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BY
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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 lunar surface within the planned target area.

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

All 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 a re 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 flight (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 inspection, 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
(Mission Ccmnander), P.- E.- Evans (Command Module Pilot), and
H. H. Schmitt (Lunar Module Pilot).

The AS-512 Launch Vehicle (LV) is composed of the S-IC-12, S-II-12,
S-IVB-512, and Instrument Unit (IU)-512 stages. The Spacecraft (SC)
consists of SC/Lunar. Module Adapter (SLA)-21), Command Module (CM)-
114, Service Module (SM)-114, and Lunar Module (LM)-12. The LM has
been modif?cd to carry the Lurar Rc.- ; -y Vehicle (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 muss at
ignition is nominally 6,530,819 lbm. .

The S-IC stage powered flight lasts approximately 162 seconds; the
S-II stage provides powered flight for approximately 395 seconds.
The S-IVB stage first burn of approximately 146 seconds inserts the
S-IVB/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 muss at orbit insertion is
306,791 1 bm.

At approximately 10 seconds after EPO-insertion, the vehicle is
aligned with the local horizontal. Continuous hydrogen venting,-
is initiated shortly after EPO insertion and the LY and Spacecraft
(SC) systems are checked in preparation for the Translu mar Injection
(TLI) burn. Shortly:af ter. beginning the third. revolution-in EPO.
the S-IVB stage is restarted and burns for approximately 345 seconds.
This burn inserts the S-IVB/IU/SLA/LM/CSM into 3n earth-return
translunar trajectory.
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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. Following 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 docking and latching, tie 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 Apol io 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 (H2),
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, 4, 15
and 16 missions. S-IVB/IU lunar immpact is predicted to occur at
89 hours 16 minutes 08 secor.•ls 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.

During the 85-hour translunar coast, the astronauts will perform
star-earth landmark sightings, Inertial Measurement Unit (IMU)
alignments, 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 n mi. altitude. The LM is entered by astronauts Cernan and
Schmitt, 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 As^then inserted
into an approximately 62 n mi. altitude circular orbit using . a 4.0 .
second SPS burn. The LM Descent Propulsion System is used to brake
the LM into the proper landing trajectory and to maneuver the LM
during descent to the lunar surface. Larding at Taurus-Littrow
is scheduled to occur at 113 hours 2 minutes. The landing site is
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situated at 20 ° 10` North latitude and 30°45' East longitude

Following lunar landing, three EVA tine periods of 7 hours each are
scheduled during which the astronauts will explore the lunar surface
in the LRV, collect surface samples, photograph the lunar surface,
and deploy scientific instruments. Sorties in the LRV will be
limited in radius such that the life support system capability will
not be exceeded it LRV failure necessitates the astronauts walking
back to the LX.-- Total Stoy time on the lunar surface is open-ended,
with a planned maximum of 75.0 hours depen -+ing 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 liftoff nominally occurs at 183 hours 3 minutes
into the mission. The ascent stage insertion into a 9 by 48 n mi.
oltitude lunar orbit occurs approximately 7 mirvjtes later. At
approximately 190.0 huurs the rendezv,us 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. Trcnsearth Injection (TEI) is accomplished at the end of
revolution 75 at approximately 236 hours and 40 minutes with a 142.2
second SPS burn.

During the 68-hour transearth coast, the astronauts will perform
navigation procedures, star-earth-moon sightings, 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 fro►, the SIN bays. The SN separates from
the CM before re-entry. Splac ►down occurs in the Pacific Ocean
304 hours 31 minutes after liftoff.

After the recovery operations, a biological quarantine is not imposed
on the crew and CM. However, biological isolation garments will be
available for use in the event of unexplained crew illness.

J
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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-IVS/IU lunar impact point. Preliminary 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. P 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 reconstruction. Because the velocity at S-II Outboard
Engine Cutoff was higher than nominal, 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.

All 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 Enines Cutoff (OECD)

_•	 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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OECO 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 OECD, the LOX residual was 36,479 lboi compared
to the predicted 37,235 lbm and the fuel residual was 26,305 lbm compared
to the predicted 29,956 lbm.'

The S-II pro pulsion 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 earl iLr than
planned. Outboard Engine Cutoff (DECO), 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 standara time slice
(61 seconds after S-II ESC) was 0.14 percent below predicted. Total
propellant flowrate, including pressurization flew, 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 systpn performance was satisfactory throughout loading and flight,
and =i1 pa*ameters were within expected limits except the LOX fine mass
indication. Propellant residuals at DECO were 1401 Ibm LOX, as predicted
and 2752 1bm LH2, 107 lbm less than predicted. Control of engine mixture
ratio was acco-plished 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 tte
LOX and LH2 tank pressurization system was satisfactory. Ullage pressure
in both tanks was adequate to met or exceed engine inlet Net Positive
Suction Pressure minimum requirements throughout mainstage.

The S-IVB propulsion system performed satisfactorily throughout the opera-
tional phase of first and second burns and had normal star` and cutoff
transients. S-IYB first burn time was 138.8 seconds, 3.7 seconds shorter
than predicted for the actual fliaht azimuth of 91.5 degrees. This dif-
ference is composed of -4.1 seconds due to the hi gher than expected S-II/
S-IVB separation velocity and +0.4 second due to lower than predicted
S-IVB 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 Engine Cutoff (ECO) was initiated by the
Launch Vehicle Di gital Computer (LYDC) at 702.65 seconds. The Continuous
Vent System adequately regulated LH2 tank ullaae pressure at an average
level of 19.1 psia during orbit and the Oxygen%H roaen burner satis-
factorily achieved LH2 and LOX tank repressurization for restart. Engine
restart conditions were within specified limits. S-IVB second burn time

:es 351.0 scce ds, 4.0 se!-onds lornw 9mm predicted for the 91.5
degree flight azimuth. This difference is primarily due to the lawn
S-IVB performance and heavier vehicle sass during second burn. The engirt
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performance during second burn, as determined from the standard alti-
tude reconstruction analysis, deviated from the STDV open +172-second
time slice by -0.77 percent for thrust and -0.16 percent for specific
impulse. Second burn ECO was initiated by the LVOC at 11,907.64 seconds,
(08:51:27.64). Subsecuent -to seco-A burn, the stage propellant tanks
and helium spheres were safed satisfactorily. Sufficient impulse
was derived from LOX dump, LH 2 CVS operation and auxiliary propulsion
system (APS) ullace burn to achieve a successful lunar impact. Two sub-
sequent planned APS burns were used to improve lunar impact targeting.
The APS operation w► s ntwninal throughout the flicht. No helices or pro-
pellant leaKS were observed and the regulators functioned nominally.

The structural loads experienced durin g the S-IC boost phase were well
below desion values. The naximum bending moment was 96 x 10 6 lbf-in
at the S-IC LOX tank (less than 36 percent of the desion value).
Thrust cutoff transients experienced by AS-512 were sirilar to those of
previous flights. The maximum longitudinal dynamic respnnses at the
Instrument Unit (IU) were +0.20 a and +0.27 g at S-IC Center Engine
Cutoff and Outboard Engine Cutoff (OECU), respectively. The magnitudes
of the thrust cutoff responses are considered normal. During S-IC
sta ge boost, four to five hertz oscillations were detected beginning
at approximately 100 seconds. The maximum amplitude measured at the IU
was +0.06 g. Oscillations in the four to five hertz range have been
observed on previous flights and are considered to be normal vehicle
response to fli ght 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
aimbal pad during steady-state engine operation. As or previous flights,
low 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 duirng S-II boost. The P060 limiting backup cutoff system
performed satisfactorily durine the prelaunch and fli ght operations.
The system did not produce any discrete outputs and should not have
since there was no POGt). The structural loads experienced during the
S-IVS stage burns were well below design values. During first burn the
S-IVB experienced low amplitude, +0.14 g, 16 to 20 hertz oscillations.
The amplitudes measured on the gimbal block were comparable to previous
fli ghts and within the expected range of values. Similarly, S-IVB
second burn produced intermittent low amplitude oscillations of +0.10 g
in the 11 to 16 hertz frequency ran ge which peaked near second burn
cutoff.

The Stabilized Platform 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 Infection were attained with insig-
nificant navigation error. Two anomalies related to the flight program did

j: occur. At approx iwat^eiy 54211 mounds raNe time (T5 44711 00. 8 ' mirRx loop,
error telemetry indicated at unreasonable change in the yaw gimbal angle
during one minor loop. At the re-initialization of boost navigation for
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S-IVB second burn the extra accelerometer readings normally telemetered frN,
GRR to liftoff plus 10 seconds were restarted and continued throughcut second
burn boost navigation. Neither of these anomalies significantly impacted
navigation, guidance and control. A minor discrepancy occurred during_
S-II 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 (173 +398.2).

All control functions and separation events occurred as planned. Engine
gimbal deflections were nominal and APS firings predictable throughout
powered fli ght. All 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 throu gh the S-IVB/IU passive thermal control maneuver.
APS propellant consumption for attitude control and propellant: settling
prior to the APS burn for lunar target impact-,*as 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 Emer gency Detection System
performed satisfactorily throughout the re quired period of flight. How-
ever, the temperature of the S-IVB Aft Battery No. 1 Unit No. 1,
increased significantly above t:)e nominal control limit (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 suppplies, inverters, Exploding Bridge
Wire firing units, and switch selectors.

The S-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 fli ghts, although
the magnitudes were higher than seen or previous flights. The pressure

environment ^wring S-IC/S-I1 separation was well below maximum values.

The S-IC Sase 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 tl.* S-IC boost, the temperature returned to
normal. The maximum cocoon temperature reached was well bElo:r the upper
upper limit of the components under the cocoon. The base thermal environ-
ments on the S-II sta ge were consistent w".Lh the trends and magnitudes
seen on previous flights and were well below design limits. Aerodynamic
heating environments and S-IVB base thermal environments were not
measured.

The S-IC sta ge forward compartment t;*rmal environment was adequately
maintained althouah the temperature wci lower than experienced during
previous flights. The S-IC stage aft compartment enviro-ental condi-
tioning syster performed satisfactorily. The S-II sta ge engine compart-
ment conditioning system maintained the ambient temperature and thrust

1
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cone surface temperatures within design ranges thri•,ighout the launch
countdown. No equipment container temperature mea-urerrients were taken;
however, since the external temperature were sate=faztor-; 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 duration
of the IU mission. Coolant temperatures, pressures, and flowiates were
continuously maintained wi thin the reouired ran ges 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.

All data systems performed satisfactorily thr)uahout the flight. Flinht
measurements from onboard telemetry were 99.8 percent re l iable. Tele-
metry performance was normal except for noted problems. Radio Frequency
propagation was satisfactory, though the usual interferer:e due to flame
effects and stagin g were exper i enced. Usable VHF data were received
until 36,555 seconds (10:09:15). The Secure Range Safety Command
Systems on the S-IC, S-II, and S-IVB sta ges were ready tc p

e
rform their

functions properly, on command, if flight conditions during launch
phase had required destruct. The system properly safed the S-IVB
destruct system on a command transmitted from Bermuda (BDA) at 72c-1
seconds. The performance of the Command and Communications System (CCS)
was satisfactory fr^m liftoff throu gh lunar impact at 313,181 seconds
(86:59:41). Madrid, Goldstone were receiving CCS signal carrier at
lunar impar.L. Good 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 postfli ght analysis, was within G.68
percent of predicted from ground 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 within 5 km. The first two objectives
have been Bret. Further analysis is required to satisfy the third objective.
Fased on analysis to date, the S-IVB/IU impacted the moon December 1C,
1972, 20:32:40.99 6417 (313,180.99 seconds after range zero) at 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 in oning heading
angle was 83.0 degrees west of north and the angle relative to the local
vertical was 35.0 degrees. The total mass impacting the moon was
approximately 13,931 kg (approximately 30,712 lbm). Real-time targeting

4
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activities modified the planned first APS lunar 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 Inflicht Demc-strations were conducted during translunar coast.
The purpose of the Demonstrations were to obtain 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 Li0Lid.

The Demonstrations were conducted as planned. The data were collected
by movie camera and crew observation, was of rood duality, and is presently
beinq analyzed.

The Lunar Roving Vehicle (LRV) satisfactorily supported the Apollo 17
Taurus-Littrow lunar surface exploration objectives. The total odometer
distance traveled durin g the three EVA's was 35.7 kilometers at an
average velocity of 7.75 km/hr on traverses. The maximum velocity
attained was 18.0 km/hr and the maximum slopes negotiated were 18 degrees
up and 20 degrees down. The average LRV energy consumption. rate was 1.b4
amp-hours/km with a total consumed energy of 73.4 amp-hours (including
14.8 amp-hcurs 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 LRV 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
lock had problems toward the end of EVA-3. Only those items which had
been protected from the dust performed without degradation.

All interfaces between crew, LRV and stowed payload were satisfactory.

The following LRV system anomalies were noted:

a. At initial power-up, the LRV battery temperatures were higher than
predicted.

b. Battery No. 2 teviperatur'e indication was off scale l ow at start of
EVA-3.
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C. The right rear fender extension was broken off at the Lunar Module
site on EVA-1 prior to driving to the Apollo Lunar Surface Experi-

ments Package site.



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 Se ptember 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 shoe-n in Table 1.

Table 1. Mission Objectives Accomplishment

MSFC MANDATORY OBJECTIVES (MO) DEGREE OF SECTION IN
No. MD DESIRABLE OBJECTIVES (DO) ACCOMPLISHENT DISCREPANCIES WHICH DYSCiISSED

1 Launch on a flight aziouth benreen 72 and cumplate None 4.1
IUO degrees and insert the S-IYB/IU/SC
into the planned circular earth parting
orbit.(MO)

2

Restart the S-IVB on the first or secorN
Complete Noneapportumity over the Atlantic and inject 4.2.3. 7.6

the S-IYB/IU/SC onto the planned translow
trajectory.	 NO

3 Provide the reW red attitude control Complete hone 10.4.4
during TOLE. (NO)

4 Perform nn evasive maneuver after e^jJection Complete NOW 10.4.4
of the CSM/Lll from the S-iVB/IU (04).

5 Target the S-10/I11 stage for Impact an Complete None 17.4
the lunar surface at 7.0'S. S.M. (DO)

6 Determine actual impact point nithim 5 Me-
complete. 17.4

meters, and time of impact within i second.
the None

(110) time ofimpact anticiApd.
•s dKermlmed

in 1

7 After final LY/SC separation. vent and dump Complete None 7.4
the raining gases and propellammts to safe
the S-IYB/IU.	 (DO)
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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 	 ---

ARORT IDENTIFICATION RECD 14MO a `RECTITE ACTION

ITEM VEHICLE

OCCURRENCE
RARGE TIME 17TICE

VENICLE
EFFECTI.

RARA_

SYSTEM MSCRIRION (CAM) EFFECT ON MISSION (SEC) DESCNIFTION S^ATlE VITY
.

I LVGSE/ESE Terminal Countdown Spgmunr (TCS) LAMICN 4e 1 8	 Of 2
Ropes and 4^

T-30 sac. Replace all deft- ECR (GE SA-S13 3.3
failed to provide S-r" L= Tank - time TCS alludes. 10-3374E SA-M6

' h'esswlLtJoR csgd at T-167 dlwRes• l c"fifery LUGS A,grorpal. tfre
seconds resulting In an oaturtlC --. - to Rrevlto 3 TCS's A— lf SA-200

cutoff of tlw cantdnp at T-3D uitA 2 art of 3 Closed.
secoa.	 (Ezenstw remorse _. Votleg logic at

comm leakge tkrmo nodes - eiCk M0611e_
Caused Internttteat operation .mot lawcker, awl
N Certai n TCS aKart:.1

.
..Sae

outputs
frs "a TCS. :-G

-
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Table 3. Summary of Anomalies
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SECTION 1

INTRODUCTION

PURPOSE

This report provides the rational 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 corrective
action.

1.2	 SCOPE

This report contains the performance evaluation of the major launch vehicle_
systems and LRV, with special emphasis on problems. Summaries of launch
operations 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.
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SECTION 2

EVENT TIMES

2.1	 SUMI-IARY OF EVENTS

Rance zero occurred at 00:33:00 Eastern Standard Time (EST) (05:33:00

Universal Time [UT]) December 7, 1972. Rance time is the elapsed time
from range zero, and is the time used throu ghout 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 it the flieht
sequence program.

Table 2-1. Time Base Summary

TIME BASE
VEHICLE TIME*

SECONDS
(HR:MIN:SEC)

GROUND TIME**
SECONDS

(HR:MIN:SEC)
SIGNAL START

TO -16.96 -16.96 Guidance Reference Release

T 1 0.63 0.63 IU Umbilical	 Disconnect
Sensed by LVDC

T 2 139.44 139.44 Initiated by LVDC 0.013
Seconds after T 1	+138.8
Seconds

T 3 161.22 161.22 S-IC OECD Sensed by LVDC

T4 559.65 559.65 S-II OECD Sensed by LVDC

T 5 702.87 702.87 S-IVB ECO	 (Velocity)
Sensed by LVDC

1 6 10,978.65 10,978.65 Restart Eauation Solution
(03:02:58.65) (03:02:58.65)

T 7 11,907.87 11,907.87 S-IVB ECO (Velocity)

I

(03:18:27.87) (03:18:27.87) Sensed by LVDC

T 8 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.

**R,anae Time of Ground recei pt of telemetered signal from vehicle.
Includes telemetry transmission time and LYDC clock correction.
Figure 2-1. 3
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The start of Tirre Eases To, Tl, and T2 were nominal. T3, T4 and
T5 were initiated approximately 0.5 seconds early, 0.4 seconds early,
and 4.1 seconds early, respectivel y , due to variations in t^e staae burn
times. These variations are discussed in Sections 5, 6 and 7 of this

document. Start times of T F, and T 7 were 1.9 seconds early and 2.1 seconds

late, res pectively. TB was initiated by the receipt of a ground-
command.

Figure 2-1 shows the mean difference bet:^een 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 si gnal receipt at a
ground station.

A summary of significant event times for AS-512 is given in Table 2-2.
The preflight predicted times .sere adjusted to match the actual first
motion time. The predicted times for establishing actual minus predicted_
times in Table 2-2 were taken from 4CM33627D, "Interface Control Document
Definition of Saturn SA-511, 512 and 514 Flight Sequence Prog ram" avid
from the AS-512 Postlaunch Operational Trajectory (OT). The pcstlaunch
o perational trajectory, MSFC Memorandum S&E-AERO-MFT-200-72, correcting
the earlier OT for the adjusted flight azimuth, was usea because of the..-
launch 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 s p ecific times.
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Table 2-2. Si gnificant 'Event Times Summary

z

t
F

I T[M	 LYc N) 	 OF SCRIPT I T, A

i?A.r,I	 .I TIvF	 Fwr y 	 PASS
!f TUAI ArI -RR F(: 1CI UAL ACT -JP FI

= F'. SEC ',FC ;EC

1	 r.ulCAV rc 	FEFI4 F NCE	 PEI FA 1, F -17.0 I	 0.0 17.6
IGPR1

(2	 S- IC	 F1GI% F	 ',IA R 1	 SF.uFNf'F -9.'^ 0.0 -9.5 0.0
cr y -.% p6 r	 (rucimC)

3	 S-1 	 FNG1AE	 4C.5	 START -6.9 0.0 -7.5..-._. -	 J.O.......

4	 S-1 	 START - 6.1 0.0 - 7.3 0.1

5	 - IC	 E'.Gi`.F	 •:n.	 K T A 0 T - 6.F J.d -7.2 0.0

6	 S - 1 	F%GIhf	 %r. j 	STA R T -6.3 0.0 -6.9 0.1

7	 S - IC	 FNGIlkF	 NC.4	 START -6.3 0.1 -7.0 0.0

9	 ALT	 S-IC	 ENGINES	 THR(,ST	 CK -1.6 -0.1 -7.3 -4.1

9 R ANrF	 IF R r 0.0 -C.6

10	 All	 HCLCO(`WN	 A rM S 	 PELEA',FO 0.2 C.0 -C.4 0.0
IFIPST	 PCTIC%)

11	 IU	 UMP.IIICAI	 CISCCNKEC1,	 ',TART 0.6 0.0 C.0 0.0
OF	 TI vF	 PASF	 11111

12	 RFGIN	 TCWEP	 CL F A N AhCF	 YAW ..7 0.1 1.0 0.0
MAAELVFR

13	 ENC	 YAW	 M ANET I VE R o.7 0.1 9.1 0.1

14	 SEC-IN'	 PITCH	 INC	 R CLL	 M ANEUVEP 11.9 0.4 12.3 ).5

L5	 S-IC	 CLTBCARO	 ENGINE	 CANT 20.6 0.0 10.0 0.0

16	 ENC	 P r)tl	 M ANEUVER 14.3 -0.4 13.7 -0.4

17	 MACH	 1 67.5 0.0 66.9 J.1

18 M AXIMU M OYNA v IC	 PRESSURE 82.5 -l.l R1.9 -l.l
(MAX	 :)

19	 S-IC	 CEKTEP	 FkGIkE	 rUTCFF 139.30 -0.02 13P.E7 -0.01
(CECC)

20	 START	 CF	 TIMF	 RASE	 1	 (T2) 139.4 C.0 C.0 0.0

21	 ENC	 PITCH rANEUVER	 (TILT 160.1 0.7 20.6 0.1
ARREST)

22	 S-IC	 CILT30AR0 ENGINE	 CLTCFF 161.20 -0.47 21.75 -J.47
(CECC)

23	 START	 CF	 TIME	 BASE	 3	 (T3) 161.2 -0.5 0.0 0.0
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Table 2-2. Significant Event Times  Sunmary (Cort'd)

IT E14	 EVENT	 DESC R I PT 1f7N
RANCE	 TIME I-E	 FaCM	 BASF

ACTUAL ACT-PRFO ACTUAL ACT -PPFC
SEA SEC SEC SEC

24	 START	 S-li	 L41	 TANK	 HIGH 161.3 -1.5 0.1 O.O
PRESSURE	 VEN T	M(CE

25	 S- II	 LH2	 D EC IRCULATICN	 PI1rPS 161.4 -0.5 0.2 0.0
CFF

26	 S-IC/5-II	 SEPARATION	 COM M ANC 162.9 -0.5 1.6 •-8: l'
TC	 FIRF	 SFPAPATIC%	 CFVTCFS
AKC	 RFT2O MrTCR5

27	 S-11	 ENGINE	 SCLENCIC	 ACTIVAT- 6 -0.5 2.4 0.0
ICN	 IAVEPAGE	 CF	 FIVE)

28	 S-11	 ENGINE	 START	 SEGUENCE 163.6 -0.5 2.4 0.0
COMMA%C	 (ESC)

29	 S-11	 IGAfTIrN-STCv	 r,PEN 164.6 -0.5 3.4 0.0

30	 S-II	 MAINSTAGE 16N.4 -0.5 5.2 0.0

31	 S-II	 ChILLCCWN	 VALVES	 CLCSE 166.5 -0.5 5.3 0.3

32	 S-II	 HIGH	 (5.5)	 F O P	 NC.	 I	 CN 169.1 -0.5 7.9 0.0

33	 S-11	 HIGH	 (5.51	 EMR	 NO.	 2 ON 169.3 -0.5 8.1 0.0

34	 S-11	 SFCCNC P LANE	 SEPARATION 192.9 -0.5 31.7 0.3
CCMMANC	 IJETTISCN	 S-I1	 AFT
INTERSTAGE)

35	 LAUNCH	 ESCAPE	 TOWER	 (L.-T)
JETIISCN

36	 ITERATIVE	 GUICANCE	 M COE	 IIGMI 204.1 0.0 42.9 0.5
PHASE	 1	 I K I 

I 
I A T F D

37	 S-1I	 CENTER	 ENGINE	 CUTOFF 461.21 -0.47 2S9.98 -0.02
(CFCC)

38	 START	 CF	 ARTIFICIAL	 TAU MODE 489.0 -1.9 327.8 -1.5

39	 S-11	 LOW	 ENGINE	 MIXTURE	 RATIO 489.2 -2.1 328.0 -1.6
(EM R )	 SHIF T	(ACTUAL)

40 ENO CF	 ARTIFICIAL	 TAU MODE 499.0 -3.2 337.8 -2.8

41	 S-T!	 CL78CAOC	 ENGINE	 CUTCFF 559.66 -0.47 358.43 -0.02
(OECC 1

42	 S-11	 ENGINE	 CUTCFF	 INTERRUPT. 559.7 -0.4 0.0 0.0
START	 OF	 TIME	 VASE	 4	 (T41

43	 S-IVE ULLAGE	 MOTOR	 IGNITION 560.5 -0.5 0.9 0.0

44	 S-11/S-(VT! SEPARAf10N CCMMA14D 560.6 -0.5 1.0 0.0
TC FIRE	 SEPARATICN DEVICES
AND RETRC MOTORS

*Data not available.
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"able 2-2. Signi ficant went Times Sumnarl (Cont'd)

EV U NT	 1 1 F:rPI P T01%

. A •. r.	 T Irr Irr	 r.^..	 aASF

T - v:: ,1-„el Lr.7-v^.•.
SFC SEC c:r SFr

4	 Vp	 ENf,f •.c	 ;TACT	 CC-"A •.L1 ^	 560.1 - 0.5
-(c 1217	 FS()

46	 F UFL	 CI- ItIrfW% PUPP	 ' : F r `61.9 -0.5 7.7 J.J

47	 S- TV A 	 1GNIIIC k	I S T L V	 rC F N.I 563.8 -0.4 4.2 O.l

401	 S- IVB	 w AIP.STA r ,F 566.2 -C.5 E.6 0.0

49	 STAR T	 CF	 AR T I F IC I AI	 TAL	 0014 56A.9 0.4 7.2 J.9

50	 S- IV P 	U LAU	 (ASF	 JET T ISr •1 572.4 -0.5 12.8 0.0

51	 ENC	 CF	 A2TIFT(ILt	 TAIL	 -Frz 582.7 4.4 112.6 4.9

L2	 REGIN	 IFRrT •.41	 Gl1IL4%CF r.6,).1 -6.2 110.1 -5.7

53	 FNG	 iG r	PFASF	 3 696.? - 3.7 136.7 - 3.2

54	 BEGIN	 Cr+l	 F 9 EE1 r 696.? -3.7 136.7 -3.2

55	 S-IVB	 VELCCI1r	 Cl.1rFF 7C2.65 -4.09 -0.23 -0.02
rCh r AAO	 Nr.	 1	 1 F [45T	 EC01

56	 S-IVB	 VFLrCITv	 CUTrF r 702.75 -4.10 -0.12 -0.02
rCw M ANC NC.	 2

57	 S-IVR	 ENGINE	 CU T C F F	 I%TEFRUPT. ?C2.9 -4.1 0.0 0.0
START	 rF	 TI-E	 BASF	 S	 (T51

58	 S-IVB	 APS	 ULLAGF:	ENCINE	 P.C.	 I 7C3.1 -4.1 0.3 0.0
IGNITIrN	 CO nMANC

59	 S-IVB	 APS	 ULLAGE	 ENCIn r	P.O.	 2 7C3.2 -4.1 0.: 0.0
ICNITIrN	 CCM"ANC

6C	 LCX	 TANK	 PRESSURIIAT)CN	 r'FF 7C4.J -4.2 1.2 C.0

61	 PAPK I K G 	 CPBI T 	INSE Q TIC'	 ' 712.6 -4.1 9.8 C.0

62	 BEGIN MANEUVF 4 	 TO LOCAL 724.4 -2.l 21.5 1.3
HCRIICNTAL	 ATTIIUGE

63	 S-IV8 CCNTINUCV;	 VENT 161.8 - 4.1 59.0 3.3
SYSTEM	 (CVS)	 CN

64	 S-IV8	 APS	 ULL •--.	 F'.1,[NE	 Nn.	 1 785.8 -4.1 87.1) J.J
CUTCFF	 CCYPx,,.L

65	 a.-IVO	 APS	 ULLAGE	 ENGINE	 NC.	 2 785.9 -4.I 87.1 .a
CUTCFF	 CCMMANC

66	 BEGIN ORBITAL	 NAVIGATION

67 BEGIN	 5-IV5 RESTARI	 VREPARA-

TICMS.	 START	 CF	 TIME	 1•ASE	 6	 I

IT61

*Data not available.	
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Table 2-2. Significant Event Times Sum-ary (Cont'd)

F
3

. i

a

r
r

s-
3

4
O'
F^

Y

i`
i

3i

ITF^'	 WENT	 ,IFi' i fr.T ILR
RA p . (I	 Tr - F TI - [	 iP(.	 PASC

,	 ..,A( A C T - Z, ;i L -•-
^EC Scr -F SF 

68	 S- IV P 	r2/k • 2	 WIP E°	 I ^ 2	 CT: 11019.9 - 1. - 1.J C.0

69	 S- IV"	 C2/N2	 ps) D kFP	 FXrITFNS	 L^ 11020.2 -1-9 41.6 0.0

TJ	 S- IVP	 C2/H2	 H11 4 tiF°	 LCX	 C IIJe0.6 -l.7 4;).J O.0
(HELIU r 	FEAT F W	 '^)

71	 S- IVP	 r w s	 rFF IIJ20.8 -1.9 41.7 J.J

72	 S- IVP	 LH2	 PFPP F SSL ;r IZA11rN 1IC26.7 -1.9 48.1 0.0
CCNT a CL	 VAI V F	 CN

73	 S-IVP	 LCX	 PFP P FSSL P ILATICN 11026.9 - t.9 49.3 C.0
CCRIRCL	 VAl VF	 LN

74	 S - IVP	 ALX	 HYC R ALLIC	 PU P P IIIS7,6 -1.9 (	 i19.O U.0
FIIGFT	 MLLE	 ON

15 S-IVB LOX CH M CfwN	 PI!YP CR 11727.6 -1.9 749,0 O,G

T6	 S- IVP	 0-2	 CFILLCCw P, 	P001P	 r,N 11252.6 -1.9 254.0 0.0

77	 S-IVP	 PPEVALVES	 CIrSEC 11237.6 -t.9 : 59.0 J.J

7a	 S-IVP	 M IXTURF	 RATIF	 CCN TRr L 1142e.1 -1.4 450.1 O.0
VALVE	 OPEN

19	 S- IVP	 APS	 ULLACE	 FRCIRE	 ^C.	 1 11474.9 -1.9 496.3 0.0
IGNITION CQMMANC

80	 S-IVH	 APS	 ULLAGE	 ENGINE	 KC.	 2 11475.0 -1.9 496.4 0.0
IGNITION	 CnMRANE

Bt	 S-IVB	 C2/H2	 PLANER	 LH2	 CFF 11475.4 -1 .9 496.L 0.0
IHELIUM	 HEATER	 rFF)

E2	 S-IV9	 C21H2	 PCQNER	 LCX	 CFF 11419.9 -1.9 501.3 O.0

83	 S- IV?	 LH2	 CFTLLC(6K	 PU M F CFF 11548.0 -1.9 5t9.4 0.0

E4	 S-IVB LCX CHILLOC.h 	 PUMP CFF 11548.2 -1.9 519.6 p.J

E5	 S-IVB	 ENGINE	 RESTART	 CC"rANC 11548.6 -1.9 57L'.0 0.0
(FUEL	 LEAC	 INITIATIUN)
(SECCNC	 ESC)

96	 S-IVP	 APS ULLAGE	 ENGINE	 NO.	 1 It 551 -1.9 573.] O.J
CUTCFF CCMMANC

87	 S-IvH	 APS	 LLLAGE	 ENGINE	 NC.	 2 11551.7 - 1.9 573.1 6.;
CUTOFF COYrANCJ

as	 S-IVS	 SECCNC	 IGNITICN	 (STOV 11551.6 -l.9 576.) O,J
CPENI

S-IVR MAINSTAGE 11559.1	 i -1.9 SEC.4 -0.1

1
L
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Table 2-2. Significant Event Times SuTnmary (Cont'd)

1TE-4	EVt4T	 UFCr.RIPT117N , 1„ r_c^	 , ^IU AC	 -oj.

90	 ENGINF	 "IxTL PC	 D ATI7	 IE"^1 I1t45.= -0.1 till.: 1..
CrNTRrL	 VALVE	 SFIFT	 (°FGIN
VALVE	 VC10Frr-NT)

91	 s -IV Q 	 LI-2	 S T FP	 P"FS,11 9 IIA T IrN 11 = )M.6 -1,`T q` rl	 n
I C FC r NO	 ?L ; %	 W EtAY	 r.FF)

92	 aEGIF.	 TERMINAL	 ,IIILANCE IIP in. 1 _2.I SCC.S 4.2

93	 AEG IN	 CFI	 F r EttE II1;J5.2 0.r tilT;_o 2.t

94	 s- IVP.	 sErrNC	 r,LICARCF	 CUTCFF I I')01.64 2.IC -..'4 -C. O1.
rr r raN0	 ".n.	 I	 I S=C(N;	 E r_ rl l

55	 S-I10B	 SECCNC	 GUICAkr L	 CUTCFF IISC1.76 .'.l1 - C.I z -J.02
(,C MM ANC	 NC.	 2

iti	 S-110P	 ENGINF	 CUTOFF	 INTEPRUPT. 11 1 01.1 2.1 C.J 0.0
START	 IF	 TI-E	 ?ASE	 7	 1 T 7)

S1	 5-1 109	 X 105	 GN II SCR .1 2.1 0.5 0.0

9R	 T R 6PSLLKAP	 INJFcTm%	 ITLI) 11917.6 2.1 S.a 0.0

59	 S- IVP	 cvs	 CFF 12C5H.7 2.1 151).y 0.)

100	 PFGIN	 CRRITAL	 NAVir,ATICK 120	 9.6 3.0 1`_1.7 0.8

101	 REG[%	 W ANEUVER	 TC	 LCCA( 12059.6 3.0 1`_1.7 0.8
H.-_ RIICNTAL	 ATTITUDE

102	 BEGIN	 MANEUVE R	TC	 T R ANSPCSI- 12808.9 ** 901.0
TICN	 AND	 CCCKIhG	 ATTITLnE

ITCGE)

103	 CS"	 SFPARATICN 11347.6 ** 1435.7

104	 CS"	 CCCK 14130.7 ** 2322.!

105	 SC/LV	 FINAL	 SEPARATIr,N 17102.3 ** 5IS4.3

106	 START	 CF	 TIME	 BASE	 E	 (T8) 18179.9 ^;.0 0.0

107	 5-IVe	 APS	 ULLAGE	 ENGINE	 P6C.	 I 13181.1 *t 1.2 0.0
IGNITICN	 CCrMANC

1C8	 S-IVE	 APS	 ULLAGE	 ENCINE	 M0.	 2 18181.2 ** 1.4 0.0
ICN1TICN	 COMMAAC

109	 S-IV?	 APS	 ULLAGE F ENCINE	 NC.	 1 18261.0 81.2 O.0
CUTCFF CCMMANO

110 S-IVe	 APS ULLAGE	 ENCINE	 NO. 2 •
CUTCFF CCPPANO

1

*Data not available.
"Prediction not available.	 2-8
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Table 2-2. Sianificant Event Times Summary (Cont'd)

R;.'.'GE TIYE TIME FOR BASE

ACTUAL CT-^2ED AC"GAL ACT-FRED
iTEM E':E'^T	 DESCR;7TI^'; I	

SEC SEC

I	
SEC Sc^

111 Initiate Maneuver to LOX Dump 12,760.0 I	 •' '	 40.1 0.0

Attitude

112 S-IYB CYS ON 15,179.H
Ii	 '• 1000.0 O.0

113 S-;VB C75 OFF !	 19,480.0 '• 1300.0 0.0

114 End LOX Dump Required for 19,507.9 I	 •' I	 .328.0 0.0
S-17B ;APS Burn

I

115 5-1 118 APS	 Ullare En g ine No.	 1 ^	 22,199.8 ^ 4020.0
Icnition Command ,

116 S-IYB APS Ullace Engine No. 	 2 22,200.0 •• 4020.2
Ignition

117 S-lY6 APS Ul l ace Engine %o.	 1 22,297.8 •• ,	 4118.0
Cutoff Comrand

118 S-I:B APS Ulllage Engine No. 	 2 I	 22.298.01 •• 41.8.2
Cutoff Command

119 2nd Lunar	 ',r.-.pact Maneuver I	 39,760.0 ••

Cornand	 J

120 S-: 1:6 APS Ullane Engine	 ':o.	 1 40,499.8
Ignition Corrrand

121 S-IYB APS Ullace Engine No.	 2 40,500.0 ••
Icnition Corra rd

122 S-;YB APS Ullage Enc_ir.e ho.	 1 40,601.8

Cutoff Cmrmand	 j

123 S-IYB APS Uilace Encire No.	 2	 I 40,602.0
Cutoff Command

124 Passive Therral Control 41,510 •'
Maneuver

125 Flight Control Cormter Power 41,532 •'

Off

126 M Subcarrier • Off 49,260 •'

127 S-IYB/IU Lunar T cVact	 (Hours) 86.995 103.951
(FA:MI!I:SEC) 86:59:41

"Predictions not available.
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Table 2-3. Variable Time and Commanded Switch Selector Events

FUNCTION STAGE RANGE TIME
(SEC)

TI ME FPCM BASE	 REMARKS
;SEC)

Low (4.8)	 EMR No.	 1	 CN S-:: I	 429.3 T3 +327.8 LV^C Function

Low (4.8)	 EMR No.	 2 0'1 S-:: 489.2 T3 + 32P.0 LVCC Function

'Water Coolant Valve :U 780.5 T5 +77.6 LVCC Function
Closed

Telemetry Calibrator IU 3216.1 T5 +2513.2 Acquisition by C+rnarvon
Inflight Calibrate 0'4 Revolution	 1

;M Calibrate CN S-:'^B 3216.5 T5	 +2513.6 Acquisition by Carnarvon
Revolution	 1

TM Calibrate OFF S-::B 3217.5 T5 +2514.6 Acquisition by Carnarvon
Revolution	 1

Telemetry Calibrator IU 3221.1 T5 +2518.2 Accuisition by Carnarvon
Inflight Calibrate OFF Revolution	 1

'Water Coolant Valve IU 3480.5 T5	 *2777.6 LVJC Function

Open

Telemetry Calibrator 1U I	 4712.1 75 +4009.2 Acquisition by
Inflignt Calibrate 01 1

I

'	 Hawaii	 Rev.	 1

TM Calibrate ON i	 S-:'tB 4712.5 I	 75 +4009.6 I	 Acquisition by
f	 Hawaii	 Rev.	 1

TM Calibrate OFF S-1111B 4713.5 TS +4010.6 Acquisition by
Hawai'.	 Pev.	 1

Telemetry Calibrator :U 4717.1 T5 +4014.2 Acquisition by
:nfligr.t Calibrate OFF Goldstone Rev.	 1

Telemetry Calibrator Iu 5344.1 T5 +4641.2 Acquisition by
:nflignt Calibrate ON Goldstone Rev.	 1

?I Calibrate ON S-IYB 5344.5 T5 +4641.6 Acquisition by
GolCstone Rev.	 1

TN Calibrate OFF S-IVB 5345.5 T5 +4642.6 Acquisition by

Goldstone Rev.	 1

Telemetry Calibrator Iu 5349.1 T5 +4646.2 Acquisition by
Inflight a librate OFF Goldstone Rev.	 1

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

FUNCT10N STAGE RkIGETiME
(SEC)

TIME	 FPOM BASE	 I	 REMARKS
(SEC)

Telemetry Calibrator lu 6928.1 T5 +6225.2 Acquisition by
Inflight Calibrate ON Ascension Rev.	 2

TM Calibrate ON S-1VB 6928.5 T5 +62[5.6 Acquisition by
Ascension Rev.	 2

TM Calibrate OFF S-lv8 6929.5 T5 +E226.6 Acquisition by
Ascension Rev.	 2

Telemetry Calibrator lu 6935.1 T5	 + 6232.2 Acquisition by
Inflight Calibrate OFF Ascension Rev.	 2

Telemetry Calibrator lu 8808.1 TS +8105.2 Acquisition by
Inflight ON Carnarvon Rev.	 2

TM Calibrate ON S-IVB 8808.5 T5 +8105.6 Acquisition by
Carnarvon Rev.	 2

TM Calibrate OFF S-IV8 8809.5 T5 +8106.6 Acquisition by
Carnarvon Rev.	 2

Telemetry Calibrator lu 8813.1 T5 +8110.2 Acquisition by
Inflight OFF Carnarvon Rev.	 2

Telemetry Calibrator lu 10264-1 T5 +9561.2 Acquisition by
Inflight Calibrate ON I i	 Hawaii	 kev.	 2

TM Calibrate ON S-IVB 10264.5 T5 *9561.6 Acquisition by	 i
Hawaii	 Rev.	 2

TM Calibrate OFF S-IVB 10265.5 T5 +9562.6 Acquisition by
Hawaii	 Rev.	 2

7eie+aetry Calibrator lu 10269.1 T5 +95f6.2 Acquisition by
Inflight Calibrate OFF Hawaii	 Rev.	 2

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

TM Calibrate ON S-IV8 10888.5 T5	 +10185.6 Acquisition by
Goldstone Rev.	 2

TM Calibrate OFF S-IVB 10839.5 T5 +10186.6 Acquisition by
Goldstone Rev.	 2

Telemetry Calibrator lu 10893.1 T5	 +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)

FUN CTIUN	 STAGE PAr:GE TIME	 TIME FROM BASE

(SEC)	 I	 (SEC)
REMARKS

Telemetry Calibrator IU 12175.2 T7 +267.3 Acquisition by
Inflight Calibrate ON Ascension TLC

TM Calibrate ON S-IVB 12175.6 T7 +267.7 Acquisition by
Ascension TLC

TM Calibrate OFF S-IVB 12176.6 T7 +268.7 Acquisition by

I
Ascension TLC

Telemetry Calibrator IU I	 1218C.2 T7 +272.3 Acquisition by

Inflight	 Calibrate OFF Ascension TLC

Water Coolant Valve IU I	 1907.9.8 T8 +899.9 LVOC Function

Closed
I

S-1116	 Ullao_e	 En g ine S-IVB I	 22199.8 T8 +4020.0 Lunar Impact Burn
No.	 1	 ON

1 i

'10.	 1

S-IVB Ullage Engine S-IVB I	 22200.0 T8 +4020.2 Lunar Impact Burn
No. 2 ON No.	 1

S-IVB Ullage Engine S-IVB I	 22297.8 T8 +4118.0 Lunar Impact Burn
No.	 1	 OFF No.	 1

S-IVB Ulla ge Engine S-IVB 22298.0 T8 +4118.2 Lunar Impact Burn
No.	 2 OFF I No.	 1

S-IVB Ullage Engine 5-iVK +'rt,499.^ '	 T	 • 2232n n. 8	._ I	 I„nar	 Imoact Burn ^
No.	 1	 ON I	 No.	 2

S-IVB Ullage Engine S-IVB 40500.0 T8 +22320.1 Lunar Impact Burn
No. 2 ON No.	 2

S-IVB Ullage Eng i ne S-16 40601.0 T8 +22421.9 Lunar Impact Burn
No.	 1	 OFF No.	 2

S-IVB Ullage Engine S-IVB 40602.0 T8 +22422.1 Lunar Impact Burn
No.	 2 OFF No. 2

Flight Control Computer IU 41521.0 T8 +23341.1 CCS Command
Power OFF A

Flight Control Computer IU 41532.1 T8 +23352.2 CCS Command
Power OFF S

Water Coolant Valve IU 41554.3 T8 +23374.4 LVOC Function
Open

i

i

1
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SECTION 3

LAUNCH OPEPATIONS

3.1	 SUMMPPY

The arourd systems supportin g the AS-512/Apollo 17 countdown and launch
r^erformed satisfactorily with the exception of the Terminal Countdown
Seouencer (TCS). The TCS maifunLLioII, 	 n n»ragraoh
3.3, resulted in a 2 hour and 40 minute launch dela y . The s p ace 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
e quipment was considered minimal.

