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SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-512
APOLLO 17 MISSION
BY

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

ABSTRACT

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

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

. degrees east of north. The launch vehicle successfully placed the
manned spacecraft in the planned translunar coast mode. The S-IVB/
1L 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
LRY was satisfactory and, as on Apollo 15 and 16 Missions, resulted in
a significant increase in lunar exploration capability relative to

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

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

A1l 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 anomalfes ocrurred that seriously affected the mission.

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

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working
Group, SAT-E (Phone 205-453-1030)
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MISSION PLAN

The AS-512 flignt (Apollo 17 mission) to the Taurus-Littrow site is
the twelfth flight in the Apollo/Saturn V flight program, the seventh
mission planned for lunar landing, and the third mission planned for
the Lunar Roving Vehicle. The Apollo 17 missicn is the first Apollo
flight planned for night launch and for translunar injection over the
Atlantic Ocean. The primary mission objectives are: a) perform
selenological 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 ¢} conduct inflight
experiments and photographic tasks. The crew consists of E. A. Cernan
(mssion Commander)., R. E. Evans (Command Module Pilot), and

. H. Schmitt (Lunar Module P‘I'Iot)

The AS-512 Launch Vehicle {LV) is composed of the S-IC-IZ S-11-12,
S-1VB-512, and Instrument Unit (IU)-512 stages. The Spacecnft (SC)
consists of SC/Lunar Mcduie Adapter (SLA)-21), Command Module (CM)-
114, Service Module (SM)-114, and Lunar Module (LM)-12. The LM has
been modified to carry the Lunar Roving Vehicle (LRY)-3.

Vehicle launch from Complex 39A at Kennedy Space Center (KSC) is p'lanned
along a 90 degree azimuth followed by a roll to a flight azimuth of ,
approximately 72 degrees measured east of true mrth. Vehic'le mass at -
ignition is nouinany 6,530,819 lba. R TP LR Xl v ol TR

s

The S-IC stage powered flight lasts approxinately 162 seconds. the
S-11 stage provides powered flight for approximately 395 seconds.

" The S-IVB stage first burn of approximately 146 seconds inserts the -
S-1VB/IU/SLA/LM/ Command and Service Module {CSM) into a circular

90 n mi. altitude (referenced to the earth’s equatorial radfus) -
Earth Parking Oth (EPO). Vehicle mass at orbit :insertion is :
306, 791 Tbm,’

At approxiaately 10 seconds after EPO “insertion, the vehicle 1 s :
aligned with the local horizontal. Contjgms ‘hydrogen vVenting
is initfated shortly after EPO insertion and the LY and: Spncecraft T
ESC) systems are checked - in preparation for the ‘l’nnslwr’tnjection
- (TLI) burn. Shortly after begining:the third revolution:in:EPO,:" ;:

" the S-1VB stage'is: rshrted’and burns for apprmd-tﬂy 345 ;ecomls
- This burn inserts the S-IVB/IUISLAIUVCSH 1nto an -rth-n A

- translunar’ trajectory AL

g T3
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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 ducking and latching, tie CSM/LM
is spring ejected from the S-IVB/IU., Following separation of the
combined CSM/iM .from the S-IVB/IU, the S-IVB/IU performs a yaw
maneuver and then an 80-second burn of the S-IVB Auxfliary Propulsion
System (APS) ullage engines as an evasive maneuver to decrease the
probability of S-IVB/IU recontact with the spacecraft. Subsequent
to the campletion of the S-IVB/IU evasive maneuver, the S-IVB/IU is
placed on a trajectory such that it will impact the lunar surface

in a target area located. between the Apolio 14 and 16 landing sites.
The lunar impact target is 7.0°S latitude and 8.0°W longitude. The
impact trajectory is achieved by propulsive venting of hydrogen (“2)'
dumping of residual 1iquid 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, i, 15
and 16 missfons. S-IVB/IU lunar impact is predicted to occur at

