the ullage pressure stayed below the relief range.

Repressurization of the LOX tank prior to second burn was required and was
satisfactorily accomplished by the 02/H? burner. The tank ullage pressure
was 39.9 psia at second ESC and satisfied the engine start requirements.

Pressurization system performance during second burn was satisfactory.
There was one over-control cycle, which was nominal. Helium flowrate
varied between 0.33 and 0.41 1bm/s. Heat exchanger performance was
satisfactory.

The LOX NPSP calculated at the enaine interface was 22.5 psi at second
burn ESC. This was 10.7 psi aoove the minimum required NPSP for second
engine start. At all times during second burn, NPSP was above the
required level. Figures 7-14 and 7-15 summarize the LOX pump conditions
for first burn and second burn, respectively. The LOX pump run require-
ments for first and second burns were satisfactorily met.

The cold helium supply was adequate to meet all flight requirements. At
first burn ESC, the cold helium spheres contained 382 1bm of helium.

At the end of second burn, the helium mass had decreased to 165 1bm.
Figure 7-16 shows helium supply pressure history.

ol S-IVB PNEUMATIC CONTROL PRESSURE SYSTEM

The stage pneumatic system performed satisfactorily during all phases
of the mission. The pneumatic sphere pressure was 2390 psia at
initiation of safing.

7.12 S-1VB AUXILIARY PROPULSION SYSTEM

The APS demonstrated close to nominal performance throughout flight and
met cor.trol system demands as required out to the time of flight control
computer shutoff at approximateiy 41,532 seconds (11:32:13).

The oxidizer and fuel supply systems performed as expected during the
flight. The propellant temperatures measured in the propellant control
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modules 'ranged from 60 to 107°F. The APS propellant usage was nominal.
._...1able 7-4 presents the APS propellant usage during specific portions
of the missior.

Table 7-4. S-IVB APS Propellant Consumption

I~ OXTDIZER FUEL DXTDTZER FUEL
ew | percent | Lsw | peRCENT e | PEPCENT | LBw | pEpcENT

Initial Load 202.8 126.1 203.6 126.1

First 8um (Roll Control) 0.5 0.2 0.3 2 0.5 0.2 0.3 0.2
1 ECO to End of First APS Ullaging 14.6 7.2 1.3 9.0 12.5 6.1 10.0 7.9

(86.7 sec time period)

End of First Ullage Bum to 1n.2 5.5 1.0 5.6 5.8 2.9 3.6 2.9

Start of Second Ullage Bum

Second Ullage Bum 12.5 6.1 9.5 7.5 12.% 6.1 9.4 1.5

(76.7 sec Duration)

‘Second Bum (Roll Contrd?) - 3 0.3 0.1 0.2 S ‘0.2 0.1 0.2 2

ECD to Start of First Lumar 28.0 13.7 18.8 | 149 %.5 17.9 25.1 19.9

Impact Bum at 22,200 sec.

First Lunar Impact Ullage (APS-1) 15.0 7.4 1.6 9.2 15.5 7.6 12.0 9.5

Bum (98 sec Duration)

From End of First Lunar Impact 7.0 3.4 o4 3.5 7.0 3.4 4.8 3.8

Surn to Start of Second Lunir

Impact Burn at 40,500 sec.

From Start of Second Lunar 15.2 7.5 12.0 9.5 16.0 7.8 12.2 9.7

Impact (APS-2) Burn to FCC Cutoff

(approximataly 41,533 sec)

Total Propellant Usage 104.3 511 s | 59.6 106.6 52.1 7.6 61.6

SOTE: The APS propellant consumption presented in this table calculated

from helium bottle pressure and temperature measuresents.