3.2	 PPELAUNCH MILESTONES

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

3.2.1	 S-IC Staoe

S-IC sta g e and GSE systems performed satisfactorily durin g countdown
with tht. 2xcep *".,4^^ of three failures which were subseouent1v corrected..,
The tallures ;:ere ic y ", (1, Safe a^.d erm __ .--- (S&A). (2) Remote Digital
Sub-Multiplexer, and (a) E-1 Encine No. 2 Gas Generator Igniter. The
Safe and Arm Device failed to respond to a safe command. Possible
causes for the failure were determined to be low volta g e, improper
installation, or a defective unit. The Safe and Arm Device and its mounting
block were replaced and the renlacement unit performed satisfactorily.
Bench tests of the suspect unit failed to duplicate the problem and dimen-
sional analysis of the unit and mountin g_ block was satisfactory. Analysis
did reveal, nowever, that output toraue of the solenoid at the lower end
of the volta ge curve was mara_inal with respect to the toraue requirements
of the mechanical linka ge of the S&A dev i ce. As a precautionary measure,
the countdown procedure was chanced to arm the device at T-33 minutes
instead 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 sta ge bus voltane 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 sur ge of one minute duration was recorded.
The PDSM was rep laced 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	 I	 ACTIVI'Y OR EVEIT

i

October 27,	 1970 S-I1-12	 Sta g e A.-rival

oecember 21,	 1970 S-IVB-512 Sta ge Arrival

June	 16,	 1971 Lunar Module	 (LM)-12 Ascent Stage Arrival

,;une	 1/,	 17,1 j "..	 :^°	 '"1-12 Lfesce-t	 St;- Arr•val

Xarch 24,	 1972 Spacecraft;Lunar Madule Adapter (SLA)-21 	 Arrival

Xa rch 24,	 1?72 Command and Service Moduie (CSM)-114 Arrival

"ay	 11,	 1972 S-IC-12 Stage Arrival

May	 15,	 1972 S-IC Erection on Mobile Launcher (ML)-3

May	 19,	 1972 S-11	 Erection

June 2,	 1972 Lunar Roving Vehicle	 (LR7)-3 Arrival

,tune	 7,	 1972 Instrument	 Unit	 (IO)-512 Arrival

June	 2n,	 1972 111	 Erection

June	 23,	 1'72 .-:'13	 Erection

July	 12,	 1972 Launch Vehicle	 (LV)	 Electricel	 Systems Test Completed

August	 1,	 1972 LV Propellant Dispersion/Malfunction Overall 	 Test (OAT)
j i,ijnip l e to_

j	 .,uyust	 .1,	 ...^ , L'+ Service arm OAT Complete

I
August	 13,	 1972 I LRV	 installation

August 23,	 1' 72	 II Spacecraft ()C)	 Erection

August 28,	 1972 Space Vehicle (SV)/ML Transfer to Pad 39A

October 11,	 1972 SV Electrical Mate

October 12,	 1972 SV OAT No.	 1	 (Plugs	 In) Complete

October 20, 1972 SV Flight Readiness Test (FRT) 	 Completed

':member 10, 1972 RP-1	 Loading

November 20, 1972 Countdown Demonstration Test (COOT) Completed (Wet)

'lnvember 2T,	 1972 COOT ;,	 rnp leted (Dry)

i	 )ecefrber -,	 1972 SV Terminal	 Countdown Started (T-28 Hours)

J,:cember 7,	 1972(EST)i SV Launch

3-2
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The F	 Encine No. 2 (= as (enerator (GC) i gniter installed indication was

lost at T-23 hours. Both GG ioniters on Engine 'lo. 2 were replaced and
the protlem was determined to be due to ioniter failure. Failure
analys"s 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.

3.2.2	 S-II Stage

The S-11 stage and 63E Performed satisfactorily durin g the c.,untdcwn.
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 frst 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
rankle were chilled, p ressurized, and then re quired 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 sta ge 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.

3.2.3	 S-IVB Stage

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

A hazardous gas detection sensor located at the LH2 dank vent disconnect
on Swing Arm No. 7, showed an intermittent indication of GH 2 for approxi-
mately 1-112 hours from T-3 hours 30 minutes. The leak was not larne
enough to cause a problem and was dispositioned acceptable for launch.

r	
To Keen the eng ine control `Ielium sphere pressure below the redline
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
rechilled to brin g the temperature below the maximum limit acceptable
for launch. After rechilling, the start tank emergency vent valve was
cycled three times to keep the start tank pressure below the maximum limit.
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A long term decav was noted on Forward Battery No. 2, oper, circuit
voltaoe. The open circuit volta g e at the time of installation was 34.74
V. The voltage decayed 1.15 0 V over a 24-hour period. Durin g the hold
at T-9 hours, a power transfer test was performed to verify battery per-
formance under loaded conditions. Batter

y
 performance was normal. At

1-8 hours 53 minutes, Battery "onitor Enable was turned on to provide
a small load in order to stabilize the batter v. The batter y voltaoe
stabilized at T-4 hours. The voltaoe decay was attributed to a areater
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 durin g the countdown.

3.3	 TFRAINAL 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

t^_t the S-IVB LOX Tank was not being pressurized, the console operator
initiated action to manually control S-IVB LOX Tank Pressurization. The

i	 tank was nressurizeu, 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 durino which time the TCS failure was confirmed, a "Work-Around"
was investigated, and the "Work-Around" was verified at the MSFC Saturn
11 System Development Facility (SDF). Also durino this hold the countdown
was recycled to T-22 minutes. After investi g ation 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 seauence wos restarted at T-22
minutes and completed successfully.

Fi gure 3-1 shows the electrical circuits associated with this anomaly and
the followino 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. Thi-
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 ener g ized the "S-IVB
LOX Tank Pressurized" interlock relay K536 cannot be energized even if

i
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relay K492 "LOX Tank Minimum Low Pressure OK" is energized by manually
pressurizing the LOX tank. When K536 is not energized the "S-IVB
Ready for Laur,cn" relay K607 will not provide a signal to the ML S-IC
Patch Distributor "S-IVB Ready for Launch" relay K972 to complete the
interlock chain to allow relay K465 "Swin g Arm No. 1 Retract Prepara-
tion Complete" to be energized. If K465 is not energized when the
T-30 second TCS command (Swing Arm No. 1 Carrier Retract) is received,
a cutoff comand will be initiated and a countdown told will occur.

When the above condition occurred, the absence of the TCS T-167 second com-
mand was confirmed on the Dinital Events Evaluator-6 (DEE-6) printout.
Investi g ation of the DEE-6 printout disclosed that the T-176 second spare
out put 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" relav K536 could be b ypassed by movin g the "LOX
Tank Pressurized Bvpass" jum per from "INHIBIT" to "ON" position. This
jumper is located on S-IVB Patch Distributor in the LCC. The failure
was simulated and the "Work-, p ound" was verified at the MSFC Saturn V
SDF and a decision was made to proceed with the launch using the inter-
lock 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 cf this failure at KSC subsecuently 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 launch hold or scrub if they failed between
COOT 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 spe=ification. 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
laver 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 subse quent contamination deposition is
still underway and cannot be considered conclusive at this time.
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The "Work-A.rcund" with the TCS at KSC that resulted in a satisfactory

terminal countdown would not be acceptable if a problem occurred with
the TCS durirc the Skylab-2, -3, and -' ccuntdowrs due to the short

launch windows.

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 rep laced as req uired in each of the
existing ICS's to assure reliable performance.

i

b.	 Pad 39A and Pad 39B will be modified to provide three TCS's in each

launch vehicle ESE rather than the present one.

C.	 Incorporate voting logic so that an y t:vo of the three TCS's will

assure that the pro per signals are provided.

d.	 All unused si g nals from each TCS will be unp;tched and grounded so

there will be no possibility of them causing problems.

The above activities will reduce the Drobabilit y of a false command

being_ initiated and also assure that no sin g le electrical failure
-	 will result in loss of the proper terminal countdown command.

3.4	 PROPELLANT LOADING

3.4.1	 RP-1 Loading

The RP-1 system successfully supported countdown and launch without
ircident. Tail Se rv'ce Mast !TSM) 1-2 fill and replenish was accom-

plished at T-13 huurs and S-IC level adjust and fill line inert
occurred at about T-60 minutes. Both o perations were satisfactory, there
were no failures or anomalies. Launch countdown suppor t_ consumed 213,304
gallons of RP-1.

3.4.2	 LOX Loading

The LOX system supported countdown and launch satisfactorily. The
fill seq uence 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 autorratic through the first
Terminal Countdown Sequence but was switched to manual when S-IVB

flight mass began 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 lire. The

LH2!LOX Auto Load allows for manual replenishment when such cycling

occurs.

When LOX loading was reinitiated shortly before recycling to T-22

minutes, LOX system lo gic did not reestablish replenish operations as
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ex pected. Instead, it sequenced into a dual mode configuring simul-
taneously for both "vehicle replenishment" and "S-IC chilldown." In

this posture, the S-IC sicw fill valve was opened allcwinc LOX to be
pumped directly into the staae resultina in a sli g ht overfill. The

system was manually reverted to prevent further overfill. Subse-

quent investigation revealed that an S-IC discrete necessary for

nor-nal replenishment was -Assing when loading operations :sere

r surmed .

A real time procedure charge to LOX/LH2 auto load, was prepared to ini-
tiate the discrete manuall y . Peplenishment o perations were reinitiated

and continued normally throu gh launch. This procedure change, which
rewires manual issue of Propellant Tankina Computer System (PTCS) discretes

if tank level is at or above 9K, will prevent problem recurrence.

LOX consumption durin g launch countdown was 613,000 gallons.

3.4.3	 LH2 Loading

Tne LH2 system successfully supported countdown and launch. ?he fill

seeuence beean with start of S-II loading at 15:27 EST, Ceceirber 6, 1972,

and was completed 35 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 Se quencer. Intermittent over-

fill 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 to fli g ht mass.

Launch countdown support consumed about 520,000 gallons of LH2.

3.5	 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 adeouately supported all countdown operations and there was no

damage or system failures.

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

countdown. All specifications for ECS flow rates, ter-Teratures, and

pressures we re met and flow/pressure criteria were satisfactor y during
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the air to GN2 changeover.

At T-48 hours, ECS chiller No. 1 shut down due :c a lcw refrigerant
charce. The redundant chillers were placed in operation and Freon added

to chiller No. 1. No im
p
act resulted.

At T-2 minutes tie S-IC forward lower compartment temperature indication
became inoperative. Redundant measurement systems were utilized and

-	 -	 no irmpect resulted.

I
The Holddown Arms and Service Arm Control Switches (SACS) satisfactorily
supported countdown ano launch. All Holddown Arms released pneumatically
within a six (6) millisecond period. The retraction and exples:ve
release lanyara 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 _,wit•.hes

closed simu l 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 inflioht Service Arms (S/A's 1 through 8) supported
'	 the countdown in a satisfactory manner. Performance was nominal during

terminal count and liftoff.

The DEE-3 s ystem 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
ta p e station. The Pad A DEE-3F magnetic tape station became inoperative
subseouent to the propellant loading operations. The remainder of the
countdown was sup ported by backup tape and line printer rc-cordings.
There was no launch damage.

3.5.2	 MSFC Furnished Ground Support Eouipment

Other than the TCS anomaly discussed in Secti)n 3.3, the MSFC furnished
electrical and mechanical ground support equipment successfully sup-
ported the Apollo 17 12^rich.

O
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SECTION 4

TRAJECTORY

4.1	 ScMJARY

The vehicle was launched on an azimth 90 decrees e?st of north. A roll
maneuver was initiated at 13.0 records that placed the vehicle on a
flight azimuth of 91.504 degrees east of north. In accordance with
preflight targetin g objectives, the translunar injection maneuver shcrtvned
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 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 en.: point constraints to provide
trajectory continuity. Available C-Band radar and Unified S-Band (USB)
tracking data plus tele+rv_tered guidance velocity data were used in
the trajectory reconstruction.

The trajectory variables from launch to Ccrrz nd 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. T ranslunar Injection (TLI) condi-
tions were achieved 2.11 seconds later than nominal with altitude 5.8
kilometers greater than ncoiral and velocity 5.1 meters per second less
than nominal. CSM separation was Cormander 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 orbit insertion. The ascent trajectory was established
by using telemetered guidance velocity data as gene eating parameters to
fit tracking data from six C-Band stations (Merritt Island, Patrick Air
Force Base, Grand Turk, Bernjda FPQ-6, Berruda FPS-16M and Antigua)
and two S-Band stations (Merritt Island and Berruda). Approximately
13 percent of the C-Band tracking data and 42 percent of the S-Band
trackino data were not used because of inconsistencies. These values
are consistent with past experience. The launch portion of the
ascent phase (l:ftoff to approximately 20 seconds) was established by
constraining integrated teler*tered guidance accelerometer data to the
best estimate trajectory.
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Actual and r,cminal altitude, surface range, ar.d cressrance for the

ascent phase are presented in Fi gure 4-1. Actual and nominal space-
fixed velocity and fli ght path an g le during ascent ere shown in
Ficure 4-2. Actual and nominal comparisons of total non-aravitational
accelerations are shown in Ficure 4-3. ?he maxirum acceleration during
S-IC turn was 11. 0-7 a.

Macn number and dynamic pressure are shown in Ficure 4-4. These para-
meters were calculated using meteorolo g ical data measured to an altitude
of :8.3 kilometers (31.5 n mi). Above this altitude, the measured data
were Terged into the U.S. Standard Reference Atmosphere.

Actual and nominal values of parameters at significant trajectory event
tires, cutoff events, and separation events are shown in Tables 4-1,
4-2, and 4-1, respectively. All trajectory pararreters 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-1I powered flight. This
difference is somewhat Greater than usual and is discussed in Section 6.3.

	

4.2.2	 Parkinc Orbit Phase

Ort-tal tracking was accomplished by the NASA Manned Space Flight
%etwork. Three C-Band stations (Merritt Island, Antigua and Carnarvon)
provided four data passes. Six S-Band stations (Goldstone, Bermuda,
Texas, Yerritt Island, Hawaii and Ascension) furnished ei g ht additional
tracking passes.

Velocity data generated by the ST-124M guidance platform were used to
derive the orbital non-gravitational 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 coa-pariscn of actual and nominal parking orbit insertion parameters
is vresented in Table 4-4. The groundtrack from insertion to S-IVB/
CSr separation is given in Figure 4-5. All orbital trajectory variables
were close to nominal.

	

1 .2.3	 injection Phase

The injection phase spans the interval from T6 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 one C-Band station
(Carnarvon) and three S-Band stations (Texas, Goldstone, and Merritt
Island). The second part was obtained by integrating a state vector
taken from the first part at 11,500 seconas (03:11:40) through second
burn and constraining the integration tc a final TLt state vector taken
from the early translunar orbit trajectory. Telemetered guidance velocity
data were used as generating rparaveters for both parts.
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Table 4-1. Comvarison of Significant Trajectory Events

EVENT rAAA-ETE0 ACTUAL eryt:MA; ACT-o0•

d rat N 11108 Oangr	 Tle	 .	 src 0.11 0.11 O.60

Total	 00a-Gra.1 Canoe! l
n ttelerot t o e , • /y^ 10.60 10.55 0.05

(Et/s	 t (71.75) 171.6[1 10.17)
(cS (1.08) 111.081 (0.00)

each	 I oae9e	 Time,	 sec 61.5 67.1 0.1

AItt tr 0.0 7.9 0.1
(e./) (4.3) (1.77 (0.01

ea.l . t^ Dye*.tc Press... saegr	 Time.	 sec 82.5 03.5 -1.0

Drel.tc	 ► rrscrre,	 a/c>^ 1 3.36 3.27 0.09
(16!/!t	 S (701.15) (682.9S) (10.601

altitude,	 to 13.1 13.3 -0.2
(e.t) (7.11 (1.21 (-O.l)

. 00	 ' We
	 T otal	 11!08 - tirerltatl oe al

Actelerattee'	 5-If oaege	 Time.	 sec 161.20 139.31 21."

t	 Accelrrattoe,	 •/	 2 37.95 37.19 0.76
(It/s	 ) (121.51) (122.01) (2-50)

(G) (3.07) (3.79) (0.00)

S-11 vaegr	 Time.	 sec 161.11 1611.66 -0.11

Acceltratlee,	 •/ 17.07 16.97 0.10
(It/s	 ) (56.00) (SS -68) (0.32)

lG) (1.1/) (1.1]1 (0.01)

S-19 8	rl•st	 11.- 64w9e Tier,	 s-c 701.66 706. 74 -1.00

A^crlerottow, ./11 2 6.S1 6.62 -0.00
(!t/s	 ) (21.16) (21.727 0.26)

(G) (.1.61) (0.60) -0.01)

'	 ..A	 Srcem1	 6e. • eaege	 Time . 	sec 11,907.65 ll."S.51 2-I1

Acceler/tlo e ./11 2 13.K 11.10 -0.21
( T %	 )J (15.17) (16.26) (-0.79)

(G) (1-It) (1.11) (-0.03)

N / .1... Ed ► ttl-!tall
vo loctty:	 S-1C Aaeye Tt.e, sec 162. GO 163.30 -1.30

velocity, e/s 2.311.1 2.362.0 11.6
( y t/s1 (7,190.0) (1,IS2. 0) (30.0)

S-11 11648 Time. sec S60.60 S61.14 -O.SI

velocity, e/ S 6,571.0 6,510.2 2S.6
(et/s) 21.567.6) (21,103.6) (01.0)

S-ITS	 first	 a.' % as"at T t e1e, sec 712-" 716.71 -1.00

velocity, e/s 7,305-6 7.31115.9 -0.3
(ft.'s) 11,231.01 (21,232.0) (.1.0)

S_; VI Sec.A.A Orr• too" Ti me. src 11,900.50 111."S.7s 2.7s

velocity. ./s 10./25.2 10,129.6 - 1.3

t

(It/s) )1.293.11 (34.217.5) (-111.1)

e w rrecL Tl.e p alett A.e11e61e

i

1

t
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t
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Table 4-2. Comparison of Cutoff Events

q

)

t

i

4

PAnA•(1En	 ACTUAL	 90•IIAL	 ACT_9C• AC	 At	 9001I.AL	 ACT-90•

-S - IC	 CE	 E K:I(	 SOLE90I0^ S 	 7[C0	 IE9;:IE	 :ul(	 IDI

4••ae	 T1•e. 	 Sec 130. In 130.34	 -O.C4 .61 .20 161	 .t; -0.47

AIC1t.N .	 ^• 47.0 46-•	 0.2 66.5 66.1 -C.Z

1.+11 12c	 4) IZS.I)	 ' ^.11 (35.0) (36	 0) (-0.1)

S4 •ce-Ft.N U 1oc'tr, • /s 1..'01.8 1.38S .J 1.716.9 2.744.9 2.0

1 t1s1 '1.	 41.0! 1.	 441	 51	 (21	 1 Io,012.I) (9.30S.6) (6.5)

Flfgot •at% Las.,	 0e0 23.199	 I 13.196	 -0.091 ,•1.420 20.473 _0.044

11•-11.0	 A.l:e,	 le-4 91.355 01.553	 -0.198 •1	 '1 91.992 .0.174

Sa. t •ce	 n•.ge.	 t- 51.5 51.5	 0	 0 71.6 -n.6

..1) f27	 8) (.1.8)	 (0.0) (49.1) 14o.S) (-0.41

C • ess	 A•-le, 4- 0.2 0.3	 -0.1 0.3 -0.3
Ia.t) (0.1) (0.11	 (-0.1) (0.21

c • ass	 4•N a	 1e 10 c1t F , ./t 1.5 6.Z	 -6.7 6.4 14.1 -/,7

: F t/t1 '4	 71	 l f26.4)_	 !-22.0)

(EIGI•E	 5t E•OID)

(21.0) (46.3) I-25.31_

S-II	 CECO S-11	 u(CO ii1:l1E	 SOLE MID)

A..,•	 T1ne.	 sec 461.21 461.6• -0.47 559.66 560.13 -0.47

Altit.4e.	 6- 171.0 172.7 0.3 172.6 172.1 0.5

1 -1 ) (93.4) (93.3) (0.1) (93.2) f92.9) (0.3)

590ce-F1.e4	 FelecitF. •/S 5.620.4 5.601.4 19.0 6,990.1 6,964.5 15.6
(Ft/7) (Ea.4)9.6) (16.377.)) (62.3) (22.933.4) (22.849.1) (81.0)

F11-4 0t	 rot%	 A.1le.	 4el -0.056 _	 -0.065 1).OZ7 0.254 0.247 0.007

.e u1 N A M le, /e9 91-647 47.571 0.016 100.395 100.333 0.062

...^•ce 4••9e.	 .• 1.09S.0 1,0193.0 2.0 1.cS7.6 1.653.6 4.0
( w 1) (591.)) (590-2) (1.1) (895.0) (892.9) (Z.1)

east n•.4o, •a 18.6 18.9 -0.7 34.8 34.1 0.4
a ) (10.0) (70.2) (-0.2) (16.8) (14.6) (0.2)

Cross	 A4..`e	 9e14citF, -/t 135.4 121.5 6.9 194.9 188.9 6.0
f f!! s) (444.2) (421.6) (:2.6) 1	 (639.4) (619.8) (19.6)

S-I 90	 1ST GOI"-AKE	 CUTOFF SIGNAL S-Ito	 210 GUIDAACE	 CUTOFF SIGNAL

b .9e Tic . 714 102.E9 706.74 -4.09 11,907.64 1:,905.54 2.10

Alttte40_ be 1;0.5 170.1 0.1 300-0 294.5 S.5
1 a^/) !	 :92.1) '	 (92-0) (0.1) (142.0) (159.0) (3.0)

So4co-F 1 .e4	 velocitF, • /s 7,602 J (	 7.801.6 -0.3 10,•41-6 10.849.3 -4.7
(FL'sI (2S.596.7) (25,599.1) (-1.0) (35.579.4) (3S,S94.8) (-IS.4)

Fltg.t Fat.	 A.11o, 4Ml 0.071 -0.002 0.003 6.930 6.766 0.144

-0 64i .q A.g14, beg 104.718 104.780 -0.062 118.046 117.967 0.079

S.. • .ce no-go,	 6. 2.625.2 2.643.7 -16.S
(-I) (1.417.5) (1.427.5) (-10.0)

Cress no-go. 6• 67.4 67.2 6.2
(mot) (36.41 (76.7) (8.1)

161.1 259.7 1.4CroSS Deal* 10;401T.  •/S
It//i (856.6) (BS2.0) (4.6)

I•c1sa4tlo•.	 4619 28.473 26.413 0.050

Bosco-81 N wM. M9 86.061 86.149 -0.086

Ecco•trtcity 0.9707 0.9704 -0.0001

C	 • 2 /S 2 .i•773.275 76T	 3 1.
-19,Ot1.;14)

- 9 	11(1 0
3 t F1 Z" 2) 19.0% ,760) -42.066)
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Table 4-3. Comparison of Separation Events

l
i

-i

PARAMETER ACTUAL mom! 14) ACT-NON

S-IC/S-II	 SEPARATION

e aoge	 Ti.'.	 sec 162.a 1E 3.4 -0.5

Altitude,	 k n 68.1 6?.1 -n	 1
in.i) -0.1)

Space-Fixed	 Velocity,	 n /s 2.754.Z 2.751.7 2.5
(ft/s) (9,036.1) I	 (9,027.9) (9.1)

Flight	 p ath	 Angle,	 deg 20.151 20.208 -0.057

Heading	 Angie,	 deg 91.741 91.915 -0.174

Surface	 Range,	 k. 94.7 95.3 -0.6
(FMII (51.1) (51.5) (-0.4)

Cross	 Range,	 k. 0.3 0.6 -0.3
(nNi) (0.2) (0.3) (-0.1)

Cross	 Iange	 Velocity,	 Nis 6.7 14.5 -7.3
(ft/s) (22.0) (47.5) (-25.6)

Geodetic	 Latitude.	 deg	 N 18.580 28.577 0.003

Longitude,	 deg	 E -79.637 -79.630 -0.007

S-II /S-iVB	 SEPARATION

Range	 Time,	 sec 560.E 561,1 -0.5

Altitude,	 k n 171.6 172.1 0.5
(mat) (93.2) (92.9) (0.3)

Space-Fixed	 Velocity,	 n /S 6,992.8 6,967.2 (25.6)
(ft/s) (22,942.3) (22.858.3) (84.0)

Flight	 Path	 Angle,	 deg 0.244- 0.136 0.008

Heading	 Angle,	 deg 100.424 (	 100.35: 0.060

Surface Range,	 k n 1,663.6 1,660.1 3.S
(noi) (898.3) .896.4) (1.9)

Cross	 Range,	 ko 35.0 34.6 0.4
(not) (18.9) (1 B. 7) (0.2)

Cross	 Range	 Velocity, e/S 195.3 189.3 6.0
(ft/s) (640.7) (621.1) (19.6)

Geodetic	 Latitude,	 deg	 R 26.865 26.874 -0.009

Loy itdde, deg E -63.831 -63.866 0.035

S-IVB/CSM SEPARATION

Range Time,	 sec 13,347.6 13,405.5 -57,9

Altitude,	 k n 6,606.4 6,912.5 -306.1
(tit) (3,567.2) (3,732.5) (-165.3)

Space-Fixed	 Velocity.	 n /S 7,724.7 7,633.0 91.7
(ft/s) (25,343.5) (25,042.7) (300.8)

Flight Path Angle,	 deg 44.180 44.847 -0.667

Angle, deg 102.797 102.166 0.631

I

M.e!tzi

deg a 944 .228

L 
LDegita". 

6" Ee,

11.300 -1.261

3
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Table 4-4. Parkinq 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	 Velocity,	 m/s /,804.i i,o03.3 O.2
(ft/s) (25,604.0) (25,604.7) (-0.7)

Flight	 Path	 Angle,	 deg 0.003 -O.CO1 0.004

Heading	 Angle,	 deg 105.021 105.082 -O.U61

Inclination,	 deg 28.526 28.524 0.002

Descending	 Node,	 deg 86.979 87,024 -0.046

Eccent.-icity 0.0000 0.0001 -0.0001

Apogee,	 km 167.2 16 7. 4 -0.2
(nm1) (90.3) (93.4) (-0.1)

Perigee,	 km 166.6 166.6 0.0
(nmi) (90.0) (90.0) (O.C)

Period,	 min 81.83 87.83 0.00

Geodetic	 Latitude,	 deg	 '4 24.680 24.642 U.038

Longitude,	 deg	 E 53.810 -53.633 0.177

7

7	 ^ Iv1[vll0•

•

1 IJ ZY-77
S S-t r1C5•

37
S[nu T l^• :•E USE	 !'

S•: TI
IEIG•I T 110 X

O

(S*Or O •UI IUFCIIO• ^	 I
r

s

STITIO•	 :E G[\^-
1

'.	 COM VS p11SR	 5.	 I05E11`106 S•II	 f.	 •0•E1SOU I[
r.	 n 1LJ	 [.	 vSCEKID•	 10.	 •VIII O	 _	 •I IST gvONTtO•I.	 I•TIGM	 7. -IO	 I1,	 GOL OSTIMF
v	 I[Y•Y	 /. CAMNv" OS	 -	 SEC0•I vfvM rf^fO•

1
.1lII	 -Y	 44	 - 40	 - E•	 0	 70	 IO	 10	 10	 100 •b	 '60 ^l^	 ^I•	 _IIe	 _^7•	 _,a

LONG I TIN. o"

Fiqure 4-5. Launch Vehi-'e Groundtrack
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i
L
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Comparisons between the actual and nominal space-fixed velocity and

fli g ht path angle are shown in Figure 4-6. The actual and nominal total

non-gravitational acceleration comparisons are presented in Fi gure 4-7.

The lower than nominal velocity and acceleration shown in Figures

- 4-6 and 4-7, res pectively, are due to the heavier S-I`!B staoe resulting

from the 4.OP seconds early first S-IVB cutoff. The actual and nominal

S-IVB second guidance cutoff conditions are presented in Table 4-2. The

s1T ^h*_lv lonner 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.	 Trackin g data from one C-Band

.;y; station	 (Carnarvon)	 and one S-Band station	 (Ascension) were fitted usina

the procedure outlined	 in 4.2.2.	 The actual	 and nominal	 translunar

f1 injection conditions are compared 	 in Table 4-5.	 The S-IVB/CSM separation

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

se paration were due to the earlier than nominal 	 se paration time which

was- Colrrander initiated.

Table 4-5.	 Translunar Injection Conditions

.t

A

PARAMETtR ACTUAL NOMINAL ACT-NOM

Range	 Time,	 sec 11,917.65 11,915.51 7.11

Altitude,	 km 313.5 307.7 5.8
(Mai) (159.3) (166.1) (3.2)

SP4ce-Fixed	 velocity,	 m/s 10,837.0 10,842.1 -5.1
(tt/s) (35,554.5) (35,571.1) (	 16.7)

Flight	 Path	 Angle,	 deg 7.384 7.240 0.144

Hee.ing	 Angle,	 deg 118.116 118.039 0.077

Inclination,	 deg 28.474 28.423 0.051

Descending	 Nodo,	 deg 86.061 86.149 -0.088

Eccentrtcity 0.9710 0.9721 -0.0001

C	 w 2 /s 2 -1,695,985 -1,689,026 -6,959
3( t2/s2 j (-18,255,431)	 I (-18.180,52S) (-74,9n6)

i
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t
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Figure 4-5. Injection Phase Space-Fixed Velocity and Flight Path
Angle Comparisons

I

Figure 4-7. Injection Phase Acceleration Comparison
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SECTION 5

5-1C PROPULSION

5.1	 SUMMARY

4

s

s

s^

t.

s
{

}
i

All 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-; mpulse was 0.14 percent higher than predicted. Total propellant
consumption from Holddown Arm (HDA) release to Outboard Engines Cutoff
(DECO) was low by 0.14 percent.

Center Engine Cutoff (CECO) was initiated by the Instrument Unit (IU)
at 139.30-second-, 0.02 seconds earlier than planned. CECO 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 OECD, the LOX residual was 36,479 lbm compared to the predicted 37,235
lbm and the fuel residual was 26,305 lbm compared to the predicted 29,956
1bm.

The S-IC hydraulic system performed satisfactorily.

5.2	 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 teinperature 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. T ►,o engines are considered to start together if both
thrust chamber pressures reach 100 psig within 10O milliseconds. 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
than predicted, although within specifications. The 2-1-1-1 start
sequence had no adverse affect on either propulsion system performance
or on the structure.

i
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1	 Figure 5-1. S-?C LOX Start Box Requirements

i

Table 5-1. F-1 Frgine Systems Buildup Times

f

BUILDUP TTM£, SEMNDS

ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE 5

Predicted" 4.05; 3	 1- 05 3.925 3.990 3.933
Actual* 3.362 ",.361 3.605 3.669 3.819
Difference 0.1;5 0.104 0.320 0.321 0.114
Direction Fast Fast	 I Fast Fast Fast

I

The desired 1-2-2 start sequence ryas also not achieved on flights AS-507,

AS-508, and AS-510. The timing of the start signa ls to each engine is
adjusted to achie ye the desirea start sequence and is based on data from

individual eng i ne firings and the single data sample in the stage environ-

ment obtained frog, static firing. Typically, a wide dispersion o f start
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times is observed at the stage static firing. This dispe rsior 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 structural implications of a non-standard engine start sequence

for the Skylab mission have been examined considerin g 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 lbm LOX (67,031 Ibm predicted)

and 22,015 lbm fuel~(18,764 lbm predicted). The greater than predicted
propellant consumption during holddown was due to the faster engine start

and longer burn before holddown release. The reconstructed orooellant

load at holddown arm release was 3,239,298 lbm LOX (3,243,932 Ibm predicted)

and 1,409,906 lbm fuel (1,415,766 lbm predicted).

Thrust buildup rates were as expected, as shown in Figure 5-2.

9 r

9.

7.

6.

z
c 5.

4.
OC

3.

2.

1_

_- 0
1.]

i

K

Tc'•

S-

i'

2.0

1.5

a

0
1.0

N

0.5

RM',E 71'f, SFCI:05
i}

Figure 5-2. S-IC Engines Thrust Buildup
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The engine Main Oxidizer Valve (MOV), Main Fuel Valve (I'FV), and Gas
Generator (GG) ball valve openin g times were nominal.

5.3	 S-IC MAINSTAGE PERFORMANCE

S-IC sta g e propulsion performance was satisfactor y . Stage thrust, specific
impulse, mixture ratio, and propellant flowrate were near nominal pre-
dictions as shown, in Figure-3. The state site thrust (averaged f--cm time
zero to DECO) was 0.30 percent higher than predicted. Total prope.lan'.
.consumption rate was 0.16 percent higher than predicted arc the total con-
sumed mixture ratio was 0.002 percent higher than predicted. The speci-
fic impulse was 0.14 percen t_ hither than predicted. Total propellant
consumption from HDA release to DECO was Icw by 0.14 percent.

For comparison of F-1 engine fli g ht performance with predicted performance
the flight performance has been analytically reduced to standard condi-
tions and compared to the predicted performance which is based or ground
firings and also reduced to standard cond'tions. These comparisons are
shown in_ Table, - 5-2 fQr t' , e 35 to 38-second time sl ice. The laraest thrust
deviation from the predicted value was -7 klbf for en g ine 2. Eng ine:, 1
and 5 had lower thrusts than predicted by 6 and 1 klbf, re,-pectiveiy.
Engines 3 and 4 had higher thrust than predicted by 1 and 2 klbf,
respectively. Total stage thrust was 11 Klbf lower than predicted for an
average of -2.2 klbf/en g ine. 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-!C
Engine No. 2 fuel suc.ion line inlet pressure. This oscillation was
also observed durinn S-IC-12 static test and disposed of at 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 enoine. 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 En g ine No. I cocoon increased shortly
after liftoff and exceeded previous fliaht data from approximately 30 to
65 seconds by a maximum of about 13°C. After 100 seconds the t gmpera-
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 not 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 zorrected
itself. Both of these possible causes for the cocoon ambient temperature
rise are discussed in detail in Section 13.2 Vehicle Thermal Environment.
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:.=	 S-,'C "c'.Gi%E Sit ;X'We 7P.A'.S1:'„ '.EPFC1PY.A!6.7

T ►e =-1 engire :trust decay .rarsient was noriral. The cutoff irpulse.
reasured !.rom Cutoff signal to zero thrust. was E69,642 ltf-s fcr tee
center encire (0.1 -ercent Less than predicted) and 2,593,423 itf-s
fcr all outtoard eraires (3.0 percent greater than predicted). The

total stage cutoff irpulse of 3,2E3,055 ;bf-s was 2.3 percent greater
than predicted.

Certer engine cutoff was initiated by the IU at 1;9.20 seconds. 0.02
seccrd earlier than p ianred. Cutoff s 4̂ cnal to tt.e outboard engines

was initiated by fuel depletion and occurred 0.47 second earlier than

the norinal Lredicted t're cf 161.67 seconds. The fuel deoleticn cutoff
was caused by the higrer ttan ;,redicted fuel density due to chilldown
cf the fuel during ttre - 2 - 1,4ur 40 rinute hold and the slightly higter than
r,or.irai tatcn `uel density for this flicnt. The early cutoff was cue
vainly to slichtly higher than predicted stage site ttrust (0.03 percent
higher) and the acccccanying hi gher propellant flowrates.

5.5	 S, :C SAGE_ ?RCPELL• ! i Wr"AAGEYE! ►i

The S-IC stage does not have an active propellant utilization systen.
Minirur residuals are ottained by atterpting to load tee mixture ratio
exoec:ed to be consured by tte engires p lus the predicted unusable
residuals. ^'n anal ysis of the residuals experienced during a flioht
is a good r,easure of tre perform nce of the passive propellant utiliza-
tion system.	 f

The residual LOX at urn was :6,479 It= compared to the predicted
value of 37,235 lbe. --ne fuel residual at OECD was 26,305 Its compared
to *-t.e predicted value of 29,956 ibn. A sumejary of the propellants
re gaining at rajor evert tires is presented in Table 5-3. 	

i

5.5	 S-IC PRESSLRIZATIRN SYSTM

5.6.1	 S-:C Fuel Pressurization System

The fuel tart pressurization s ystem perfcrmed satisfactorily, keeping
ullage pressure within acceptable limits during flight. Helium Flow
Control 'salves (4FCY) Ko. 1 through 4 coer*d as nlarned and HFCY %o. 5
was not relw i red .

The low flow prepressurization systec was cow.anded on at -97.0 seeds.

The 1 ow fl ow sys tem was cycled  on a second tire at -3.1 seconds. H i gA	 t
flow pressurization. Accoerplished by the orboard pressurization system.
perfcrwed as efpected. mFCY So. l was commanded on at -2.7 srrr4s and	 ,	 ___

was supplemen ted by the ground hi gin flow prepres surizatiow system un ti l
groilical disconnect.

a

Fuel :ant ullage pressure was within tMe predicted limits t?roug put
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Table 5-3. .S-IC Propellant Mass History

SEASCQ oft9EC^'S ftXTED..!t
Etftti ^ED![TED, LW

fit6. LDP (BEST ESTWIE)

tot r!E_ LOS r'IEL LOt FUEL

Jv++ +tio+. !+••^ 3.31C,967 1.934.52S -- ' 1,131.321 3,374,389 1,431.1021

3.243.932 1,41S,7E6 3.:43.551 1,410.136 3.739.29e 1.4N.906
9e lesu

CICO 4^J3,818 187."1 393.959 •81.418 y9l.%4 192.160

Of CO 37.135 ?9.956 -	 36.631 Z7,ZS3 36.479 76.305

•.ewsttow 31.772	 I 76.'392 --- --- X0.717 23, 3C

Ie" 'ftvtt 31. 2i,3G9 -- --- 30.645 23.098

Predicted •.d reCL" Vs!! .9 .a i ws I* •et twcl•de eressu IUttow sas so tt+e7 .111 CONW" •tth
1~1	 e-vir 141ta .

flight as sham by figure 5-4. 14FCY %o.'s 2. 3 and 4 were cooranded open
during flight by the switch selector within acceptable limits. Helium
bcttit pressure was 3000 psi& at -2.8 seconds and decayed to 475 Asia
at OfCO. Total helium flowrate was as expected.

Fuel pub inlet pressure was maintained above the require. rininim Net
ioii:,t,e S."Liul Pressure 1++3nj during flight.

5.6.2	 S-IC LOX Pressurization System

The LOX pressurization system perfcrz+ed satisfactorily and Ill perfor-
ranca reoui reaenis were met. The ground prepressunization system main-
tained uilage pressure within acceptable limits until launch commit.
The ormoard pressurization system perforwed satisfactorily during flight.

The prevressurization system was initiated at -72.0 seconds. Ullage
pressure increased to the prepressurization switch band and flow was
terwinatea at -58.3 seconds. The low flow system was cycled on three
additional times at -42.9. -217.8, and -5.4 se+concs. At -4.7 seconds.
the n i gn flow system was comas nde+d on and ma i rtta i ned u l l age pressure
within acceptable livnts until lautich comrit.
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Figure 5-4. S-IC Fuel Tank Ullage Pressure

Ullage pressure was within the predicted lirits throughout flight as

shown in Ficure 5-5. GOX flowrate to the tank was as expected. The
t%axivum GOX flowrate after the initial transient was 48.8 lba/s at CECO.