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

Several inflight experiments will be flown on Apollo 17 including

experiments conducted by use of the Scientific Instrument Module. .. -

. (SIM) located in Section I of the SM, and flight experiments during
earth orbit, translunar coast, lunar orbit. and transearth coast

miss fon phases. , ‘

during the 85-hour translunar coast. the astronauts wi‘ll perfor- :
star-earth landmark sightings, Inertial Measurement Unit (IMJ)--
aligmments, general lunar navigation procedures, and midcourse " -
corrections. At approximately 88 hours and 50 minutes, a Service -
Propulsion System (SPS), Lunar Orbit Insertion (LOI) burnof & - -
approximately 395 seconds is initfated 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
5 nmi. altﬂude. The LM is entered by astronauts Cernman and .
Scmitt, and checkout 1s accomplished. -During the. twelfth rﬂo’lu-
tion in orbit, at 110 hours 28 minutes, the LM separates from:the -
CSM and prepares .for the lumar, dscent. ,i;Tbe CSM .isthen inserted . ,
. into an approximately 62 n wi. “al titude circular jorbit _using a. '4.0 T
second SPS burn, The LM Descent:Propulsfon’ Syst- 1s used .to. brake .
the LM into the proper landing trajectory and to maneuver. the LM
during descent to the lunar surface. Landing at Taurus-Littrow
is scheduled to occur at 113 hours 2 -*lnutes. The landing site is = . -

R ) ) - - L ) .'.“,_.";;'.;‘




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

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

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

into the mission. The ascent stage insertion into a 9 by 48 n =i.
altitude lunar orbit occurs approximately 7 mimites later. At
approximately 190.0 hours the rendezvaus and docking with the CSM

is accomplished. :

Following. docking, equipment tnnsfer. and de.:ontaninat*lon procedurs.
the LM ascent stage is jettisoned and targeted to impact the lunar
surface at 2 point approximately 9 km from the Apollio 17 landing

site. Transearth Injection (TEI) is accomplished at the end of -
revolution 75 at approxint.ely 236 lmrs and 40 -1nutes with a 142 2
second SPS burn. _ e L i o
During the Ga-hour transearth coast. the astronauts wﬂl perfou
navigation procedures, star-earth-moon ’sightings, the electro-: .
phoretic separation demonstration, and as many as three midcourse i’
corrections. The Command “odule Pilot will also perform an EVA to
_retrieve film cassettes frox the SIM bays. - The SM separates fra

the CM before re-entry. Splashdown occurs: in the hcfﬂc Ounn

-304 hours k)| -inutes after Hﬂnﬂ' EEIEDEN , ,

' 'After the recovery operations. a biological quamtiuc 1s mt
on the crew and (M, . However, biological isolation garments will be
, avaﬂable for use 1n thc event of uneqnained crew ﬂ'lnss. Lo




FLIGHT SUMMARY

e

The tenth manned Saturn ApoHo space vehicle, AS-512 (Apollo 17 Mission)
was launched at 00:33:00 Eastern Standard Time on December 7, 1972, from
Kennedy Space Center, Complex 39, Pad A. The performance of the launch
vehicle and Lunar Roving Vehicle was satisfactory and all MSFC Mandatory
and Desirable Objectives were accomplished except the precise determina-
tion of the S-IVB/IU lunar impact point. 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. A roll
maneuver was initiated at 13 seconds that“placed the vehicle on a flight
azimuth of 91.504 degrees east of north. In accordance with preflight
targeting objectives, the transiunar injection maneuver shortened the
translunar coast period by 2 hours and 40 minutes to compensate for the
Taunch delay so that the lunar larding could be made with the same 1ight-
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 nowinal. Translunar
Injection conditions were achieved 2.11 seconds later than nowminal with
altitude 5.8 kilometers greater than nominal and velocity 5.1 meters per
second less than nominal. CSM separation was Commander inftfated 57.9 .
seconds earlier than nominal resulting in an altitude 306.1 kilometers
less than nowinal and velodty 91. 7 uters per second greater mn m-lna'l.