Both regulators functioned nominally during the mission. The module No. 1
regulator outlet pressure increased from 194 psia to 206 psia as the helium
bottle temperature decreased from 80°F to -40°F. The module No. 2 regu-
lator outiet pressure decreased from 194 psia to 186.5 psia as the helium
bottle temperature increased from 85°F to 166°F. This thermal effect on the
regulator outlet pressure is normal and has been observed on previous
flights. The APS ullage pressures in the propellant tanks ranged from

182 psia to 200 psia.

The performance of the attitude control thrusters and the ullage thrusters
was satisfactory throughout the mission. The thruster chamber pressures
ranged from 95 to 101 psia. The ullage thrusters successfully completed
the three sequenced burns of 86.7, 76.7, and 80.0 seconds; and the two
round commanded lunar impact burns of 98 seconds at 22,200 seconds
%6:10:00) and 102 seconds at 40,500 seconds (11:15:00). The Passive
Thermal Control (PTC) Maneuver was successfully completed prior to flight
controt-computer shutoff.



The Tongest attitude control engine firing recorded during the mission
was 0.890 seconds on the module No. 2 pitch engine at 12,810 seconds
"7 77 7during the Transportation Docking and Ejec:ion (TD&E) maneuver.

The average specific impulse of the attitude control thrusters was approxi-
mately 220 1bf-s/1bm for both modules.

‘The sealing and transducer mounting block changes incorporated in the
AS-512 APS modules to prevent helium leakage such as occurred during the
AS-511 mission were apparently successful. Mo Teakage occurred during
the AS-512 mission.

7.13  S-IVB ORBITAL SAFING OPERATIONS

The S-IVB high pressure systems were safed following J-2 engine second ECO.
The thrust developed during the LOX dump was utilized to provide a velocity
change for S-IVB lunar impact. The manner and sequence in which the

safing was performed is presented in Figure 7-17, and in the following
‘paragraphs.” .~ 77 C

T3k Fuel Tank Safing

The LH» tank was satisfactorily safed by utilizing both the Nonpropulsive
Vent (ﬁPV) and the CVS, as indicated in Figure 7-17. The LHp tank ullage
pressure during safing is shown in Figure 7-18. At second ECO, the LH2
tank ullage pressure was 32.4 psia; after three vent cycles, this

decayed to zero at approximately 25,000 seconds (06:56:40). The mass of
vented GH2 agrees with the 2224 1bm of residual liquid and approximately
610 T1bm of GH2 in the tank at the end of powered flight.

Tald 2 LOX Tank Dumping and Safing

LOX dump performance in thrust, LOX flowrate, oxidizer mass, and LOX
ullage pressure is shown in Figure 7-19.

At 22 seconds into the programmed LOX tank vent following second burn
cutoff, vent system pressures and temperatures indicated momentary
(1ess than 4 seconds) liquid venting. The amount of liquid vented 1is
estimated at less than 20 pounds.

Probable cause was a combination of a later engine LOX bleed valve open-
ing than on previous flights and a vehicle pitch rate correction at J-2
engine cutoff. The engine helium control package was modified, effective
cn AS-532, in response to a problem on the previous flight irn which a
S-11 stage J-2 engine He purge valve failed to completely close for 10
seconds. This modification consisted of a change to the J-Z engine

LOX Dome/Gas Generator Purge System to incorporate a Purge Controi Valve
with readjusted operating pressures, a redundant Purge Check Valve and
Purge Control Valve Vent Line Orifice. These changes resulted in delaying
the bleed valve opening from 7 to 14 seconds after engine cutoff command
(reference paragraph 7.4). After second burn shutdown and prevalve/
chilldown shutoff valve closure, the LOX pump inlet pressure increased to
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a greater value than that seen on past flights due to the delayed bleed
valve opening-and consequent added heat transfer. At the same time

LOX tank venting had reduced the LOX tank pressure. These two factors
produce a greater pressure differential between the bieed valve inlet
and the tank at the time of bleed valve opening than was seen on
previous flights. This increased pressure differential would cause the
bleed valve return flow velocity. to be greater than normal. The pro-
bable sequence of events that led to liguid venting would be: slosh
activity following cutoff and pitch attitude corrections momentarily
submerged the LOX chilldown return line diffuser during the higher than
normal return flow through this line from the bleed valve; the higher
velocity flow into the small amount of remaining liguid dispersed LOX
in the tank in such-a-manner that liquid was ingested into the non-
propulsive vent system.