The LOX pura inlet pressure r,et the minimum XPSP reouirerent throughout
flight.

5.7	 S-IC PKEUVATIC COKTROL PRESSURE SYSTEM

"+^e control pressure system functioned satisfactorily throughout the
S-IC flight.

Sphere pressure was 2470 Asia at liftoff and reffa:ned steady until CECO
when it decreased to 2850 Asia. The decrease was due to center engine
prevalve actuation. There was a further decrease to 2475 Asia after
OECO. Pressure regulator perforrance was within limits.

Tte engine :malves were closed after CECO and OECO as recuired.

i
5.8	 ^- IC PURGE SYSTEMS	 1

Performance of the puree systems was satisfactory during flight. 	 ^.
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Figure 5-5. S--'C LOX Tank Ullage Pressure

The turtopump LOX seal storage sphere pressure of 2955 Asia at liftoff
was within the prestart limits of 2700 to 3300 psia. Pressure was
within the pred'-'ed envelope throughout flight and was 2805 Asia at

OECD.

The pressure regulator performance throughout the flight was wi `hil. the

85 +10 psig limits.

5.9	 S-IC POGO SUPPRESSION SYSTEM

The POGO suppression system performed satisfactor4ly during S-IC flight.

Outtoard LOX prevalve temperature neasure-ents indicated that the pre-

valve cavities were filled with gas prior to liftoff as planned. The
four resistance thermometers behaved during the AS-512 fli ght similarly

to the flight of AS-511. The temperature measurements in the outboard
LOX prevalve cavities remained warm (off scale high) throughout flight,
indicating helium remained in the prevalves as planned. The two

i

	
thervxxneters in the center engine prevalve were cold, indicating LOX in

this valve as planned. The pressure and flowrate in the system were

r<>ri na l .

i
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5.10	 S-IC HYDRAULIC SYSTEM

The performance of the S-IC_hydraulic system was satisfactory. All
servo-actuator supply pressures n°re within required limits.

Engine control system return pressures were within predicted limits
and the engine hydraulic control system vales operated as planned.

t
i
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SECTION 6

5-ii -PROP ULSION-

6.1	 SUMMARY

"ne 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 earlier than
planned. Outboard Engine Cutoff (DECO), initiated by LOX depletion
sensors, occurred at 559.66 seconds giving an outboard engine cperating
time of 396.1 seconds.	 -	 " " ------ --

Engine mainstage performance was satisfactory throughout fli ght. The total
stage thrust at the standard time slice (61 seconds after S-II ESC) was
0.14 percent below predicted. Total pro pellant flowrate, including pres-
surization flow, was 0.19 percent below predicted, and the staae 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 limits except
the LOX fine mass indication. Propellant residuals at OECD were 1401 lbm
LOX, as predicted and 2752 lbm LH2, 107 lbm less than predicted. Control
of Eng ine Mixture Ratio (EMR) was accomplished with the two-position pneu-
oraticall y operated Mixture Ratio Control Valves (MRCV). Relative to ESC,
the low EMR step occurred 1.6 seconds earlier than predict.-I.

The performance of the LOX and LH 2 tank pressurization system was satis-
factory. Ullage pressure in both tanks was adeouate to meet or exceed
engine inlet Net Positive Section Pressure (NPSP) minimum reouirements
throughout mainstage.

Performance of the center engine LOX feedline accumulator system for P060
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-II CHILLDONN AND BUILDUP TRANSIENT PERFORMANCE

The engine servicing operations reouired to condition the engines prior
to S-II engine start were satisfactoril y accomplished. Thrust chamber

6 -'
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jacket temperatures were within predicted limits at both prelaunch and
S- II ESC. Thrust chamber chilldown req uirements are -200'F maximum at
prelaunch commit and -150'F maxir- • im at engine start. Thrust chamber
temperatures ranged between -286-and -258 6 F at prelaunch commit and
between -238 and -207'F at S-II ESC. Thrust chamber warmuo rates
durinq S-IC boost a g reed 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 durin g prelaunch and
S-IC boost.

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

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

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

Durino the countdown hold initiated at -30 seconds, the hold options were
exercised. The launch vehicle was maintained in the Hold Option 2 condi-
tion for approximately 73 minutes. This reouired control of the J-2
engine start tank and helium tank pressures to assure that they would remain
within redline limits during the hold. 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.
Figure 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.

6-2
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Fi g ure 6-2. S-II Engine Helium Tank Pressures
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Figure 6-3. S-II Typical Start Tank Conditions During Hold Operations
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Fi gure 6-4. Comparison of E-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 LH2 recirculation systems, used to chill the feed ducts, turbo-

pumps, and other engine components performed satisfactorily during prelaunch
and S-IC boos*_. Erigine 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 psi above the

predicted envelope because the LOX tank experienced ;:n approximate 1 psi

increase in ulla ge pressure between S-IC OECD and S-II ESC. This pressure

increase is attributed to the small ullage volume, cou p led with the springback

of the aft bulkhead at S-IC OECD, thus compressing the pressurant in the

ullage. The LOX pump discharge temperatures at S-II ESC were approximately

14.0°F subceoled, w°l - '--low the 3°F subcooline recuirer.ent.

Again, as	 S-5il the deletion of the S-II ullage motors did

not adv,	recirculation system. The characteristic tem-

perat ,,	pump discharge temperature between S-IC OECD

and	 imately 1 .5'F, similar to that experienced on
ators installed.

.on of the propellant ta n ks was accomplished satisfactorily
pressures at S-11 ESC were 4 i.5 psia for LOX and 29.1 psia

...1, well above the minimum requirement of 33.0 and 27.0 psia,
espectively.
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S-iI ESC was received at 163.£ secerds and the Star- 'ark 2ischarc_e Yalve
(STOY) scleroid activation sicnal occurred 1.0 seccnd later. -he eneire
thrust buildup was satisfactor y and well within the rrecicted trust
buildup envelo pe. Xll ergires reacre^ 90 rercent thrust within 3.3
seconds after S-Ii ESC.

6.3	 S-II rAMSTI =GE PE^FOPYAIIXE	 -

The prcoulsion reconstruction analysis shoved that state ,*rfcr-ante
durine -airstaee operation was satisfactory. A ccrparis,-n of predicted

	
a

and rpccrstructed thrust. s pecific —culse. *_otai flcwrate. and rixture
ratio versus time is shorn in Fieure 6- 71.-5tac_e performance -was very close
to predicted. At ESC +61 seconds, total staee thrust was 1.156.694 lbf
which was 1585 lbf (0.14 percent) below the prefli ght prediction. Total
propellant flowrate includinc pressurization flow, was 2743.4 ibr/s. 0.19
percent telew predicted. Stace specific irpuise. including the effect
of pressurization cas fiowrate. was 421.6 lbf-s/lbc. O.CS percent above
predicted. The state propellant mixture ratio was 0.-?6 percent below
predicted.

Center Errire Cuto ff was initiated at ESC +297.62 seccncs. 0.47 secenis
earlier than piar.red. This action reduced total state trust by 234.121
lbf to a level of 920,7 46 lbf. The EwP shift frer hi gh to low occurred
325.6 seconds after ESC and the reduction in state thrust occurred as
expected. At ESC +351 seconds. the total sta ge thrust was 787,009 lbf;
thus, a decrease in thrust of 133,737 lbf was indicated Cetween hicn
and low POR operation. S-II burn duration was 396.1 seconds.

Individual J-2 engine data are presented in Table 6-1 for :-he ESC •61
seccnd tine slice. Good correlation exists between predicted and recon-
structed flient performarce. The performance levels shown in Table 6-1
have not ~eon adjusted to standard J-2 altitude conditions and do not
include the effects of pressurization flow.

A1 •_►ouon the proMlsion reconstruction was very close to the predicted.
the trajectory reconstruction, Section 4.2.1, indicated that the S-II
stage produced apm xirately 23 w/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 perform nce is unique in the history of the S-II.
From a review of the trotwlsion and trajectory as well as the history of
stage and engine manufacturing and testing. it has been deterwined that
the combined contribution of initial conditions. masses. base pressure
thrust. insulation erosion. propellant loading, propellant residuals.
and reconstructed eneine performance accounts for spproxima tely 9 Ns
of the additional velocity. leavine 14 a/s still to be explained.
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wbst rctewcrthy is tre fact :fat :fe : -engine averace	 :rCulse
( I So ) :n S-II-"12 is tit 1cwst cf any S-II stage. and weiile t-ere is no
evidence tMt the enaire icv_ bcct is:; 	are i rcrcter. :'e -lredic:ed
stzce ^erlcrramCe yculd *are `ten ver-i close to :rat- indicate.ty tte
:ra;ec:ory reca:stnicti pn if the average 1W for :fe eng ines in -this pro-
.uct-cn t+ioct (Engines r-/% 2Cf•3	 2"'V") had `-v!!*m ass.ored. This would
ir^Tr Neat the eng ine is arcroxirately as re peatable as its associated
ins:rmtat^cn.

The differtmes invol ved are quite small. The difference between the
!lock average Isr and tte S-11-12 rver3,e loe toc& values ttacs; is within	 ^-

tte irstra-er.:aticc noise level. ' +e actual engire-to-efgire reCeitatility
is Teri s i irl lar to the ins:rareritation ran- •o-run revea:ati 1 i :y. Therefore.
it is reasonable to hY"Othc'SiZe that to j cmer Van average eng ire Derforwarce
indiwed by the log tcct Is () values ray not fare teen red!.-sr t'at actual
engi;e perforrance ray have teen cicse to t l,e cicc• avera ge. Whi le t*
recrostrxt i oo wou ld detec t a flcwrate contribution to an error in tag Isp.
it would rot correct a thrust measurement error. If this latter situation
were :►e case. a significant difference between( predicted and reconstructed	 -
:roeuTsion values would not be expected because the nozzle eftic?er+cy	 -
coefficient used in beta the cropulsioni rewnstructfon and the prediction+
are derived fro" the sare ground test data.

%o chance to the trrpulsicn :ect:r.i=je fcr SA - S13 is r*ouired :ecause the
actual ire locity i nc rerient frog the S-1I-13. which is proerarced for an
enercy	 off. is rct affected and tecause the payload effect is riniral
and tre Skylab R tssien is not cayload critical. Also t"ie difference between
S-II-13 tags and the block average is only about 0-.alf as large as that for
S-I Al - 12.

Two L^1 systm reasurerents. engine %0. 4 ;urn inlet terperature and
eng i ne '':o. a pure Cis clar?e ressurl. "hibited 6rxis ual Uaracteristics
Curing ." later part of high 99- operation. Sirce both neasureverts
were within the sine argine. a detailed eAsmination was ccnduc:eC to
CCt^r7^If/C ^' „:i TQ^,:::i`:_''^ _• ww..f.^, ^^Inn.,^k^ r1+^I1Oe , ^^^ elalltina-

tion concluded Mat r10 "irr perfer,fance Change was indicted by Ve
fliy*t data. For further discussion of Lhese reasurevents refer to Table
15-3.

6.4	 S-II SU UTDOWN TaMSIENT DfRfOWAAtE

S-i I XC0 was initiated by ti`,e stove 11.01 depletion cut. ff srs:e±* rs	 ^
^v I a cried .

:rt L OX depletion cutoff sy-ster again included a 1.S sec nd delay timer.
jks In Pre vi ous  f l i ph is (AS- 504 and s ub s ecue n t) . "is  resulted in engine
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s	 thrust decay (observed as a crop in thrvs: c'a+ter pressure) prior to
receipt of the cutoff signal.

s•

The outboard engine th rus t decay pe rf o rra nc a was within the predicted
band. First indicatior :s of virus: decay were noted 0.75 second prior
to cutoff signal on ergire 1. 'n crier of engine position. thrust decay
began at 0.75. 0.50. 0.55. and 0.30 seconds prior to cutoff signal and
corresponding cratGer pressure dec ays were 180. 180. 130 and 120 psi.

At S-II OECD total thirust was down t-o 612.126 lbf, Stage thrust dropped
• to f;ve percent of thi s level within 0.4 second. The star cut-off

ime e l s e th rough tt.e five percent thrus t 1 ere 1 is es t i 2ra ted to t o 121.100
lbf- s.

6.5	 S-11 STXE DPfli_/%NT PIAM6UPEIT SYSTEK

Ground loading and flig! !t perforuance of the S- II stage propellant manage-
dent system were nominal and all Parameters were within norwl ranges.
The only exceptien was ttie LCX fire mass seasunew. that exhibited a
signal level reduction of one to two volts between -2.5 seconds and 15
seconds and then returred to norral for the remainder of the flight. This
condition has not been observed during previous flights. A review of the
LOX coarse mass and the Propellant Utilization (PU; error signal verifies

;c	 that the PU ctnmputer LOX bridge servo did correspondingly move during this
time p*riod eliminating the ;*ssibility of : telemetry problem. After
thorou" data review. this si gnal characteristic could not be explained by
adorn tank conditions. Laboratory simulations with either series of parallel
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res-.s:a • ce if 'Ie leadrire ;istm between ?e capac::arce :r-.:e .rd t^e
ccrruter *a ye C;XllCated this vrccle,.

To p ►=c'.te ;cssibie pr^le•s en fu	 hature fii^, an i rscec:ion ;f ;-e
iea,jwi re system ir:egr• : y wi ll to conducted for S- : 1 - 13 and s:: se;uert

' +:is reasure-ert is her-c r itical in flie_!nt and -,virua: - cirt -
se-scr t ackup :)mr*llart loadi ng could be used fcr grcur4 lcadirg sreul: this
mble" recur.

--e propellant Taring Carcuter Syster (PTCS) and t ►!e stage propellant
ra-agere-t syste!a prccerl ,f orn:rolled S-II loading and ret;l,n:srrent.

stage LCD[ and L''2 l ivuld level *Joint serscrs and cavac "arce
:robes crerated wit^out ary prcoie"s during tne -rcpel l art lcacIrs-
B-ote LC-9 a rC L1+2 cverfiil poirt Sensor percent .et ir4lca: 4 crs .ere ail
wt -.ntn :,4,e ieading redline at v^e -1?7 second corrit point.

%#--r, icep control cf ryR curing flight was successf,ri ly acCCrol ^s!ed •^^.rough
use cf tee ergire two position pneuratically operated M ixture patio .cntrol
Yalres ' wKV,,. At ESC. 'elfin. pressure drove the valves :o Vie engine
start :cs ition correspcndirc to t!^e 4.8 EYR. T ee hig* CwR (5. 5) c--w=and
was received at ESC •:.: seconds as expected. p roviding a norinal o,igh

of L.: for :►e first prase of y«e ?rocrarr..ed v.ia:ure Ratio (M).

'he low EM? ste p occurred at ESC • 325.5 seconds. which is 1.5 seconds
earlier thar. predicted. This tire differerce is rxnt likely caused ty
:U conCutatioral cycle -rmr-s or the Saturn vehicle reaching t^e preset
steep comand .elocity at an earlier time than planned. The average EY-Q

at tee for step was 4 .78 as comared to a predicted 4.30. This lower
than p l a reed M is well within the two sigma •0.06 n i x t ure ratio
toierarte.

Ou=oard Engine Cutoff (Of CO) was initiated by the LOA repletion ECO
sensors at ESL -'N6.07 seconds M#-rich is 0.02 seconds later than planned.
Liquid level point scrtaor 4;dU *e,-e rLt ZYii ldusc W wrrify "t LOX -
pletion occurred but engine parweters such as thrust charoer vressure.

S r, i e t tempo ra t ures . p%pp speeds and pump flows a ll exhibited
characteristics similar to LOX dep l etion cutoff on previous flights.

Since li quid level data were not available. propellant residual mass

in tanks detemination was done by other .tans. Based on predicted LCX

DECO sass. predicted L02 full load mass and floweter data. propellant
residual Bass in tanks at OECO were 1401 lbs LOX and 2752 lbs Lii 2 versus
1401 lbm LOX and 2858 lbn LHZ. predicted. The op" loop PU error at OECD
was -107 lbn LH2 which is weir within the estimated three sigma dispersion

of +25M lba LH2.

Table 6-2 presents a comparison of propellant masses as measured by the
?U probes and engine fl or" tens . The full load mass could not be
derive-1 using point sensors (data not available) as a reference. The
predicted value for Lift is used as the best esthete- The LOX
full load mass sas deri ved from :.tie engine fl ome ter integrat::n and
DECO res'dual values.
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Table 6-2. AS-512 Fli7-t S-II Prcceiiant "iss Histcry

i
r

a•

e

1

r; SYS'vq MIW.	 F>;00ETER
P oEOIC"E ). L^r JIULfSIS :'.-r.	 1T IOM. L3M

EYVC, ;.SW (3E<T EST:!IATE)

LCx L!'2 LOX LOX Lag

L i f to f r 344 .750 160.224 !44--S?	 I ' 60.220 3:2.469 160.220

S- 11 ESL 54.4 ,150 160.246 8".1S0 160.415 3a2.469 160.206

S-1I r3 valve Stty 1C7.S;A 25.061 1'..;29 24.367 109.254 25.167

Carmand

2 Percent Point Sensor '"."53 4268 '' " " --

S-I1 OECD 1401 2858 2542 ZE59 1401 Z73Z

S- 11 Residual A f ter 1179 2744 Oa to nc t :.a to no t 1 222 2576
Thrust uecap useaole useaole

Sote:	 Table is Lased on rass in tarts and uAm only.	 aropeiltrt
traa0ed external to tanks and LOA uxv is met inc:uded. PU
data are rot corrected fcr tart/Probe sisratc!•.

--Point sensor discrete data not availatle due to Ser-uda Ground Station
proble2.

i

ii
i
p

MEN

6.6	 S-II PRESSI.•RIZATIOR SYSTEr

6.6.1	 S-II Fuel Pressurization Systee

L42 tank ullage pressu re, actual and predicted, is presented in Figure
6-8 for autosequence. S-IC boost, and S-II boost. The LH2 vent valves

z	 were closed at -94.08 seconds and Vte ul l age volue pressurized to 35.2
psia in 17.5 seconds. One cake-uo cycle was required at approximately
-d3 seconds and the ullage pressure was increased from 34.8 psia to

F	 35.8 psia. Ullage pressure at -19 seconds (launch comit) was 35.4 Asia
m icn is within the redline limits cf 32.0 #:- 2?. 01 sia. Ulla,e pres-
sure decayed to 35.1 Asia at 5-IC ESC at which time the pressure decay
rate increased .or about 20 seconds. (The increased deca y rate was	 )
attributed to an increase in cooling due to LH2 surface agitation caused
by S-IC engine firing.) This decay is normal and seen on previous launches.

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

6-13	 -
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Figure 6-8. S-II Fuel Tank Ullage Pressure

within the 31lowable low-mode band of 27.5 to 29.5 psi. The LH2 vent valve
No. 2 cycled o pen at 140.3 saccnds and closed at 141.1 seconds. Ullage pres-
sure at S-II engine start was 29.1 psia exceeding the minimum engine start
requirement of 27 Asia. The LH2 vent valves were switched to the high
vent node (30.5 to 33.0 psia) prior to S-II engirR start.

During S-II boost, the GH2 for pressurizing the LH2 tank was controlled
by a flow control orifice in the LN2 tank pressurization line with
maximum tank pressure controlled by the LH2 vent valves. Except for the
normal low pressure spike during start transient, the ullage pressure
throughout the S-1I 000st perioa was controlled by the Lii2 rent valves
within the 30.5 to 33 psia allowable band. LH2 vent valve 1 opened at
171.9 seconds and remained open until 174.2 seconds. Vent Valve Flo. 2
cracked open five (5) times during the first 156 seconds of S-II boost.
'lent valve discrete reasurerents are not available beyond 310.9 seconds
due to data acquisition problem. The LH2 ullage pressure was a maxim
of 0.3 7si higher than :ne predicted pressure.

Figure 6-9 shows L142 PLr o total inlet pressure, temperature, and Net
Positive Suction Pressure (NPSP) for the J-2 engines. The parameters
were in close agreement with the predicted values throughout the S-il
flight period. NPSP remained above the minimum requirement throughout

the S- II burn phase.
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LOX TANK ULLAGE TE%TI%*
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6.6.2	 S-II LOX Pressurization System

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

	

i	 6-10 for autosecuence, S-IC boost, and S-II burn. After a 107 second
cold heiium chilldown flow through the LOX tank, the chi;ldown flow was

tourinated 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 records. U pressure make-up cycles were required. The
LOX tank ullage pressure increased to 40.0 psia because of common bulk-
head flexure during LN2 tank prepressurizatiGn. Ullage pressure at -19
seconds (launch commit) was 40.2 psia which is within the redline limits
of 36 to 43 psia. The LOX vent valves performed satisfactorily during all
prelaunch operations.

^oara XqT MAILABLE REYORO 710 SECOWS "WA TIME. TIMES SMC1W% AM TIMES FOR
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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 uTTage pressure prior to S-II engine start was 4 1.5 psia.
During the S-II boost mode, the LOX tank pressure varier, from a maximum

of 42.0 psis at 182.0 seconds to a minimum of 39.0 psia at S-II OECC.

Similarly to ^'5-510 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 164.2 secoAs and reseated at 165.5 secom;,•„

LOX vent valve No. 2 opened and reseated a total of five (5) times
between 164.8 seconds and 188.1 seconds. The LOX vent valve Ne. 1 	 -
cracked o pen 18 times between 166.7 seconds and 310.9 seconds. Yent

valve position discrete indications are not available teycnd 310.9

seconds due to data acou i sition problems.

The LOX tank ullace pressure was controlled within ore psi cf the Ares-
sure predicted for S-II boost as shown in Figure 6-10, Compar'sors of

the LOX pump total inlet pressure, temperature ir,d %PSP are presented

in Figure 6-11. Througnout S-II boost, the LOX pump ?,'PS? 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 p otential LOX/GOX incom-

patibility situation within the LOX pressure switcn asserbly. The purge

is connected to the helium 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.

6.7	 S-II PNEUIRATIC CONTROL PRESSURE SYSTEr1

The pneumatic control system functioned satisfactorily throughout the

S-IC and S-?I 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 DECO.

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

i
6.8	 S-II HELIUM INJECTION SYSTEM

The performance of the helium injection system was satisfactory. The
supply bottle was pressurized to 2976 Asia prior to liftoff and by S-II

ESC the pressure was 1663 psia. Helium infection average total fiorrate
during supply bottle blowdown (-30 to 161.4 seconds) was 74 SCFM. During
the prelaunch countdown, the helium injection bottle decaytest was

a	 repeated to assure no ddverse treids exi stesi. The initial and final
decay tests were within predicted limits.

f:
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	6.9	 POGO 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-lI

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 fi',1 the accumulator with helium subsequent to

engine start and maintain a helium filled accumulator through S-II CECG.

The accumulator bleed subsystem performance was satisfactory. Figure

6-12 shows the req uired accumulator temperature at engine start, the
predicted temperatures durinq prelaunch and S-IC boost, and the actual

temperatures experienced during AS-512 flight. The maximum allowable

temmerature of -281.5'F at engine start was ade q uately met (-293.8°F
actual).

Accumulator fill was initiated 4.1 seconds after engine start. Figure
6-13 shows the accumulator LOX level versus time during accumulator
fill. The fill time was 6.6 seconds, within the required 5 to 7 seconds.

The helium fill floc: rate, during the fill transient, was 0.0055 lbm/s

and the accumulator pressure was 45.72 Asia.

After the accumulator was f-iled with helium, it remained in that state
until S-II CECO when the helium flow was terminated by closing the two

fill solenoid 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

wzs observed during the ground static firing test of the S-II-14 vehicle

and to a lesser degree during the flights of S-II-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 bard, indicating that the helium usage rates were as

predicted.

	6.10	 S-iI iiYCRAULIC SYSTEM

S-iI hydraulic system performance was nominal with all pressures,
temperatures. and vol umes within noni ml predicted limi ts throughout
countdown ar4 flight. Actuator positions followed actuator ccrwancs with
good accuracy rnd showed norral transient responses. The maximum engine
deflection was approxis:a tely 1.3 degrees in pitch on engines 3 and 4 in
response to separation and engine start transients. Actuator loads
were well within design limi ts. The mmaximur actuator load was apprwi-
mately 6800 lbf for the oitds actuator of engine 1- This load also
occurred shortly after engire start.

r
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SECTION 7

S-IVB PROPULSION

7.1	 SUMMARY

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

S-IVB first burn time was 138.8 seconds, 3.7 seconds shorter than pre-
dic..jd for the actual flight azimuth of 91.5 degrees. This difference is
com posed of -4.1 seconds due to the higher than expected S-II/S-IVB
separat;on velocity and +0.4 second due to lower 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 percen. for thrust and -0.14 percent for specific impulse. The
S-IVB stage first burn En g ine Cutoff (ECO) was initiated by the Launch
Vehicle Digital Computer (LVDC) at 702.65 seconds.

The Continuous Vent System (CVS) adeaudtely regulated LH2 tank ullage
pre:sure at an avera ge level of 19.1 psia during orbit and the Oxygen/
hydrogen (02/H2) burner satisfactorily achieved LH2 and LOX tank repres-
surization for restart. Engine restart conditions were within specified
limits.

S-IVB seccod burn time was 351.0 seconds, 4.0 seconds lon g er than predicted
for the 91.5 degree fli g ht azimuth. This difference is primarily due to
the lower S-IVB oprformance 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 -O.IE percent for specific
impulse. Second burn ECO was initiated by the LVDC at 11,907.64 seconds,
(08:51:27.64).

Subseouent 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 lunar impact. Two subsequent 'p lanned APS
hurns were used to improve lunar impact targeting.

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

The hydraulic system performance was nGM
c	

. throughout4na t 	 nciight.

w
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	7.2	 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR FIRST
BURP)

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
reouirements of -189.6 +110°F.

The chilldcwn and loading of the enginE GH2 start tank and pneumatic con-
trol bottle prior to liftoff was satisfactory.

The engine control 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 -157.;°F, within the reouired 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 a.as satisfactory with 1173 psia

and -223°F at cutoff.

The propellant recirculation systems operation, which was continuous

from before liftoff 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 LH2 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 limits set by the engine manufacturer. Thrust dat 'a during
the start transient is prEsented in Fi g ure 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 f irst burn.
The total impulse from STDV open to STDV open +2.5 seconds was 187,271 lbf-s.

	

7.3	 S-IVB MAINSTAGE PERFORMANCE FOR FIRST BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A comparison of predicted

are 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, s pecific impulse, and EMR were slightly less than the nominal pre-
diction but well within the predicted bands. These deviations from pre-

dicted are very minor considering the S-IVB-512 stage was not static

fired. Based on engine performance reconstruction the MRCP setting was

within the requirement of 30.0 +1 degrees.
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Table 7-1. S-IVB Steady State Performance - First Burn
(STDV Open, +135-Second Time Slice at Standard Altitude Conditions)

PAP.h1ETEP PPEDICTED RECONSTRUCTION
crDrENT

FLIAT	
DEVIaT104

DE'/I	
I 
On 

I FP0'A	PPEDICTED

Thrust,	 lbf 207,197 205,797 -1,400 i	 -0.63

Specific	 Impulse. 428.3 427.7 -O.6 I	 -0.14
lbf-s /lbm

LOX Flowrate, 403.40
I

401.26 -2.14 -0.53
1 bm /s

Fuel	 Flcwrate, 80.37 79.96 -0.41 -0.51
lbm /s

Engine `fixture 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-II/S-IVB separation
velocity and 0.4 second longer due to lower S-IVBperformance. Total
impulse from STDV open +2.5-seconds to ECO was 28.23 x 10 6 lbf-s which
was 874,949 lbf-s less than predicted.

The engine helium control system performed satisfactoril y during main-
stage operation. An estimated 0.30 lbm 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
lbf-s which was 1237 lbf-s lower than the nominal . predicted value of
47,638 lbf-s and within the +4100 lbf-s predicted band. Cutoff occurred
with the MRCV in the 5.0 EMR position. Thrust data during the cutoff
transient is presented in Figure 7-4.

The J-2 engine bleed valves 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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Conseauently, the bleed valves' opening time from ECC was increased from
approximately 7 to 14 seconds.

	

7.5	 S-IVB PARKING ORBIT COAST PHASE CONDITIONING

The LH 2 C'IS performed satisfactorily, maintainin g_ the fuel tank ullage
pressure at an average level of 19.1 psia. This was well within the
18 to 21 psia band of the infli g ht specification.

The continuous vent regulator was activated at 761.8 seconds and was

terminated at 11,020.8 seconds (03:03:40.8). The CVS performance is
shown in Figure 1-5.
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The CVS regulator began c ycling at 900 seconds, about 30 minutes earlier
than on previous flights. The extended hold durina launch countdown
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 durina parking orbit was 2195 lbm and that the
boiloff mass was 2405 lbm, compared to predicted values of 2330 lbm
and 2540 lbm, respectively.

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

7.6	 S-IVB CH P_LDOWN AND BUILDUP TRANSIENT PERFORMANCE FOR SECOND
BURN

Repressurizaticn of the LOX and LH2 tanks was satisfactorily accomplished
by the 0 /H2 burner. Burner "ON" command g as 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 lbm of cold
helium used to repressurize the LH 2 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
lbm of cold helium used to repressurize the LOX tank. LH2 and LOX
uilaae 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
shorn in Fi g ure 7-7.

The S-IVB LOX recirculation 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 Fia_ure 7-8. At second
ESC, the LOX and fuel pump inlet temperatures were -294.4 and —118.5°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
satisfactoril y during second burn blowdown and recharge sequence. The
engine start tank was recharged properly and it maintained sufficient
pressure during coast. The en g ine cnntrol snherP fir-,t hurn nas usage
was as predicted; the ambient helium spheres recharged the control
s p here 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 MRCV was in the proper
full open (4.5 E'".R) position prior to the second start. The total impulse
from STnV open to STDV open +2,5 seconds was 182,502 lbf-s.

	

7.7	 S-IVB MAIN STAGE PERFORMANCE FOR SECOND 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
EMR versus time is shown in Fi gure 7-9. Table 7-2 shows the thrust,
s pecific 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 performance which
is comparable to the first burn slice at STDV open +135 seconds.

Thrust, specific impulse, and EMR were well w i thin the predicted bands.
The thrust and propellant flowrates were slightly lo%:er 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 slightly 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 10 6 lbf-s which was
466,296 lbf-s more than predicted.

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

	

7.8	 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN

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

	

7.9	 S-IVB STAGE PROPELLANT MANAGEMENT

A comparison of propellant masses at critical flieht 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 LH 2 than Dredicted. This deviation was well 0 thin
the reouired 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-IVB Steady State Performance - Second Burn
(STDV Open +172-Second Time Slice at Standard Altitude Conditions)

PARNIETER PREDICTED
FLIGHT	

PERCENT
RECONSTRUCTION	

DEVIATIM	
DEVIATION

FPN PREDICTED

Thrust,	 lbf 207,197 205,608 -1,589 -9.77

Specific	 Impulse, 428.3 427.6 -0.7 -0.16
1bf-s/lbm

LOX Flowrate, 403.40 400.95 -2.45 -0.61
lbm/s

Fuel	 Flowrate, 80.37 79.91 -.46 -0.57
1 bm/s

Enqine Aixture 5.019 5.018 -•001

Ratio, LOX/Fuel

Table 7-3. S-IVB Stage Propellant Mass History

Pu
:ImICATED PU FLOW BEST

EVENT UNITS
PREDICTED (CORRECTED) VOLUME'.RIC INTEGRAL ESTIMATE

LOX LH2 LOX LH2 LOX LH2 LOX LH2 LOX LH

S-IC Liftcff lbw 195,584 43,750 195,421 43,724 195,421 43,944 195,49S 43,600 195,636 43,752

First S-IV8 ESC lbw 195,574 43,749 195,421 43,724 195,421 43,944 195,495 43,600 195,636 43,750

F,n . S-IY6 Cutaff it= 138.265 32,297 140,141 32,536 140,141 32,700 139,840 32,536 140,017 32,675

Second S-!Y8 ESC its 138,142 29,774 139,985 30,040 139,985 30 1 163 139,684 30,040 139,879 30,075

Second S- IVD
lb. 3784 2097 4392 2240 4392 2251 4249 2224 4249 2224

Cutaff
1

The +asses shorn do not include mass below tM gin engine valves, as Dresented in Section T6.

T
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	 j



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 LH 2 pressurization system was satisfactory during

i prepressurization, boost, first burn, coast phase, and second burn.

The LH 2 tank prepressurization command was received at -96.3 seconds and
`the tank pressurized sional was received 11.1 seconds later. Following
the termination of prepressurization, the ullaae pressure reached
relief conditions (approximately 31.5 psia) and remained at that level
until liftoff, as shown in Figure 7-10. A small ullaae 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 fli g hts and is considered
normal.

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

The LH2 tank was satisfactorily repressurized for restart by the 02/H2
burner. The LH2 ullage pressure was 3C.6 psia at second burn ESC, as
shown in Fi gure 7-10. The average second burn pressurization flowrate
was 0.69 lbm/s until step pressurization, when it increased to 1.34
lbm/s. This provided a total flow of 288.2 lbm during second burn. Due
to lower 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 ("NPSN) was calculated from
the pump interface temperature and total pressure. These values indicated
that the NPSN at first burn ESC was 15.5 psi. At the minimum point, the

7-15
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Figure 7-10. S-IVB LH2 Ullage Pressure - First Burn, Parking Orbit
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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 secono burns.
3

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 Asia in 14.3 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 Parkins 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, includirrl the
programmed over-control cycle initiated prior to ESC. The LOX tank
pressurization flowrate variation was 0.24 to 0.29 lbm/s during under-
control and 0.33 to 0.41 lbm/s during over-control system operation. This

a



I	 ,
G _

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 '1PSP 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 experienced 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. 'Hass 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/H2 burner. The tank ullace 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 lbm/s. Heat exchanger performance was

satisfactory.
i

#	 The LOX NPSP calculated at the eng ine interface was 22.5 psi at second
burn ESC. This was 10.7 psi aoo^ ,e 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 lbm of helium.
At the end of second burn, the helium mass had decreased to 165 lbm.

Figure 7-16 shows helium supply pressure history.

7.11	 S-IVR 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-IVB AUXILIARY PROPULSION SYSTEM

The APS d^_-monstrated close to nominal performance throughout flio_ht and
met control system demands as required out to the time of flight control

computer shutoff at approximately 41,53 -1 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.
_..__ .Table 7-4_presents the IPS propellant usa g e during specific portions

of the mission,.

Table 7-4. S-IVB APS Propellant Consumption

___ ...

I	 I	 LW I	 PERCOT I	 L91"	 I PE RCENT I	 LM	 PE mC£NT 1	 LBM	 i mEPCENT

Initial	 Load 202.d 1126.1 I	 I	 203.6 I 126.1
i I

First Burn (Roll Control) O.S 0.2	 0.3 .2	 I	 0.5 0.2 0.3 0.2

4 
EC0 tv End of F y n t.APS Ullaqinq 14.6 7.2	 I	 11.3 9.0	 12.5 6.1 10.0 7.0	 II
(86.7 sec time Deriod)

IEnd of First Ullage Burn to I	 11.2 S.5	 I	 7.0 S.6	 S.8 2.9 3.6 2.9
Start of Second ullage Burn I	 i

(Second U114oe Burn 12.5 6.1	 I	 9.5 7.S	 12.5 6.1 9.4 7.5
(76.7 sec Duration)

Second Burn (Roll ContP41) 	 - 0.3I
i

0.1	 i	 0.2 .2	 0.3 0.1 0.2 .2

ECO to Start of First Lunar 28.0) 13.7	 i	 18.8 14.9	 36.5

I

i	 17.9 25.1 19.9
Impact Burn at 22.200 sec.

, i
First Lunar Impact Ullage	 R APS- 1 ) 15.0 j	 7.4	 11.6 i	 9.2	 iS.S 7.6 12.0 9.5
Sum (98 sec Duration) I 1

i

i i

Fro. End of First Lunar Impact 7.0 3.4	 I	 4.4 '	 3.5	 7.0 I	 3.4 4.8 3.8
Burn to Start of Second Lunar

(
I '

i Impact Burn at 40.500 sec.

From Start of Second Lunar 1S.2 7.5	 12.0 9.S	 I	 16.0 7.8 12.2 9.7
:coact (APS-Z) Burn to FCC Cutoff
(600roaieutely 51,533 	 iec)

Total	 ProDellant usaoe 104.3 51.1	 I	 71S.1 I	 59.6	 106.6 I	 S2.1 77.6 l	 61.5

ROTE:	 The ADS Orooellant consump tion oresented in this table calculated
from helium bottle Dressurr and tem perature taSurements.

Both regulators functioned nominally during the mission. The module Pao. 1
regulator outlet pressure increased from 194 psia to 206 psia as the helium
bottle temperature decreased from 80 O F to -40°F. The module ho. 2 regu-
lator outlet pressure decreased from 194 psia to 186.5 psia as the helium
bottle temperature increased from 85 D 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

e	 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:UUj. The Passive

Thermal Control (PTC) Maneuver was successfully completed prior to flight
control computer shutoff.

i
i



The loncest attitude control engine firing recorded during the mission
was 0.890 seconds on the module No. 2 pitch en g ine at 12,810 seconds

- - -durTnq the Trans portation Docking and Ejec -:ion (TD&E) maneuver.

The average specific impulse of the attituae control thrusters was approxi-
mately 220 lbf-s/lbm 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. No leakage 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 se q uence in which the
safing was performed is presented in Figure 7-17, and in the following
paragraphs.-_

7.13.1	 Fuel Tank Safing

The LH2 tank was satisfactoril; safed by utilizing both the Nonpropulsive
Vent (NPV) and the CVS, as indicated in Figure 7-17. The LH2 tank ullage
pressure during safing is shown in Fi gure 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

s	 vented GH2 agrees with the 2224 lbm of residual liquid and approximately
610 lbm of GH2 in the tank at the end of powered flight.

7.13.2	 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 temperature> indicated momentary
(less than 4 seconds) liquid venting. The amunt of liquid vented is
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
en AS-5:2, in response to a problem on the previous flight in which a
S-II stage J-2 engine He purge valve failed to com p letely close for 10

c	 seconds_ This modification consisted of a change to the J-2 engine
LOX Dome/Gas Generator Purge System to incorporate a Purge Control 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 treater value than that seen on past fli ghts 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 p ressure differential between the bleed valve inlet

and the tank at the time of bleed valve opening than was seen on

previous fliehts. This increased pressure differential wou l d cause the

bleed valve return flow velocity to be greater than normal. The pro-
bable sequence of events that led to li quid venting woi!ld 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 liquid 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

li quid venting on Skylab missions a procedural change to delay closing

the chilldown valve has been incorporated.

Following vent completion, the ullage pressure rose gratually, due to

self-pressurization, to 23.5 psia by the time of initiation of the

transposition, docking, and ejection (TDBE) -aneuver.

The LOX dump was initiated at 19,460.2 seconds (05:24:20.2) and was

satisfactorily accomplished. A steady liquid flow c' 368 opm was reached
in 13.3 seconds. The LOX residual at th=• start of dump was 3928 lbm.

Calculatic,.s indicate that 2564 lbm was dumped. During dump, the ullage

pressure decreased from 25.1 to 24.4 psia. A steady state LOX cutup

thrust of 720 lbf was attained. There was no ulla r , oas ingestion, and

LOX dump ended at 19,507.9 seconds (05:25:01.9) as scheduled, by clos-
ing the Main Oxidizer Valve (MOV). The total impulse before MOV closure

was 33,650 lbf-s, resulting in a calculated velocity 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. 1 psia at 19,750

seconds (05:29:10) to near zero pressure at approximately 24,000  seconds

(06:40:00) as shown in Figure 7-20. Sufficient impulse was derived frcm

the LOX dump, LH2 CVS operation, and APS ullage burn to achieve lunar
impact. For further uiscussion of the lunar impact, refer to Section 17.

7.13.3	 Cold Helium Dump

A total of approximately 159 lhm 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 Fi gure 7-17.

7.13.4	 Ambient Heliw, Dump

The two LOX ambient repressurizaticn spheres were dumped through the LOX
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ambient repressurization control module into the LCX tank NPV systeta for
40 seconds beglrning at 11,938 seconds (03:18:58). During this dump,
the pressure decayed frog 2900 psia to approximately 1200 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 co 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 seconds. The 15-second dump began at 21,196
seconds (05:53:16) and approximately 16.3 lbm of He was dumped via the
fuel tank and the non-propulsive very.

	

7.13.5	 Stage Pneumatic Control Soh-2re Safing

The stage pneuma tic rontrol cphere and the LOX rPprPt,uri7ation spheres
were safed by initiating the J-2 engine pump puroe for a ore-hour period.

This activity began at 18,180 seconds (05:03:00) and satisfactorily
reduced the pressure in the spheres f rom 2390 to 1300 psia.



7.13.6	 Enaine Start Tank Safing

The eng ine start tank was safed during a period of approximately 150
seconds beginning at 15,509 seconds (04:18:29). Safing was accomplished
by opening -th-e start tank vent valve. Pressure was decreased from
1300 to 20 psia with approximately 2.78 ltm of ;;ydrogen being vented.

7.13.7	 Engine Control Sphere Safing

The enaine control sphere He dump was reduced to 16 sec on AS-512 as
opposed to 1000 seconds on AS-511 to retain an APB He rechar g e capability
as discussed in 7.13.4.

The safirc of the engine control sphere began at 21,216.4 (05:53:36.4)
by ener g izing the helium control solenoid to vent helium through the
engine purge system. - The helium control sphere vented until 21,232.4
seconds (C5:53:52.4) with the initial pressure of 2970 psia reduced to
13 40 psia at vent termination.