A11 S-IC propulsion syste-s perfor-ed satisfactorﬂy. . In a‘ll cases. ‘the -
propulsion performance was very close to the predicted nominal. Ovenll
?e site thrust was 0.30 percent higher than predicted. ~Total_pro-
1lant consumption rate was 0.16 percent higher than predicted and the A
total consused mixture ratio was 0.002 percent higher than predicted.
Specific impulse was. 0.14 percent higher than predicted.- 1’otﬂ prope‘llant '
consumption from Holddown Arm release to Outboard nes Cutoff (oEco)
was low by 0.14 percent. Center Engine Cutoff (CECO) was initiated by -
the Instrument Unit at 139 30 secoads 0. 02 seconds ear‘lier ﬂun plmd

xdif



O0ECO was initiated by the fuel depletion sensors at 161.20 seconds, 0.47
seconds earlier than predicted. This is well within the +5.99, -4.22
second 3-sigma limits. At OECO, the LOX residual was 36,479 1ba compared
to the predicted 37,235 1bm and the fuel residuzl was 26,305 1bm compared
to the predicted 29,956 1bm. ' .

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

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

(61 seconds after S-II ESC) was 0.14 percent below predicted. Total
propellant flowrate, including pressurization flow, was 0.19 percent
below predicted, and the stage specific impulse was 0.05 percent above
predicted at the standard time slice. Stage propellant mixture ratio

was 0.36 percent below predicted. Engine thrust buildup and cutoff
transients were within the predicted envelopes. The propellant manage-
ment system performance was satisfactory throughout loading and flight,
and all parameters were within expected 1imits except the LOX fine mass
indication. Propellant residuals at OECO were 1401 Tbm LOX, as predicted
and 2752 1bm LH2, 107 1bm less than predicted. Control of engine mixture
ratio was accomplished with the two-position pneumatically operated Mixture
Ration Control Valves. Relative to ESC, the lower Engine Mixture Ratio
step occurred 1.6 seconds earlier than predicted. The performance of the
LOX and LH2 tank pressurization system was satisfactory. Ullage pressure
in both tanks was adequate to meet or exceed engine inlet Net Positive
Suction Pressure minimm requirements throughout mainstage.

The S-1VYB propulsion system performed satisfactorily throughout the opera-
tional phase of first and second burns and had normal start and cutoff
transients. S-IVB first burn time was 138.8 seconds, 3.7 seconds shorter
than predicted for the actual flight azisuth uf 91.5 degrees. This dif-
ference is composed of -4.1 seconds due to the higher than expected S-11/
S-1VB separation velocity and 4+0.4 second due to lower than predicted
S-1VB performance. The engine performnce during first burn, as deter- .
mined from standard altitude reconstruction analysis, deviated from the -
predicted Start Tank Discharge VYalve (STDV) open +135-second time slice
by -0.68 percent for thrust and -0.14 percent for specific impulse. .
The S-1YB stage first burn Engine Cutoff (ECO) was inftiated by the -~
Launch Yehicle Digital Computer (LVDC) at 702.65 seconds. The Comtinuous
Vent System adecuately regulated LH; tank ullage pressure at an average
Jevel of 19.1 psia during orbit and the Oxygen/Hydrogen burner satis-
factorily achieved LH2 and LOX tank repressurization for restart. Engine
restart conditions were within specified 1imits. S-IVB second burn time -
mas 351.0 seconds, 4.0 seconds longer than predicted for the 91.5 = - -
degree flicht azimuth. This difference is primarily due to the Jower .. "
S-1v8 performance and heavier vehicle mass during second burn. . The engine -
“ ten LN . R -7 - . . »"_¢_‘ ; :




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

was derived from LOX dump, LH, CVS operation and auxiliary propulsion
system (APS) uliage burn to achfeve a successful lunar fmpact. Two sub-
seauent planned APS burns were used to improve lumar {mpact targeting.
The APS operation was nominal throughcut the flight. Mo helium or pro-
pellant leaxs were observed and the regulators functioned nominally.