This LOX venting is not significant for an Apollo mission. However, it
is of concern for a Skylab mission because of the need to conserve
residuals for deorbiting.the S-IVB/IU. In order to eliminate similar
liquid venting on Skylab missions a procedural change to delay closing
the chilldown valve has been incorporated.

Following vent completion, the ullage pressure rose gradually, due to
self-pressurization, to 23.5 psia by the time of initiation of the
transposition, docking, and ejection (TD&E) raneuver.

The LOX dump was initiated at 19,460.2 seconds (05:24:20.2) and was
satisfactorily accomplished. A steady liquid flow c¥ 368 apm was reached
in 13.3 seconds. The LOX residual at thz start of dump was 3928 1bm.
Calculaticas indicate that 2564 1bm was dumped. During dump, the ullage
pressure decreased from 25.1 to 24.4 psia. A steady state LOX dump
thrust of 720 1bf was attained. There was no ullac: gas ingestion, anrd
LOX dump ended at 19,507.92 seconds (05:25:01.9) as scheduled, by clos-
ing the Main Oxidizer Valve (MOV). The total impulse before MOV closure
was 33,650 ibf-s, resulting in a calculated velczity change of 29.3
ft/sec.

At LOX dump termination +242 seconds, the LOX NPV valve was opened and
latched. The LOX tank ullage pressure decayed from 24.4 psia at 19,750
seconds (05:29:10) to near zero pressu:e at approximately 23,000 seconds
(06:40:00) as shown in Figure 7-20. Sufficient impulse was derived frcm
the LOX dump, LHy CVS operation, and APS ullage burn to achieve lunar
impact. For further uiscussion of the lunar impact, refer to Section 17.

7o 3.3 Cold Helium Dump

A total of approximately 159 1bm of cold helium from the bottles sut-
merged in the LH2 tank was dumped through the cold He dump module during
the three programmed dumps which occurred as shown in Figure 7-17.
7.13.4 Ambient Helium Dump

The two LOX ambient repressurization spheres were dumped through the LOX
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Figure 7-20. S-IVB LOX Tank Ullage Pressure - Translunar Coast

ambient repressurization control module into the LCX tank NPV system for
40 seconds beginning at 11,932 seconds (03:18:58). During this dump,
the pressure decayed from 2900 psia to approximately 120C psia.

A modification to the stage ambient He system, effective with AS-512,
provided an interconnect through a normally closed valve to the APS He
bottles. This interconnect provides an APS recharge capability in

the event that He losses, simila- to those seen on AS-511, occur. In
order to retain the recharge capability through the initiation of the
first APS lunar impact burn (APS-1), the AS-512 LH2 ambient repressuri-
zation sphere dump time was reduced to 15 seconds as opposed to the
AS-511 dump time of 1070 seccnds. The 15-second dump began at 21,196
seconds (05:53:16) and approximately 6.3 1bm of He was dumped via the
fuel tank and the non-propulsive vernti.

11345 Stage Pneumatic Control Sphare Safing

The stage pneumatic control sphere and the LOX repressurization spheres
were safed by initiating the J-2 engine pump purge for a one-hour period.
This activity began at 18,180 seconds (05:03:00) and satisfactorily
reduced the pressure in the spheres f=om 2390 to 1300 psia.



74 R Engine Start Tank Safing

The engine start tank was safed during a period of approximately 150
seconds beginning at 15,509 seconds (04:18:29). Safing was accomplished
by opening the start tank vent valve. Pressure was decreased from

1300 to 2C psia with approximately 2.78 1tm of iiydrogen being vented.