7.14	 S-IVB HYDRAULIC SYSTEM

7.14.1	 Boost and First Burn

The S-IVB Hydraulic System performed within the predicted limits after
liftoff with nu 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-II boost, all system fluid temperatures rose steadily
when the auxiliary pump was operating and convection cooling was
decreasing. The supply 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 fliaht mode "OFD" 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 began sharing a
portion of the leakage flow as indicated by an increase in current to

7-28
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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 ,7onds 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 chances in Aft Battery No. 2

curren t_ 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.

„ ,,,



SECTION 8

--- — -	 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 10 6 lbf-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 responses at the Instrument

Unit (IU) were +0.20 g and +0.27 g at S-IC Center Engine Cutoff

and Outboard Engine Cutoff TOECO),-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. Oscillations in the four to five hertz range

have been observed on previous fli ghts and are considered to be normal
vehicle response 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, low
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 discrete 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-IVB 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 lov. amplitude oscillations of +0.10 g in the 11 to 16 hertz

freq uency range which peaked near second burn cutoff.

8.2	 TOTAL VEHICLE STRUCTURES EVALUATION

8.2.1	 Longitudinal Loads

The structural loads experienced dur Ing boost we 're well belc;w 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 higher

r
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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 Ccmmand Module (CM), Figure 8-1. Comparable

values have been seen on__previous flights.

-i	 1	 2	 3
RANGE TIME, SECONDS

,Or-AND MODULE	 i t	 l I	 I I I i	 I I	 I	 I i
i

1	 0	 1	 2	 3

RANGE TIME. SECONDS

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. Whine the desired 1-2 -2 start sequence was not achieved, the
time deltas between pairs of diametrically opposed engines were within the

3o 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 analyzed using start

seq uence 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 Fi gure 8-2. The steady-
state longitudinal acceleration was 2.02 g.

Fi gure 8-2 also shows that tie maximum longitudinal loads imposed on the
S-IC stage thrust structure, feel tank, and intertank area occurred at

S-IC CECO (139.3 seconds) at a longitudinal acceleration of 3.79 g.
The maximum lon g itudinal 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 OECD conditions, usina the loads shown in

Figures 8-2 and 8-3 and measured ullage pressures. Those loads
which produced minimum safety margins are plotted versus vehicle sta-

tion along wILh the associated capabilities in Figure 2-4. The
minimum ratio of capability to load is at Station 1541 for the DECO
condition.
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Figure 8-2. Longitudinal Load Distribution at Time of I 11aximlu-1 Bending

Moment, CECO and OECO

8.2.2	 Bending Moments

The peak vehicle bending moment occurred during the maximum d'namic

pressure phase of boost at 79 seconds, Figure 8-3. The maximum bending

moment of 96 x 10 6 lbf-in at vehicle station 1156 was less than 36

percent of design value.

8.2.3	 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 detectable buildup of structural/propulsion coupled oscillations.

POr-O did not occur durina S-IC boost.

8-3



P

iFHI:LE STAT:Oh, in

355	 ZOOC	 X700	 p

JEM:CLE STAT:Oh, s

In	 9C	 7C	 •:G	 SO	 4r)	 in	 2n	 10	 0

300-

3C
250

Z'.
c

200	 :
0

z	 - c

15C	 #

15

r 10e

10

f
z
— 50

0

Bending Moment and Load Factor Distribution at Time
of Maximum Bending Moment

--- ?E1C : %G 'Rh'N	 DESIGN LOAD:
-AS-512 LOADS

FL:G'(T	 TIME	 19.0 SEC.	 I
A 3 SLE OF ATTACK	 4.5 DEG.
EFFECT: YE
GIMBAL :hGLE	 M DEG.'

/ 4ORMAL LOAD FACTOR

WITH S-.ZXTU \

^	 I	 \

ii	 I	 \
^^	 I	 I	 ASI-STEADt	 I	 \

Figure 8-3.

012

.010

08 0

O6 J

0

.04

.02

Engine 2 outboard fuel suction duct 1 pressure data (0146-115) showed a
high amplitude (8 psi peak) 11 Hz oscillation throuqhout most of the
S-IC stage burn. The 11 Hz frequency content was also found in the
relattd 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 amFlitudes. In particular, the fuel inlets
on Engine 5 on AS-501 (D148-115 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 si gnificant vehicle
response occurred at this frea,uencv.

The AS-512 S-IC CECO and DECO 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 iu and +0.50 g at the CM,
Figure 8-6. For OECO the maximum dynamics at the IU were +0.27 g and
+0.80 q 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-II 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 *_hose seen on AS-511,
Figure 8-8. The peak 14 to 20 hertz censer 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 lon g er 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 zgain indicates the lack of
strong coupling between the transient pressure res ponse and the structural
accelerations.
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Figure 8-5.	 IU Vibration During S-IC Burn (Longitudinal)

As on prior fli g hts, very low 11 hertz oscillations were noted near the
end of S-II burn. Th? 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 s pectrLqn 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-IVB gimbal block has the character of a random response across the
freouency spectrum. This demonstrates that the S-IVB phenomena is
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not the result of a forced response due to an excitation emanating
from the S-II. 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 shoes 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

loads on the stage.

During AS-512 S-IVB first burn, low 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 11 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	

3

of +0.10 g measured cn the gimbal block. This compared to +0.05 g on
AS-510 and +O.C8 g on AS-511.
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8.2.4	 Vibratior.

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-II POGO LIMITING BACKUP CUTOFF SYSTEM

The backup cutoff system provides for automatic S-II CECO if vibration
response levels exceed predetermined levels within the preselecte ,' fre-
g uency hand. 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 analoo outputs were well below the levels which would produce a



discrete output even during the enoine start pericd wher the system was

not armed. After irmir.Q, the analog output d 4 d nct exceed cne g.
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SECTION 9

GUIDANCE AND NAVIGATION 	 -

	

9.1	 SUMMARY

The Stabilized Platform 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 condi-

tions at Parking Orbit Insertion and Translunar Injection were attained with

insignificant navigation error.

Two anomalies related to the flight program did occur. At approximately
5421 seconds range time (T5 +4718.8) minor loop error .elemetry indicated

an unreasonable change in the yaw gimbal angle during one minor loop.

At the re-initialization of boost navigation for S-IVB second burn the

extra accelerometer readings normally telemetered from Guidance Reference

Release (GRR) to liftoff plus 10 seconds were restarted and-conti-nued

throughout second burn boost navigation. Neither of these anomalies sig-

nificantly impacted navigation, guidance and control. A detailed discussion

is included in Section 9.3.3 and 9.3.4.

A minor discrepancy occurred during S-II 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).

Detailed discussion of this occurrence is included in Section 9.3.2.

	

9.2	 GUIDANCE COMPARISONS

The postflight guidance error analysis was based on comparisons of tele-
metered position and velocity data with corresponding values from the

final postfli g ht trajectory (21 day observed mass point trajectory) as

established from telemetry and external tracking (see paragraph 4.2).

Comparisons of the inertial platform measured velocities (PACSS 12) with

correspondin g postflight trajectory values from launch to earth parking

orbit (EPO) are shown in Figure 9-1. At EPO insertion these diff?rences

were 0.47 m/s (1.54 ft/s), 3.07 m/s (10.07 ft/s), and 0.18 m/s (0.59 ft/s)

for vertical, crossrange and downrange velocities, respectively. The

inplane differences are very small. The crossrange velocity difference

is somewhat larger than expected from laboratory measured hardware

errors. However, this difference includes trajectory errors as well

as platform measurement errors and is well within the combined accuracies.

There was no indication of either inplane or crossrange velocity error

caused by an accelerometer hitting its mechanical stop during thrust
buildup on AS-512.

Platform velocity differences for the translunar injection burn are shown

9-1
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in Fi gure 9-2. At Time Base 6 (T6) minus 7.21 seconds, the platform

velocity measurements were properly set to zero in the LVDC and the

corresponding trajectory data were adjusted accordingly for comparison

with the LVDC outputs. The differences shown in Figure 9-2 reflect_
adjustments made to the telemetered platform velocities during con-

struction of the trajectory initialized to a parkin g orbit state
vector and constrained to a state vector near TLi which was determined

from post TLI tracking. The inplane (vertical and downrange) velocity

difference profiles are not characteristic of hardware errors._ . However,
the deviations are small and reflect an inconsistency between the
initial acid terminal trajectory state vectors. The cressrange velocity

difference is greater than expected but well within the accuracy of the

trajectory and 3 sigma hardware errors and the error profile is charac-
teristic of platform misalignment due to drift over the long coast

before second burn.

Telemetered platform system velocity measurements at significant event

times are shown in Table 9-1 alon g with corresponding data from both

the postflight and Operational (predicted) Trajectories (OT). The dif-
ferences between the telemetered and postfli g ht trajectory data reflect

some combination of small guidance hardware errors and trackino errors.

The differences between the LVDC and OT values reflect differences

between actual and nominal performance and environmental conditions.

The values shown for the second burn are velocity changes from T6. The

characteristic velocity accumulated during second burn was 0.44 m/s
(1.44 ft/s) greater than the OT which indicates slightly more stage

performance was required to meet the targeted end conditions. The

telemetered data indicated 0.32 m/s (1.05 ft/s) less than the postflight

trajectory. The difference in indicated performance between the telemetered

and postflight trajectory data reflects small errors in the state

vectors to which the guidance velocities were constrained to generate

the boost-to-TLI trajectory. The velocity increase due to thrust decay

was 0.01 m/s (0.033 ft/s) less than the OT after first ECO and 0.05 m/s
(0.16 ft/s) greater than the OT after second ECO, indicating very good

prediction in both cases.

Comparisons of navigation (PACSS 13) positions, velocities and flio_ht

path angle at si gnificant event times are presented in Table 9-2. Dif-

ferences between the LVDC and i-T values reflect off-nominal flight
environment and vehicle performance. At first S-IVB ECO total ve.'-ity

was 0.20 m/s (0.66 ft/s) less than the OT and the radius vector was

30.8 m (101.0 ft) greater than the OT. At S-IVB second ECO orbital 	 `

2energy (C3) was 1849 m2is 2 greater than the OT value of -1,769,443 m21s.

The LVDC and postfli ght trajectory were in excellent agreement, except

for crossrange, for the boost-to-EPO portion of flight. The crossrance
component differences are within the accuracy of the data compared.
The state vector differences during parking orbit were very small as
compared to prior Saturn V flights. These small differences during

parking orbit indicate that the vent thrust was effectively the same

as programmed in the LVDC. The postflight trajectory and LVDC state
vectors at TLI were in relatively good agreement. The difference in C3

9-3
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Table 9-1.	 Inertial Platform Velocity Comparisons

(PACSS-12 Coordinate System)

VELCCITY - M/S	 (FT/S)

EVENT DATA SOURCE
VERTICAL CROSS RANGE DOWN RANGE

(x) (Y) (2)
Guidance - 2	 204.15

(8 634.35) (-38.71) (7	 231.46)

S-IC Postflight Trajectory 2 631.68 -11.07 2 203.74
OECD (8	 634.12) (-36.32) (7 230.12)

Operational Trajectory 2 637.75 -3.37 2 201.44
(8 654.03) (-11.05) (7	 222.56)

Guidance	 (LVDC) 3 408.84 4.50 6 812.20
(11	 183.86) (14.76) (22	 349.74)

S-II
OECD

Postflight Trajectory 3 409.52 7.07 6 810.92
(11	 186.09) (23.20) (22 345.4)

Operationa l, Tra.ectory 3 a 25.35 1.87 6 787.06
(11	 238.04) (6.14) (22 267.251)

Guidance (LVDC; 3	 212.45 -1.57 7 603.88
(10	 539.53) (-5.15) (24	 947.11)

S-IYB
FIRST ECO

Postflight Trajectory 3 212.95 1.45 1 7	 603.99
(10	 541.18) (4.76) (24 947.49)

Operatonal Trajectory 3 226.31 -1.18 7 606.72
(10 584.99) (-3.88) (24 956.44)

Guidance (LVDC) 3	 211.95 -1.65 7 605.55
(10	 537.89) (-5.41) (24 952.59)

PARKING
Postflight Trajectory 3 212.42 1.42 7 605.73

ORBIT (10 539.44) (4.66) (24	 953.18)
INSERTION

Operational Trajectory 3 225.76 -1.19 7 608.39
(10	 583.19) (-3.91) (24 961.89)

Guidance (LVDC) -2 766.68 -22.40 1	 499.70
(-9 077.03) (-73.49) (4 920.28)

S-IYB
SECOND ECO*

Postflight Trajectory -2 766.91 -11.97 1	 500.07
(-9 077.79) (-39.27) (4 921.49)

Operational Trajectory -2 769.00 -22.71 1	 494.47
(-9 084.63) (-74.51) (4 903.13)

Guidance (LYDC) -2 770.20 -22.40 1	 501.00
(-9 088.58) (-73.49) (4 924.54)

TRAMSLUTAR
IMJE	 IOM

Postflight Trajectory -2 770.33 -11.87 1	 501.47
(-9 089.01) ( - :8.94) (4 926.08)

Operational Trajectory -2 772.47 -22.72 1	 495.75
( -9 096.041 ( - 74.551 (4 007.33)

'Valves rgresent velocity change fry Time gate 6.
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z

at TLI was -1887 m21s 2 (trajectory minus LVDC). Figure 9-3 presents the
state vector comparisons during EPO. The LVDC data not received because
of non-continuous station coverage were simulated by initializing to a
telemetered state vector and integrating a trajectory using fli g ht program
navigation equations and proorammed vent accelerations. At T6, the differences
in total position and velocity were 872 meters in radius and 1 m/s in
velocity and are not significant.

The AS-512 vehicle was guided to the targeted end conditions with a high
degree of accuracy. Vent thrust was effectively nominal during EPO.
Figure 9-4 presents the continuous vent thrust reconstruction along with
OT predictions and three-sigma envelope. The upper portion of Figure
9-4 shows the orbital acceleration derived from the platform measure-
ments adjusted for accelerometer bias. The LVDC programmed acceleration,
is also shown. The oscillations in acceleration from orbital navigation
(804.2 seconds) to about 2500 seconds may not be real. During this period
only compressed data were available for a curve fit of the telemetered
velocity outputs. However, the area under the curve which represents
the accumulated velocity over this time span is essentially nominal.

The LVDC state ectcr at TLI was compared with the OT and postflight'
trajectories and the differences are presented in Table 9-3. The LVDC
radius vector was 5093.1 meters (16,709.6 ft) higher than the OT and
686.7 meters (2253.0 ft) lower than the postfli ght trajectory value.
Telemetered total velocity was 4.24 m/s (13.91 ft/s) less than the OT
and 0.83 m/s (2.72 ft/s) higher than the postflight trajectory. The
guidance system was highly successful in measuring the vehicle per-
formance and generating proper commands to guide the vehicle to desired
conditions as shown in Table 9-4.

9.3	 NAVIGATION AND GUIDANCE SCHEME EVALUATION

The LVDC flight program performed all reouired functions properly. Two
anomalies are reported in paragraphs 9.3.3 and 9.3.4. Neither signi-
ficantly affected flight program performance.

9.3.1	 Variable Launch Azimuth

Due to the unscheduled hold in the countdown at approximately T-30 seconds,
the variable launch azimuth function of the flight program was reouired
to perform over a time variation greater than for any previous Saturn
V vehicle. The two hour 40 minute launch delay resulted in a change of
the flight azimuth from 72.141 degrees to 91.504 degrees East of North.
The performance of flight program in achieving the targeted parameters

was satisfactory.

9.3.2	 First Boost Period

All first stage maneuvers were performed within predicted tolerances and
Iterative Guidance Mode (IGM) performance for first boost was nominal.
The steering commands telemetered during first boost are illustrated
in Figure 9-5. Table 9-4 shows the terminal end conditions for first
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1

Table 9-3. State Vector Differences at Translunar Injection

PARAMETER

OPERATIONAL

TRAJECTORY

MINUS LVDC

POSTFLIGHT

TRAJECTORY

MINUS LVDC

XS , meters 35	 370.6 4	 261.1
(feet) (11"	 045.3) (13	 980.0)

YS , meters 93.6 3 868.6
(feet) (307.1) (12	 692.3)

;ZS , meters -13 706.7 -330.6
(feet) (-44 969.5) (-1	 084.6)

t-R, meters -5 093.1 687.7
(feet) _(-16	 709.6) (2	 253.0)

AXS , m/s 7.13 2.30
I ft/s) (23.39) (7.55)

dYS , m/s -0.15 11.19
(ft/s) (-0.49) (36.71)

A ZS , m/s 30.74 3.76
(ft/s) (100.85) (12.34)

,IV, m/s 4.24 -0.83
(ft/s) (13.91) (-2.72)

burn. Terminal conditions were obtained by linear forward extrapolation

using the velocity bias eV b = 1.514 meters/second to establ?sh the
extrapolation interval beyond velocity cutoff.

Minor loop error telemetry indicated an unreasonable zero reading of
the yaw (Z) gimbal at 478.4 s-conds (T3 +317.2) and again at 559.4

seconds (T3 +398.2). The test for an unreasonable zero reading was
designed to detect a failure of the gimbal resolver power source. If

two successive reading s of the gimbal are found to be zero while the

past attitude error magnitude exceeds the test constant (0.06 degrees)

the zero reasonableness test is failed and minor loop error telemetry
is generated. If the fine resolver fails the zero test three times in

0.8 seconds during boost, a failure of the fine resolver is assumed and

the corresponding backup resolver is selected for attitude information

for the remainder of the mission. Since gimbal and ladder data at the

times of the error telemetry indicate zero yaw with yaw ladders (indi-

cative of yaw attitude error) greater than the test constant, the flight



PARAMETER DESIRED AChIEVED
ERROR

(ACHIEVED-DESIRED)

Terminal	 Velocity, IT 1804.0613 7803.8796 -0.1817
(m/s)

Radius, RT	 (meters) 6,544,846.0 6,544,838.51 -7.49

Path Angle, OT 0.0 -0.000741 -0.000741
(degrees)

i
Inclination,	 I 28.523855 I	 28.524201 0.000346

(degrees)

Descending Node, 37.019862 87.018419 -0.001413
(decrees)

SECOND BURf4

PARAMETER DESIRED !	 ACHIEVED
ERROR

(ACHIEVED-DESIRED)

Eccentric 4 ty, E 0.97220895 0.97219893 -0.00001002

Inclination,	 I 28.424496 28.424998 .0.000500
(degrees)

Descending Node.	 a 86.143262 86.142845 -0.000417
(degrees)

Argument of Perigee, 24.936942 24.925433 -0.011509
.0 (degrees)

Energy, C3	 ("i2 1sec 2 ) -1,683,990.0 -1,684,562.323 -572.323

1

Table 9-1. AS-512 End Conditions

FIRST BURN

program a p parently responded correctly. Only one unreasonable zero

reading was found in each case and no change to backup readings was
initiated. Although the improper selection of a backup resolver would

not significantly degrade system accuracy, the current zero test is
being studied for possible changes to either the test method Gr the mag-

nitude of the test constant for future missions.

9.3.3	 Earth Parking Orbit

Parking orbit guidance proceeded as expected. Table 9-5 presents the

commanded steering angles for major events.

Orbital navigation was within the required tolerances for parking orbit.

Termination of orbital navigation occurred at 10,971.4 seconds

(T6
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Table 9-5. Coast Phase Guidance Steering Commands at Major Events

FLIGHT
PERIOD

I

EYE14T T'K. SECONDS
I

CW"DE0 STEERING ANGLES. DEGREES

:MLL (I) "'7CH ;T` rAw	 !2;

Earvi Initiate Orbital 5uldance 75 •0.0 -0.7422 I	 -1D6.83471 —3. Sam
Parting Chi Freeze
Orbit

Initiate Mareuver TS •21.538 O.000G -117.6803 -J.i265
Local aorizontal

:Mlv ate Orbital T5 •101.378
tiavtgattan l

IPost I	 Initiate Orbital Guidance 77 •0.0 3.3404 159.3386 3.JC84
TL Chi Freeze

:n/ti4te Orbital T7 .152.003
7avtgation

Initiate Maneuver to 7 • 152.033 0.0000 -179.2931 -0.234.
Locai Horizontal

initiate TD&E Maneuver T7 -WI 332 18C.3coc -1CS.iCZ8 4C.=581

7"U Maneuver Cow lete 77 •5194.4

In!tlate lunar Impact T8 +581.014 180.0000 -94.3543 -18.5886
Local Meference Maneuver

Minor loop error telemetry issued at approximatE.y 5421 seconds (T5 +4718.8)
indicated an unreasonable chance in successive readings of the yaw gim-
bal angle. The test for a reasonable char ge is made by comparing the
different_ in past and current gimbal readings with a preset test
constant. If the change between past and current gimbal readings
exceeds the respective test constant for flitch, yaw, or roll the change
is considered unreasonable. The maanitu^e of the yaw test constant at
the time of the failure was 0.2 degree/minor loop. If a fine resolver
fails the reasonableness test three times in one second during orbit
the corresponding backup (coarse) resolver reading is selected for
attitude information for the remainder of the mission. Since only one
unreasonable change was found, the backup yaw gimbal was not selected.

Evaluation of the gimbal angle data from the time of the error telemetry
indicated that the yaw (Z) backup gimbal reading was erroneously com-
pared with a fine resulver readiny instead of the proper comparis-,3n of

two successive fine resolver readings. Further investi gation revealed
the initiation of the once per 100 second data compression module at the
time of the minor loop interrupt. The occurrence of the minor loop
interrupt during a particular six instruction interval at the start of



r -

the data cerrpressicn resulted in the replacement of the fire yaw gimbal
reading by the backup yaw airbal. Since the backup reading was rejected
as unreasorable, the rext fine gimbal reading was properly compared
with the last reasonable fire gimbal reading and all subsequent reasonable-
ness tests were passed. The possibility of a similar occurrence on sub-
secuent missions has been eliminated by starting a read of the currently
selected Z gimbal .!solver (fine or backup) at the end of data compression.

9.3.4	 Second Boost Period

The December 6 tar get objectives resulted in nearly constant-time-of-
arrival trajectories across the launch window. Therefore the targeting
pararre*_ers calculated in preparation for second burn defined a higher
energy transfer orbit which cempersated for the 2 hour 40 minute launch
delay and enabled completion of the lunar landing and exploration on the
originally planned timeline.

Seauercirg of restart preparations occurred as scheduled. T6 was ini-
tiated at 10,978.6 seconds. Extra accelerometer telemetry was noted
throughout the second boost navigation periods. This is discussed in
the following paragraphs.

Upon reinitia*.ion of boost navi gation at 10,971.4 seconds the extra

accelerometer -eadires, that should have been telemetered only from
GRR to T +10, were reinitiated and continued throughout second boost
navigation. This resulted from the extra accelerometer read module
being oueued in with the periodic processor at GRR and again at second
boost initialize. The readin gs were not stopped as in first boost,
because there was no counterpart to the T +10 second cue durina second
boost. In previous flight programs the extra accelerometer readinas
were queued in separately after GRR and were not queued in again at

second boost. A class II change effective with AS-512 reduced the
priority of these accelerometer readings and placed their start time
at GRR. Tne only effect of this problem was a sli ght lengthening of the
computation cycle during second boost but this was accounted for by the
fli g ht program without adverse results. Since no further missions
with a S-iYB second burn are planned no program changes are recommended
but documentation of the occurrence has been accomplished for future
reference.

IGH for the S-I'iB second burn was impl2nented at 11,562.7 seconds
(T6 +584.1). Pitch, yaw and roll attitude angles for second burr
are shown in Figure 9-6.

'able 9-4 snows the terminal end conditions for the S-IVB second burn.
.esired values a-e the telemetered target values and actual terminal
values were obtained by linear forward extrapolation using a velocity
bias of '7tra = 3.660 reters/second.

9-14
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9.3.5	 Post-TLI Period

Post TLI guidance proceeded as expected. Table 9-5 presents the com-

manded steering angles for some major events.

Two lunar impact APS burns were commanded from Mission Control Center-

Houston (MCC-H) at 21,735 seconds (6:02:15) and 39,754 (11:02:34),
respectively. The first burn of 98 seconds duration was started at

the commanded time of 22,200 seconds (6:10:00). The second burn was
commanded to start at 40,500 seconds (1:15:00) with a duration of 102

seconds. Both burns were properly implemented by the flight program

with the desired attitude changes occurring upon acceptance of the

Digital Command System (DCS) commands, ignition times and burn durations

occurring as commanded.

The three-axis tumble was started by a zero burn set of lunar impact

commands beginning at 41,502 seconds. Changes of +31 degrees to pitch,
yaw and roll were commanded establishing tumble rates, followed by

Flight Control Computer power off "A" and "B" commands at 41,519

seconds and 41,530 seconds, respectively. (Power off "A" and "B"

switch selectors were issued at 41 ; 521 and 41,532 seconds, respectively.)

The telemetry subcarrier osci'lator was commanded off by the flight

program at 49,620 seconds after which no further telemetry data was

available.

9,a	 NAVIGATION AND GUIDANCE SYSTEM COMPONENTS

The navigation and guidance hardware satisfactorily supported the accom-

plishment of mission objectives. No anomalies were observed during the

AS-512 flight.

9.4.1	 ST-124M Stabilized Platform System

The three avro servo loops responded p roperly to all vehicle perturbations.

Maximum deflection durin g the liftoff period was 0.3 degree on the Z

gyro pickoff. As on previous vehicles the 5 Hz oscillation (0.2° peak-

to-peak) occurred from S-IC CECO to S-IC OECD.

The largest disturbance occurred at Spacecraft/IU separation when the

X qyro pickoff deflected 0.8 degree, well within limits for proper

control.

The three accelerometer servo loops operated within previously experi-

enced limits. Peak deflections of the accelerometer gyro pickoffs

occurred during the heavy vehicle vibration period at liftoff. Maxi-

mum excursions were as follows:

9-16



X	 r	 Z

Positive 2.5 deg. 	 5.0 deg.	 3.0 deg.

Negative 2.1 deg.	 4.5 deg.	 2.9 deg.

9.4.2	 Guidance Computer

The LVDC and LVDA performed satisfactorily, and no hardware anomalies
were observed during any phase of the AS-512 mission.

i	
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SECTION 10

CONTROL AND SEPARATION

10.1	 SLWARY

All control functions and separation events occurred as planned. Ergiae
gimbal deflections were nominal and Auxiliary Pro pulsion System (APS)
firings predictable throughout powered flight. All dynamics were within
vehicle capability, and bending and slosh modes were ade q uately stabilized.

The APS provided satisfactory orientation and stabilization during
parking orbit and from Translunar Injection (TLI) througn the S-IY8/IU
passive thermal control maneuver. APS propellant consum p tion for
attitude control and propellant settling prior to the APS burn for lunar
target impact was lower than the mean predicted requirements.

All AS-512 separation sequences were performed as planned with no
anomalies. Transients due to spacecraft separation, docking, and Lunar
Module ejection appeared to be nominal.

10.2	 S-IC CONTROL SYSTEM EVALUATION

10.2.1	 Liftoff

The liftoff tower clearance manei.ve: occurred as planned. Table 10-1
sumr+arizes liftoff conditions and misalignownts.

10.2.2	 I of 1 i gh t Dynami cs

The AS-512 control system performed satisfactorily during S-IC boost.
Jimsphere measurements indicate that the peak wind speed encountered
was 45.1 meters/second at 12.2 kilometers altitude with an azimuth of
311 degrees. The peak wind speed calculated from the O-ball data was
40.5 meters /second at 12.2 kilometers with an azimuth of 313.1 degrees.
The yaw wind component in both cases was 28.6 meters/second, which is
near the 99 Percentile yaw wind component for December (29.7 meters/
second for a 90 degree launch azimuth). Ttie pitch component was near
50 percentile. The control system adequately stabilized the vehicle in
this wind. About 12: of the available yaw plane engine deflection was
used in the region of the peak wind speed, and less than 10% was used
in pitch (based on the average engine gimbal arogles in pitch and yaw).

i

i

IrLI



Table 10-1. AS-512 Misalignment and Liftoff Conditions Summary

PREDICTED 37 RANGE LAL94CH

PARAMETEP PITCH YAW POLL PITCH YAW ROLL

Thrust Misalignment. -0.31 -0.31 • 0.37 -0.13 0.11 -0.04

deg

Center Engine Cant. -0.31 -0.31 - 0.02 0.30 -

deg

Vehicle Stacking and -0.27 -0.27 0.00 0.00 0.00 0.00
Pad Misalignment.
deg

Attitude Error at - - -0.12 0.12 -0.06
Holddown Arm
Pelease, deg

Peak Soft Release 415,900 (93,500)
Force Per Rod.
N(]bf)

Mind 19.55 M/S	 (38 Knots) 5.4 M/S	 (10.5	 Knots)
at 161.5 Meters at	 161.5 Meters

(530 Feet) (530 Feet) at 335°

Thrust to Weight 1.189

'Data not available.

Time histories of pitch and yaw control parameters are shown in Figures
10-1 through 10-3, with peaks summarized in Table 10-2. Dynamics in the
region between 0 and 40 seconds resulted ;rimarily from guidance
commands. Between 40 and 110 seconds vehicle dynamics were caused by
the pitch guidance program and the wind. Dynamics from 110 seconds to
S-IC outboard engine cutoff were caused by separated airflow aero-
dynariics, inboard engine shutdam, tilt arrest, and high altitude winds.

The attitude errors between liftoff and 20 seconds ineicate that the
equivalent thrust vector misalignments present before the outboard
engines canted were -0.13, 0.11, and -0.04 degrees in pitch, yaw, and
roll, respectively. After outboard engine cant the misalignments became
0.04. 0.06. and 0.01 degrees. The attitude error transients at center
engine cutof,` indicate that the center eng ine  misaliarmakents were 0.02

and 0.30 degrees in pitch and yaw.

•s
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Figure 10-1. Pitch Plane Dynamics During S-IC Burn
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Table 10-2. Maximum Control Parameters During S-IC Burn

PARAK :cRS

Pl-al fA. :LAVE RCLL ;LA.YE

RANGE RAY GE RAY GE
AWL.1 TUOE T:ME A."PLITUOE TI'£ arPL:,,XE T:!'E

(SEC) (SEC) (SEC;

Attitude Error', deg 3.34 119.4 -1,25 3.3 1.32 16.3

Angular fact, deg/s -0.39 38.3 0.11 5.0 1. i8 13,7

Average Gincal Angle. 0.38 75.0 -0.73 3.2
deg

Angle of Attack, deg 2.23 59.5 x.35 78.9

Angle of Attack-
Dynamic Pressure
Product. de-j­4/C- 5.43 74.4 14.:5 73.9
(deg-lbf/ft-) (lido) (3018)

yonml
Acceleration. m/s' -0.»5 66 0.52 3i
(ft/s') (-i.5) (1.%)

' 3iases removed

All dynamics 'were within vehicle capability. The attitude errors
reouired to trim out the effects of thrust unbalance, offset center of
gravity, thrust vector misalignment, and control system misalignments
were within predicted envelopes. The peak angles of attack in the
maximum dynamic pressure re g ion were 2.23 degrees in pitch and 4.45
decrees in yaw. The peak average engine deflections requi red to trim

out the aerodynamic moments in this re g ion were 0.38 degree in pitch
and 0.58 degree in yaw. No divergent bending or slosh dynamics were
observed, indicating that both bending and slosn were adequately
stabilized. Vehicle dynamics prior to S-IC/S-II first plane separation
were •,iithin staging requirements.

10.3	 S-II CONTROL SYSTEM EVALUATION

The S-II stage attitude control system performance was satisfactory.
The vehicle dynamics were within expectations at all times. The maxi-
mum values of pitch parameters occurred in response `o Iterative Guidance
Mode (IGM) Phase I initiation. The maximum values of yaw and roll con-
trol parameters occurred in response to S-IC/S-II separation conditions.
The maximum control parameter values for the period of S-II burn are
shown in Table 10-3.

Between S-IC OECO and initiation of IGM Phase I, commands were held
constant. Significant events occurring during this interval were S-IC/
S-II separation, S-II stage J-2 engine start, second plane separation,
and Launch Escape Tower (LET) jettison. Pitch and yaw dy namics during

,s
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Table 10-3. Maximum Control Parameters During S-II Burn

PITCH PLANE YAW PLANE ROLL PLANE

AMPLITUDE RANGE TIME AMPLITUDE RANGE TIME AMPLITUDE RANGE TIME

PARAMETER (SEC)

I

(SEC) ;SEC)

Attitude Error*, deg -1.5 471 -0.5 206 -2.7 'S6

Angdlar Rate, deg/sec 1.0 471 0.5 204 2.5 166

Ave ,age Gimbal Angle, 0.5 Z06 0.4 206 - -

&9

• Biases removed

this interval indicated adequate control stability as shown in Figures

10-4 and 10-5, respectively. Steady state attitudes were achieved
within 10 seconds from S-IC/S-II separation.

Flight and simulated data comparison, Figures 10-4 and 10-5, show

agreement at those events of greatest control system activity. Differ-
ences between the two can be accounted for larqely by engine location

misalignments, thrust vector misalignments, and uncertainties in engine

thrust buildup characteristics.

10.4	 S-IVB CONTROL SYSTEM EVALUATION

The S-IVB thrust vector control system provided satisfactory pitch and

yaw control during powered flight. The APS provided satisfactory roll
control during first and second burns.

During S-IVB first and second burns, control system transients were

experienced at S-II/S-IVB separation, guidance initiation, Engine

Mixture Ratio (MR) shift, terminal guidance mode, and S-IVB Engine Cut-
off (ECO). These transients were expected and were well within the
capabilities of the control system.

10.4.1	 Control System Evaluation During First Burn

S-IVB first burn pitch attitude error, angular rate, and actuator

position are presented in Figure 10-6. First burn yaw plane dynamics

are presented in Figure 10-7. The maximum attitude errors and rates

occurred at IGM initiation. A summary of the first burn maximum values

of critical flight control parameters is presented in Table 10-4.
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Table 10-4. Maxim= Control Parar* ters Curing S-IVB First Burn

• stases ^eroveC

The Ditch and haw effective thrust vector misalianrents during first burn

were 0.37 and -0.16 decrees, res pectively. A steady state roll torque of
7.4 N-m (5.4 lbf-ft) counterclockwise looking forward required roll APS
firinjs during first burn. The steady state roll torque experienced on
previous flights has ranged between 61.4 N-m (45.3 lbf-ft) counterclockwise
and 54.2 N-m (40.0 ibf-ft) clockwise.

Propellant sloshing during first burn was observed on data obtained from

the Propellant Utilization (PU) mass sensors. The propellant slosh did
not have any noticeable effect on the o peration of the attitude control
Sys tern.

	10.4.2	 Control System Evaluation During Parking Orbit

The APS provided satisfactory orientation and stabilization during parking
orbit. Following S-IVB first ECO, the vehicle was maneuvered to the in-
plane local horizontal, and the orbital pitch rate was established. The
pitch attitude error and pitch angular rate for this maneuver are shown
in Ficure 10-8. Available data indicate that slcshing disturbances which
caused venting of LOX on AS-510 were minimised on AS-512. The LOX ullage
pressure remained below the relief setting throughout parking orbit.

	

10.3.3	 Control System Evaluation During Second Burn

S-IYB second burn pitch attitude error, angular rate, and actuator position
are presented in Figure 10-9. Second burn yaw plane dynamics are presented
in Figure 10-10. The maximum attitude errors and rates occurred followinq
guidance initiation. Transients were also observed as a result of the
pitch and yaw attitude corm nds at the termination of the Artificial Tau
guidance node (27 seconds before ECO).

^:'ry^ v .ti^E 'tsl PL.txE ;tCLL r ;,tE
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&AgV ;Sr late, =e4/z -..4 573.0 -0.3 572.0 -0.5 56:.4
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Figure 10-8. Pitch Plane Dynamics During Parking Orbit

A summary of the second burn maximum flight control parameter values is

presented in Table 10-5.

Table 10-5. Maximum Cont rol Parameters During S-IV6 Second Burn

PARAMETER

P ITCM PLANE 1AY PLANE ROLL PLANE

AWtITUO£ RANGE TI ME AMPLITUDE 1ANG,1 TIME AWLITUDE RAW E TIME
(SEC' (SEC) (SEC)

Attitude E,	 ov-, deg 2.2 11567.5 -0.8 11579.0 .9.9 11885.0

Angular Rate. deg/s -1.4 11569.7 0.3 1 581.0 0.15 11560.0

Malia utadal Angle,o 1.3 11567.0 -0.1 11570.0 - -

* Biases "mo.ed

The pitch and yaw effective thrust vector misalignments early in second

burn (prior to MR shift) were 0.36 and -0.16 degrees, respectively.
Followina the MR shift the misalignments were 0.50 and -0.24 for Ditch

and yaw, respectively. The steady state roll torque during second burn
was essentially zero as minimum impulse firings were observed at alter-
nating sides of the roll deadband.

Normal Drooellant sloshing during second burn was observed on data

obtained from the PU mass sensors. The slosh activity did not have any

noticeable effect on the operation of the Attitude Control System.

10-12
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10.4.4	 Control S ystem Evaluat-on after S-IYB Second Burr.

The APS provided satisfactory or-entatien and stabilization from Trans-

lunar inject i on fTLI)through tre S-IY?/IU Passive Ther-al Control (PTC)-

maneuver [Three-Axis Tumble Maneuver]. Each of the planned maneuvers

was performed satisfactorily.

Significant events related to translunar coast attitude control were
the maneuver to the ir.-olar.e local horizontal following second burn
cutoff, the maneuver to the Trans portation Docking and Ejection (TDbE)
attitude, s pacecraft separation, spacecraft docking, lunar module extraction,
the maneuver to the evasive ullace burn attitude, the maneuver to the LOX

- dump attitude, the maneuver to the cptir.um lunar im pact ullace burn atti-
tude, the maneuver to the solar heatinc control attitude, the maneuver to

the vernier lunar firoact ullace burn attitude, and the PTC maneuver.

The pitch attitude error and arr_:;! zr rate for events during which

telemetry data oere available are shown in Figure 10-11.

Following S-IYB second cutoff, :he vehicle was maneuvered to the in-plane
local horizontal at 12,059 seconds ((03:20:59) (.through approximately

-19. 4 degrees in pitch and -0.2 degree in yaw), and an orbital pitch rate
was establisned. At 12,309 seconds (03:33:29), the vehicle was commanded

to maneuver to the se paration TDbE attitude (through a pproximately 120, 40
and -180 degrees in pitch, yaw and roll, respectively).

Spacecraft separation, which occurred at 13,347 seconds (03:42:27),

a ppeared nominal, as indicated by the relatively small disturbances
induced on the S-17B.

Disturbances during s pacecraft docking, which occurred at 14,231 seconds
(03:57:11), were less than on ;revious flights. Docking disturbances

required 2,160 y-set (485 lbf-set) of impulse from Module 1 and 1,160 H-set
(261 lbf-sec) of impulse from Module 2. The largest docking disturbances

on pr
e
vious flights occurred on AS-510 and required 3,480 M-sec (783 lbf-

sec) of impulse from Module 1 and 3,040 M-set (683 lbf-sec) of impulse

from wcdule 2. Lunar module extraction occurred at 17,102 seconds
(04:45:02) with nominal disturbances.

At 17,520 seconds (04:52:00) a yaw maneuver from 40.3 degrees (TDbE

attitude) to - 40.0 degrees was initiated to attain the desired attitude
for the evasive ullage burn. At 18,181 seconds (05:03:01) the APS
ullace engines were commanded on for 80 seconds to provide the necessary

separation distance between the S-IYB and spacecraft.

The maneuver to the LOX dump attitude was performed at 18,760 seconds

(05:12:40). This was a tmo-axis maneuver with pitch commanded from 179.5

'C.-13
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to 190-.0--decrees and yaw from -40 to -19 degrees referenced to the in-

plane local horizontal. LOX dump occurred at 19,460 seconds (04:24:20)

and lasted for 48 seconds.

At 21,735 seconds (06:02:15) a ground command was received to perforn a

maneuver to the desired attitude for the APS ullage burn for lunar target
impact. This was also a two-axis maneuver and resulted in a pitch

maneuver chance from 190.0 to 248.0 degrees and a yaw attitude maneuver

change from -19.0 to -23.0 degrees referenced to the in-plane local

horizontal. At 22,2'40 seconds (06:10:00) the APS ullage engines were

commanded on for 98 seconds to provide delta velocity for lunar target

impact.

At 22,664 seconds (C6:17:44) a ground command was received to perform a

maneuver to the solar heating attitude to assure proper solar heating

conditions. This was a sin g le-axis pitch maneuver and resulted in a
pitch maneuver change-from-248.0 to 161.0 degrees referenced to the in-

plane local horizontal.

At 39,760 seconds (11:02:40) a ground command was received to perform a
maneuver to the desired attitude for the second lunar- impact APS ullage

burn. This maneuver was a two-axis maneuver and resulted in a pitch

maneuver change from 161.0 to 121.0 degrees and a yaw attitude maneuver

change from -23.0 to -11 degrees referenced to the in-plane local

horizontal. At 40,500 seconds (11:15:00) the APS ullage engines were

commanded on for 102 seconds to provide delta velocity for a more

accurate lunar target impact.

The command to initiate the PTC maneuver was received at 41,510 seconds

(11:31:50). This maneuver consisted of commanding the vehicle +31

degrees in the pitch, yaw and roll axis. After vehicle angular rates
of a p proximately -0.3 decree/second pitch, -0.3 decree/second yaw,
and 0.6 degree/second roll were established, a ground command was

received (Fli ght Control Computer Power Off B) at 41,532.5 (11:32:12.5)
to inhibit the IU Flight Control Computer leaving the vehicle in a

three-axis tumble mode.