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

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

Thrust cutoff transients expericnced- by AS-512 were sicilar 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 (OECD), respectively. The magnitudes
of the thrust cutoff responses are considered normal. During S-IC
stage boost, four to five hertz oscillations -were detected beginnino

at approximately 100.seconds. The waximm 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 flight enviromment. POG0 did not occur during S-IC boost.
The S-11 stage center engine LOX feedline accumulator successfully
inhibited the 16 hertz POG0 oscillations. A peak response of +0.4 ¢

in the 14 to 20 hertz frequency range was measured on engine No. 5
gimbal pad durino steady-state engine operation. BAs on previous flights,
Tow amplitude 11 hertz oscillations were experienced near the end of
S-11 burn. Peak engine No. 1 gisbal pad response was +0.06 g. POGO did
not occur duirng S-11 boost. The POG0 1imiting backup cutoff system
performed satisfactorily durine the prelaunch and f1lght operations.
The system did not produce any discrele outputs and should not have
since there was no POGN. The structural loads experienced during the
S-1VB stace burns were well below design values. During first burn the
S-1VB experienced low asplitude, +0.14 g, 16 to 20 hertz oscillations.
The amplitudes measured on the gimbal block were comparable to previous
fliohts and within the expected rance of values. Similarly, S-IVB
second burn produced intermittent low amplitude oscillations of +0.10 g
in the 11 to 16 hertz frequency range which peaked near second burn

The Stabilized Flatform and the Guidance Computer successfully
the accomplishment of all guidance and mavigation mission cbjectives with
no discrepancies in performance of the hardware. The end conditions at
Parking Orbit Insertion and Translunar Injection were attained with insig-
nificant navigation arror. Two ancmalies related to the 14 program did
occur. At approximately 5421 seconds range time (75 +4718.8) wminor Toop
error telemetry indicated at unreasonable change in the yaw gimbal angle .
during one minor loop. At the re-initialization of boost mavigation for

-
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S-1VB second burn the extra accelerometer readings normally telemetered frow
GRR to liftoff plus 10 seconds were restarted and continued throughcut second
burn boost navigation. Neither of these anomalies significantly impacted
navigation, cuidance and control. A minor discrepancy occurred during

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

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

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

A1l control functions and separation events occurred as planned. Engine
gimbal deflections were nominal and APS firings predictable throughout
powered flight. A1l dynamics were within vehicle capability, and bend-
ing and slosh modes were adequately stabilized. The APS provided
satisfactory orientation and stabilization durina parking orbit and from
transiunar injection through the S-1VB/IU passive thermal control maneuver.
APS propellart consusption for attitude control and propellant settling
prior to the APS burn for lunar target impact was lower than the mean
predicted recuirements. All separation sequences were performed as
planned. Transients due to spacecraft separation, docking, and Lunar
Module ejection were nominal.

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

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

Wire firing units, and switch se]ectors.

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

the magnitudes were higher than seen on previous flights. The pressure
environment suring S-1C/S-17 separation was well below maximum values.

The S-IC base region thermal environments exhibited trends and magnitudes
similar to those seen on previous flights except that the ambient tempera-
ture under Engine No. 4 cocoon rose unexpectantly and at about 50 seconds and
was approximately 13°C above the level experiended during previous flights.
During the later pocrtion of the S-IC boost, the temperature returned to
normal. The max{mum cococn tesperature reached was well below the upper
upper limit of the components under the cocoon. The base thermal environ-
ments on the S-1I stage were consistent w..h the trends and magnitudes
sean on previous flichts and were well below design limits. Aerodynamic
heatingedenviromnts and S-I¥B base thersal environments were not
measured. » o

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

A1l data systems performed satisfactorily thrughout the flight. Flight
measurements from onboard telemetry were 99.8 percent re'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 staging were experienced. Usable VHF data were received
until 36,555 seconds (10:09:15). The Secure Range Safety Command
Systems on the S-1C, S-1I, and S-1VB stages were ready ic 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 722.1
seconds. The performance of the Command and Coomunications System (CCS)
was satisfactory from 1iftoff through lunar impact at 313,181 secends
(86:59:41). Madrid, Goldstone were receiving CCS signal carrier at
lunar impaci.. 6Good tracking data were received from the C-Band radar,
with BDA indicating final Loss of Sfgnal at 48,420 seconds (13:17:00).