0 0 ¢ Engine Control Sphere Safing

The engine control sphere He dump was reduced to 16 sec on AS-512 as
opposed to 1C0C seccnds on AS-511 to retain an APS He recharge capability
as discussed in 7.73.4,

The safing of the engine control sphere began at 21,216.4 (05:£3:36.4)
by energizing the helium control solenoid to vent helium through the
engine purge system. "The helium control sphere vented until 21,232.4
seconds (05:53:52.4) with the initial pressure of 2970 psia reduced to
1340 psia at vent termination.

7.14 S-I1VB HYDRAULIC SYSTEM
7.14.1 Boost and'First Burn

The S-IVB Hydraulic System performed within the predicted Timits after
liftoff with no overboard venting of system fluid as a result of hydraulic
fluid expansion. Prior to start of propellant loading, the accumulator was
precharged to 2440 psia at 85°F. Reservoir oil level (auxiliary pump off)
was 82 percent at 65°F at 20 minutes prior to launch.

During S-IC/S-1I boost, all system fluid temperatures rose steadily
when the auxiliary pump was operating and convection cooling was
decreasing. The suppiy pressure during the S-IVB first burn was 3570
psia which was within the allowable limits of 3515 to 3665 psia.

The engine driven hydraulic pump operated properly as indicated by the
current drop at engine start. Due to the close pressure settings of the
pumps and the minimum demand by the system, the auxiliary pump provided
the system internal fluid leakage rate of 0.63 gal/min (0.4 to 0.8 gpm
allowable) for the burn. This is characterized by the pump motor current
draw of 42 amperes.

7.14.2 Parking Orbit and Second Burn

The auxiliary hydraulic pump was programmed to flight mode "ON" at

11,198 seconds for engine restart preparations. System pressure stabilized
at 3530 psia. At engine start, system pressure increased to 3580

psia and remained steady for approximately 140 seconds. The engine

driven pump furnished most of the leakage flow during this period as
evident by a current draw from Aft Battery No. 2 of 22 amperes. Follow-
ing the first 140 seconds, the auxiliary hydraulic pump b2gan sharing a
portion of the leakage flow as indicated by an increase in current to

7-28

T L



29 amps and a slight decrease in system pressure. Later, during the
burn, the engine driven pump again furnished the leakage flow require-
ments for approximately 30 se-onds followed by the auxiliary pump fur-
nishing most of -the leakage flow as evident by shifts in Aft Battery
No. 2 current. System temperatures were normal during the burn. Pump
inlet oil temperature responded to the changes in Aft Battery No. 2
current as the pressure and flow output varied between the two pumps.

The most-probable cause for- the interaction between the two pumps is the
close pressure settings between the two pumps and frictional hysteresis
in the engine drive pump flow-regulating mechanism. The operation of

the hydraulic system during the first and second burns was nominal and
the interaction between the two pumps is within the design specification
of the system. It should be noted that this interaction between the

two pumps does not indicate-an impending malfunction and does not degrade
the reliability of the engine driven pump or auxiliary hydraulic pump.
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SECTION 8
Ao e -~ - STRUCTURES

8.1 SUMMARY

The structural loads experienced during the S-IC boost phase were well
below design values. The maximum bending moment was 96 x 106 1bf-in at
the S-IC LOX tank (less than 36 percent of the design value). Thrust
cutoff transients experienced by AS-512 were similar to those of previous
flights. The maximum longitudinal dynamic respcnses at the Instrument
Unit (IU) were +0.20 g and +0.27 g at S-IC Center Engine Cutoff

and Outboard Engine Cutoff {0ECO), respectively. The magnitudes of the
thrust cutoff responses are considered normal.

During S-IC stage boost, four to five hertz oscillations were detected
beginning at approximately 100 seconds. The maximum amplitude measured
at the IU was +0.06 g. - Oscillatiens in-the-four to five hertz range
have been observed on previous flights and are considered to be normal
vehicle responze to flight environment. POGO did not occur during S-IC
boost.