APS p ropellant consumptior. for attitude control and propellant settling

prior to the APS burn for lunar target impact was lower than the mean

predicted requirements. The total propellant (fuel and oxidizer) used

prior to the first ullage burn for lunar target impact delta velocity was
51.8 kilograms (114.2 lbm) and 52.9 kilo g rams (116.7 lbm) for Modules 1

and 2, respectively. This was approximately 35 percent of the total
available propellant in each module (a pproximately 147 kilograms [330

1bm]). APS pro pellant c-nsu:nption is tabulated in Section 7, Table 7-4.



10.5	 INSTRUMENT UtIT CONTROL COMPONENTS EVALUATION

The control subsystem performed pro perly throu g hout the AS-512 mission.

All ST-124M Stabilized Platform Subsystem (SPS) factors remained within

previousl y experienced linits.-- The eouipment temperatures increased as
expected when the wafer sublimator operation was inhibited (Section

14.4.1).

10.5.1	 Gimbal Ancle Resolvers

Pro p er vehicle attitude was indicated by the qimbal an g le resolvers

until the PTC maneuve was initiated at approximately 41,500 seconds.

As on .AS-511 the rosi 	 - yaw g imbal mechanical sto p was contacted for
short periods of time.	 nis was expected. No vehicle perturbation or

hardware failure was ev.dent as a result of the contacts.

10.5.2	 ST-124 14 Power Supplies

All power oarane t_ers were within specification limits. Deviation from

nominal occurred while the water sublimator o peration was inhibited.

The 4.8 0z voltace increased while the 400 Hz volta ge decreased, but in

each case no specification limit was exceeded.

10.6	 SEPARATION

10.6.1	 S-IC/S- L' Separation

The AS-512 S-IC/S-II stages separated as planned with no known anomalies.

Clearance distance between the states was approxiamtely 2.4 meters (eight

feet) more than reouired at S-II Eng ine Start Command (ESC) as shown in

Fi g ure 10-12. Separation distance was approximately 15.2 meters (50 feet)

at ,1-2 engines main propellant ignition.

Durinc the first n' - separation period (160 to 166 seconds), the maxi-

mum roll atti t•• 	 and anoular rate were approximately -2.7 degrees

and +2.5	 -cond, respectively. Maximum pitch and yaw atti-

tude	 nd -0.7 degrees, res pectively. Corresponding

mar ,	rates at this time were -0.2 and -0.1 degrees per
5

end Plane Separation

.ane separation was performed as planned. No si gnificant tran-

_.^,, in vehicle atti tudes or rates c e identified that vjuid have
caused this separation to be other than nominal.
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10.6.3	 S-II/S-IVB Separation

Nominal accelerations were observed on the flight vehicle during the

S-I?/S-IVB separation,. Vehicle dynamics were as predicted and well

within staging limits.

	10.6.4	 CSM Separation

At 12,810 seconds (03:33:30) a maneuver to the TD&E attitude was
initiated co assure pro per lighting and communication conditions for
spacecraft separation, docking, and lunar module ejection. The

vehicle was commanded to pitch 120 degrees, yaw 40 degrees, and roll
-180 degrees. This attitude was held inertially until the beginning
of the evasive maneuver. The vehicle motion during the maneuver was

close to predicted with maximum vehic -le rates of 0.75 deg/sec, 0.95
deg/sec, and -0.80 deg/sec in the pitch, yaw, and roll axes,

respectively.

Transients due to spacecraft separation at approximately 13,348 seconds

(03:42:28) appeared nominal. Separation disturbances caused five APS

Module 1 pitch firings within 10 seconds following separation. A
negative roll disturbance was controlled by 6 roll firings within 15

seconds following separation.

All attitude errors rernained within the 1 degree deadband during the

separation orccess.

I



SECTION 11

ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM

SUMMARY

The AS-512 launch vehicle electrical systems and Emergency Detection

System (EDS) performed satisfactorily throughout the requi red period

of flight. However, the temperature of the S-IVB Aft Battery No. 1,

Unit No. 1, increased significantly above the nominal control limit (90°F)

at approximately 9 hours due to malfunction of the primary heater control

system. Operation of the Aft Battery NO. 1 remained nominal as aid
operation of all other batteries, power suppl 4 es, inverters, Exploding
Bridge Wire (EBW) firing units, and switch selectors.

11.2	 S-IC STAGE ELECTRICAL SYSTEM

The S-IC stage electrica. systir performance was satisfactorv. Battery
voltages were within performance limits of 26.5 to 32.0 V dining powered

flight. The battery currents were near predicted and below the maximum
limits of 50 amperes for each battery. Batt;.ry power consumption was
within the rated capacity of each battery, as shown in Table 11-1, but

exceeded predictions due to range safety system loads during the launch

delay.

Taole 11-1. S-IC Stage cattE.y Power Consumption

POWER CONSUMPTION*

PERCENT
BATTERY

RATED

CAPACITY OF
(AMP-HR)

AMP-HR
CAPACITY

I

Operational 8.33 2.51 30.1

Instrumentation 8.33 3.70 44.4

*Battery power consumptions were calculat:d from the initial power

transfer (T-50 seconds) until S-IC/S-II separation and include energy

used during the first countdorm sequence prior to the hold including
range safety consumption.



the two measuring power su pplies were w i thin tre reau'red 5- +0.05 Y

limit during -cwer flight. all switch seiecter cnarreis `urcticned as

corranded by the Instrurent Unit (Ill) and were within re-ouired time limits.

The separation and retromotor L21ji f-iring units mere aced arc triggered as

progra-red. Charging tine and voltage cha-acteristics were within Cer-

fcrmance limits.

The range safety ca=. ar.d system E IEu firing units were in the reouired

state-cf-reaciress fer -venicle destruct, had it teen necessary.

11.3	 S-11 S7AG"c ELECTRICAL SYSTEY

The S-:: stage electrical system per°cr.ed satisfactorily. All battery

and bus voltages renained within s pecified limits through the prelaunch

and Flight .ericds. Bus currents also remained within predicted limits.

wain bus current averNed 30 ar.peres during S-IC boost and varied from 45

to 50 -"Ceres during S-II boost. Instrurertaticn bus current averaged
22 anoeres during S-IC and 5-11 boost. Recirculation tus current averaged

27 areres during S-IC boost. Ignition bus currert averaged 30 amwes

during the S-II ignition seauerce. -

The first countdown secuence produced an additional battery load prior to

'erniral Countdown Sequencer (TCS) cutoff. The additional time on inter-

nal power was 20 seconds which resulted in an additional drain of 0.16

anoere-hour for tt-e wain Battery, 0.13 s:oere-hours fcr Instrumentation

Battery and 0.48 ar.pere-hours for the comination of Pecirculation and

Ignition batteries. The ignition voltage drop anomaly which occurred

during AS-511 did rot reappear on this flight.

Battery aver corsuration was within tt,.e rated capacity of each battery,

as shown in Table 11-2.

Table 11-2. S-II Stage Battery Power Consumtion

1`06in CHIT1011'

APP40MTTE117 RATED
CArAC ITT
(XV40) CA►K M

OWN 3S 17.5! 19.7

Iarstrvwroutiow is 10.56 10.1

tacirculatiaw I1 30 12.70 42.4

taOrculation I2 30 12.7s Q.5

'fa t tery power coftwort i efs nert ca Ip i au: i eto act l . rt i x a t i l S-1 f:
S- f Yt srpra t few and i sc 1 ete 6.S  to 6.9 amp-ars tansirM r+"q Out battery
actiptiow orocWwo	 as well as energy weer dwria0 the first cowatdown
saae.[t trier to the hold i nc od 1 eg name safety consumption.

11-2

'l'



There was ro indication in fli g ht of a performance de g radation occurrence
rith the _euntdcwn Lena term o pen circuit volta ge deca y of forward	 -

battery %o. 2 re ported in Section 3.2.3.	 -

All switch selector charnels functioned as commanded by the iU and were
within accertable limits. The L"2 recirculation pump inverters per-

formed satisfactorily.

Perfo rrarce of the EBW circuitry for the se paration systems was satisfactory.
The charae and discharae responses were within predicted time and

volta ge limits. The ranae safety command system EBW firing units were

in the required state-of-readiness for vehicle destruct, had it been
necessary.

11.1	 S-17B STAGE ELECTRICAL SYSTEM

11.1.1	 Surrar y 	-

The S-IYE sta ge electricai system performance was satisfactory. The
battery volta ges and currents remained within the normal range beyond
their mission recuirerrents. Battery temperatures were normal except for

the temperature of the Aft Battery Pao. 1, Unit No. 1 which increased

significantly above the cutoff limit of the primary heater control

system at approximately 9 hours. Battery `voltace and current plots are

shown in Ficures 11-1 through 11-4 and battery power consumption and

capacity for each battery are shown in Table 11-3. There was no recurrence
of forward Battery ".o. 2 early depletion that occurred during AS-510

and AS-511.

The three -5 Y and seven 20 V excitation modules all performed within

accertable limits. The LOX and LH2 chilldown inverters performed

satisfactorily.

All switch selector channels functional pro perly and all outputs were

issued within required time limits. r`

Perforrance of the EBW circuitry for the separation systeri was satisfactory. 	 -
The charge and discharae responses of the firing units were within
predicted tire and voltage limits. The command  destruct firing units
were in the reouired state-of-readiness for vehicle destruct, had it
been recessary.

11.4.2	 S- IYE Aft Battery %o. 1 , Uni t No. 1 , Terverature Increase

The temperature of the S-IYB Aft Battery No. 1, Unit No. 1, increased
significantly above the nominal cutoff limit (90°F) of the primary heater
control syster at approximately 9.9 hours (see Figure 11-5). The tee--
perature of Unit %o. 1 continued to increase until the high temperature
backup tr.erucstat deetiergized the heater at approximately 120°F (see Figure
11-5). The terperature then decayed to approximately 87°F at which point
the heater was energized. Since the high temperature thermostat has a
small temperature deadband and the heater did not cycle around the high

temperature thermostat control point, temperature control of Unit No. 1 	 •,	 -

11-3	 '^
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j l t 1 l - 3 .	 : ; -z . •-^a ; oe 34i t :try ; zmme r Ctr: s .ArL :: cn

^A 	 r;IT CA; Ac T T 	 i	 %c PC.VT IF

f o r,•m ry 1h .	 1	 22; . 5 ZJO . i 2• V, _ %5

forrc -i Lc,. 2	 b _ _25.77" i:;P. a

If t :o.	 1	 227.5 61.X

;f t *00.	 'h . 5 37.410 ^6 . 35

•frog ossttery ske-t1raticn 3its/ er.d of ato (at 48.E.65 :ecarft).

••s r.)r tattie ry actirati on W" til b-a :tr_ry voltage dec r" -nel or
26.; ra l t s (it 3c .41 l StL^QS) .

apta mitt l y Rte "Vert ed .act to tre v a ter co^'tra l 1 qtr (firss^-y sYrs tee) .
:ct:r xntJr, *-e "eattr Wntroller S941f failed :.c t.r" the rtater off
at ':=f trd :.• t tQ'vtr&t .6" main increased. This tvoerature SeQueme
11 a$ rrrc• :t'r r.ti] :tVr 1rat1 on of S-I 1S data. B a ttery OY :DVt thane.
C-wyt-t and t.•t tarmra ture of Aft atte" so. 1, Lm i t %0. 2 rQ'-a1Md
ftw 1 rj 1 du r nc to 1 s 1 nc reas td tempera tune cy c l 1 rq .

Eval"ticn of :ata ll r4 1 ca'K t::t tit 'eattr per t-arK i s tor taWIrmed
^-a1 run«. ty *--.re^ trerl ized -.7 V.;t Bea ter ccrtroll er. -Ms
f a 1 1 ire c to 1 t 1 um r is aria ren t l y s e l f -tccrlc t 1 nq uP" ►it a ter poorer n as
1ntorn.Cted :)y ttie' 1 r tenwratur* trerwrrstot. T %ertfcrY. 1r toe,
fa 11 tent +rode, tte *eater was erer91ie-d normall y by ?e '+eater met rol1er
and deert*q 12 ed r-y t.11e Lac t w h i q" t W a tart L'*rwos to t . T he ads t
likely  f a i e are nd-t for th is any 1 y %a s been es tab l i s r+ed as a tie l
r---.oay of tie Power tryjsl StxW. Laboratory therval r/namaj tests
Noe S sr u 1 a ted tit 1 11 Cat f a i l wt . Past h i s tory Ms i rd I ca ted aoor
1 Rs t.e ;1 a t 1 pn of t r m 1 s for •eat S i ft wos l d c*WW trwwa 1 rwwaay. .
I r•sart t i on M ►peat C1 rt 1 ftStollation Ras to" initiated to assire
arose► +tat s' t* vwt i c q f a s tow for ma . rurther corrtt t 1 vt action
Is rct can 1 del necessary CW to tf+e presence of a Lacste contro l Pvv-
•1drC t-y tee VOW 	 tat. This i taw %s com ideved c1 and.

11.5	 IsS-, P- V, LXr, flfCTPIC.LL STSTUP

T►e :j e l eKtr1ca 1 s ys tee► fwnct 1 crocl rcrwlly. 411 LatLary .clv.*Ws
rtva 1 red vt tl. 1 w pW or,a w e 11 wi is of 25 to 30"1. Tihe battery teaptr a tare
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ys t ea ( 70) %4W  ra 1 re IM a c 1 osed MS i t 1 ow at 20.9W S*CZdds (referents
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t+a tarts a rye powo 1 • i 1 qw v 11-7 t."-Ao p 11-'O. Ba ttery Vow" con-

s.;.vr t 1 on and u:+c i ty for escsi Lattery tee shone In Tat 1 e 11 -4.
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Tao 1 t 11-4. 1U Battery Power Cen:s wtp t1 m

1ATTERT

RATED
CJWACITY

PQE a CORSUVT I Out

PERCUT Of
(1^-+4t) APP _14 CAPAC ITY

6010 350 255.0' 130

61)2.7 350 365.40• 104"

6030 350 32x.00 930

,^ ^ 3L7. S"^ 111.N

. istis 1 AM9,t rat C=PVtt0 frow fi u1 yorer traft ter to a9.6M SecONICt
(13 60wrs AY vi ewRss) .

"Tbe CCs traesvx4tr. aamered by tat 6= u ttery . on OW4 t1 eq at
S- I t9/ I 0 1 @M r agaCt rs i CA OCCa rre d at 313.181 seconds (86:5,9:41).
POrtr COr &Wtiaw Mtl1 S -IYS/IU losar towt rat ulcslatsd based on
eowiwl ootrattow.

"-f rpw l i w 1 xww trams f er so t t 1 battery vo 1 tags decayed De 1 or 26.0
ro 1 is at 4S M1.1 second': (12.3 earrs) .
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The current sharing of the 6D10 and 6D30 batteries, to provide redundant
power to the ST-124, was satisfactory throughout the flight. -Current
charing reached a maximL:m of 23 amperes (6D10 and 26 amperes (6D30)
compared to an average of 20 amperes (6D10) and 24 amperes (6D30)
during S-IC burn	 (see Figures 11-7 and 11-9).

The 56 volt Dower supply maintained an out put voltage of 56.2-to 56.6 V
which is well within the required tolerance of 56 +2.5 volts.

The 5 volt measuring power supply performed nominally, maintaining a
constant voltage within specified tolerances.

The switch selector, electrical distributors and network cabling per-
formed nominally.

11.6	 SATURN V EMERGENCY DETECTION SYSTEM (EDS)

- The performance of the AS-512 EDS wa: 	 normal and no abort limits were-
exceeded.	 All switch selector events associated with EDS for which data
are available were issued at the nominal 	 times.	 The discrete indications
for EDS events also functioned normally. 	 The performance of all thrust
OK pressure switches and associated voting logic, which monitors engine
status, was nominal	 insofar as EDS operation was concerned. 	 S-IVB tank
ullage pressures remained below the abort limits. 	 EDS displays to the

-- crew were normal.
S

The maximum dynamic p ressure difference sensed by the Q-ball was 1.2
psid at 88.0 seconds.	 This pressure was only 37.5 percent of the EDS

= abort limit of 3.2 psid.

As noted in Section 10, none of the rate gyros gave any indication cf
annular overrate in the pitch, yaw, or roll axis. The maximum angular
rates were well below the abort limits.

f
A
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SECTION 12

VEHICLE PRESSURE ENVIRONMENT

1,2.1	 SUMMARY

Tie S-IC base pressure environments were consistent with trends and

magritudes observed on previous flights. The S-II base pressure

environments were consistent with trends seen on previous flights,

although the magnitudes were higher than seen on previous flights.
The pressure environment during S-IC/S-II separation was well below

riaximum allowable values.

12.2	 BASE PRESSURES

12.2.,	 S-IC Base Pressures

The S-IC base heat shield was instrumented with two differential
'internal minus external) pressure transducers. The data recorded

by both instruments, D046-106 and D047-106, are in good agreement

with previous flight data in both trends and magnitudes. A maximum

differential pressure of 0.12 psi occurred at an altitude of 6.0 n mi.

12.2.2	 S-II Base Pressures

Figure 12-1 shows the AS-512 post-flight heat shield forward face

pressure data. The heat shield forward face pressure transducer

(D150-206) provided no useful data during S-II mainstage. Post-flight

analysis, using semi-empirical correlations based on 1/25 scale model

hot flow test results, indicated that the S-II-12 heat shield forward
face pressures were within the previous flight data band.

.^'he thrust cone post flight reconstruction is shown in Figure 12-2.

The thrust cone p:essure transducer (D187-206) provided no useful

data during S-II mainstage. Post-flight analysis based on the semi-
empirical correlations mentioned above indicates higher thrust,

cone pressures, prior to interstage separation, than previous

flight data.

The heat shield aft face pressures, shown in Figure 12-3, were

higher than those seen on previous flights.

- he higher pressures in the S-II-12 base region as indicated by

post-flight analysis and measured flight data, are attributed to fur

further inboard deflections of the engines than on previous flights.

Effective with AS-510, the S-II engine precant angle was reduced

f.•om 1.8° to 0.6°. Since base pressures result from reverse flow

of the engine exhaust gases, a further inboard deflection would

12-1	 ^^



v
^mQ
	

N
N

-
 
Q

 
T

O
r

J

JW

r

N
	

r
v

W
Qr

I	
Q

^
	

r
OC	

O
d
	

d
r=u

11
r

11
y

o
c

u

m^
 
^

rg
 
^

rO

J	
r

"'^
W

^

J
rQ

°
	

rr

^
^r

1y ^aC	
O

^
	

^
^_

1

J

P
l
s
d
 
'
 
w
s
S
l
d
d
 
3
s
V
9

o
	

co 	
0

0
	

o
	

r°^ 	
o

0
	

0
	

0
	

0
	

0
	

0

W
'	

u
 
^N

N
z
q
 
1

r O

^
 
WN

o
C

o
r

r.n
u

s
o

N
^
.
.

Wr
^

N
 ._

.. In
 W

 N
	

O	
O
	

O	
O	

O
	

O	
O

®
®

 ®
	

O
 
O

 
O

 
O

 
O

 
O

Z
-

/N
 •

3
d
n
S

S
3
d
d
 3

S
V

9

W
	

P
i
s
d
 
'
3
M
n
S
S
3
a
d
 
3
S
V
9

O
 O
	

O
	

OD	
b
	

♦
	

N
o
	

O
	

O	
O

O
	

O
	

O
	

O
	

O
	

°
O

r
 
o

O

n

N

LdN

C
D

 r. u
z
 
^
 

w uw
	

WW
K
 
V
 
N
 
O

N
 ^

+
 N

 W
 N

Y
f
	

r
1
	

N
°
 
a
 
°
 
o
 
0
 
0

0
 
0

z
o

/M
 'W

S
S

3
4
d
 3

S
"

C
!

N

og

I
n

G
1

L
	

I

d
	

I

4JC

^
 
O

Î
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Figure 12-3. S-II Heat Shield Aft Face Pressure

cause higher pressures in the base region.

12.3	 S-IC/S-II SEPARATION PRESSURES

Details of the S-IC/S-II separation are presented in Section 10.6.

At main propellant ignition, the separation distance was over 50 feet,

and over 100 feet at 90% thrust; consegUently the pressure environment

during S-IC/S-II separation was well below maximum allowable values.
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SECTION 13

VEHICLE THERMAL ENVIRONMENT

13.1	 SUMMARY

The AS-512 S-IC base region thermal environments exhibited trends and
magnitudes similar to those seen on previous flights, except that the
arbient temperature under engine No. 1 cocoon showed an unexpected
rise that peaked at about 50 seconds.

The base thermal environments on the S-II stage were consistent with
the trends and magnitudes seen on previous flights and were well below
design limits.

Aerodynamic heating environments and S-IVB base thermal environments
were not measured on AS-512.

13.2	 S-IC BASE HEATING

Thermal environments in the base region of the S-IC stage were recorded
by two total calorimeters, 00026-106 and C0149-106, and two gas tem-
perature probes, 00050-106 and 00052-106, which were located on the
aft heat shield.. The sensing surfaces of the total calorimeters were
mounted flush with the aft shield surface. The base gas temperature
sensing surfaces were mounted at distances aft of the heat shield
surface of 0.25 inch (00050-106) and 2.50 inches (00052-106). In general,
the AS-512 data was in good agreement with previous flight data in both
trends and magnitudes. Typical base thermal data, total heating rates 	

i
recorded by 00026-106, are presented in Figure 13-1 and compared to
data from the AS-511 flight. The maximur; recorded total heating rate
was approximately 17 Btu/ft 2-s and occurred at an altitude of 11.5
n mi.

The ambient temperature measurement (C242-101) under Engine No. 1 cocoon
showed an unexpected rise starting soon after liftoff and peaking at
about 50 seconds (see Figure 13-2). Followina the peak, the temperature
returned to a normal level at about 100 seconds, and remained similar
to cocoon temperature levels for the other engines. The peak temperature
at 50 seconds was approximately 13°C above the upper band experienced
during previous flights.

There are two possible causes for this anomaly:

1. The first possibility is that hot gas from the Gas Generator
(GG) may have leaked through the GG drain port. This port
is plugged in flight and opened only during ground operations.
Leakage past the plug has occurred in the past during low
pressure ground checkout. The temperature sensor is located in

13-1



the vicinity of the GG drain port and a leak of about 0.003 lb/sec
would propagate enough hot gas under the cocoon to cause such a
temperature rise. A leak of such small magnitude would tend to
be self-sealing due to the deposition of hydrocarbon solids from
the fuel-rich GG combustion gases. This could explain why the
temperature reading returned to the normal level.

The second possibility is a temporary loss of cocoon insulation
integrit y (possible loose combustion drain access cover) which later
corrected itself, allowing the instrument to return to the normal
temperature level. The temperature rise was coincident with the
normal rise in base heating rate which peaks at about 50 seconds as
shown it Figure 13-1. A loss of cocoon insulation integrity would
show up in a temperature rise. However, the loss of cocoon insula-
tion integrity would have to have been temporary because the tem-
perature rise did not recur when the base heating rate peaked the
second time at about 110 seconds (a normal occurrence). Base
heating rates and temperatures do not show any unusual excursions
during S-IC flight, indicating normal gas flow in the base region.

Special attention will be given during prelaunch operations to inspection
of the GG plug and cocoon access covers.

13.3	 S-II BASE HEATING

Figure 13-3 shows the AS-512 flight heat shield aft face total heat rate
history. The fli g ht data falls well within the data band of previous flights
except at Center Engine Cutoff (CECO) when the heating rates were
equal to the previously recorded peak value of 3.2 Btu/ft2-s.

The AS-512 flight and the post-flight analytical value of the gas
recovery temperature probe indicated output are shown in Figure 13-4.
The corresponding data band of the AS-503 through AS-511 flights is
included for comparison.

Figure 13-5 shows the AS-512 flight and post-flight analytical values
of the radiometer indicated radiative heat flux to the heat shield aft
surface. Also shown is the post-flight analytical value of the actual
incident radiative heat flux at the same location. The discrepancy
between the radiometer indicated value and the incident heat flux is
due to the heating of the radiometer quartz window by convection and
long-wave plume radiation. Consequently, the radiometer sensor receives
additional heat from the quartz window by radiation and convection
across the air gap between the window and the sensor. This explains
the apparently slow radiometer response at engine start, CECO, Engine
Mixture Ratio (EMR) shift and at engine cut-off. Figure 13-5 shows
that the actual incident radiative heat flux prior to CECO is about
30% less than the radiometer indicated value. The post-flight ana-
lytical history of the radiometer output is in goud agreement with.
the flight radiometer output history.
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0.

I

There were no structural temperature measurements on the base heat shield
and only three thrust cone forward surface temperature measurements in
the entire base region. In order to evaluate the structural temperatures
experienced on the aft surface of the heat shield, a maximum post-flight
predicted temperature was determined for the aft surface using maximum
post-flight predicted base heating rates for the AS-512 flight. The
predicted maximum post-flight temperature was 794°K (969°F) and com-
pares favorably with maximum post-flight temperatures predicted for
previous flights, and was well below the maximum design temperatures
of 1066°K (1460°F) for no engine out and 11'.5°K (1550°F) for one control
engine out. The effectiveness of the heat shield and flexible curtains
as a thermal protection system was again demonstrated on this flight
as on previous flights by the relatively low temperatures recorded on
the thrust cone forward surface. The maximum measured temperature on
AS-512 by any of the three thrust cone forward surface temperature
measurements was 260°K (9°F), which also compares favorably with data
recorded on previous flights. The measured temperatures were well below
design values.

	

13.4	 VEHICLE AEROHEATING THERMAL ENVIRONMENT

Aerodynamic heating environments were not measured on the AS-512 S-IC
stage. Due to the similarity in the trajectory, the aerodynamic heating
environments are believed to be approximately the same as previous flight
environments. Because of the nighttime launch, ground optical data
from Melbourne Beach and Ponce de Leon cameras do not have sufficient
clarity to define the flow separation point on the S-IC stage, but it is
expected that the data would be similar to previous flights.

	

13.5	 S-IC/S-II SEPARATION THERMAL ENVIRONMENT

Since the AS-512 S-IC/S-II separation was normal, the heat input to the
S-IC LOX tank dome is assumed to be near nominal.

There were no environmental measurements in this area on the flight
vehicle but nothing has been observed in related flight data to indicate
anything other than a normal environment.
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SECTION 14

ENVIRONMENTAL CONTROL SYSTEM

14.1	 SUK ARY

The S-IC stage forward compartment thermal environment was adequately

maintained although the temperature was lower than experienced during

previous flights. The S-IC stage aft compartment environmental condi-
tioning system performed satisfactorily.

The S-II stage engine compartment conditioning system maintained the
ambient temperature and thrust cone surface temperatures within design

ranges throughout the launch countdown. No equipment container tempera-

ture measurements were taken; however, since the external temperatures

were satisfactory and there were no problems with the equipment in the
containers, the thermal control system apparently performed adequately.

	

'	 The iU stage Environmental Control System (ECS) exhibited satisfactory

performance for the duration 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). Subsequent temperature in-

z
creases were as predicted for this condition.

	

JL	 14.2	 S-IC ENVIRONMENTAL CONTROL

The S-IC forward compartment pre-launch temperature reached a minimum of

-92.2°F (CO206-120) at liftoff. This temperature was lower by approxi-
mately 11°F than experienced during previous flights but well above the

established minimum design criteria. These criteria, established by

analysis and test, permit a minimum temperature at liftoff of -110°F

after an 8 minute S-II stage J-2 engine chilldown or -170°F after a 13

minute chilldown at the CO206-120 transducer location.

Therefore, it was concluded that the critical components that are in the
compartment were well above their minimum qualification limits.

The aft compartment environmental conditioning system performed satis-
factorily during countdown. After the initiation of LOX loading, the
temperature in the vicinity of the tattery (12K10) decreased to 65°F
which is within the battery qualification limits of 35°F to 95°F. The

temperature increased to 78°F at liftoff.

s^.

KKl
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s

Just prior to liftoff, the other aft compartment tem p eratures ranged from
77°F at measurement CO203-115 location to 86.9°F at measurement CO205-115
location. During flight, the lowes` temperature recorded was 63.5°F at

measurement CO203-115.

14.3	 S-II ENVIRONMENTAL CONTROL

The engine compartment conditioning system maintained the ambient tempera-

ture .nd thrust cone surface temperatures within design ranges throughout

the launch countdown. The system also maintained an inert atmosphere
within the compartment as evidenced by the absence of H2 or 02 indications

on the hazardous gas monitor.

No equipment container temperature measurements were taken. However,

since the ambient measurements external to the containers were satis-
factory and there were no problems with the equipment in the containers,
it is assumed that the thermal control system performed adequately.

t	 14.4	 IU ENVIRONMENTAL CONTROL

14.4.1	 Thermal Conditioning System (TCS)

_	 The IU TCS performance was satisfactory throughout the IU mission. The
temperature of the coolant as su pplied to the IU thermal conditioning

panels, S-iVE TCS, and ILi inte rnally cooled components was continuously

maintained within the required limits of 45° to 68°F until approximately

+	 23,500 seconds, as sr-own in Figure 14-1. The coolant temoerature
exceeded the monitored t`mperature band (50° to 60°F) of measurement

C15-601 due to the planned inhibition (valve closed) of the water valve.

Sublimator performance during ascent is presented in Figure 14-2. The

water valve opened initially at approximately 180 seconds as commanded,

j	 allowing water to flow to the sublimator. Significant, cooling by the
sublimator was evident at approximately 530 seconds at which time the

I	 temperature of the coolant began to rapidly decrease. At the first
I thermal switch sampling, (480 seconds) the coolant temperature was above

the thermal switch activation point; hence the w,rter valve remained onen.

At the second thermal switch sampling (780 seconds), the coolant tempera-

ture was below the actuation point, and the water valve closed.

Sublimator cooling was nominal as evidenced by normal :oolant temperature

(C15-601) cycling through approximately 21,000 seconds. Following water

valve closure at 19,080 seconds the water line p ressure indication,

measurement D43-601, leveled off at about 1.4 psia rather tnan continu-
ously decreasing to zero as is normally ex pected during the sublimator

prying out cycle. The indicated pressure remained at this level until
about 27,000 seconds, at which time the indicated pressure did begin a
gradual decrease to zero (Figure 14-1). This same general condition "Ids
occurred on a number of previous missions and is due to either water

14-2
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' 	 D

freeze-up in the pressure pick up line, or icing at the p ressure trans-
ducer resulting in the dia phragm of the transducer locking in a fixed
position. The latter condition is thought to be the case, though in
either event system performance is unaffected, and the true pressure in
the water supply line decays nominally.

At 20,998 seconds, the Launch Vehicle Digital Computer (LVDC) logic con-
trollino water valve operation was inhibited by ground command with the
valve closed. The purpose of this evert was to eliminate sublimator vent-
ing during the lunar impact course correction and tracking period between
APS-1 and APS-2 burns. (It had been conjectured from previous mission
performance that water vapor venting from the sublimator contributed sig-
nificantly to un lanned velocity changes, causing degradation in lunar
impact accuracy 	 The water valve remained closed and the sublimator
inoperative until the valve inhibition was removed by ground command at
41,553 seconds, after the FCC was shutdown. Within this period of no active
cooling, component and coolant fluid temperatures increased at rates within
the conservative predictions. When the valve opened the sublimator quickly
achieved a high level of heat rejection as evidenced by the rapid decrease
in component temperatures (Figure 14-3). Within twenty minutes after sub-
limator restart coolant temperatures had returned to normal operating
ranges. The water valve, however, was allowed to remain in the open
position. All component temperatures remained within their expected
ranges for the duration of the IU mission except for the period of time
the water valve was commanded closed. The sublimator restarted in a timely
fashion, with a high level of heat dissipation as expected.

The TCS hydraulic performance was nominal as seen in Figure 14-4. The
TCS sphere pressure decay was nominal as shown by Figure 14-5 and there
was no evidence of any excess GN2 usage or leakage as was ex perienced on
AS-511.

14.4.2	 Gas Bearing System Performance

The Gas Bearing System (GBS) performance was nominal throughout the IU
mission. Figure 14-6 shows ST-124 platform pressure differential (Dll-
603) and platform internal ambient pressure (D12-603).

The GBS GN2 supply sphere pressure decay was as expected for the nominal
case as shown in Figure 14-7.

An attempt was made to evaluate the effects of residual IU venting during
the period between APS-1 and APS-2 burns while the TCS water valve was
commanded closed (water sublimator eliminated as a source of S-IVB/IU
thrust). Platform GBS venting and the corresponding APS activity have
been analyzed with regard to trajectory perturbations. Details of this
analysis are presented in Section 17.3.
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SECTION 15

DATA SYSTEMS

	

15.1	 SUMMARY

All data systems performed satisfactorily throughout the flight. Flight
measurements from onboard telr etry were 99.8 percent reliable.

Telemetry performance was normal except for noted problems. Radio Frequency
(RF) propagation was satisfactory, though the usual interference due to
flame effects and staging were experienced. Usable Very High Frequency
(VHF) data were received until 36,555 seconds (10:09:15). The Secure Range
Safety Command Systems (SRSCS) on the S-IC, S-II, and S-IVB stages were
ready to perform their functions properly, on command, if flight conditions
during launch phase had required destruct. The system properly safed
the S-IVB destruct system on a command transmitted from Bermuda (BDA) at
723.1 seconds. The performance of the Command and Communications System
(CCS) was satisfactory from liftoff through lunar impact at 313,181 seconds
(86:59:41). Madrid (MADX) and Goldstone (GDS) were receiving CCS signal
carrier at lunar impact. Good trackin g data were received from the
C-Band radar, with BDA indicating final Loss of Signal (LOS) at 48,420
seconds (13:27:00).

In general, ground engineering camera coverage was good.

	

15.2	 VEHICLE MEASUREMENT EVALUATION

The AS-512 launch vehicle had 1353 measurements scheduled for flight;
four measurements were waived prior to start of the automatic countdown
sequence leaving 1349 measurements active for flight. Three measure-
ments failed during flight, resulting in an overall measurement system
reliability of 99.8 percent.

A summary of measurement reliability is presented in Table 15-1 for the
total vehicle and for each stage. The waived measurements, failed measure-
ments, partially failed measurements, and questionable measurements are
listed by stage in Tables 15-2 and 15-3. None of these listed failures
had any significant impact on postflight evaluation.

	

15.3	 AIRBORNE VHF TELEMETRY SYSTEMS EVALUATION

Performance of the eight VHF telemetry links provided good data from
liftoff until the vehicle exceeded each subsystem's range limitations,
however, data dropouts occurred as indicated in Table 15-4.

All infli ght calibrations occurred as pro g rammed and were witnin
specifications.
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ll	 Table 15-1. AS-512 Measurement Summary

MEASUREMENT

CATEGORY

S-IC

STAGE

S-Ii

STAGE

S-IVB

STAGE

INSTRUMENT

UNIT
TOTAL

VEHICLE

Scheduled 292 552 274 235 1353

Waived 1 1 2 0 4

Failed 0 1 2 0 3

Partial 3 3 0 0 6

Failed

Questionable 0 0 0 0 0

Reliability, 100.0 99.9 99.3 100.0 99.8
Percent

Table 15-2. AS-512 Flight Measurements Waived Pricr to Fliqht

MEASUREMENT MEASUREMENT TITLE NATURE OF FAILURE RE WUM
NUMBER

S-IC STAGE

D119-103 Pressure, Differential. Transducer failure Waiver 1-8-512-1
Engine Gimbal Systew
Filter Manifold

S-I`. STAGE

DOII-201 Ei LOX Pump Discharge Measurement exceeded Waiver NR12-1
the zero shift speci-
fication requirement.
Provided acceptable
data during flight.

S-IVB STAGE

00001-401 Temp-Fuel Turbine Data came on-scale Waiver 5124R-13
Inlet fray off-scale low

and wandered erratic-
ally.

D0225-403 Press-Cold Nell um Low Remote Automatic Waiver 512-Wit-17
control valve inlet Calibration System

(RAGS) failed to
calibrate and the
dymamic response to
pressure Ms suppressed.

-i

i
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Table 15-3. AS-512 Measurement Malfunctions

TIME OF DURATIOM
KT MEASUREMENT TITLE MATURE Of FAILURE (RANGE

FAILURE SATISFACTORY REMARKSWee TIME) OP£R1ITION

WASURM1 FAILURES, S-II STAGE

D187-206 Thrust Cone Surface I-proper response 115 seconds Prior to	 115 Probable transducer
Pressure and erratic seconds failure

W_&WRRE)EENT FAILURES. S-IV8 STAGE

00002-401 Tsp-Oxidizer Turbine Unsatisfactory 11,778 First burn data Probable open cir-
Inlet response to seconds was good.	 Sec- cuit in either the

temperature and burn data sensor or inter-
changes was good until connecting cable

approx.	 11,778
seconds.

T0002-101 Speed - Fuel Pump No response to No response First burn Most likely cause
ufuel pp during sec- was open pick up

operation and burn coil

PARTIAL MEASUREMENT FAILURES, S-IC STAGE

0003-101 Temperature, Turbine Measurement pegged a3 secants i	 103 seconds Probable transducer
Manifold off scale high failure

0003-103 Temperature. Turbine Measurement pegged Z2 seconds 42 seconds Probable transducer
Manifold off scale high failure

D047-106 Pressure. Neat Excessive noise 20 to 50 147 seconds Probable cable
Shield Differential 80 to 95 connector problem

105 seconds

PARTIAL 'EASUREMENT FAILURES, S-Ii STAGE

D150-206 Meat Shield Fo►w rd Improper Approxi- 163 seconds Probable transducer
Surface Pressure response mately 163 failure

seconds

0011-ZC4 E4 LOX Pump Discharge Zero shift of 425 seconds Prior to 425 Probable transducer
Pressure approx. 25 PSIA seconds failure

C"3-204 E4 LOX Inlet Temp- Large positive 450 seconds Prior to 450 Probable transducer
erature noise mntursion secords failure

Data degradation and dropouts were experienced at various times during
launch and earth orbit as on previous flights, due to the attenuation
of RF signals. Signal attenuation was caused by S-IC stage flame
effects, S-IC Center Engine Cutoff (CECO) and retro-rocket effects at
S-IC/S-II separation. S-IC CECO resulted in intermittent data loss from
140.65 to 142.80. The effects at S-IC/S-II separation lasted from
162.0 to 163.5 seconds. The S-II stage second plane separation effects
were ap parent between 195.0 and 195.2 seconds. The rnaximLin attentuation
of the DPi signal was approximately 22 db at the Central Instrumentation
Facility (CIF) and is similar to that experienced on prior flights with
8 S-IC retro-rockets.

15-3
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Table 15-4. AS-512 Launch Vehicle Telemetry Links

j

i
I

LINK
FREQUENCY

(MHZ)
MODULATION STAGE

FLIGHT PERIOD

(RANGE TIME, SEC)
PERFORMANCE SUMMARY

AF-1 256.2 FM/FM S-IC 0 to 420.65 Satisfactory

AP-1 244.3 F 'I/FM S-IC 0 to 420.65 Data Dropouts

Range Time (sec) 	 Duration (sec)

140.6	 2.2

BF-1 241.5 FM/FM S-II 0 to 735 Satisfactory

BF-2 234.0 FM/FM S-II 0 to 735 Data Dropouts

BP-1 248.6 PCM/FM S-II 0 to 735 Range Time (sec) 	 Duration (sec)

162.0	 1.5

195.0	 0.2

CP-1 258.5 PCM/FM S-IVB 0 to 13,900 Satisfactory

Data Dropouts

Range Time (sec) 	 Duration (sec)

163.0	 2.6

Intermittent Data

194.1	 0.6	

I

DF-1 250.7 FM/FM IU 0 to 36,555 Satisfactory

DP-1 245.3 PCM/FM IU 0 to 36.555 Data Dropouts

DP-18 2282.5 PCM/FM IU 0 to 49.620 Range Time (sec)	 Duration (sec)
(CCS)

163.0	 (DP-1)	 1.1
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The last VHF signal was 36,555 seconds (10:09:15) at Ascension Island

(ACN).

The performance of S-IVB and IU VHF telemetry systems was normal during

earth orbit, S-IVB second burn and final coast. A summary of available

VHF telemetry coverage showing Acquisition of Signal (AOS) and LOS for

each station is shown in Figure 15-1.

15.4	 C-BAND RADAR SYSTEM EVALUATION

The C-Band radar performed satisfactorily during flight, although

several of the ground stations experienced problems with their equip-

ment which caused some loss of signal.

Phase front disturbances were reported at Kennedy Space Center (KSC)
between 123 and 137 seconds, Grand Turk Island (GTK) between 560 and

568 seconds, Grand Bahama Island (GBI) between 340 and 357 seconds, and

Patrick Air Force Base (PAFB) between 28 and 90 seconds. Phase front dis-

turbances occur when the pointing information is erroneous as a result of

sudden antenna nulls or distorted beacon returns.

Carnarvon (CRO) experienced signal fade and dropout near Point of Closest

Approach (PCA) during revolution 1, due to the high elevation and attendant
high azimuth rates.

The BDA FPS-16 site experienced data losses during boost (552 to 642

seconds) and during the second revolution (3330 to 3366 seconds) because

the vehicle look angles during these passes were such that the FPQ-6

antenna obscured the FPS-16 antenna during these intervals.