Total vehicle mass, determined from postfliaht analysis, was within .68
percent of predicted from around ignition through S-1VB stage finmal
shutdown. This smll variation indicates that hardware weights, pro-
pellant loads, ard propellant utilization were close to predicted
values during flight. : :

The S-IVB/IU Lunar Impact Mission objectives were to impact the stage

_ within 350 km of the target, determine the impact time within 1 second,

and determine the impact point withir 5 im. The first two objectives’
have been met. Further analysis is required to satisfy the third objective.
Pased on anmalysis to date, the S-IVB/IU impacted the moon December 1C,
1972, 20:32:40.99 6MT (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). 7The incoming heading
angle was 83.0 degrees west of north and the angle relative to tne local
vertical was 35.0 degrees. The total mass impacting the moon was .
approximately 13,931 kg (approximately 30,712 1bm). Real-time targeting
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activities modified the planned virst 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 Inflight Demc-strations were conducted dang translunar coast.
The purpose of the Demonstrations were to ohtain data in a low g environ-
ment on:

a. Convection in a Liquid Caused by Surface Tension Gradients.
b. Heat Flow and Convection in a Confined Gas, .
Cc. Heat Flow and Convection in a Liouid.

The Demonstrations were conducted as planned. The data were collected
by movie camera and crew observation. was of good cua11ty. and s presently
being analyzed. @~ ...l

The Lunar Rovino Vehicle (LRV) satisfactorily supported the Apollo 17
Taurus-Littrow lunar surface exploration objectives. The total odometer
distance traveled during 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 1.64
amp-hours/km with a total consumed energy of 73.4 amp-hours (including
14.8 amp-hours used by Lunar Communication Relay Unit) out of an approxi-
mate total available energy of 242 amp-hours. The navigation system gyro
drift and closure error were negligible. ,

Controllability was good. There were no problems with steering, braking,
or obstacle negotfation. 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 pay'load mechanical
parts attached to the LRY tended to bind up. - The crew described dust -
as being an anti-lubricant and reported that ‘there was no EVA-4 capability
in many of the stowed payload items because of dust intrusfon. Large
tolerance mechanical items such as locking bags on the gate and the pallet
Tock had problems toward the end of EVA-3. Only those items which had
been protected froa the dust perfor-ed without degradation. o .

P

AN interfaces between crew. LRV and stowed payload were satisfactory
The follaﬂng LRY systen anonalies were noted ' N

a. At initial power-up, the LRV battery teweratures were Mgher than
predicted.

b. Battery No. 2 temperature 1ndication was off scale 'lou at start of
EVA-3. .
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1 prior to driving to the Apollo Lunar Surface Experi-

he right rear fender extension was broken off at the Lunar Module
ments Package site.

site on EVA-
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MISSION OBJECTIVES ACCOMPLISHMENT

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

Table 1. Mission Objectives Accomplishment

NSFC WANDATORY OBJECTIVES im; . DEGREE OF SECTION IN
no. AND DESIRASLE OBJECTIVES (DO B ACCOMPLISHMENT| OISCREPAMCIES | WITH DISCUSSED|
| S Lounch on a flight azimuth between 72 and " Complete - Nome 'R ]

100 degrees and insert the S-IVB/IWSC
1nto the plammed circular eerth porking ‘ ‘ :
-.mc.(m’ Lo T .
i Restart the S-1V8 on the first or second .
2] . cpportunity ower the Atlantic and faject - - - ~| - -Comliste | Noms . 423, 7.6
.- the S-1W/1/SC oato the plammed tremstemar = . | - oyl v weo :
o s !l!!!! . ‘!) B . B N -~ - B P Yo, e
3 Provide the required attituds control - - - Complete - | . Noma 10.4.4
m” TOSE . (.) . . . - - . - et
4 .] - Perform an evasive menewwer after : Tete . | . - Reme
'] o e RN frem D WD (B0 | S ] s
s - Torget the S-IVS/IV stage for impect o oy Completa . | .-~ fome . 2
_ the Tumar serface ot 7.'55. s.0%. (00) . - - e D . n-4
. Determine sctwel fapact potat withtn § kite- - | coeysis ™ o] v ] e
. maters, and tioe of tspect within 1 secend. = .1 ieheuen’the | Meme PN B ’
A e e L) time of tapact | swtictputed.
7 Aftar fina) LV/SC separstion, vant snd dup . | - Complete " | . Meme
- ] - the rematuing gases and prapellasts to safe .| - 1o : 74
. the S-IW/IU. (DO) . - ;
,-' 7\’
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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 - - - —... ...
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Summary of Anomalies