The S~II stage center engine LOX feedline accumulator successfully
inhibited the 16 hertz POGO oscillations. A peak response of +0.4 g

in the 14 to 20 hertz frequency range was measured on engine No. 5 gimbal
pad during steady-state engine operatior. As on previous flights, Tow
amplitude 11 hertz oscillations were experienced near the end of S-II
burn. Peak engine No. 1 gimbal pad response was +0.06 g. POGO did not
occur during S-II boost. The POGO limiting backup cutoff system per-
formed satisfactorily during the prelaunch and flight operations. The
system did not produce any ciscrete outputs and should not have since
there was no POGO.

The structural loads experienced during the S-IVB stage turns were well
below design values. During first burn the S-1VB experienced low ampli-
tude, +0.14 g, 16 to 20 hertz oscillations. The amplitudes measured

on the gimbal block were comparable to previous flights and within the
expected range of values. Similarly, S-IVB second burn produced inter-
mittent Tov. amplitude oscillations of +0.10 g in the 11 to 16 hertz
frequency range which peaked near second burn cutoff.

8.2 TOTAL VEHICLE STRUCTURES EVALUATION
8.2.1 Longitudinal Loads
The structural loads experienced during boost were well below design

values. The AS-512 vehicle liftoff steady-state acceleration of 1.21 g
was slightly higher than predicted (1.19 g), resulting in slightly h1gher
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longitudinal loads but no associated problems. Maximum longitudinal
dynamic response measured during thrust buildup and release was #+0.21 g
in the IU and +0.40 g at the Command Module (CM), Figure 8-1. Comparable
values have been seen on previous flights.
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Figure 8-1. AS-512 Longitudinal Acceleration at IU and CM During
Thrust Build-up-and Launch

The F-1 engine thrust buildup rates were normal. The ignition sequence
was 2-1-1-1 with engines 3 and 4 igniting early relative to the center
engine. While the desired 1-2-2 start sequence was not achieved, the

time deltas between pairs of diametrically opposed engines were within the
30 dispersion used in preflight loads analyses (229 ms). The desired
start sequence apparently cannot be expected with high confidence, but

the structural loads on the SA-513 vehicle have been analyvzed using start
sequence stagger times both less and significantly larger than experi-
enced on AS-512 with no problems arising. Thus the AS-512 ignition
sequence has been established as not detrimental to SA-513.

The longitudinal loads experienced at the time of maximum bending moment
(79 seconds) were as expected and are shown in Figure 8-2. The steady-
state longitudinal acceleration was 2.02 g.

Figure 8-2 also shows that the maximum Tongitudinal loads imposed on the
S-1C stage thrust structure, fuel tank, and intertank area occurred at
S-IC CECO (139.3 seconds) at a longitudinal acceleration of 3.79 g.

The maximum longitudinal loads imposed on all vehicle structure above
the S-IC intertank area occurred at S-IC OECO (161.2 seconds) at an
acceleration of 3.87 g.

Combined compression and tension loads were computed for the maximum
bending moment, CECO and OECO conditions, using the loads shown in
Figures 8-2 and 8-3 and measured ullage pressures. Those loads
which produced minimum safely margins are plotted versus vehicle sta-
tion along with the associated capabilities in Figure 8-4. The
minimum ratio of capability to load is at Station 1541 for the OECO
condition.
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Figure 8-2. Longitudinal Load Distribution at Time of Maximum Bending
Moment, CECO and OECO

8.2.2 Bending Moments

The peak vehicle bending moment occurred during the maximum dynamic
pressure phase of boost at 79 seconds, Figure 8-3. The maximum bending
moment of 96 x 106 1bf-in at vehicle station 1156 was less than 36
percent of design value.