During revolution 3, Merritt Island Launch Area (MILA) reported the track-

ing angles wandering over a wide area before PCA although there was no

evidence of beacon malfunction and the beacon was tracked from horizon

to horizon. According to the Radar Operator Log, a cold front was passing

through the area at the time and the operator suspected that temperature

inversions were interfering with the tracking during that time. After PCA
the tracking proceeded in a normal fashion.

The BOA FPQ-6 reported weak signals and intermittent track during the

period between 41,760 seconds and final LOS (48,420 seconds) while the

vehicle was tumbling.

A summary of available C-Band radar coverage showing AOS and LOS for
each station is shown in Figure 15-2.

15.5	 SECURE RANGE SAFETY COMMAND SYSTEMS EVALUATION

Telemetered data indicated that the command antennas, receivers/decoders,

Exploding Bridge Wire (EBW) networks, and destruct controllers on each

powered stage functioned properly during flight. They were iii the

required state-of-readiness if flight conditions during the launch had

required vehicle destruct. Since no arm/cutoff or destruct commands

3

3
1
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were required, all data except receiver signal strength remained

unchanged during the flight. Power to the S-IVB stage range safety

command systems was cutoff at 723.1 seconds by ground command, thereby

-	 — '	 deactivating (safing) the systems.

15.6	 COMMAND AND COMMUNICATIONS SYSTEM EVALUATION

i
t	 I

(

t

l

s
k:

ti

i.

	

15.6.1	 Summary of Performance

The performance of the command section of the CCS was satisfactory. No

flight equipment malfunctions occurred durin g the flight. The phase

lock periods from liftoff to Translunar Injection (TLI) for the downlink

carrier are shown in Figure 15-3. Ground station coverage times from TLI

through lunar impact are shown in Figure 15-4.

Nineteen commands were initiated by Mission Control Center-Houston (MCC-H)

and a total of 182 words were transmitted. Two words were not received by

the onboard system because the uplink signal level was below the command

threshold. These words were retransmitted and accepted. One command was

retransmitted when a telemetry dropout precluded verification of acceptance

by the transmitting ground station. These problems resulted from signal

strength fluctuations (u p link and downlink) occurring during the solar
heating maneuver. A list of commands initiated by MCC-H and the number

of words transmitted for each command is shown in Table 15-5.

	

15.6.2	 Performance Analysis

The first of the three commands required to accomplish the solar heating
maneuver was transmitted unsuccessfully at 22,659 seconds (6:17:39) and

caused the vehicle attitude to begin moving about the pitch axis. The

changing vehicle attitude resulted in uplink and downlink signal strength

fluctuations from 22,665 seconds (6:17:45) to 22,860 seconds (6:21:00).

As a result of uplink signal strength fluctuations, the mode word of

the solar heating command initiated at 22,667 seconds (6:17:47) was

not received onboard. The uplink received signal strength was down to

-117 dbm and the 70 KHz subcarrier lost lock for 0.1 second at the time

of word transmission. The modr- lord was retransmitted and accepted.

The solar heating command initiated at 22,67 seconds (6:17:57) was accepted
onboard on the first transmission e-:ept for the third data word which

was accepted on the first retransmission. At the time this word was

first transmitted, the onboard receiver signal strength had dropped to

approximately 5 to 7 db belm. command threshold. The command threshold

measured at KSC was from -103 to -105 dbm. The momentary low signal

strength levels are attributed to antenna nulls.

Single word dumps were initiated at 22,749 seconds (6:19:09). Sixteen

words were accepted by the vehicle. At the time The sixteenth word

was transmitted, the ground station lost telemetry lock for 0.25

second and therefore did rot detect the Address Verification Pulse (AVP)

and Computer Release Pulse (CRP) from the vehicle. Therefore, the

15-8
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I
ground station retransmitted the word 8 times. 'After each retransmission

the Launch Vehicle Digital Computer (LVDC) sent down an error message

stating that the word received was out of sequence since it was expecting

the seventeenth word. A terminate. command was transmitted at 22,818 seconds

I.	 (6:20:18) to clear the onboard command circuitry and at the complete single

word dump command was successfully retransmitted at 22,828 seconds (6:20:28).

153	 GROUND ENGINEERING CAMERAS

In general, ground camera coverage was good. Thirty-three items were

received from KSC and evaluated. One item did not provide coverage
._.	 of the entire event due to a film jam, and one did not have timing.

The vehicle vertical motion data is not reducible due to timing loss.

The night launch had no effect on the camera coverage during prelaunch
operations and during liftoff. Although, as expected, the tracking

coverage was not nearly as clear as experienced during daylight launches.

1
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SECTION 16

MASS CHARACTERISTICS

	

16.1	 SUMMARY

Total vehicle mass, determined from post-flight analysis, was within 0.68

percent of predicted from ground ignition through S-IVB stage final shut-
down. This small variation indicates that hardware weights, propellant

loads, and propellant utilization were close to predicted values during
flight.

	

16.2	 MASS EVALUATION

Post-flight mass characteristics are compared with final predicted mass

characteristics (MSFC Memorandum S&E-ASTN-SAE-72-87) and the operational

trajectory (MSFC Memorandum S&E-AERO-MFT-200-72).

The -post-fright mass characteristics were determined from an analysis of
all available actual and reconstructed data from S-IC ignition through

S-IVB second burn cutoff. Dry weights of the launch vehicle are based on
actual stage weighings and evaluation of the weight and balance log books
(MSFC Form 998). Propellant loading and utilization was evaluated from

propulsion system performance reconstructions. Spacecraft data were

obtained from the Manned Spacecraft Center (MSC).

Dry weights of the inert stages and the loaded spacecraft were all

within 0.9 percent of predicted, which was well within acceptable

limits.

During S-IC burn phase, the total vehicle mass was less than predicted by

470 kilograms (1036 lbm) (0.02 percent) at ignition, and less than pre-

dicted by 2878 kilograms (6344 lbm) (0.34 percent) at S-IC/S-II

separation. This difference is the net of a larger than predicted LOX

loading, and a less than predicted upper stage mass, S-IC fuel loading,
and residuals on board at separation. S-IC burn phase total vehicle mass

is shown in Tables 16-1 and 16-2.

During S-II burn phase, the total vehicle mass was less than predicted by

740 kilograms (1630 lbm) (0.11 percent) at ignition, and greater than

predicted by 47 kilograms (103 lbm) (0.02 percent) at S-II/S-IVB separa-

tion. This deviation is the result of a lower than predicted S-II LOX

load and a higher than predicted upper stage mass. Total vehicle mass

for the S-II burn phase is shown in Tab 1 2s 16-3 and 16-4.

i'

16-1
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Total vehicle mass during both S-IVB burn phases, as shown in Tables 16-5

through 16-8, was within 0.68 percent of the oredicted values. A dif-

ference of 57 kilograms (125 lbm) (0.03 percent) greater than predicted
at first burn ignition was due to S-IVB dry wei q ht, LOX and APS loadinq.

The mass at completion of first burn was 956 kilograms (2108 1bm) (0.68
percent) higher than predicted and was due primarily to the hiqher than

-	 predicted velocity at S-II stage cutoff. The hiqh velocity at S-II

cutoff resulted in a shorter than predicted burntime of the S-IVB stage

to reach the desired trajectory end conditions and consequently more

propellants were onboard at this time than predicted. A longer than

predicted S-IVB second burn was required because of the mass of the

extra propellants onboard. Even with the longer burn, the residual pro-
pellants were 226 kilograms (498 lbm) (0.35 percent) more than predicted

but well within typical dispersions.

A summary of mass utilization and loss, both actual and predicted, from

S-IC stage ignition through s pacecraft separation is presented in Table

-	 16-9.- A comparison of actual and predicted mass, center of gravity, and

moment of inertia is shown in Table 16-10.

i
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Table 16-1. Total Vehicle Mass - S-IC Burn Phase :- Ki10Qrams 

---------------------------------------------------------------------------------------- - --------- ~ -----------
GROU:.O I Gill T lor; HOLOOOWI'. CE ,"TE~ OUT~IOARO ~- : .: , .)- II 

EVENTS AR '~ RELEASl E .... GI " r CuT.:lFF ; E~GI~[ CuT OFF S ~ ; !, .:.. i l ~' t 

--------------------------------------------------------------------------------------- -----, : PREO ACT PREO ACT flRED ACT f'I;U:O ACT p~~; A::T 
-------------------------------------------------------------------------------------------------- - -----------
R""GE TIME--5EC -6 . 57 -6.~5 0 . 24 0.24 13Y.~ 2 .n. 3';) 161.07 1b1.2 J .C:.- .. : o~ .8; 
~--------------------------------------------------------------~----------~--------------------------- - - - -----
D!tY STAGE 130441. 130)42. 13 'J44 1. 130)"2. 13'J441 . D 'J J42. 13:) ..... . lJ'J;"2. 1' ; --:. i:;:'';-£. 
LOX I~ TA'lK 1480715. 149~2~~ . 1449~51 . 144743S. 1!>1 H) . 1)tl6~~ . lu~7. dlC1. ;: ;. ;i 7. 
LOX SELO'o1/ TA~K 2 111 2 . 21126 . 21871 . l188 6 . 21!;~. 21db9 . 1)b02 . 1; 730. ! ..: -:: :: . l.;,-.;~. 

LOX ULL AGE GAS 194. 191 . 240 . 221 . 3058 . )179. 3247 . 3132 . .3.! :: ;a • 33~Z. 
fuH IN U'IK 646374. 64~190. 6)0180. 6JHH. 79271. 76025 . 762'. 59:'0 . ~- .; ... ..;~;. 

fuEL 8ELOW TANK 4317. 4318. 6000 . 60Cl. 6"' «': ". 60C1 . ~9b2 . ~9!» . 5'~';. 5'J';) ) . 

fUEL ULLAGE GAS 29 . 30. 29 . 34 . 210 . 21). 2H . 23& • ... ;,; . " .. J . 
H2 PURGE GAS 36 . 36. 36 . 36. 19 . 19 . 19. 19. :;. ~'i . 
HELlu" IN BOTTLE 288. 288 . 288 . 2!!4 . 107. 105. 82 . 79. : .. 7d. 
f~OST 635. 6 3~. 63~ . 6)5 . 3 .. 0. 3 .. 0 . 340 . 340 . ~ -: . ~:, v . 

R'ETROROCKET PROP 1'J26 . 1026 . 1026. 1026. 1026 . 1026. 107.6 . 1026 . : ;2 :'. l-';~~. 

OT"1ER 239 . 2)9. 23~ . 239 . 239. 239 . 23~. 239 . . , -4.. -'. i:;~. 

TOTAL 5TAGE 228~410 . 2285680. 2246~41. 2241664. 40)~~4. 39d6~2. 166110. 1641"8. lo1 :; ~ . 1c~.; i . 

--------------------------------------------------------------------------------------------------------------
TIOTAL 5-IC/5-11 I S 4531 . 4S24. 4S31 . 4,24. 4~H . 452'" 4531 . 4524. ..~] : . .. 52~. 
TOTAL 5-11 STAGE 493318 . 4925~7 . 493318 . 4925~7. 493091.. 492H~ . 4S1)0911 . 492)):;. .. C; j ; ;:: . ..,2:',,;. 
TOT S-II /S-lv8 IS )6)7 . 36)7. 3637. 36)7. )6:s1 • 3b37 . )11)7. 36)7 . ~;; ; . )0;7. 
TOTA L 5- I V8 STA GE 120627. 120695 . 120627 . 12C1!>95. 120536. 120::.J4. 12053b . 12J6J" • 12~:;=. 12 ':':)- ~. 

TOTAL INSTRU UNIT 2046 . 2027. 2046. 2027. 2046. 2027. 2046. .lOl7. t.: - =. ~ ;.) 2 -f . 

TOTAL SPACECRAFT 52759 . 52738 . 52759. 52738. 52759 . 52738 . 52759. 5273a . ~ ~ -:; . 527,,:;. 

TOT~L UPPER5TAGE 

TOT "L VEH JCLE 2962330. 2961860. 292)460. 2917844. 10804~2. lu7"~2U. 84.l718 . 84uOlb. o j : ;;~ . o;ov 2i . 

\ 

I 
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Table 16-2. Total Vehicle Mass - S-IC Burn ' Phase Pounds 
, ' --------------------------------------------------------------------------------------------------------------GROu\O IG\ITi:. rl:LOOOW~ CE~TER : O~TBO.qD S-IC/~-:: 

EVENTS "'<" ;;ELEA!>E f~GI"'f cuTOH £" l.iI;,E CvTvF;; HP,I,:'.a.-,~. 

-------------------------------------------------1-----------~------------~-----------------
PREO A:7 pqE) ACT PRED ACT P~EO ACT PREU ~~T 

-----_ .. _----------------------------------------------------------~-------------------------;-----------------RANGE V I~E--SEC -6.~~ -~.55 ~.24 U.2~ 139.32 ' 13~.]O 161.67 16~.2~ 163.~; !c •• 3S 

------------------------------------------------------------------- ~------------~---------------- - ------------
DRY STAGE 2~7!>71o. 2:"';5:>. 2:7:14. 2 .. 7356. 2875710. ib71~6. 2d7~7". 2e7~~~. Z<l7,7 ... .t:' 1 ~:;o. 
LOX IN TANK 326"4!9. 320:;:::. ~:;;51l). 319104 8. H5b3). 3,"\lcl5,,). 2 ~'i7. ~ 1 ~ 7 • . 1441. : ~ ole 
LOX BEI.OW TAN~ "6~"4. ... ~~~. -~219. "&2~O. 4blil). "iZl ... '''OJ8. j .. c:." . JOH .. 'i~l .... 
LOX ULI.AGf GAS "27. "21. ~ 1 J. 4d9. 6742. 70e8. 7l!l~ • 7"':1 • 71:1,) • 7~79. 

I'U£L IN TANI( 14Bt;12. !"'2£-:J. l'-:~:') ~ . 1)9:.67;. 17,,763. 168 <) 29. 16<111. 1.) :;1 . I l:'J 4 I. . :'; 't2. 
'U£L BELOW TANK 9H!. :;~21. 1HH. 13231. 13228 . lJl31. 131"~. ll~ ... ~. 131"5. :,,: .. c. 
FUEL ULLAGE GAS b4. ~b. ~4. 7!1. 4b3. 469. ')18. ~2o. ~ 21. 53J. 
HZ PURGE GAS i!:l. 5 ). 30. so. 43. 43. 43. :.~. 43. 4 ). 
HELIUM IN BOTTLE 636. 6:!b. b3b. 627. 236. 232. 1112. l' ' ~. 11d. 172. 
'ROST 1~0j. :~ ... '"". !,-:'J. la.':J. 1:'0. HO. 7,0. 7: j. 750. 7:0,1. 
RfTROR CKET PROP 2£6':'. ~Z~~. 22~4. 226". 2264. 22t>'" 22b4. Z Z ~'". 22b". L ~ b". 
OTMfR H5. '2d. 'H5. 5211. 528. 52 •• 521:1. ;~l. 52j. !;28. 

~----------------------------------------------------------------------_ ._-------------------------------------TOUL STAG! 

TOTAL S-IC/S-II IS 999 :l . ii7!>. ~;;:;. 'i'i7h 99~0. 9-.175. 9990. 'i:; 7~ • 99'iO. i ~7~. 
TOTAL S-II STAGE 1\)~7530. lv~~~=2. 1:~1530. 108')702. 10117<.192. 108~414. 1 0117 U '12 • l ·.) l)~- : c. • 1011709l . :;'::':'1~. 

TOT $-IIIS-IV8 IS 8:ll9. : ~ !;. =~1'11. d019. 8019. 11019. 801'11. :J": i 9. t!Ol~. : .... 19. 
TOTAL S-IV8 STAGE Z6S9H. 2~!:::': 7. 2~5i)8. 266057. 26')7) <1 . 2 6 5397. 265738. 2b~ :; 7. 2b~73S. l ;~ ~:t1. 

TOrAL I~STRU U~IT 4~ 11. _.:.., ;. ..511. 10470. "5ll. 447 J. 4~11. 4_ 7:' . 4511. <.~ 71l. 
TOTAL SPACECRAFT 11631". 1 : bH9. 1:=314. 116269. 116314. 116~b9. 110:)14. 1!!:.2 :i1 . 116,1". .: :' :' oi. 

TOTAL VEM ICLE 
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Table 16-3. Total Vehicle Mass - S-II . Burn Phase - Kilogr~s 

---------------------------------------------------------------------------------------------------~----~-----
S-IC IG~ITl:)~ S-II 5-11 5-11 . 5-11 i,5-1llB 

EVE~T5 IGNITION ~AI'STAGt E ~ ~l\E CJTOF~ bEPARATIO~ 

---------------------------------------------------------~----------------------- ~----------
PREO ACT PREO ACT PREO ACT PR~J An' P~EO 1 ACT 

------------------------------------------------------------- -------------------------------------- ~----------RANGE T1ME--SEC -6.~7 -6.55 165.:;,a 164.5 \1 16b.lI& lo:..33 , :':.",.1 3 , 5;9'.bO '01.1;4 ,bv.b1 
---------------------------------------------------------------------------~- -------~-------------------------
5-IC/5-11 SMALL IS 
$-IC/5-11 LAR~[ IS 
5-IC/5-11 PROPELLANT o. 

616. 
39011. 

o. 

O. 
)914. 

O. 

O. o. 
J901l. J90a. 

u. O. 

------------------------------------------------------------- --~ --- - - ------I----------------------------------
O~ Y STAGE )64~7. )6479. 36477. 36479. 3b47 7 . 30~79. 3b-77. 3b~79. lb.71. )6.79. 
LO X IN TANK 3829VO. 3a21)7. 38290U. 382137. ~82446 , jo168.. 6l5. 63;. 534. 554. 
LOX 8ELOW TANK 737. 737. 7)7. 737. 8vv( lIuO. Ib7. 767. 787. 787. 
LOX ULLAGE GAS 137. 137. 1)7. 137. 1)9 . 139. 111)2. 1832. 1d)7. 111~7. 
FuEL IN TANK 72674. 72674. 7266~. 72668. 72455. 724~5. 1,96. 1,48. 1244. 121~. 
FUEL 8ELO~ TA~K 104. 104. 110. 110. 127. 1l7. l~3. 123. 12l. Ill. 
FUEL ULLAGE GAS 17. 17. 17. 17. 1d. 1~. 7~7. ~57. 759. 759. 
I~SUL4TION PU~GE GAS 17. 17. O. O. o. O • 
'R05T 204. 204. O. O. o. O. 
ST ART T4NK 1'. 13. 1'. 13. 2. 2. 2. 2. 2. 2. 
OTHER 34. 3". 34. 3". 34. 34. 3". 34. 34. )4. 
------------ . .. _-----------------------------------------------------------------.-----------------------------
TOTAL 5-11 5 TAGE 41YOO. "1791. --.. -------~----------------------------------------------.----------------------------------------------------
TOr li-II/S-IV8 IS 3637. 36)7. 3637 • 3637. 36)7. 3637. 36)7. )6)7. )6)7. 36)7. 
TOT4L S-IVI! 5 TAGE 120627. 120695. 120536. 120604. 1205;'6. 1~06U4. 12J!I;)6. 12J604. 120,)4. 120602. 
TOTAL Iu 2046. 1027. 204b. 2021. 2046. l02 7. 2 .... 6. lU27. 2U46. 2:.J27. 
TOTAL SPACECRAFT 52759. 52738. 52759. 527)8. 52759. !l2738. • ~ 00 1 • 1,8009. 48:'01. 48609. 

----------.---.---.--.-------------~---------------------.-- -- ---- . -------------.-----.-----------------------
TOTAL UP?EA STAGE 179070. 17'1098. 178979. 179007. 178979. ~7i.:l07. 174021. 17.a7c1. 17481i. 1741176. 

TorAL V[HICLf 
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Table 16-4. Total Vehicle Mass - S-If Burn Phase - Pounds 

-----:::~~:----------;:j~-j~~j;j~~--------~~~:~~::---------::~~~:!::--------:::~~~j~:~:::-T----~~~!~!f:~~~----
--------------------------.- --- - ------- .--------'. -- --- ----. - - --- ---. - ---:.. ---- ---- - -~----- ---

P~EO ACT FRED AC. T PREll ' ... CT P~b) ACT PREll ' ACT 
--------------------------------------------------------------- -------------.•. ------------------------- ------
RA~G ! -1~~--5!C -6.51 -6.5, 165.J~ 16 •• 5~ 166.8a ' lb 6 .3S p6 J .13 559.~6 561.14 ' 56U.bl 

--------------------------------------.--------.------- ------- - --~-------- ------------- --- -------------------
S-IC/S-:I sya_~ IS 
S-IC / S-;I L~~~! IS 
S-IC/5-:: P~:~E~LA~T 

1359. 
!611. 

o. 

135~. 

11616. 
u. 

O. 
~631. 

o. 

O. 
8611>. 

o. 

u. I 

~1>31. ' 
u. ' 

V. 
Sblo. 

-----------------------------------------------------------------~----- ~ -----~-------------------------- ------
TOTAL 5-1C/S-II IS 99VO. 997S. a1>31. 01>10' 8631. 6~~~. 

, ' I ----.----------------------------------------------------------------------------------------------------------
DRY s:~~! 90420. lj u42J. 0 ') "2 0 . Ilv.21. 80.2 (j . ' 6>;-23. 80 .. .:0. 6 04,,3. 80.20. aO.23. 
LOX ", T"';( 844150. 8.2469. a .. '.~50. 8.2.69. 6"31.9. d" l "!>" 1 .. 0.. 14v~. 11 '/9. 1~22. 
LO'< :;~_: .. T~·.(, 1625. 1625. 162.. 1624. 171>.. 1104 • 113... IHb. 11ll>. lH6. 
LOX "'~l~~:: ~:'5 302. 10Z. lOZ. l02. lOl. ) ,) 1. . 0 .0. " 0.0. 4051. "0!)1. 
FUlL I ' . T ... ,,( 160220. 11>v22il~ 11>0200. 1602;)0. 1591,H. 15;73 1> . 2056. 2752. 214... 2616. 
FUEL !E~:. T; \ ( 231. 231. 2.... 2.... 282. iS2. 272. 212. 212. ~12. 
FuEL __ ~~~E ~~S 38. 3d. 38. 38. 41. "1. 1608. lb68. 11>1.. 161 •• 
INSU '~iO~ P~~~E GAS 38. lS. O. O. u. O. 
"ROST 1050. 451l. 1.1. ;). O. O. 
START T~~'" 30. ).J. lv. 30. 5. S. 5. S. S. S. 
OTHE~ 76. 70. 16. 16. 16. lb. 16. 16. 16. 70. 

TOTAL 5-11 5T~~E 1031580. 1035902. 1~S7092. 1005.1 •• 10351cZ. 10=~' : 5. -,)Z418. 9231 •• 9Z150. 

TOT S-: 1/5-1 \'; IS 8019. 801~. 8019. 1l019. 801i'. : \,;1 9. 8u19. dOl"" 8J19. 6U19. 
TOTAL S-IVS Si~~:: 265938. 261>081. 26S1H. 2b~cl81. 2I>SHIi. 26S:~1. 2657;,8. 2651167. 2057)J. 26 5dd 2 . 
TOTAL. IU 4511. 41070. 4511. 101010. 10511. 4:.7..>. 4511. 4410. ., 11. 4.10. 
TOUL .s::>~CEC ~':'~T 1161110. 11021>9. 116314. 116269. 111>31 •• 1~~269. 101141. 107165 • 10 'n.l. 101165. 
--------------------------------------------------------------------------------------------------------------
TOTAL. ~;>"E.~ ~iA~E BIolS':. 394845. 39.582. 3"'.64,. ~".582. ~""""5. l85.15. l85:'.1. 3tl5.1il. 3 i155 31>. 

TotAL. v~,.,I:::L.~ 1492152. 149U122. 149U30~. 1.~~1>15. 1.dS995. 1~~1;~~. .11b93. 411~15. .715bd. 411011. 
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Table 16-5. Total Vehicle Mass - S-IVB First 'Burn Phase - Kilogr~s 
, ! ---_ .. ------------------------------------------------------------------------ ~ ------------~----------~--------

S-IC IGN\TIO o'l 5-1113 5-llla 5-1\18 5-I\lD 
EvENTS IGr-.ITIO.... "AI ',!:T,,:::'': E'I :JI NE CUTOFF ' Efoi O DEb.v ______________________________________________________ -----r-----------------------L-______ _ 

PRfO ACT PREO ACT PR~i) ACT P~EJ AI.T ; PRE;) ACT 

------------------------------------------------------------------I-- - --------~ -------~---- ~----------------__ _ 
RANGE TIME--SEC i7 Jc..14 1U.l.90 , , 

------------------------------------------------------------------.-----------~ ---- --------- ----------~--------
ORv STAGE 
lOI( IN TANK 
lOI( BELOW TANK 
LOI( ULLAGE GAS 
'UEL IN TA~K 

'UEl BELOw TANK 
'VEL ULLAGE GAS 
ULLAGE ROCKET PROP 
API PROPELLA~T 
HELIUM IN 80TTLES 
'AOST 
START TANI( GAS 
OTHER 

TOTAL S-IV8 STAGE 

TOTAL IV 
TOTAL SPACECRAFT 

lnn. 11 l!> 1. lDJ9. 113) ... 113..,9. 113:? ... 
ee~4e. S8~1;/. e8~:'4. SdS 72. !~"ll. !:44" 

161>. 11>1>. 166. 166. ~8 J. 19;). 
11. D. 1~. 13. 1 ~.' 14. 

1912:.!. 198:t6. 1981 7. 1~1Il9. 191,,'1. 1911J. 
ll. 19. 21>. 2:'. ~t.. ' 2J. 
1~. 11. 1~. 18. 10. f 111. 
S3. 53. 9. 9. 

19~. 301. l8~. 301. 2S:'. lJl • 
204. 202. 20l. 202. 2::3. lOl. 
136. 1)11. 45. loS. 45. 45. 

2. 2. 2. 2. O. O. 
2S. 25. 2S. 2~ • 25. 2~. 

120627. 120694. 120469. 1.10)36. 12029j. 12 CJ6J. 

2046. 
48601. 

2021. 
48609. 

2046. 
48601. 

2027. 
4et.09. 

2;)27. 
43!>09. 

.11248. 
62~4i. 

' Leu. 
~8. 

:141.26. 
26. 
;5. 

283. 
184. 
45. 
l. 

2~. 

2046. 
48601. 

1121). 
6JJ44. 

lao. 
69. 

l " ~ ""~ . 
2J. 
loll. 

298. 
11~. 
45. 
J. 

25. 

9() 29,. 

202 " . 
48609. 

11l4d .. 
6252:>. 

li1.>. 
~d. 

l .. t.lll. 
.lb. 
;5. 

283. 
1:14. 
45. 

3. 
25. 

2046. 
48601. 

11l13. 
6 ~ .. 1'" 

180. 
1U. 

1"1~2. 
"J. 
4d. 

298. 
119. 
45. 

;,. 
2~. 

2027. 
4e609. 

----------~---------------------------------------------------------------------------------------------------
TOUL UPPERSTAGE SOt.47. ~U6::1t.. 50':'47. 5ll03b. 50,,41. 50b'0. ~O':'41. ~06J6. 

TOUL VEHICLE 



Table 16-6. Total Vehicle Mass - $-IVB First Burn Phase - Pounds Mass 
I 

---.. -----------------;:~~-;~~;~;;~---------~:;;;--------------~:~;;-- - - - -- -- - : - -~:;~~-·---- r ------~:;;~-- - -"---
EVENTS IGNITI ON ~ AI ' STAGE E~~ I ~E CU T ~FF ; ~\J ;E~ ~ Y 

-------------------------------------------------------- --- -------- ---- ------------,---------
PRED ACT PRED ACT PRED ACT PRt:D AC T : ? 'iD i ~CT 

--- ------------- ------------------------------------------------- ------ - -----~ -- .. - - ------- ~- --- - --------------
RAN GE TI ~E--SEC -6.~1 -6.55 564.24 563.93 566./~ ' 56 b . ~Z ~~Q.7~ · 7 Jl . ~5 1;7 . J~ i0 ~. ;J 

• I 

--- ---------------------------------------------- - ---- - - - ------- -- --- ---- - ---~ --- -------- - - - - ------- ,----r----
DRY STAGE 2~985. 25040. 2 _ 9J~. l~~d ¥ . 2~ ~ J~. · 2~ W d ~ . i~7 ~ v . 2- ,;- . 2- 7w. r 2 - ,j • • 
LOX IN TA~K 19~217. 19526~. 1~~2 J 7. 1 ~ ~2b ~ . 1~~ ~ 14. l Y 4 ~ i5. 1~ 7 ~ 'Q. I J . ~; •• i ) 1 ~;j ~ :; j5 / ~ . 
LOX BELO'" TAI.K )67. 367. 367. 367. 397. 1 ) 9 7. . 3i 7. ~ 7 '- ' J ,> 7 . H7. 
LOX ULLAGE GAS 2~. 30. 34. 3U. ~j. ' 32. 2 17. : .-. 2 i 7. l ~~. 
FuEL IN TANK ~3702. '371~. 4369 0 . 43~9~. 4 ]~d 4 ; , ~3 ~9 ~. ~ 2 2 ~ i . 3Z~~~ . li 2 i 7. ~ ~ ~ l l . 
FuE~ ~ELO~ TA NK 4S. 42. 56. 52. 5ij. ~ l. ~ 9 . !~ . 53 . . ~2 . 
FuEL. u'LLAli E GAS H.)3. H. 40. ;, 5. t 41. l .2i . ~ : :~ . 123. 1;)", . 
ULL AGE ROCKET PROP 118. 117. 22. 22. 
APS PROPELLA ~ T 630. 664. 6)0. 664. 
HEL i UM I~ BOTTLES 4~0. 447. ~49. 447. 
FRO ST 300. 300. IJU. lla . 
START T.N~ GAS ~.~.~. 5. 
OTH E ~ ~6. 57. ~6. 57. 

TOT AL S-IVB STAGE 

630. , 
4 _ iS. 
IJ J . · 

1. 
56. 

7. 

j .;~ . 

. ., .. . 
' . 

-: ., . 
! jJ • 

1. 
~ 7. 

TOT AL IU 4~11. 447U. ~511. 4470. 4 5 11. 447 Q. 4 ~11. '-.. 4 ; ~ 1 . ~47 ~ . 
TOTAL SPACECRAFT IJ7147. 107165. 107147. l C7165. 1) 7147. 1 ~ 71c~. 1 ~ 7 ~ ~7. 1 ~ 1: ~ ~ . :: 7~~7. 1 _ 1 ! b ~ . 

TOTAL UPPERSTAGE 

TOT AL VEH lCLE 



.'. \ .. - ~ a • I :'~ I"! "'. \ f ... . ' " .. J,_t 

Table 16-7. Total Vehicle Mass - S-IVB Second Burn Phase -Kilograms . 

--------_ .. _--------------------------------------------------- - ---------------------------~-------------------
S-l '''~ 5- 1"'11 S-l v :.J . S-I"'6 I>PACEC ~AFT . 

E..,E:IITS 1:' ·.ITIC ' j ~~ AP.STAGE E:-'::'I ~. t. C"TJFF U. D DECAY , SEPARA Ti IO., _, _________ _______ _____ .. _____ ___________________ __ ________ .,. ________ :. ___ J ______ ____ ' _______ _ 

P~E':> ACT P~ E:> A::T PR~ \) , A::T PRE,) ACT PRfI) , ACT 
-----------------_. - .. ---------------------------------------- - - - - - ~------- --- ------.-----.--------------------
RANGE TIME--SEC : !553 . ~~ 11556.6J 11~~1.0~ 11~59.1J 119J5. ~ 4 1 :~ ~ 7.o~ !1~ ~ '.79 119J 7 . ~J J . JJ ' 171 J t.J , ' 

-------------------.. - ------------------------- --------------------~ -------·-- T ----------------------- J --------
DRY STAGE 
1.0)( I N TAI'tK 
1.0)( BflO. TA 'ol( 

LOll ULLA:;E GAS 
'UEL l/oj TAII~ 
,.uEI .. !I~1.01/ TA"( 
'UEI. UI.I.AGE GAS 
APS PRCPEI.LA:\T 
tiEl.! U" I N BOTTI.ES 
"~O$ T 
START TANt< GAS 
OTHfR 

TOTA~ S- IV! ST~~E 

TOTAL IU 
TOTAl. SPACECRAFT 

TOTAt. vPPERSTA~! 

TOTAt. VtllCI.E 

11£"3. 1121.). 
62"i). 63Hl . 

1i1". 16b. 
12 10 • 11J. 

ll-Id . 1l6(J6 . 
2b. 23. 

1" ~ . 178 . 
2)0 . 234 . 
1b~ . Ib~ . 
45. ~) . 

2 . 2 . 
2 ~. 2~. 

~06)u . 

112~ 9. 
62)1> 7 . 

1~O . 

12l-. 
D .'" 9. 

26. 
1~9 . 
lJb. 
1611. 
~ 5. 

O. 
2~ . 

8799 1 . 

:iO~6 • 
4~bOI . 

~Ob41 . 

l~ln. 

6 31~5. 

idJ. 
Ill. 

Ih~O . 
Zl . 

179 . 
2)4 . 
I b4 . 
~5. 

O. 
2!> . 

11.: 4 b . , l 1 ' 7J . 
15 4 \1 •. 1 76J . 

l ao . ISJ. 
1~9. l~~. 

"2Y. .69 . 
.l6. 21 . 

27,· . ' 27;) • 
2;4. .2 'II . 
l~tI. Iv" , 
45. ~5 . 

3. 3. 
25 . 25. 

14S27. · UU7~ . 

11 2"8. 
! 15.ll. 

180. 
2 U ~. 

'1t1. 
2(,. 

27b. 
l,," • 
1,j~. 

45. 
J. 

25 . 

2046. 
"8bOl. 

b5~)b. 

'll21.!. 
1 ., 3 3 . 

18 0 . 
1:.1. 
Hi . 
2). 

261. 
22~ . 
Iv ... 
45. 

l . 
25. 

2927 . 
~db09 . 

112 .. a. 
1" 4t ~ • 

Ibb. ! 
211 .. , .. ~. 
ll. 

1.1 . 
211>. 
1 .. a • 

4!>. 
3 . 

2!> . 

11<7,. 
lIt J . 

'111b. 
171. 
)76 . 
III . 

12 I. 
4(;). 
1\, .. . 
45. 

;) . 

25. 

I1 J 94 . 
---_ .. _-.------------------------------------------------ - ~------- - --------------------------------------------

j 
1 
I 



' " . ' 

Table 16-8. Total Vehicle Mass - S-IVB Second Burn Phase ~ Pounds Mass 

----------------.---------------------------------------------------------------------------------------------
S-IVB 

IGNITIO'l 
S-IVB 

~:A I .S T "vf 
s-: .. ~ 

E',:: ':':C~Y 
SP.l.CEC~,l.FT 
SEP':'",\TIO:; 

--------------------------.-----------------------------------------------------------------
PREO ACT PilED ACT .. ,~;. .. CT r, :.:. .l.CT ! P~E;) ACT 

---------------------------------------------------------------------------- - -~-----------------------~---~---
RA~GE TI~E--S!C 115S8.5~ 1155b.bJ 115bl.C~ llj59.!~ ::~;~.~~ : :i.' .~ 4 1 : ~ ~ !'~7 :li~7.~ P J.JC > 'I C ~.)~ 
-.----------------------------------------------------------------------------------- -------------------------
DRY STAGE Z4799. Z4S~4. 2~1V9. 2~U5~. Z_7vi. ' £ .'~4. 2~7~Y. 24S~4~ l.7~1. 24'54. 
LOX IN TAN( 13717 •• 119511. 137~97. 1)92J~. ~-:~. Ji~2. 1j,·. }~l~. )11~. 3:;~. 
LOX BELO.ol fA'll<. 368. )6B. J 'n. 397. Ji7. ;;J. ' l.,~. , )97~ J07. Jo7. 
LOX ULLAGE GAS 274. 2~'" 2h. 2~5. 'oJ" ~f>!. --:. • ~;:) '. <.7:. ~77. 
FuEL IN TANK 29692. 29998. 29~d4. 2S~07. 2~-i. ~~i~. ~;.~. l:b ~ . :~~J. :~l~. 
'UEL BELO',", TA~K !l8. 52. ;8. 52. ;.:.. ;". j; . ;l. ..3. , , "2. 
'UEL ULLAGE GAS )26. )94. 328. 39S. L::. ~~2. 6:.. 510. 2~1. ldJ. 
APS PROPEllANT !lZl. !l16. 521. 51b. ~!7. 5~5. ~:7. 505. ..~~. <'5~. 
H[LIUM IN 80TTlES )10. 363. 370. 362. 2!~. ill. 2-~. 231~ l·J. ~Jl. 
'ROST 100. 1:)0. l'JO. 100. lj';. , 1 l:l. ~J~. 1,)'.:. I '):;J . 1'):). 
ITART TANK GAS 5. 5. 1. 1. 7. 7. 7. 7'. 7. 7. 
OTHE ~ 56. !l7. 5L. !l7. ;f>. 57. ;~. 57. ~b. ;1. 
------------------------------------------------------------------~------------------------,- .. ----------------
TOTAL S-IV8 STAGE 19~)~7. 1~6~62. 19)~87. 19b~2J. 3~~~ •• I 3j2j~. l2~~i. 3J130. 31211. 31.37. 

TOTAL IU 
TOTAL SPACECRAI'T 

TOTAL. UPPERS TAGE 

TOTAL. "MielE 

4511. 
107147. 

4511. 
107147. 

'-';i~. .. ... 7 :, . 
IC71 .. 7. , >,)7 10;. 

-:' l !. 
lJ7: .. 1. 

~"7U. 
10711,5. 

1116~a. 111635. 111658. 111635. lllb5:. ::1~~;. 11:~5;. 111~3;. 

4S!1. 
13dJ. 

4.t .. - •• • 

I' 



" 

~ . 
c 
~-

Table 16-9. 

."').55 ... !STO~Y 

5-IC 5T;:;::;. T;:UC· --- - - - ·- -
5-:C/S-;: :S. TOTAL. 
S-II ST;~~. TJT.lL 
S-11/5-IJ~ ;S. TOTAL. 
S-Ive S T A~~. TCTAL 
IN5TPlV" ~ ·. r U';I T 
S;>.l(EC~':'F T . T.JTA.L. __ _ 

15T F~T ST~ AT 1G\ 
TH"'-'S, 3~IL:>".J" 

1ST FLT STG Ar ~J~~ 
FR05 -:'. 
"'~l:,~j:,~~ 

'j2 P.J~:;;:: :;;AS 
7r:;<:";ST O~:::AY-I:: 

~~G Ex~E~;~~ ,,~~o 

S-II ! ·.S':L. ~,"'l~E 

S-I I ;:~::5r 
S- : ':~ =-;:5i 
THi<~S: )::C,:,v-JE 

1ST FLT ST~ AT ~::CO 

TH~l!S " J::(':' '1'"-:';:: 
5-1(/5-1; ~LL. 'l~7 

1ST Ft.! S7~ ~-:' SEo 
STG ~T S~;>~;Ai1~~ 

S-I(/5-!1 S~A~L 15 
S-I(,S-ll ~~L. ?(T 

~UEL L~!.~ 

S-'(/5-;; .JLL RKT 

2NO FL.T S7~ AT IGN 
THRuST =_:L:>UP 
STA~T r.:.·.<. 
5-1(/S-:I ~L.L RKT 

2NO F~T S7~ AT ~S 
MA1~STA~E 

LE5 
5-1(/5-.: ~A~GE IS 
TO '" ~\:; ;);)P 

2NO FL.T 5~G ~i (05 
THRUST ;::;'Y 
5-1~3 ~_~ 'l~T P~OP 

2~O FL.T S-G A7 SEP 
STG Ai ~::=A~AT10~ 
5-11/5-:.: 15 DRY 
5-11/5-:.-" "ROP 
5-IVS :.:-- F~A~'E 
S-1v6 ___ ~~T ;>RO;) 
5-1vB C~ 7 ;><'G 

.. 

Flight Sequer.c~ Mass Surm.ary 
P~E~lc;~O ACTUAt. 

ItG LtI" I(G :.~~ 

aa5"10. 503c14b3. na5b79. 5un:J6~ • 
"531· 99>10. 4S:.!Io. 9975. 

109H18. 10875SJ. 4n5~7. :085902. 
J637. 8019. :'1>37. 81,)19. 

120627. 26593!1. 1.201>95. 21>6087. 
20"1>. ..511. 2027. .. .. 70. 

52 759~ 111>31". 52733. 1162b':l. 

2962"329. 65308,0. 2961059. 1>5.l~7 84. 
-388~9. -S5691. -44015. -97037. 

27234~0. 6445126. 2917d43. 64)Z741:. 
-29~. -b5 0 . -2j4. -b50. 

-2078975. -458335~. -2076017. -457603b. 
- . - - . - . - . - . -16. -37. -16. -37. 

-953. -21"1. -997. -219d. 
-109. -'old. -189. -41tl • 
-17. -38. -17. -38. 

-204. -450. -204. -450. 
-90. -200. -90. -20;). 

o. o. o. o. 

8102710. 1857876. ~ ·, 0016. 1851 'H'J. 
-3812. -tl4Ci5. -39Se. -8793. 

O. O. o. o. 

838905. 18 .. 9470 . 83b027. 184 312b. 
-1022c;.8. -35780b. -lb0159. -353091. 

-616. -1359. -616. -135~. 
o. o. o. o. 

675991. 14903~6. &75251. 11088b"75. 
o. o. o. o. 
o. v. o. u. 