8,243 Vehicle Dynamic Characteristics
8.2.3.1 Longitudinal Dynamic Characteristics

During S-IC stage boost, the significant vehicle response was the

expected four to five hertz first longitudinal mode response. The low ampli-
tude oscillations began at approximatel: 100 seconds and continued

until S-IC CECO. The peak amplitude measured in the IU was +0.06 g,

the same as seen on AS-510 and AS-511. The AS-512 IU response during

the oscillatory period is compared with previous flight data in Figure

8-5. Spectral analysis of engine chamber pressure measurements shows

no detectablie buildup of structural/propulsion coupled oscillations.

PORO did not occur durina S-IC boost.

8-3



VEHICLE STATION, 1n

3000 2000 1000 0
VEHICLE STATION, =
%0 80 70 50 50 10 20 20 10 0
T T i il T T T T 8 il T
MR s i .01
el ~—— BENDING MOMENT DESIGN LOADS 2
——— A5-512 LOADS
30 ‘ . P pmemes | ?
2504 FLIGHT TIME = 79.0 sz:.‘ : P N ' -.010
ANGLE OF ATTACK = 4.5 DEG. i 2 \\ !

EFFECTIVE | et ] \ |

54—  GIMBAL ANGLE = Ds::s

& ¥ NORMAL LOAD FACTOR -3
200 4 g 1 4
-
- 20 o
z = g
E 150 1 § ;
% g 15 z
2 s 2
- 100 -
- y =
¥ 10
!
S
s
z
=

AP T By

Figure 8-3. Bending Moment and Load Factor Distribution at Time
of Maximum Bending Moment

Engine 2 outboard fuel suction duct 1 pressure data (D146-115) showed 2
high amplitude (8 psi peak) 11 Hz oscillation throughout most of the
S-IC stage burn. The 11 Hz frequency content was also found in the
related fuel suction inlet pressure measurement D4-102 where it appears
as an aliased 1 Hz frequency of similar amplitude.

This 11 Hz oscillation has been observed on previous flights for various
time periods and comparable amplitudes. In particular, the fuel inlets
on Engine 5 on AS-501 (D146-115 and D149-115) exhibited a 12.5 Hz,

8 psi peak amplitude oscillation throughout flight.

This observed oscillation is a combined pump-propellant feed line pres-
sure oscillation that occurs under certain Net Positive Suction Pressure
(NPSP) conditions which were met for Engine 2 for most of the AS-512 S-IC
burn time. This is not a PCGO phenomenon. No significant vehicle
response occurred at this frequency.

The AS-512 S-IC CECO and OECO transient responses were equal to or less
than those of previous flights. The maximum longitudinal dynamics
resulting from CECC were +0.20 g at the Iy and +0.50 g at the CM,
Figure 8-6. For OECO the maximum dynam1cs at the IU were +0.27 g and
+0.80 g at the CM, Figure 8-7. The minimum CM acceleration level of
-0.60 g occurred at approximately the same time and is somewhat lower
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than on previous flights but considered normal.

The S-1I stage center engine accumulator effectively suppressed the 16
hertz POGO phenomenon. The flight data show that the 16 hertz oscilla-
tions were inhibited with amplitudes comparable to those seen on AS-511,
Figure 8-8. The peak 14 to 20 hertz center engine gimbal response was
approximately +0.4 g, as compared to #0.5 g on AS-511. POGO did not
occur.

The usual transient response in the center engine LOX pump inlet
pressure was experienced shortly after accumulator fill was initiated.
The peak response was approximately 34 psi peak-to-peak with a frequency
of approximately 70 hertz, Figure 8-9. The LOX pump inlet pressure

on AS-511 had a higher freauency content, a longer duration, and lower
amplitude (13 psi peak-to-peak) but AS-512 is similar to AS-510 (45

psi peak-to-peak at 68 hertz). Such variation: are not unique and the
causes are attributed to the individual pump characteristics. There are
no parallel increases in responses among the other engine pressures

and the structural accelerations which again indicates the lack of
strong coupling between the transient pressure response and tne structural
accelerations.
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As on prior flights, very low 11 hertz oscillations were noted near the
end of S-II burn. The AS-512 peak engine No. 1 gimbal pad response was

+0.06 g as compared to +0.07 g on AS-511.