675jH. 1~90305. 615251. 1488675. 
-502. -1285. -582. -1284. 
-ll. -25. -11. -25. 

o. o. o. o. 

675396. 1488995. 674~57. 1467366. 
-450501. -993185. -449797. -991633. 

-4!53. -911:7. -4129. -9104. 
-)9!1o. -8631. - 3908. -8616. 

-53. -118. -44. -97. 

216765. 477893. 21677ij. .. 77915. 
-1'-5. -320. -108. -231; • 

-2. -5. -2. -s. 

216!>2!. 477568. 216666. 477671. 
-"1~O2. -92158. -41791. -9~13S. 

-)l5b. -6959. -3154. -6955. 
~SO. -1060. - 482. -11l6". 
-21. -48. 21. -48. 
-1. -3. -1. -3. 
-1. -3. -1. -3. 

11ll57- 37733:. 111214_ ,774 63. 



Tab1 e 16-9. Flight Sequence Mass SUlTlTlary (Continued) 

PRE:llCTE.J ACTUA;,. 
~ASS ~ISTOP.Y KG 1.5y. JI:: :'=.'.-

3RO fl.T STG 1sr SSC 1111~7. 37/337. li12j,l.. 3 ii":J 3. 
ULLAGE ROCJI:~T PRCP -39. -: ~ . - ~-i . -::. 
FUEL LEAD -0. -1. -1. -;. 

3RD Fl.T STG 1ST IG.'l - .. - -- - -- .- - 1 i1-llb. 3772"3. l71~73. ~77) 7 '. 
ULLAGE RCCJl:ET ~~OP -9. -22. -'1. -,~. 

START TA'l1( -1. -<. . -1. --. 
THRUST BuI ,-DlJ :> -lb3. -3b 1. - l b~. -35:-. 

3RO Fl.T STG 1ST vS 1709"1. 376860. 171 ·)J.J . 370;,. 
ULLAGE ROC(ET CASE - .. " '-' --- . -,- -6·1. -- . ~135. - 61 . -~3~. 
:-IAII\STAGE -309(;1. -6 :j127 . -30~O6. - ,,~:=, . 

APS -1. -... -J. -7. 

3RD Fl. T STG 1ST COS IH'17b. 3ve5~<'. 1<'0':l3J. 31J:',:. 
T~RUST DECAY -38. -8<'. -J6. -'3:. 

3RD Fl.T STG 1S~ ETD 139937. 3J851J. 140S93 . 3l J6 ~ ~ . 

ENGP.E Pi< .J 0 - - - -18. - - - - 40 . - 18. -'.:. 
FUEL TA 'l( L~SS - 10"5 . -23J5. - 1 ) <'1 • -22; 7. 
LOX TA.'>,," l.CSS -5. -11. o. J. 
APS - .. 7. -1 0 5. -63. -1"1. 
START TA ... JI: -0. -2. -0. - 2 . 
C2/H2 6u~';E ~ -7. -lb. -7. -1:'. 

3RD Fl.T STG 2~ ' SSC - 138~i-h JV6-02~. 13 '>17 61. :;":.::~,. 

FUEL LEAD -11. - Z,4 . - 11 . -25. 

3Ri:l Fl.T STu 2'iD IG'l 138801. 306005. 13'1750. 3";':.),7. 
START TA"'( -1. -... -1. -". 
THRUST BUIl.:lUP -161. -356. -198. -'-3;. 

30 Fl.T STG 2 ... D ~ S 138638. 3056"5 . IB549. :;07::.5 : . 
~AINSTAGE -13lbl. -161293. -7382e. - 1";7,, ... 
APS -1. -<.. -4. -.1. 

3RD FL T S TG 2-:D COS 65414. 1 .. 4347. 651 11 . 1 .... =6 ... 
T~RUST DECAY -3b. -19. -42. -; ... 

3RD Fl.T STG 2'lO ETD 65" 38. 1442 01. 1>5bb4. !4~1~:. • 
.JETTISC:'; SLA -1110. -25 l1'1 . -1110. -2';(!: • 
CS" -30361. -669"9. -3:)36". -:>69-2. 
S- ; vB STAGE LOSS -338. -1"5. -j14. -6:;~. 

STRT TRANS/Deco(. 33562. 73992. 33 91". 71.5 4 7. 
CSM 303b1. 6b9"9. 3031>". :'6942. 

END TRA NS/I);)C,," 63929. 1"0941. 64119. 1" 1"9 i. . 
CS>4 -30361. . -669 .. 9. -30364. -669"~ • 
1.:-1 -16436. -36231. -164"a. -~t~ 6 •• 
S-IvB STAGE LD~ S -295. -652. -212. -0:;. 

LAU VEH AT SIC SEP 16829. 311,;)2. 11u9 ... 37:':;'. 
SIC NOT SEPARATED -625. -1380. -625. -~Je.". 

Iv -20 .. 6. -"511. -2021. -44 7'; • 

S-IVB STAGE -14151. -31211. -1 ...... 1. -31C:31. 

16-12 
T'" 

D '- - ;; ~. 1 
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Table 16-10. Mass Characteristics Comparison 

-----------------------------------------.-----.-.--------------------------.-.-.-.-------------.------.-----. 

EII:: ... r 

l..O~I~ 1 TUJ I ";~L 
C.G. Ix STA.l 

~AL)IAL 

c.~. 
ROLL ~:,j:' : £ :1 T PIT CH "v:': £ .\ T YA .. ~O':E." T 
OF Io'jE~TI~ OF I" EHTIA CF 1 :'~kTIA 

0/0 :~ ETE'lS :A~TE R S KG-.',12 % (G- ': 2 
:~II. I ~Ch : S DELTA INChES CEL TA XI0 -L DEli. al0-L 

0/0 1(.(;-"2 0/0 
CEil. a.o-u DE li. 

-------.------------------------------------------------------------- ------------ - ---------------- --- ------~--

5-1C 5TI.G~ .)~Y 

5-ICl5-11 :"~::R­
STAGE. TOTA .. 

130 .... 1. 
P~E:> ZH57 ... 
-----.------.--
ACTuAL 

P~Et 

1303"2. 
287H6. 

.. SH. 
999;). 

-0. 0 7 

9031" 
36b.7 

9.31/0 
36b.7 

/01.760 
16 .. /0.1 

O.:JOO 
0.00 

0.06!>1 
2.Sb32 

0.06S1 0.001.10 
2.!>632 O.OOvJ 

"52!>. ..1.760 0.000 0.1!>31 O.OOI.lJ 

2.S .... 16 ... 90 Ib '''31 
------ - -------

Z.!>/oZ -0.0' 16 ... '/ d -0.1.17 IO./o1t1 -1.1.07 

'O.07U 

ACTU~L 997S. -001" It-/o ... l ' 0.00 6.0307 0.0);"'0 0 .11:! -0.2/0 ,(J.U7U -0.1.. ,Y.')71 -001/0 
, I 

---------------------------;~~;~:--------~;:;;~---------~:~;~;--- ------~------ ---~ ---i---------- l --------------

PREO 80 .. 20. lS8S.b 10.7082 O.S97 ;1.99S ! 2.007 

ACTUAL 
36 .. 79 • 
8.)'*23. 

" " .89/0 
0.00 188S.b 

0.000 0.1703 
O.OJ 10.7062 . 

o.OOOJ ' 
0.0000 0.597 2.007 CI.OO 

--------------------------------------------------------------------------------------------------------------
31037. 1010,"26 0). O'boJ 2 

PliED 1019. 2bl!>.2 2.6/0'710 0.064 0.043 0.04,+ 
5-11/5-1119 1 \ TER- --------------- ---_.-, ------- -------
5TAGE.TOUL 3637. 66./026 U.\lOI.l iJ.u617~ ... OJvJ 

ACTUAL 101'i. 0.00 261S.2 u.OO 2.10 .. '76 O.O ;)OJ (J.06C, -0.1:1 3 0.043 -0.1 .. ).0 .. /0 -~·ll 

-----------------------------------------------------------------------~----------------- ---------------------
11313. 72.S27 0.22,/01 

,PREO 24Yd5. 28!>S.,* 8.82(.>5 v.Otl 2 : 0.297 0.197 
5-1118 5TAG~.:l'tY --------------- ___ -1 __ 

~---- ------- -------
11350. 7Z.S27 O.OOJ 0.22'''1 J.OO"v 

ACTUAL 250" :;' . J.22 28S!>./o 0.00 8.8255 O.OOuO U.082 o. ~2 U.29:1 0.22 0.298 1.1.22 
----------------------------------------------------------------------------------- ---------------------------

2U,*6. 82'''12 0./o79S 
, 

P'tEO 4H1. 32 .. 4.10 111.8806 0.U1'i 0.010 J.OU9 
IIEH ICLE 1~5T~JyE~T--------------- ------- -------

U:'lIT 2021:1. 82.'*12 0.000 0 ... 795 0.0:.100 
ACTUAL .... 70. -.),90 32410.10 J.OJ1~.880b ",.O..lJ..I ll. O 19 - 0 .9\J 0.010 -:).9 U J.O""J -:.l.90 

527~9, 91.450 0.0991 
P~~:> 1163110. 3600.4 3.90;1 0.099 1.681 lobS 1 

5PACECRAfT.TCTAL --------------- ------- -------
5273~. 91,":3 7 -0.0~2 0.0991 C..JUlIO 

ACTUAL llb26~. -J.1l3 3S 'jI9, 9 - v .5J 3.9 0 ~1 J.JUuv J . "99 -'-1.03 1.679 - J 012 1.679 -IJ .12 

.... ...... \ ... _--

~-



..... 
0\ 
I ..... 
• 

EIIE:'H 

1ST FL I GHT STAGE 
AT I GNITION 

1ST FI.I:iHT STAGE 
AT HOI.Ooo·,m A~/o' 

REI.EASE 

Table 16-10. Mass Characteristics Comparison (Continued) 

PREO 

'~ASS 

1(.11,.0 
POU~OS 

2'ib2JJ\). 
e.51082J. 

---------------296Ub .... 
ACTUAl. 6~297&1 . 

290"bl. 
PREo 64",122 • 
---------------

291784 ... 
ACTUAl. 64127 .. ~ . 

I.v'~IT_;:.!_ 

e.G. (' ~-~., 

0/0 v::T:'\S 
DEli. I"'C"'~S 

3.) ... 7Z 
119-1.6 

lJ . .. 7 .. 
-0.01 11~~ . 7 
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SECTION 17

LUNAR IMPACT

17.1	 SUMMARY

The Apollo 17 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 within 5 km. The first two objec-
tives have been met. Further analysis is required to satisfy the third
objective. Based on analysis to date, the S-IVB/IU impacted the moon
December 10, 1972, 20:32:40.99 UT (313,180.99 seconds after rznge zero)
at 4.33 degrees south latitude and 12.37 degrees west longitude.- This
location is 155 km (84 n miles) from the target of 7 degrees south lati-
tude 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 the local vertical was 35.0 degrees.
The total mass impacting the moon was approximately 13,931 kg (approxi-
mately 30,712 lbm).

7	
Real-time targetin activities modified the planned first Auxiliary
Propulsion System APS) lunar impact burn attitude to reduce the burn
duration. A second APS burn was performed to complete vehicle targeting.

17.2	 TRANSLUNAR COAST MANEUVERS

Following Command and Service Module (CSM)/Launch Vehicle (LV) separation
at 13,348 seconds (3:42:28); the CSM was docked with the Lunar Module
(LM) at 14,231 seconds (3:57:11). The CSM/LM was then e,;ected from the
S-IVB/IU at 17,102 seconds (4:45:02). After CSM/LM ejection, the S-IVB/
IU was maneuvered to the inertial ly-fixed attitude required for the
APS evasive burn. Timebase 8 was initiated as planned at 18,180 seconds
(5:03:00). The APS ullage engines were ignited 1 second later and burned
for 80 seconds. Table 17-1 shows that the actual evasive velocity change
was close to nominal.

Following the maneuver to the Continuous Vent System (CVS) and LOX dump
attitude, the initial lunar targeting velocity changes were accomplished
by a 300-second CVS vent starting 1,000 seconds after T8 and a 48-second
LOX dump starting 1,280 seconds after T8. Table 17-1 shows that the CVS
vent and LOX dump were near nominal.

The Lunar Impact Team (LIT) at the Huntsville Operation Support Center
(i10SC) decided in real-time to shorten t he fii^Si APS iuPiai' imNaCt 'urn

(APS-1) duration by selecting a more efficient attitude. This change

17-1



Table 17-1. Translunar Coast Maneuvers

e	 1

i

i

PARAMETER	 ACTUAL	 NOMINAL	 ACT-MOM

TIMEBASE	 8	 INITIATION

UT	 Tine	 7	 Dec.,	 ht:mil..sec 10:36:00 10:36:00 0

Range	 Time,	 hr-min	 .ec 5:03.00 5:03:00 0
(sec) (18,180) (18.180) (0)

APS	 EVASIVE	 BURR

Initiation,	 Sec	 from	 T 8 1 1 0

Duration.	 sec 80'-- CO -o-

Velocity	 Increment,	 m/s 2.90 3.01 -0.11
(ft/s) (9.51) (9.88) (-0.37)

Pitch	 Attitude • ,	 deg,	 inertial -101.95 -104.93 2.98

Yaw	 Attitude • ,	 deg,	 Inertial -38.42 -40.00 1.28

CVS	 VENT

initiation,	 sec	 from	 T 8 1.000 1,000 0

Duration,	 sec 300 300 0

Velocity	 Increment,	 m/s 0.49 0.40 0.09
(ft/s) (1.61) (1.3)) (0.30)

Pitch	 Attitude*.	 deg,	 Inertial -98.65 -95.87- -2.78

Yaw	 Attitude • ,	 deg,	 inertial -17.87 -16.62 0.75

LOX DUN►

Initiation,	 sec	 from	 T 6 1,280 1.280 G

Duration,	 sec 48 48 0

Velocity	 Increment, m/s 9.10 9.21 -0.11
(ft/s) (29.86) (30.22) (-0.36)

Pitch	 Attitude-.	 deg,	 Inertial -94.01 -96.25 2.24

Yaw	 Attitude • ,	 deg.	 Inertial -16.60 18.62. 2.02

APS	 FiRST LUNAR IMPACT BURN

initiation,	 sec	 from T 8 4,020 1,020 0

Duration,	 sec 98 98 0

Velocity	 Increment, n /s 4.07 4.02 OAS
(ft/s) (13.35) (13.19) (0.16)

Pitch	 Attitude-,	 dog,	 inertial -41.71 -43.75 2.04

Yaw Attitude • ,	 deg,	 inertial - 20.14	 1 -22.fS 2.41

APS SECOND LUNAR IMPACT BURN

Initiation,	 sec	 from T 8 22.320 22.320 0

Duration,	 sec 102 102 0

Velocity	 Increment, m/s 4.29 4.30 -0,01
(ft/s) (14.07) (14.11) (0.01)

Pitch	 Attitude • ,	 dog,	 Inertial 176.21 175.10 1.11

You Attitude-,	 dog,	 faartfal -9.11 -10.24 1.77

*Attitudes are the velocity Incremomt direction.

ROTE: Nomimals are preflight predicted except that the nowiluals
for Nth APS lunar lmpect beret inere aotermined by tke LiT
In real-time.

i	 I

i
f
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conserved 'p ropellant for a second APS lunar tar geting burn. The commands

for this maneuver were sent from the Mission Control Center at Houston

(MCC-H) by the Booster Systems Engineer (BSE) to the S-IVB/I1). The actual

APS-1 occurred as planned 4,020 seconds after T8 and was close to the

(real-time) nominal. The nominal values for APS-1 shown in Figure 17-1

were selected in real-time and differ from the preflight nomina1s of 190

seconds burn time, 8.13 m/s (26.67 ft/s) velocity change, -101.75 degrees

inertial pitch, and -18.55 degrees inertial yaw.

Following the APS-1 burn, an attitude maneuver was accomplished to prevent
excessive solar heating of the IU while the Thermal Control System (TCS)

water valve operation was inhibited. Although the IU's thermal control

system water valve was closed prior to APS-1 to minimize non-gravitational

perturbations, MCC-H reported diff;culty in the post APS-1 orbit determi-

nation due to venting disturbances. Therefore, the planned contingency
delay of 1 hour for targeting the second APS impact burn (APS-2) was

incorporated.

Upon completion of the post. APS-1 orbit determination, MCC-H reported the

S-IVB/IU would impact the moon at 9.64 degrees south latitude and 15.29

degrees east longitude, 678 +300 km from the tar get. The LIT decided-an

APS-2 burn was required and selected the nominal conditions shown in Table

17-1. At 22,320 seconds after T8, the APS-2 maneuver was performed.
The actual maneuver as shown in Table 17-1 was close to nominal. After

APS-2, the three-axis passive thermal control (PTC) maneuver was initiated

at 41,503 seconds (11:31:43) range time and the flight control computer

was turned off.

Figure 17-1 presents line-of-sight range rate residuals from the Ascension

Unified S-Band (USB) tracking station and depicts graphically the major

S-IVB/IU velocity changes and the PTC tumbling. Residuals are obtained

by differencing observed range-rate data with calculated range-rate data

(observed minus calculated). The calculated range-rate data are developed

from a sophisticated orbital model which is statistically fitted to

portions of the observed data. Figure 17-2 verifies the reconstruction
of the maneuvers presented in Table 17-1 by showing the residuals re-

sulting from the same Ascension tracking data but with the reconstructed

maneuvers modeled. However, the low-level perturbations occurring

during this time period ano discussed in Section 17.3 are not included

in the preliminary model shown in Figure 17-2.

17.3	 TRAJECTORY PERTURBATIONS

17.3.1	 Introduction

Postflight analyses on recent Apollo/Saturn missions have shown small non-

2ravitational acceleraton effects in the S-IVB/IU translunar trajectory.

such accelerations ;gave been expected since both S-IVB and the IU stage

systems vent during normal operation. These small vehicle accelerations

were of no concern until AS-508 when Lunar impact became a mission objective.

Since the 1, ccuracy of the S-IVB/IU's tracking data allows the determination
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Figure 17-1. Translunar Coast Maneuvers Overview
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Figure 17-2. Modeled Translunar Coast Maneuvers
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I d

of these accelerations, attempts have been made to improve lunar impact

targeting operations and impact location determinations. Also, attempts

to identify the causes of these trajectory perturbations have been made.

The identified causes, although incomplete, are reported herein since

this is the last flicht with a lunar impact objective.

17.3.2	 Trajectory Effects

AS-508 range rate tracking data showed a shift at.70,150 sec (19:29:10)
that was interpreted as a velocity decrease of 2 to 3 m/s during a 60
second period. The velocity change, fortunately, moved the predicted

lunar impact point approximately 5 degrees in latitude or 150 km closer

to the target.

AS-509 used a Passive Thermal Control (P TC) maneuver to average solar
heating rates and translational velocity changes due to non-gravitational

forces acting on the vehicle. The PTC maneuver was initiated by ground

command and established vehicle pitch and yaw rates of 0.3 deg/s. The

Flight Control Computer was then inhibited leaving the S-IVB/IU in a

"Barbecue" or tumble mode until lunar impact.

No translational velocity perturbations following PTC were identified

on this flight.

AS-510 range rate residuals give evidence of a significant velocity

change following LOX dump. In addition, the data shows that velocity

changes due to non-gravitational forces occcurred in six steps between
25,200 and 36,001 seconds (period between APS-1 and APS-2 burns). The

changes slowed the S-IVB/IU and perturbed the lunar impact point to the east.

The velocity steps also caused difficulty in obtaining an accurate state

vector on which to base the APS-2 burn. Following the APS-2 burn and "roll-

only" PTC maneuvers, a small unbalanced force perturbed the early period
of the post APS-2 trajectory. This perturbation increased the velocity

of the S-IVB/IU and perturbed the lunar impact trajectory to the west.

The vehicle tumble frequency increased about 50% following APS-2 until

lunar impact (approximately 69.5 hours). The complexity of the

angular motion also increased.

AS-511 did not perform an APS-2 burn because of suspected early deple-

tion of the APS Helium supply. Therefore, a 3-axis PTC maneuver was

performed at 21,306 sec (approximately 6 hours) and the FCC was turned

off. The PTC tumble rate started at approximately 5.2 cycles per hour

(cph) and increased 100% in approximately 10 hours. During the next 10

hours the tumble rate gradually decreased by 10%.

AS-512 postflight analysis has shown that non-gravitational accelerations
were acting over part of the trajectory from translunar injection
(TLI) to impact. From TLI to PTC initiation these perturbations
produced accelerations on the order of 0.1 mm/s 2 . After the PTC three-

axis tumble was initiated, trajectory perturbing accelerations on the
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order of 0.04 mm/s 2 continued to act for at least 18 hours. Figure 17-3
shows range-rate residuals produced by fitting a gravity only trajectory
to the last 46 hours of tracking data. The deviations - in residuals at
the beginning of this time span indicate that non-gravitational accelera-
tions acted on the S-IVB/IU.

The residuals in Figure 17-4 show the results of incorporating a prelimi-
nary model of a small constant non-gravitational acceleration acting.
after APS-2. The improvement in the residuals confirms the presence
of perturbing influences acting on the vehicle. The observation of
the effects of perturbing influences confirm real-time reports from
MCC-H. The actual magnitude, direction, and duration of these perturb-
ing accelerations have not been determined.

17.3.3	 Perturbing Mechanisms

The velocity change observed on AS-508 at 70,150 sec correlates with loss
of attitude control inputs to the APS system and resulting unplanned APS
firing in pitch, yaw, and roll. This loss of attitude control resulted
from the 6D10 battery, which supplies power to the Launch Vehi.le Dig-
ital Computer (LVDC), depleting at 68,948 seconds. It is quite possible
that-the full-on yaw/roll APS control engines provided the translational
velocity change seen in the trajectory data. Therefore, all subsequent
flights were planned to incorporate (1) a passive thermal control (PTC)
maneuver after the APS-2 lunar impact burn in an effort to average out
thrust disturbances and (2) turn off the Flight Control Computer (FCC)
after PTC to eliminate unplanned APS activities.

The PTC maneuver was performed on AS-509 as planned and the FCC turned
off. The high tumble rate resulting from the PTC maneuver modulated the
range rate tracking data and caused difficulty in determining the lunar
impact point. No trajectory perturbations following the PTC maneuver
were identified on this flight.

On the AS-510 flight a velocity change following LOX dump correlates
with the inadvertent ambient helium dump through the J-2 engine. The
velocity steps that occurred on AS-510 between APS-1 and APS-2 burns corre-
late with the times of the IU TCS sublimator cycling and the subsequent
APS reaction firings to maintain the vehicle attitude. In addition to
shifting the projected lunar impact point, these velocity steps caused
difficulty in obtaining an accurate state vector on which to base the
APS-2 burn. Followino the APS-2 burn at 36,001 seconds the S-IVB/IU
stage performed a "roll-only" PTC maneuver and the FCC was turned off.
Since the IU TCS sublimator continues operation for several thousand
seconas after APS-2 it probably accounts in part for the small non-gravi-
tational force that perturbed the early portion of the post APS-2
trajectory. Also, the venting of the IU's gas bearing system for several
thousand seconds after APS-2 may account for part of the perturbing

w
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force. Since the APS system no longer maintains attitude control, these
forces would also produce an unbalanced moment which would perturb and
greatly complicate the roll motion.

The doubling of the tumble rate seen on AS-511 during the early post
APS burn period correlates with the period of relief venting from the
AF, Module No. 2. This venting continued until the APS He supply bottle
pressure depleted to the lock-up pressure of the relief valve at a
calculated range time of 15 to 16 hours.	 ---

The AS-512 accelerations during the period from translunar injection to
PTC initiation were on the order of 0.1 	 mm/s 2 .	 Since the	 IU TCS sublimator
water valve was	 turned off during this period, these perturbations may in
part be due to the IU gas bearing system venting and associated APS
altitude control	 firings.	 Calculations yield	 approximatel- 0.02 mm/s2
theoretical	 acceleration from this source.

• After the AS-512 APS-2 burn was completed, trajectory perturbing accelera-
tions discussed previously continued to act for at least 18 hours. 	 The

! preliminary model	 of this acceleration was obtained by lettin g the Lunar	 -
Impact Determination pro gram solve for an average acceleration over this
18-hour period.	 The preliminary model	 gave an average acceleration of 0.04

_ mm/s2.resulting	 in a possible 2.8 m/s post APS-2 total	 velocity change.	 The
observation of the post APS-2 effects of perturbing influences confirm
real-time reports from MCC-H. 	 The actual magnitude, direction, and Jura-

: tion of these perturbing accelerations have not been determined.

If Since the TCS water valve is commanded on after APS-2 	 possible AS-512
post APS-2 perturbation sources may be the IU's sublimator venting as well

fr as the gas bearing system.	 Considerable subliming should take place to
dissipate the increased system temperatures.

Eventually, the battery voltage should decrease, the water valve stayi
open and continuous -ubliming take place until the coolant pump ceases
to circulate fluid.	 Therefore, the sublimator should have a limited
lifetime and, coupled with limited gas bearing subsystem venting, may
cause the observed perturbations for the time period shown.

A small	 additional vent of 0.09 N due to the S-IVB LOX chilldown pump
purge has been identified. 	 This purge force is expected to act continuously
until	 lunar impact and therefore, does not correlate with the 18-hour
perturbation period identified in Figure 17-3.

f

17.3.4	 Tentative Conclusions

Onboard gaseous venting sources have been identified that account in part
! for observed perturbations of the S-IVB/IU stage's translunar trajectory.

These sources are the	 IU TCS sublimator water vapor and the stable plat-

`orn gas bearing system GN 2 venting.	 However, the IU TCS sublimator

i was not a venting source on AS-511 or on the early part of Translunar

i Coast (TLC) on AS-512. 	 Due to a leak in the TCS GN2 storage sphere,
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AS-511 lost sublimator water pressure at about 18,000 seconds effective for

the remainder of the lunar trajectory. On AS-512 the sublimator watzr

valve was turned off in the period from the ArS-1 burn to the APS-2

burn in order to eliminate the sublimator as a venting source.

After the PTC maneuver the FCC is turned off thereby deactivating the

APS. However, tracking data show that the stage is still subject to low

order translational perturbations and to changes in the stage tumble
rate. The result of the translational perturbations is to shift the .

final impact point on the lunar surface. Further study would be necessary

to show correlation of the observed perturbations with the known disturbing

forces. However, analysis has shown that a fixed thrust aligned wito the

vehicle longitudinal centerline will result in a net translational move-

ment, even though the vehicle is in a three axis tumble mode. Therefore,

it is possible for the observed vehicle perturbations to be caused by the
type of venting sources that have been identified on the S-IVB/IU stage

to date.

17.4	 TRAJECTORY EVALUATION

Table 17-2 presents the actual and nominal geocentric orbital parameters

of the S-IVB/IU trajectory at 17:03:00, December 7, 1972, (soon after

the APS-2 burn). The orbital elements are osculating and expressed in

the true-of-date epoch.

Table 17-2. Trajectory Parameters After APS-2 Burn

P ARAMETER ACTUAL NOMINAL ACT-NOM

Inclination,	 deg 28.424 28.512 -0.088

Argument of Perifocus,	 deg 154.915 154.981 -0.066

Right	 Ikscension	 of	 Node,	 deg -15.551 - 15.764 0.213

Semi-major	 Axis,	 km 218,497 218,978 -481

Eccentricity 0.971496 C.970648 -0.000152

True Anomaly,	 deg 154.730 154.771 -0.041

Figure 17-5 presents range-rate residuals showing the first 24 hours of

PTC tumble. This plot was made continuous by combining residual plots from

four range-rate trackers (Madrid USB, Goldstone DSN, T;dbinbilla DSN, ar.d
Bermuda USB). The initial tumble rate of 5.2 cph (0.52 degrees per

second) is close to the commanded pitch, yaw, and roll rates. Following

PTC, a 14- to 16-hour period occurs during which the tumble changes from

a "three-axis" rotation to a "spin/precession" rotation.

r
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Table 11-3. Lunar Impact Conditions

PARAMETER	 AT	 IMPACT ACTUAL NOMINAL ACT-NOM

Stage	 Mass,	 kg 113,931 13,931 ^0
(lbm) (.30,712) (30,712) (	 0)

Velocity	 Relative

to	 Surface,	 m/s 2,544 2,545 -1
(ft/s) (8,346) (8,350) (-4)

Impact	 Angle	 Measured
from	 Vertical,	 deg 35.0 37.8 -2.8

Incoming	 Heading	 Angle
Measured	 from North	 to
West.	 deg 83.0 82.0 1.0

Selenographic	 Latitude,
deg -4.33 -7.00 2.67

Selenogra p hic	 Longitude,
deg -12.37 -8.00 -4.37

Impact	 Time.	 UT	 10	 Dec. 20:32:40.99 20:15:49.35 00:16:52.64

Distance	 to	 Target,	 km 155 0 155
(n	 mi) (84) (0) (84)

Distance	 to	 Apollo	 12
Seismometer,	 km 337 481 -144

(n	 mi) (182) (260) (-78)

Distance	 to	 Apollo	 14

Seismometer,	 km 156 303 -147
(n	 mi) (84) (164) (-80)

Distancs	 to	 Apollo	 15
Seismometer,	 km 1,035 1,060 -25

(n	 mi) (559) (572) (-13)

Distance	 to	 Apollo	 16
Seismometer,	 km 851 709 142

(n	 mi) (460) (383) (77)

i
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a
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Figure 17-6 shows Madrid USB, Canberra USB, and Greenbelt USB range-rate

residuals 20 hours, 41 hours, and 74 hours after PTC initiation, respectively.

At 20 hours after PTC initiation, the S-IVB/IU had a s in rate around the

longitudinal axis of 14.5 cph (1.45 degrees per second and a precession

rate of 5 cph (0.5 degree per second). During the next 55.5 hours to

impact, the nature of the tumble changed little. The spin rate increased

to 21 cph (2.1 degrees per second) and the precession rate increased to

6.5 cph (0.65 degrees per second).

	

17.5	 IMPACT CONDITIONS

Figure 17-7 presents the lunar landmarks of scientific interest relative

to the S-IVB/IU impact. Analysis to date indicates the S-IVB/IU impacted

the moon at 4.33 degrees south latitude and 12.37 degrees west longitude

at 20:32:40.99 UT on December 10, 1972, (313,180.99 seconds range time).

Impact conditions and miss distances are presented in Table 17-3. The

distance from the impact to the target is 155 km (84 n miles) which is

within the 350-kilometer mission objective. The distance to Apollo 12

seismometer is 337 km (182 n miles); the distance to the Apollo 14 seis-

mometer is 156 km (84 n miles); the distance to the Apollo 15 seismometer
is 1,035 km (559 n :Hiles); and the distance to the Apollo 16 seismometer

is 851 km (460 n miles). The impact time presented in Table 17-3

is derived from the loss of signal times shown in Table 17-4 and has an

accuracy one order of magnitude smaller than the mission objective of

1 second.

	

17.6	 TRACKING DATA

Ficlure 17-8 shows the trackino data available for the trajectory deter-

mination. Good quality C-band and S-band data were received over nearly

87 hours of flight to lunar impact. Table 17-5 shows the tracking site

locations and configurations.

Table 17-4. Lunar Impact Times

t

TRACKING STATION
RECORDED TIME ON
DECEMBER	 )0 P	1972
(UT-HR:MIN:SEC)

LIGHT TIME
DELAY	 (SEC)

CORRECTED TIME ON
DECEMBER	 10,	 1972
(UT-HR:MIN:SEC)

Merritt	 Island 20:32:42.28 1.197 20:32:40.98

Madrid 42.30 1.300 41.00

Goldstone 42.30 1.307 40.99

Bermuda 42.25 1.296 40.95

Ascension 42.30 1.290 41.01

Range	 Time,	 sac	 313,180.99	 Average	 20.32.40.99	 I >r

14
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APOLLO 17 LUNAR LANDMARKS

POINT DESCRIPTION LAT-DEG LONG-DEG

I IMPACT (TRACKING) -4.33 -12.37
T TARGET -7.00 -8.00
12 APOLLO 12	 SEISMOMETER -3.04 -23..42
14 APOLLO 14	 SEISMOMETER -3.67 -17.47

15 APOLLO 15	 SEISMOMETER 26.07 3.65

16 APOLLO 16	 SEISMOMETER -8.97 15.51
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Figure 17-7. Lunar Landmarks
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Figure 17-8. Tracking Data Availability

Table 17-5. S-IVB/IU Tracking Stations

STATION LOCATION CONFIGURATION ABBREYIATiOM

Madrid,	 Spain DSN	 85'	 S-Band MADM

Madrid.	 Spain STDM 85'	 S-Band MADE

Ascension	 Island STDM 30'	 S-Band ACM3

Bermuda	 Island STDM 30'	 S-Band BDA3

Merritt	 Island.	 Florida STDM 30'	 S-Band MILS

Greenbelt,	 Maryland STDR 30'	 S-Band ETC3

Goldstone.	 California DSM BS'	 S-Band GUSY

Goldstone.	 California STDN 85'	 S-Band GDS8

Kauai,	 Hawaii STOM 30'	 S-Band HAM3

Guam Island STON 30'	 S-Band GMM3

Carnarron,	 Australia STDM 30'	 S-Band CR03

Tidbinbilla.	 Australia DSN 85'	 S-Band HSKM

Canberra,	 Australia STDM 85'	 S -Band HSK8

Bermuda	 Island FPQ-6 C -Band BDOC

Carnarron, Australia FPQ-6 C -Baud CROC

17-15/17-16
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SECTION 18

SPACECRAFT SUMMARY

Apollo 17 was launched at 00:33:00 EST on December 7, 1972, from Complex
39A at the Kennedy Space Center. The spacecraft was manned by Captain
Eugene A. Cernan, Commander; Commander Ronald E. Evans, Command Module
Pilot: and Dr. Harrison H. Schmitt, Lunar Module Pilot. The launch was
delayed 2 hours and 40 minutes because of a failure in the launch
vehicle ground support equipment automatic sequencing circuitry.

The spacecraft/S-IVB/IU combination was inserted into an earth parking
orbit of 90.3 miles by 90.0 miles for systems checkout and prepara-
tion for the translunar injection maneuver. In accordance with pre-
flight 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 li ghting conditions as originally planned. After spacecraft
separation, transposition, docking, and lunar module ejection, the
evasive maneuver was performed and the S-IVB/IU was subsequently
targeted for lunar impact. The S-IVB/IU impacted the lunar surface
about 84 miles from the preplanned point, and the impact was recorded
by the Apollo 12, 14, 15, and 16 lunar surface seismometers.

One spacecraft midcourse correction of 10.5 ft/sec was performed during the
translunar coast phase to achieve the desired altitude of closest approach
to the lunar surface. The crew performed a heat flow and convection
demonstration and an Apollo light flash investigation during the
translunar coast period. Also, the crew transferred to the lunar module
twice and found all systems to be operating properly.

The scientific instrument module door was jettisoned about 4 1/2 hours
prior to lunar orbit insertion. The docked spacecraft was inserted
into a 170-by-52.6-mile lunar orbit follo*.ing a service propulsion
firing of 393 seconds. The first descent orbit insertion maneuver at
90 112 hours lowered the spacecraft orbit to 59 by 14.5 miles.

The crew entered the lunar module at 105 1/4 hours to prepare for des-
cent to the lunar surface. After powering up the lunar module and
undocking, the second lunar module descent orbit insertion maneuver
was performed using the lunar module reaction control system to adjust
the orbital conditons. The powered descent proceeded normally and
the spacecraft was landed within 200 meters of the preferred landing
point at 110:21:57. About 120 seconds of hover time remained at
touchdown. The best estimate of the larding point is 30 degrees 45
minutes 25.9 seconds east longitude and 20 degrees 9 minutes 41 seconds
north latitude on the 1:25,000-scale Lunar Topographic Photomap of
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Taurus Littrow, First Edition, September, 1972.

The first extravehicular activity began at 114:22 (HR:MIN). Lunar Roving

Vehicle (LRV) offloading and eauipment unstowage proceeded normally, and

television coverage was initiated about 1 1/4 hours into the extravehi-
cular activity. The lunar surface experiment package was deployed
approximately 185 meters northwest of the lunar module. Prior to leaving

the LM site, the right rear fender extension was accidentally broken

off and emergency repairs were made. The lunar surface experiment

r	 package deployment, deep core drilling, and neutron probe emplacement

were accomplished. Two geologic units were sampled, two seismic explo-

it	 sive packages were deployed and seven traverse gravimeter measurements
were taken during the traverse. The samples collected weighed about
25 pounds.

The second extravehicular activity began at 137:55. The traverse

was conducted with real-time modifications to station stop times because

of geologic interests. At station 4, the crew discovered the first

evidence of possible volcanic activity on the lunar surface in the

form of orange soil. Five surface samples and a double core sample

were taken at this site. Three seismic explosive packages were deployed,

seven traverse gravimeter measurements were taken, and all observations
were documented photographically. The time of the second extravehicu-

lar activity was 7 hours 37 minutes with 77 pounds of samples gathered.

The third extravehicular activity Legan at 160:53. Specific sampling

objectives were accomplished at stations 6 and 7 among some 3 to 4 m

boulders. Again, seven traverse gravimeter measurements were made.
The surface electrical properties experiment was terminated because

the receiver temperature was approaching the pint of affecting the

data tape; therefore, the tape was removed at Station 9.

The crew entered and repressurized the spacecraft after 7 hours and

15 minutes of lunar surface activity. Samples amounting to about 155

pounds were obtained on the third extravehicular activity for a grand

total of 257 pounds for the mission. The total distance traveled with

the LRV during the three extravehicular activities was about 36

kilometers.

In addition to the panoramic camera, the mapping camera, and the laser"

altimeter carried on previous missions, three new scientific instrument

module experiments rounded out the Apollo 17 complement of orbital

science equipment. An ultraviolet spectrometer measured lunar atmos-

pheric density and composition, an infrared radiometer mapped the
thermal characteristics of the moon, a- a lunar sounder acquired data

i
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on subsurface structure.

Lunar ascent was initiated at 185:21:37 and was followed by a normal

rendezvous and docking. After transferring samples and equipment from

the ascent stage to the command module, the ascent stage was jettisoned for

the deorbit firing and lunar impact. The preliminary coordinates of the

ascent stage impact were 19.99 degrees north and 30.51 degrees east,

about 0.7 mile from the planned target.

Transearth injection was initiated at about 234 hours with a service
propulsion system firing of 144.9 seconds. A 1 hour and 6 minute	 i
transearth extravehicular activity was conducted by the Command Module
Pilot. The film cassettes were retrieved from the scientific instru-
ment module cameras and lunar sounder and the scientific equipment bay
was visually inspected.

` 	 Entry and landing were normal. The spacecraft landed at 0 degrees 43
minutes 12 seconds south latitude and 156 degrees 12 minutes 36
seconds west longitude, as determined by the onboard computer. Total
time for the Apollo 17 mission was 301-hours, 51 minutes, and 59 seconds.

i
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SECTION ;9

MSFC INFLIGHT DEMONSTRATION

19.1	 SUMMARY

A Heat Flow and Convection Demonstration was performed during Apollo 17
translunar coast. The data obtained apparently were satisfactory although

analysis is in progress. There were no reported problems with the experi-

mental apparatus.

19.2	 HEAT FLOW AND CONVECTION DEMONSTRATION

A Heat Flow and Convection Demonstration, similar to the one on Apollo 14,

was performed on Apollo 17 translunar coast. The three related experi-

ments comprising the demonstration were convection in a liquid caused by

surface tension gradients, heat flow and convection in a confined gas at
low g force (approximately 10- 9 g due to Command Service Module drift in

roll., and heat flow and convection in a confined liquid at low g force.

The purpose of these experiments was to determine the type and magnitude

of fluid convection encountered in a near weightless environment.

Although normal convection is sl:ppressed at near weightlessness, some

fluid flow will occur due to acceleration impulses, surface tension

gradients, and expansion.

The information obtained from this demonstration will provide some of the

data required to evaluate space manufacturing processes and other future

space applications. The thermal behavior of fluids is a vital part of

manufacturing processes involving liquid separation, precipitation,

solidification, etc.

The experimental apparatus consisted of a package with three test con-

figurations, each of a particular geometry and each containing a specially

chosen fluid. Data was recorded by a 16 mm camera which was attached to

the package.
t

19.2.1	 Flow Pattern Experiment

i
The purpose of the Flow Pattern Experiment was to investigate convection

in a liquid caused by surface tension gradients. The surface tension

gradients are generated by heati-g a thin layer of liquid with a free 	 #
surface. These surface tension gradients generate a cellular circulation

pattern known as Bena rd cells.

19-1
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The experimental apparatus consisted of an open dish containing liquid

Krytox oil that was uniformly heated from the bottom. The oil contained
suspended aluminum flakes to permit direct observation of flow patterns.

The cover of the dish was opened during the actual experiments to expose
the free surface of the liquid to the spacecraft atmosphere.

Runs were made with liquid depths of two and four millimeters. In the
two millimeter run, convection was evident within a few seconds after

initiation of heating as compared to five minutes in an earth environ-
ment. B6nard cells were formed, but were less orderly and symmetrical
than earth environment patterns. Steady state was reached in about seven

minutes.

In the four-millimeter run, the B6nard cells were more regular and larger
than in the two-millimeter run. Steady state had not been reached at the
conclusion of the 10 minute heating period.

19.2.2	 Radial Heat Flow Experiment
t

The purpose of this experiment was to investigate heat flow and convec-
tion in a gas at low gravity conditions.

	

-.^	 The experimental apparatus consisted of a centrally heated closed

cylinder filled with argon gas. Liquid crystal temperature sensing strips

	

{	 were located to measure gas temperature changes radially from the heater.
These strips change color in response to temperature changes and the color
changes are recorded on 16 mm color film.

The experiment was conducted as planned. The operation of all equipment
and the data obtained were apparently satisfactory. Computer analyses

are currently being made to evaluate the scientific performance of the

experiment.

19.2.3	 Lineal Heat Flow Experiment

This experiment was similar to the gas experiment described in 19.2.2,

except that the fluid medium was Krytox oil and the cylinder length-to-

diameter ratio was greater so that lengthwise heating was measured.
Equipment operation and data obtained were apparently satisfactory.

However, the results of computer analyses of the data are in progress.
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SECTION 20

LUNAR ROVING VEHICLE

20.1	 SUMMARY

The Lunar Rovina Vehicle (LRV) satisfactorily supported the Apollo 17

Taurus-Littrow lunar surface exploration objectives. The total odometer

distance traveled during the three Extra Vehicular Activities (EVA's)

was 35.7 kilometers at an average velocity of 7.75 km/hr on traverses.

The maximum velocity attained was 18.0 km/hr and the maximum slopes nego-

tiated were 18 degrees up and 20 degrees down. The average LRV energy

consumption rate was 1.64 amp-hours/km with a total consumed energy of

73.4 amp-hours [includin g 14.8 amp-hours used by Lunar Communication Relay

Unit (LCRU)] out of an approximate total available energy of 242 amp-hours.

The navi gation system gyro drift and closure error were negligible.

Contrcll,.bility was	 good.	 There were no problems with steering,	 braking,

or obstacle negotiation.	 Brakes were used at least partially on all down-

slopes.	 Drivinq down sun was difficult because the concealed shadows

caused poor obstacle visibility.

"	 = While the LRV had no problems with the dus,., stowed payload mechanical

' parts attached to the LRV 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 payioa,' items because of dust intrusion. 	 Large
tolerance mechanical	 items such as locking bags on the gate and the pallet

lock had problems toward the end of 2VA-3. 	 Only those items which had

been protected from the dust performed without degradation.

All	 interfaces between crew, LR'j and stowed payload were s-`isfactory.

The followino LRV system anomalies were noted:

a.	 At initial	 power-up, the LRV battery temperatures were higher than

FrPdicted	 (refere nce paragraph 20.12).

b.	 Battery No.	 2 temperature indication was off scale low at start of

EVA-3	 (reference paragra p h 20.8.3).

C.	 The right rear fender extension was broken off at the Lunar Module

(LM)	 site on EVA-1	 prior to driving to the Apollo Lunar Surface

Experiments Package (ALSEP) site (reference paragraph 20.11).



20.2	 DEPLOYMENT

Deployment of the LRV from the LM was completed successfully using less

than 10 minutes of crew time. The operation was smooth and no problems
were encountered. The landing attitude of the LM was favorable (less
than 3° inclination) and did not adversely affect the operation. The

chassis lock pins did not seat fully in place but the crew had no

difficulty in seating the pins by using the dployment assist tool per
normal procedures. LRV set up and checkout re quired less than 9 minutes

of crew time.

20.3	 LPV TO STOWED PAYLOAD INTERFACE

The interfaces between the stowed payloads and LRV were satisfactory.

20.4	 LUNAR TRA.FFICABILITY ENVIRONMENT

The lurain created no unusual operatin g problems for the LRV. Traverses

are shown in Figure 20-1. In genera', the lunar surface chanter was

gently undulated, hur-niocky, abundant^y cratered and somewhat rougher

than expected.

_;	 On the basis of crew debriefinas and EVA phote^raphic covera ge, it

appears that the LRV was operated uphill on slopes of 18 dearees or

more and downhill on slopes of 20 degrees or more. Because of its

light weight and the excellent traction obtained, the general performance

of the vehicle on these slopes wus satisfactory. Maneuverina the vehicle

I
on slopes consisted primarily of uphill and downhill travel and did not

present any serious problems. Maximum speed reached was 18 kph down-

slope. Vehicle traverse cross slope caused discomfort to the crewman

on the down-slope side and was avoided whenever possible. The crew

also reported that drivin g on the lunar surface reouires a constant

effort to avoid obstacles.

20.5	 WHEEL SOIL INTERACTION

As on Apollo 15 and 16, the LRV made only a shallow imprint on the lunar

surface. This crew observation is supported by numerous photographs

obtained durin g the lunar surface EVA's. The depth of the wheel tracks

averaged 1-112 cm (112 in) for a fully loaded LRV (vehicle, crew, payload).
The LRV wheels developed excellent traction in the lunar surface material.

In most cases a sharp imprint of the Chevron tread was clearly discernible,

indicating that the surface soil possessed cohesion and the amount of

wheel slip was minimal. The shallow wheel track indicates that good flo-
tation was provided by the wheel design and also indicates that the primary
energy losses were due to compaction and rolling resistance and that bull-
dozing was ininimal. This observation is supported by the small error in
traverse closure in the naviqation system.
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20.6	 LOCOMOTION PERFORMANCE

The locomotion performance of the LRV was satisfactory and met all of
the demands of the Apollo 17 mission. Comparison of the LRV amp-hour 	 -
integrator readings with pre-fli ght predictions (Figure 20-2) shows
that the LRV power usage was as expected. Locomotion performance is 	 --
contained in Table 20-1. As shown in Apollo Lunar EVA Summary, Table
20-2, a longer traverse and a greater distance from the LM was achieved	 L
during EVA-2 than any prior mission.

""	 RECONSTRUCTION
— — — PRELAUNCH PREDICTION (SOIL 8) 4

120

-tN H =1=.t
CONTINGENCY RESERVE

20

10% RESERVE

0

I

i

0 In	 20	 30	 40

CUMULATIVE EVA DISTANCE (101)	 j

'	 _	 I

Figure 20-2. LRV Power Usage

20.7	 MECHANICAL SYSTEMS

4
20.7.1	 Harmonic Drive

The harmonic drive performed satisfactorily; no excessive power con- 	 -_
sumption or temperatures were noted nor was any mechanical malfunction

apparent.

20.7.2	 Wheels and Suspension

The wheels and suspension systems performed as expected. The maximum	 ' -
vehicle speed/obstacle size encountered was 10-12 kph over an obstacle
30 centimeters high. The vehicle scraped bottom occasionally. The 	 -

left front wheel sustained a dent (about the size of a tennis ball) on
the side wall but locomotion performance was not affected.

20-4



Table 20-1. Apollo 17 LRV Performance Summary

EVA 1 EVA 2 EVA 3 TOTAL
MISSION

VLAMIIINS VALUE

Drive Time	 (win) 33 14S 91 269 280

Pep Distance ( k• ) 2.3 19.0 11.0 32.3 32.5

Odometer DistanceTraver}^ _ ?,5-- --- 202 -- --12,Q--
35.7 37.35

Additio. 0.8 b.l .1

Mobility Rau (kph) Traverse 6.18 7.85 7.24 7.2 7.0

Average Speed (kph) Traverse 6.54 8.35 7.92 i.8 8

Energy Rate
1.8a	 nr k.	 RY	 1 1.88 1.53 1.;6 1.61

Amp-Hours Consumed	 ^U - -- -	 6.2 - - - - - - - - - - 73.6 85

Mar.	 Closure Error (kn ) 0 0 0 0 0.2

Number of Ma y . Updates 0 0 0 0 3

Gyro Drift Rate (deg/hr) <1' <1' <I' <I' 1.6

Wander Factor + Slip (S)	 ® 9 6 10 8.6 10.0

Max. Speed Reported (kph) 11
(1 to s up 18'

12 - -

18 down hill)

Max. Slope Reported	 (degrees) - 18' W - - -
20' Down

Odometer Distance (Traverse) - Distance 	 t>	 Odometer Distance (Additional) - Includes
actually driven from traverse starting 	 distance between LM and Surface Elec-
point to end point.	 trical Propertle: (SEP) or LM and ALSEP

rot included in traverse distance.

Mobility Rate - Map Distance 	 Wander Factor - Traverse	 ter -_ Map DistanceWd

1TTTi.c	 p	 s	 nce

3

i

s
s

Table 20-2. Apollo Lunar EVA Summary

APOLLO 11 APOLLO 12 APOLLO lA APOLLO 15 APOLLO 16 APOLLO 17

Drive Time	 (hr:nln) _ - _ 3:02 3:215 4:29

Mao Distance (k.) - - - 2S.3 22.0 32.3

Surface Distance Traversed (km) 0.25 2.0 3.3 27.9 26.9 3S.7

EVA Duration (hr:.in) 2:24 1:29 9:23 18:33 21:00 22:OS

Averaoe Speed (kph) - - :.1 7.bO 73S

Energy Rate - - - 1.9 2.1 1.6
Amp-1\-/kn (LRV Only)

Amp-Hmws Consumed - - - 52.0 88.7 73.6
(242 Available)

Nov. Closure Error (kw) - - - 0.1 0 0

Number of Nov. Updates - - - 1 0 0

Maximo. Range fro. LM (k.) - - - 5.4 4.S 7.6

Longest EVA Traverse (kw) - - - 12.5 11.6 20.3

Rock Samples Returned (lbw) 46 75 94 170 213 257

LRY fYximu- Weight (ibm) - - - 1532 1549 1606.7

1
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20.7.3	 Brakes

The LRV braking capability was reported to be excellent and the vehicle

came to a complete stop within one to three vehicle lengths. There was
no instance of "fade" even during prolonged down-slope braking.

20.7.4	 Stability

The LRV stability was satisfactory. The LRV had no tendency to roll

and its response was predominantly a pitching motion. The crew felt

that individual wheels became airborne occasionally, but did not cause

a controllability problem. Driving cross slope was uncomfortable

to the crewman on the down-slope side and was avoided whenever

possible.

20.7.5	 Hand Controller

The hand controller performed satisfactorily.

20.7.6	 Loads

Instrumentation was not provided on the LRV to ascertain induced loads.

No evidence of load problems was reported.

20.8	 ELECTRICAL SYSTEMS

The LRV electrical systems satisfactorily supported the lunar surface

exploration. The battery temperature anomaly had no major impact on the
mission (see 20.8.3).

20.8.1	 Batteries

The battery capacity was more than adequate for the mission. Amp-hour
usage including LCRU, was estimated to be 73.4 out of a nominal capacity

of 242 amp-hours for the two batteries.

20.8.2	 Traction Drive System

The traction drive system performed satisfactorily. There were no

indications of any off nominal conditions within the traction drive and

all four units performed as expected. The maximum temperature reported of

any traction drive unit was 270°F and occurred at Station 6 on EVA-3. 	 !	 l

20.8.3	 Distribution System	 {	 j

The electrical distribution system provided power to all functions as required. 	
i

However, battery No. 2 temperature indication was off scale low during power-

up at the beginning of EVA-3. This condition continued for the remainder of the

^	 .. As

V
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mission. The most probable cause was a shorted temperature sensor in
the battery, which would cause the meter to read off scale low. This

same condition was noted on two batteries previously tested at tempera-

tures above the qualification level. Electrolyte leakage through the

sensor bond caused by the elevated temperatures appears to have caused

the short. There was no impact on the mission. Temperature monitoring

was continued using Battery No. 1 as an indicator and using temperature
trends established from actual data on EVA's-1 and -2. Normal perfor-

mance monitoring was continued, using amp-hour integrator data.

20.8.4	 Steering

The LRV steering performed satisfactorily for all three EVA's. Con-

trollability was excellent. The Commander (CDR) reported that good

vehicle maneuverability using double Ackerman steering made this the
preferred mode. The CDR felt that a single steering mode (locked rear

steering) would not have given the required maneuvering capability for

this particular area.

The CDR also reported that he found the preferred mode was to drive over

blocks and craters uo to one foot in diameter and to drive through blocks

and craters from 5 to 10 meters in size, rather than steer around them

and put the LRV into cross slope conditions.

u	 20.8.5	 Amp-Hour Integrator

The Amp-Hour Integrator performed satisfactory throughout all three

EVA-s. Amp-hour usage is shown in Figure 20-2.

20.9	 CONTROL AND DISPLAY CONSOLE

The control and diEplay console displays performed satisfactory. The

only indication loss was attributed to a faulty sensor, as discussed in
Section 20.8.3. There were no occurrences to suggest improper switch

or circuit breaker positions.

20.10	 NAVIGATION SYSTEM

The Navigation System satisfactorily supported the Apollo 17 mission. The

position error was well within the mission planning value of 100 meters

during all EVA's and no update was required. Table 20-1 contains a

summary of navigation performance.

The LRV Vehicle Attitude Indicator pointers tended to stick throughout

all three EVA's. There was no impact on the mission as the pointers
worked when the crew tapped the unit. There was no recurrence of the

Vehicle Attitude Indicator scale problem reported on Apollo 16, LRY-2.

20.11	 CREW STATION

The crew reported no problem with the crew station. The seat belt

I

s
i

I
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design functioned satisfactorily. The ground adjustments proved to be

very good, with only minor adjustments required on the lunar surface.

Access aid stowage was adequate.

During Extravehicular Activity (EVA-1) at the LM prior to driving

co ALSEP,. the CDR inadvertently pulled off the right rear fender exten-

sion by catching it with the hammer carried in the right leg pocket of

the Extravehicular Mobility Unit (EMU).

While still at the LM site, the CDR spent approximately 12 minutes

taping the extension onto the fender. Because of the dusty surfaces,

the tape did not adhere and the extension fell off returning from

Station 1. In the moon's low gravity and hard vacuum, loss of the

fender extension allowed dust to be thrown forward by the revolving

rear wheel onto the LRV and crew. Per real time procedures established

by MSC and MSFC, the crew taped together four Lunar Module (LM) maps
and fastened them to the fender with two clamps from the LM (refer to

Figure 20-3). Installation of this fix required approximately 7

minutes of CDR and Lunar Module Pilot (LMP) surface time at the begin-

nina of EVA-2. This fix was adequate for the remainder of the mission.

A fender extension was also lost on Apollo 15 and 16. A fender modification
was incorporated for Apollo 17 to prevent the fender extension from

being dislodged from its guides. The fix would have been effective
except that the force applied was so great that it fractured the guide

material.

20.12	 THERMAL

The thermal control system satisfactorily supported all the Apollo 17

mission lunar surface operations. At initial power-up, the LRV battery

temperatures were higher than predicted and the right battery indicated

15°F higher than the left (95°F left and 110°F right actual vs. 80°F

pre-mission predicted). The higher temperature was due to hot holds
(orientation of LRV toward the sun instead of passive thermal control)
during translunar coast. Based on the LM solar attitude during trans-

lunar coast, the LRV temperature of 95°F is reasonable at initial power-up.

There was no apparent performance degradation throughout the mission due

to the high battery temperatures. Battery temperatures at LRV closeout

were indicated to be 139°F for Battery No. 1 and 148°F (calculated) for

Battery No. 2. Predicted temperatures were 140°F and 148°F (8 0 included
for meter bias). This meter bias was confirmed by caution and warning

flag activation on EVA-2. The flag, which activates at 125°F activated

when the meter indicated 132°F. All temperature values shown will be
meter values and will include this bias. Because of this bias an

indicated battery temperature limit of 148°F was agreed to prior to

EVA-2.	 The amp-hour usage of both batteries followed the predicted

curves t_hroughcut the mission.

The probable cause of the temperature difference between batteries at

initial power-up (95°F left and 110°F right) is heat absorption by the

20-8
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Figure 20-3. lRV Fender Fix 
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wax tank on the left battery. The right battery has no wax tank and it would
would have been unusual for both batteries to be at the same tem-
perature above the wax tank melting point (930F).

Revised parking constraints and careful attention to battery dusting
procedures by the crew provided better cooldown than on previous missions.
The CDR reported that careful dusting of the LRV battery covers at
each stop, resulted in relatively dust-free radiators through all three
EVA's. By keeping the covers clean, dusting of the battery mirrors was
not required until the end of EVA-2. Additionally, per alternate pro-
cedures, the battery covers were opened at the ALSEP site during EVA-1
and at Station 6 during EVA-3 to maintain batteries within acceptable
limits.

All LRV components remained within operational temperature limits throughout
the three lunar surface EVA's. As predicted, motor temperatures were
"off-scale-low" (below 200°F) throughout most of the EVA's. The maxi-
mum motor temperature of 270°F (131 °C) occurred during EVA-3.

Figures 20-4 and 20-5 present the battery profiles for the three EVA's.
Because of the high battery temperatures at initial power-up the LRV
was parked heading up-sun for best radiation to deep space and the dust
covers were opened during the ALSEP deployment period. The anticipated
cooldown of 10°F (6 0 C)* for Battery 2, and 4°F (2°C)* for Battery No. 1
was achieved. The battery 1 and 2 temperatures, with the LRV supplying
LCRU power, were 108°F (42°C) and 123°F (51 0 C)* at the end of EVA-1.

Adequate battery cooldown was obtained between EVA's 1 and 2. EVA-2
began with battery temperatures of 70°F (21°C)* and 92°F (33°C)*. The
warning flag activated on attery 2 when the meter indicated 132°F
(56 0 C). EVA-2.ended with temperatures of 114°F (46°C)* and 138°F (590C)*.

EVA-3 began with a Battery No. 1 temperature of 95°F (33°C) and a non-
operating temperature meter for Battery No. 2 [estimated temperature was
120°F (49°01. Per alternate procedures the dust covers were opened at
Station 6 to maintain batteries within thermal limits. the final
recorded temperature for Battery No. 1 was 139°F (59 0 C). A warning
flag was also noted for Battery No. 1 at that time. It is estimated
that the final Battery No. 2 temperature was about 148°F (640C).

	

20.13	 STRUCTURAL

There was no structural damage to the load bearing members of the LRV.
A rear fender extension was dislodged on EVA-1 (refer to paragraph 20.11).

	

20.14	 LUNAR ROVING VEHICLE CONFIGURATION

LRV-3 was essentially unchanged from LRV-2 which was flown on Apollo 16
other than those changes shown in TabLe 20-3. Refer to Saturn V Launch
Vehicle Flight Evaluation Report - AS-510, Apollo 15 mission for a basic
Vehicle Description.

*Temperature as read by crew. Subsequent analysis indicated actual tem-

peratures to be 8 0 lower than readouts.

ZZ

s

a

3
a
4

i
s

i

h^

-. r

20-10



— — PRE-MISSION PREDICTION + g TJERY COYERS OPEN PER ALTERNATE PROCEDURE
REAL TIME RECMTRUCTIOX i	 i

UPPER OPERATING, LIMIT

I ESTIMATED,	 TERME f^

oe	 NOT WORKING

---I —L"7

+

ERLOW	 OPERATING, LIMIT

EVA-1 EVA-2 EYA-3

6ATTERT COVERS OPEN BETWEEN EVA'S

i 70

150

130

110

W

90
W

r 70

50

30

In

Diu

150

130

110

r 90

d

a
W
r

70

50
S
k

30

— — — PRE-MISSION PREDICTION 	 1 s BATTERY COVERS OPEN PER ALTERNATE
REAL TIME RECONSTRUCTION

UPPER OPERATING

PROCEDURE

LIMIT

J	 I •

EVA-1

LOWER OPERATING LIMIT

+- EVA-3EVA-2

6ATTERY COVER TS OPEN BETWEEN EVA'S

0	 5	 10	 15	 20	 25	 30	 35	 40	 45	 50	 55	 60

4 TIME, HOURS

t	 Figure 20-4. LRV Battery No. 1 (Left) Temperature
F

9
Q

i

iFi

0	 5	 10	 15	 20	 25	 30	 35	 40	 45	 50	 55	 66

TIM. NM

Figure 20-5. LRV Battery No. 2 (Right) Temperature

20-11



i► '

Significant configuration changes are contained in Table 20-3.

Table 20-3. LRV Significant Configuration Changes

SYSTEM CMANGE REA.SM

Payload Add index ring for azimuth alignment To provide crew with ready reference for

dial on lax gain antenna. low gain antenna azimuth pointing angle.

Payload Install	 surface electrical	 properties To provide vehicle location data t^ CEP.

(SEP) experiment signal cable (signal
processing unit to SEP).

Payload Add dust cover to SEP connector. To prevent contamination from entering
receptacle.

Payload Move Buddy/Secondary life Support System B/SLSS moved to prevent interference with
(B/SiSS) holding strap from LMP seat back SEP.
to CUR seat back.

Payload Add decal to aft chassis locating pallet To provide crew with indicatcr of pro-
stop tether. per hole to use with stop tether.

Crew Station Install mew fender extension stops on To prevent loss of fender extension
all four fenders. during lunar operation.

(
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APPENDIX A

ATMOSPHERE

	

__ . _. _ ........	 A. l	 SUMMARY

This appendix presents a summary of the atmospheric environment at launch

time of the AS-512. The format of these data is similar to that presented

on previous launches of Saturn vehicles to permit comparisons. Surface

and upper level winds, and thermodynamic data near launch time are given.

A.2	 GENERAL ATMOSPHERIC CONDITIONS AT LAUNCH TIME

During the evening launch of Apollo 17, the Cape Kennedy launch area was

experiencing mild temperatures with gentle surface winds. These condi-

	

_ 	 bons resulted from a warm moist air mass covering most of Florida. This

- -	 warm air was separated from an extremely cold air mass over the rest of

the south by a cold front oriented northeast-southwest and passing

through the Florida panhandle. See Figure A-1. Surface winds in the
Cape Kennedy area were light and northwesterly as shown in Table A-1.

Wind flow aloft is shown in Figure A-2 (500 millibar level). The maximum
wind belt was located north of Florida, giving less intense wind flow
aloft over the Cape Kennedy area.

A.3	 SURFACE OBSERVATIONS AT LAUNCH TIME

At launch tine, total sky cover was 5/10, consisting of scattered strato-

cumulus at 0.8 kilometers (2,600 ft) and scattered cirrus at 7.9 kilometers
(26,000 ft). Surface ambient temperature was 294°K (70.0°F). During
ascent the vehicle did pass through some thin cirrus clouds. All surface
observations at launch time are summarized in Table A-1. Solar radiation

data for the day of December 6, 1972, are given in Table A-2. 	

f^
A.4	 UPPER AIR MEASUREMENTS	 I

Data were used from three of the upper air wind systems to compile the

final meteorological tape. Table A-3 summarizes the wind data systems

used. Only the Rawinsonde and the Loki Dart meteorological rocket data

were used in the upper level atmospheric thermodynamic analyses.

A.4.1	 Wind Speed

Wind speeds were light, being 3.6 m/s (7.0 knots) at the surface and

increasing to a peak of 45.1 m/s (87.6 knots) at 12.18 kilometers (39,960
ft). The winds began decreasing above this altitude, becoming relatively

i
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Figure A-l. 
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Surface Weather Map Approximately 6 1/2 Hours After Launch of AS-S12 
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'A-l. Surface Observations at AS-512 Launch Time 

SKY COVER WIND· 

TEM- DEW VISI- HEIGHT 
LOCATION • PERATURE POINT 8ILlTY CLOUD OF BASE SPEEO DIR 

T oK oK KM AMOUNT CLOUD ~I':TERS MIS (DEG) 
(MIt., (oF) ( OF) (STAT MI) (TENTHS) TYPE , EEl) (kHOTS) 

WA 150 • Ground 0 10.201 294.3 293.2 11 2 Strata- 792 3.61 3001 
"1nd TOWIr. (14.80) (70.0) (68.0) (7) cumulus (2 600) (7.0) 
.,1n ..... ured at 5 C1 rrus 7 925 
10 • (32 •• tt)"" (26 000) 

Cape ICM ... ~ 10 10.200 295.1 294.9 -- .- -- -- 2.01 320' 
R.11110f1 • (14.79) (71.4) (71.1) (3.9) ............ " 
'ad 39A L1ghtpol1 - 0 -- -- -- -- -- -- -- ... 1 005 .., ':.3 • (S.O) 
(to. tt)*" 

'ad 3M LIlT ., 0 -- -- -- -- -- -- -- 5.4 335 
161.1. (130 tt)*" (10.5) 

• rlllUlttaMoul readfngs at r-o, unllss Dthlrwisl notld. 
*" Abow natllNl IN •• , 1 .tillite lverl .. about r-<l. 
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Figure A-2. 500 Millibar Map Approximately 6 112 Hours After
Launch of AS-512
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Table A-2. polar Radiation at AS-512 Launch Time, Launch Pad 39A

i
t[

DATE
HOUR ENDING

EST

TOTAL HORIZONTAL
SUROCE

G-CAL/CMK -MIN

NOEL
INCIDENT

G-CAL/CM2-MIN

DIFFUSE

(SKY)

G-CAL/CM2-MIN

December 6, 1972 07.00 0.00 0.00	 0.00

08.00 0.04 0.02	 0.04

09.00 0.17 0.20	 0.10

10.00 0.53 1.14	 0.00

11.00 0.63 1.32	 0.00

12.00 0.62 0.69	 0.18

- 13.00 0.81 +	 0.92	 0.24

14.00 0.71 0.89	 0.23

15.00 I	 0.72 0.51	 0.31

16.00 0.39 0.63	 0.23

17.00 0.11 0.14	 0.10

18.00 0.01 0.01	 0.01

19.00 0.00 0.00	 0.00

Table A-3. Systems Jsed to Measure Upper Air Wind Data for AS-512

RELEASE TIME PORTION OF DATA USED

TIME
START END

TIME TIMETYPE OF DATA TIME AFTER
(LIT) T-0 ALTITUDE AFTER

ALTITUDE
AFTER

MIN M

(ft)
-0

(ft)
T-0

(MIN) (MIN)

FPS-16 JIMSPiW 0550 17
(ISO

17 (4152 69

Rariusawdt 0543 10
(50032)

60 (8142w) 91

1 nti Dirt 0815 162 (1351 162
(92 Q00
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light at 22.88 kilometers (75,065 ft). Above this level, winds increased
to a peak of 77.0 m/s (149.7 knots) at 44.50 Km (145,996 ft) altitude as
shown in Figure A-3. Maximum dynamic pressure occurred at 13.06 kilo-
meters (42,847 ft). At max Q altitude, the wind speed and direction was
33.2 m/s (64.5 knots), from 314 degrees.

A.4.2	 Wind Direction

At launch time, the surface wind direction was from 300 degrees. The
wind direction varied, between southwest and northwest, with increasing
altitude over the entire profile. Figure A-4 shows the complete wind
direction versus altitude profile. As shown in Figure A-4, wind direc-
tions were quite variable at altitudes with low wind speeds.

A.4.3	 Pitch Wind Component

The pitch wind velocity component (component parallel to the horizontal
projection of the flight path) at the surface was a tailwind of 3.2 m/s
(6.1 knots). The maximum tailwind, in the altitude range of 8 to 16 kilo-
meters (26,247 to 52,493 ft), was 34.8 m/s (67.6 knots) observed at 12.18
kilometers (39,944 ft) altitude. See Figure A-5.

A.4.4	 Yaw Wind Component

The yaw wind velocity component (component normal to the horizontal pro-
jection of the fli ht path) at the surface was a wind from the left of
1.7 m/s (3.3 knots . The peak yaw wind velocity in the high dynamic
pressure region was from the left of 29.2 m/s (56.8 knots) at 11.35 kilo-
meters (37,237 ft). See Figure A-6.

A.4.5	 Component Wind Shears

The largest component wind shear (oh = 1,000 m) in the max Q region was a
pitch shear of 0.0177 sec -1 at 7.98 kilometers (26,164 ft). The largest
yaw wind shear, at these lower levels, was 0.0148 sec -1 at 10.65 kilometers
(34,940 ft). See Figure A-7.

A.4.6	 Extreme Wind Data in the High Dynamic Region

A summary of the maximum wind speeds and wind components is given in Table
A-4. A summary of the extreLa wind shear values (eh = 1,000 meters) is
given in Table A-5.

A.5	 THERMODYNAMIC DATA

Comparisons of the thermodynamic data taken at AS-512 launch time with the
annual Patrick Reference Atmosphere, 1963 (PRA-63) for temperature, pres-
sure, density, and Optical Index of Refraction are shown in Figures A-8
and A-9, and are discussed in the following paragraphs. t	 -	 -
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Table A-4. Maximum Wind Speed in High Dynamic Pressure Region for
Apollo/Saturn 501 through Apollo/Saturn 512 Vehicles

VEHICLE

MAXIMUM WINO MAXIMUM WIND COMPONENTS

SPEED- -
DIR

ALT PITCH NO ALT YAW NZ ) ALT
M/S

(DEG)
KM M/S KM M/S KM

(KNOTS) (FT) (KNOTS) (FT) (KNOTS) (FT)

AS-501 26..0-. 273 11.50 24.3 11.50 12.9 9.00

(50.5) (37,700) (47.2) (37,700) (25.1) (29,500)

AS-502 27.1 255 13.00 27.1 13.00 12.9 15.75

(52.7) (42,650) (52.7) (42,650) (25.1) (51,700)

AS-503 34.8- 284 -. -.	 15.22 31.2 15.10 22.6 15.80

(67.6) (49,900) (60.6) (49,500) (43.9) (51,800)

AS-504 76.2 264 11.73 74.5 11.70 21.7 11.43
(148.1) (38,480) (144.8) (38,390) (42.2) (37,500)

AS-505 42.5 270 14.18 40.8 13.80 18.7 14.85
(82.6) (46,520) (79.3) (45,280) (36.3 ) (48,720)

AS-S-)6 9.6 297 11.40 7.6 11.18 7.1 12.05

(18.7) (37,400) (14.8) (36,680) (13.8) (39,530)

AS-507 47.6 245 14.23 47.2 14.23 -19.5 13.65

(92.5) (46 ,670) (91.7) (46 ,670) (-37.9) (44 ,780)

AS-508 55.6 252 13.58 55.6 13.58 15.0 12.98

(108.1) (44,540) (108.1) (44,540) (29.1) (42,570)

AS-509 52.8 255 13.33 52.8 13.33 24.9 10.20

(102.6) -
(43,720) (102.6) (43,720) (48.5) (33,460)

-510 18.6 063 13.75 -17.8 -1	 13.73 7.3 13.43
(36.2) (45,110) ( -34.6) (45 ,030) (14.2) (44 ,040)

AS-511 26.1 257 11.85 26.0 11,85 12.5 15.50
(50.7) (38,880) (50.5) (38 .880) (24.2) (50,850)

AS-512 45.1 .311 12.18 34.8 12.18 29.2 11.35
(87.6) (39,945) (67.6) (39,945) (56.8) (37,237)
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Table A-5. Extreme Wind Shear Values in the High Dynamic Pressure Region
for Apollo/Saturn 501 through Apollo/Saturn 512 Vehicles

(oh = 1000 m)

PITCH PLANE YAW PLANE

VEHICLE
NUMBER

SHEAR
ALTITUDE

SHEAR
ALTITUDE

(SEC-1) KM (SEC-1) KM

(FT) (FT)

AS-501 0.0066 10.00 0.0067 10.00
(32 800) (32 800)

AS-502 0.0125 --'	 14.90 0.0084 13.28
(48 900) (43 500)

AS-503 0.0103 16.00 0.0157 15.78
(52 5G0) (51	 800)

AS-504 0.0248 15.15 0.0254 14.68
(49 700) (48 160)

AS-505 0.0203 15.30 0.0125 15.53
(50 200) (50 950)

AS-506 0.0077 14.78 0.0056 10.30
(48 490) -(33 790)

AS-507 0.0183 14,25 0.0178 14.58
(46 750) (47 820)

AS-503 0.0166 15.43 0.0178 13.98
(50 610) (45 850)

AS-509 0.0201 13.33 0.0251 11.85
(43 720) (38 880)

AS-510 0.0110 11.23 0.0071 14.43
(36 830) (47 330)

AS-511 0.0095 13.65 0.0114 15.50
(44.780) (50 850)

AS-512 0.0177 7.98 0.0148 10.65
(26 164) x(34 940)

1
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A.5.1	 Atmospheric Temperature

Atmospheric temperature differences were small, generally deviating less
than 5 percent from the PRA-63, below 59 kilometers (193,570 ft) altitude.
Temp---:tures did deviate to -4.82 percent of the PRA-63 value at 24.50
km (80,380 ft).	 Air temperatures were generally warmer than the PRA-63

from the surface through 16 kilometers (52, 193 ft). Above this altitude,

temperatures became cooler than the PRA-63 values through 42.0 km

(137,794 ft). Above this level temperatures were again warmer than the

	

=	 PRA-63. See Figure A-8 for the complete profile.

A.5.2	 Atmospheric Pressure

Atmospheric pressure deviations were slightly greater than the PRA-63

	

i	 pressure values from the surface to 20.60 kilometers (67,584 ft) alti-

	

{'	 tude. Above this level pressure became less than the PRA-63 with a peak

deviation of -8.78% cccurring at 42.50 kilometers (139,434 ft) altitude.

	

s.	 See Figure A-8.

A.5.3	 Atmospheric Density

	-`_	 Atmospheric density deviations were small, being within 4 percent of the

	

-J	 PRA-63 below 36 kilometers (118,109 ft) altitude. The density deviation
reached a maximum of 3.91 percent greater than the PR-4-63 value at 17.00

	

.'.^	 kilometers (55,774 ft) as shown in Figure A-9.

A.5.4	 Optical Index of Refraction

The Optical Index of Refraction at the surface was 4.7 x 10- 6 units lower

than the correspondjng value of the PRA-63. The maximum negative devia-
bb	`.,	 tion of -8.37 x 10- occurred at 250 meters (820 ft). The deviation then

became less negative with altitude, and approximated the PRA-63 at high

altitudes, as is shown in Figure A-9. -The maximum value of the Optical

Index of Refraction was 1.81 x 10- 6 units greater than the PRA-63 at 5.5
kilometers (18,044 ft).

A.6	 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN V LAUNCHES

	

_^:	 A summary of the atmospheric data for each Saturn V launch is shown in

Table A-6.

^
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Table A-6 . Selected Atmospheric Observations for Apollo/Saturn 501 through 
Apollo/Saturn 512 Vehicle Launches at Kennedy Space Center, Flori da 

, 
YEHI Cl[ DATA SURfACE DATA INFlIGHT CONDITJONS 

wt: RfLATlVE III NO· HAXIMlJI WIND IN 8· 16 I(J( LAYU 
VEHla.1 DATl IIUII£ST LAUNCH 'R[~R£ TEII'ERA· "1II101TY CL OU DS 
IIIMU MINUTE COII'LU III TUR[ ·C PERCENT SPEED DIRECTION AL Tl TUD£ SPEED DIRECTION 

MIS O£G KM MIS DE G 
AS-SOl • flow 67 0700 E~, ltA 10 .261 17. 6 55 ·8.l"'" 070*· ./10 Istratoc.-lus 11.50 26 .0 273 

AS- SoZ • ~r 61 0700 EST l .A 10.200 '0 .9 8l 5 ..... lJ2*" 5/ 10 strltocUtlUl us . 13 .00 27 .1 255 
1/10 elrru' I I 

i 
AS-iOl 11 Dec II 0711 lST lIA 10 .107 11 .0 II 1.7" MI"* ./10 el r rul n ,2l' )C , I \284 

AS404 1 lin " 1100 EST ltA 10 .0'5 n .6 11 6. ' 160 7/10 Itr.toe.-lu,. 11. 7l 76.2 '264 
10/10 .ltoltntu, ; , 

AS~SO$ 18 1111 " ' · 114. EDT ,. 10.190 26 . 7 75 t.' 142 4/10 e".iI"" 14 . 1' 42 . 5 270 
~ , ( : - , 2/10 a1toclallus. 

10/10 el~ I 

As-SOl 
. " Ju1 " 

ot12EIIT ltA 10.20l 2' .4 7l l.l . p 5 1/ 10 ~..ulul. 11. 40 9.6 'Z97 

; : ' 2/1 0 a 1tOCIaI 1 UI. 

~ 

, . ,/10 c i r~ltn tu, 

AS-S07 
• fIov " 

1121 [sT .)M 10 .011 20.0 92 6.' 280 10/10 It tatocUtlUI.I 14 . 23 47 .6 245 
, wHit ra in 

.,oJ ' ,'t, '" 

~ 05 AS.IOI · 1 Apr 70 1413 lST 3M 10 .11. 24.4 57 6.3 4/10 altoc-.I", 13.58 55.6 l 52 .. 10110 cl'rostratus , 
AS·SOI " ~III 71 1101 1ST ~A 10. 102 21 . 7 86 1.0- 261'" '7/10 cllllll", 1l.ll 52.' 255 

, 1.1- '115'" '2/10 altoe_l", , 
AS-IIO If ~lIl 71 ou. tIlT 1M 10. 196 H.I II 1.1- 156'" 7/10 cl """ 1l . 7S 18.' Oil 

I . • *" 1~" 
\ 

, 

AS-In 11 A,r 71 1114 EST 3M 10 .1" 31.1 ... ' . 1 ". 2/10 Cllllll111 ILlS 26 . 1 257 
1.1 '" , , 

.-1111 7 Dec 71 OOUIST 3M 10.201 11.1 ., • • 1 001 2"0 It.atoe_IIII , 11.18 " . 1 ll1 
I •• l. 1/10 cl . ..... 

-1."",-- , .. 4Ih", f"" dlar1a It T-o (., •• 1""rw1 .. notacl) fraa ._tll'I 011 1.unell ,&ad It (A • I ) lIg/1t pol • 
• , 11. J • (10.0 ft). letl_tlll wttll AS·SOI, wt nd _1I_nb .. re rtqlllrt4 at tho 161.5 '. (6 tt) l.vel trw 
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APPENDIX B

AS-512 SIGNIFICANT CONFIGURATION CHANGES

B.1	 INTRODUCTION

The AS-512, twelfth flight of the Saturn V series, was the tenth manned

Apollo Saturn V vehicle. The AS-512 launch vehicle configuration was
essentially the same as the AS-511 with significant exceptions shown in

Tables B-1 through B-4. The Apollo 17 spacecraft structure and components

were essentially unchanged from the Apollo 16 configuration. The basic

launch vehicle description is presented in Appendix B of the Saturn V

Launch Vehicle Flight Evaluation Report. AS-504, Apollo 9 Mission,

WR-SAT-FE-69-4.

Table B-1. S-IC Significant Configuration Changes
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Table B-4. IU Significant Configuration Changes

SYSTEM CHA NI.L Of ASM

foolromwmw ntal prmoved modulating flow control	 valve (MiCY). Mf CY subsystem is w lager required to per-

Coo trol electronic Controller, f2 flowmeter and farm an active fuwctlon durina either pre-
associated hardware from H%. launch cho(Out or flight operation.

Dnly bottom lhe-mal	 nsolatl nq shrouds Is To provide proper sabllmator veal area durin0
ow Fc; Wnel, o:me IocatM on each side of the /11Oh t.	 -

subl i"tof.

Re Works Added an additional	 nmblllcal	 line frnm the Provides a redundant path to energize the

• 60119 bus	 to the (SE. •60119 M frtr the E SE and decreases the
"sslbllltlesof S-IC engine skrtdown from

the loss of this ESE connection.

The ririnq of the -S/C Separation Monitor Makes the clmiiiatsd system enable redundant

contacts - of relay K98 in the EDS distributor even with the loss of • 6D93 prior to issuance

interchanged with 'S/C Separation Monitor' of the command system enable command.

Con acts • of relay K9S.

Provided redundant liftoff signals via the Eliminate single failure point wench could

Loeb I l IcaI	 to VIN24 or 01117 of 	 the LVDA/LYDC. cause early, late or erroneous time base I
(Ta-1) Start tines.

Incorporated, -or' gating of DIN24 and UI1117 Eliminate potential erroneous accelerometer

and el Llna fed the vertical ecctlero.e br backup signal.

sfgnal as a two kup liftoff signal	 In the --	 -	 .-
software program.

Added lightning detection devices. TO lS taallsh means Of dfI min i ng th* nature

or Y mltud! of a li hlni.	 strike.

Instrumentation Replaced Mallory TAN wet slwg capacitors
of
	 possible failure mode of the W R cards

and la the PCM/DDAS assembly. In the PC9/DDAS assemblies.

Communications
Changed measurement ICII-601 to IC25-602. To provide better fTwid temperature data.

Deletedmeaswrem►nts f2-601, K3-601 and Remo ed subliwator bypass control valve and

VK59-601. electronic valve controller.

Added measurements: To assign measurement nwmbers to III tele"try
reference voltages and sync words.

K279-602
X280-602
KZB1-602
K2t32-602
X283-602

KM 4W
K28S-602
1469-602
1V0-f02
971-602
1V2-602

flight Program BOOST INITIALIZE

starts extra accelerometer read telemetry at To prevent extra accelerometer telemetry from
cemilletlea of Initialization Instead of interfering with liftoff check or time toner
To a 3. avoidance yaw moomemwer.

Bedsadamt Itf!off signal via discrete ltput To process the new liftoff signals and :3
7 replaces the aculeramNttr bactllp for T) dele!e the softame backup for Time Base 1.
Initiation.

S-lire engime out interrupt (If<r d) is resit To in meat se erroneous IIfT 6 foal being
before enable. genera tad as it was enabled in TM or TTS6.

R_;)

7

)

S

i

41

..	 I



c

c^i
APPROVAL

SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT
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r'	 By Saturn Flight Evaluation-Workino Group

The information in this report has been reviewed for security classifi-

cation. Review of any information concerninq jepartment of Defense or
_	 Atomic Energy Commission programs ha-s been made by the MSFC Security

Classification Officer. The highest classification has been determined

to be unclassified.

Stanley L. Fragge

Security Classification Officer

t	 This report has been reviewed and approved for technical accuracy.

George H. McKay, Jr.
Chairman., Saturn Fli ht Evaluation Working Group
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