During S-II burn, between 184 and 207 seconds range time, the vibration
level on the S-IVB gimbal block was discernible above the noise floor,
Figure 8-10. The maximum acceleration of the gimbal block in this inter-
val was about +0.06 g. The signature of this signal appears to be wide
band random. No signature similar to the S-IVB gimbal block oscillation
was apparent on the various S-II dynamic parameters, i.e., the structural
vibrations, the LOX pump inlet pressure fluctuations and the combustion
chamber pressure fluctuation. Figure 8-11 compares the spectrum cf the
S-IVB gimbal block signal with the spectrum of the S-II center engine
thrust pad. The spectrum associated with the center engine indicates

a very low level response concentrated in the 20 hertz region. The
S-1VB gimbal block has the character of a random response across the
frequency spectrum. This demonstrates that the S-IVB phenomena is



S~ e S C—

WV s-1c ceco

ACCLLERATION, g

.
e R s

' j i Z0MMAND MODULE

2 IEE

ACCELERATION, g
£

! . :

3 <§ X

0 T T
138 139 140 141 142 132
RANGE TIME, SECONDS

Figure 8-6. AS-512 Longitudinal Acceleration at IU and M
During Center Engine Cutoff

not the result of a forced response due to an excitation emanating
from the S-1I. The S-IVB gimbal block vibration spectrum shows an
order of magnitude increase when the noise occurs whereas the S-IVB
LOX pump inlet pressure shows little change, Figure 8-12. The higher
levels at frequencies from 5 to 20 hertz on the gimbal block do not
occur in the LOX pump inlet pressure. Therefore it is concluded that
the disturbance is not valid vibration data. Also, the amplitude
during this disturbance, if valid, would produce insignificant dynamic

Toads on the stage.

During AS-512 S-1VB first burn, Tow frequency (16 to 20 hertz) longitu-
dinal oscillations very similar to those observed on AS-511 were
evident. The AS-512 amplitudes (+0.14 g at gimbal block) were well
below the maximum measured on AS-505 (+0.30 g) and within the expected

range of values.

AS-512 S-IVB second burn produced intermittent i1 to 16 hertz oscilla-
tions similar to those experienced on previous flights. The oscillations
began approximately 135 seconds prior to cutoff and had a maximum value
of +0.10 g measured on the gimbal block. This compared to +0.05 g on

AS-510 and #0.08 g on AS-511.
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8.2.4 Vibration

There were no significant vibration environments identified on AS-512.
A comparison of AS-512 data with data from previous flights show similar

trends and magnitudes.

The "buzz" reported by the astronauts on AS-511 flight is again apparent
on AS-512 at approximately 63 hertz in the pump inlet pressure measure-
ment as it has been on previous flights. The vibrations can also be
seen on selected propulsion pressure measurements (Figure 8-13). The
AS-512 data show amplitudes similar to AS-511 (less than 1.0 psi rms).

A review of AS-510 data showed similar vibration at approximately 72
hertz. The vibration is related to normal stage propulsion system
operation and probably characteristic of the J-2 turbomachinery. These
vibrations pose no POGO or any other structural concerns, and are of

very low amplitude.

8.3 S-I1 POGO LIMITING BACKUP CUTOFF SYSTEM

The backup cutoff system provides for automatic S-II CECO if vibration
response levels exceed predetermined levels within the preselected fre-
quency band. The system consists of three sensors, a two-out-of-three
voting logic, an engine cutoff arming function, and an automatic disable
function which is effective until the arming operation has occurred.

The system did not produce discrete outputs at any time. The accelero-
meter analog outputs were well below the levels which would produce a
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