Table 3.
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SECTION 1
INTRODUCTION

1.1 PURPOSE

This report provides the National Aeronautics and Space Administration
(NASA) Headgquarters, and other interested agencies, with the launch
vehicle and Lunar Roving Vehicle (LRV) evaluation resu]ts ‘of the AS-512
flight (Apo]]o 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 correqtiye_.__i_‘u.>

action.
1.2 SCOPE

This report contains the performance evaluation of the major launch vehicle

systems and LRY, 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.

1-1/1-2
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2.1 SUMMARY OF EVENTS

SECTICN 2
EVENT TIMES

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

Universal Time [UT]) December 7, 1972.

Range time is the elapsed time

from range zero, and is the time used throughout this report unless other-

wise noted.

Time from base time is the ela
indicated time base.

sequence program,

psed time from the start of the
Table 2-1 presents the time bases used ir the flight

Table 2-1. Time Base Summary
VEHICLE TIME* GROUND TIME*~
TIME BASE SECONDS SECONDS SIGNAL START
(HR:MIN:SEC) (HR:MIN:SEC) o
To -16.96 -16.96 Guidance Reference Release
T, 0.63 0.63 1U Umbilical Disconnect
Sensed by LVDC
T2 139.44 139.44 Initiatad by LVYDC 0.013
Seconds after T] +138.8
Seconds
73 161.22 161.22 S-1C OECO Sensed by LVDC
T4 559.65 559.65 S-11 OECO Sensed by LVDC
T5 702.87 702.87 S-1VB ECO (Velocity)
\ Sensed by LYDC
16 10,978.65 10,978.65 Restart Equation Solution
(03:02:58.65) (03:02:58.65)
Ty 11,907.87 11,907.87 S-1V8 ECO (Velocity)
(03:18:27.87) (03:18:27.87) Sensed by LYDC
T8 18,179.88 18,180.00 Initiated by Ground
{05:02:59.88) (05:03:00.00) . Command

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

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

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

Tg were initiated approximately 0.5 seconds early, 0.4 seconds early,

and 4.1 seconds early, respectively, due to variations in the stage burn
times. These variations are discussed in Sections 5, 6 and 7 of this
document. Start times of Tg and 77 were 1.9 seconds early and 2.1 second,
late, respectively. Tg was initiated by the receipt of a ground™ ~ —
command.

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

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

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

times in Table 2-2 were taken from 40M33627D, “"Interface Control Document
Definition of Saturn SA-511, 512 and 514 Flight Sequence Program” aid
from the AS-512 Postlaunch Operational Trajectory (OT). The pcstlaunch
operational trajectory, MSFC Memorandum S&E-AERO-MFT-200-72, correcting
the earlier 0T for the adjusted flight azimuth, was used 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 specific times.
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MILL ISECONDS

GROUND TIME*MINUS LVDC TIME

300

250

200

150

100

S0

A :
!
i
10,000 20,000 30,000
RANGE TIME, SECOMNDS
1 1 1 L
2:00:00 4:00:00 6:00:00 8:00:00

RANGE TIME, HOURS:MINUTES:SECOMDS

* RANGE TIME OF GROUND RECEIPT OF TELEMETERED SIGNAL FROM YEMICLE.
»» RANGE TIME OF OCCURRENCE AS INDICATED BY UNCORRECTED LYDC CLOCK.

Figure 2-1. AS-512 Telemetry Time Difference
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Table 2-2. Siagnificant Event Times Summary
BANGF T ]wE TIvE FHuCW™ PASE
[T¢fm EVERT DESCRIPYICA ACTUAL ACT-PRE( ACTual ACT-PRF(
<ECT SFC SEC SEC
] GUICANCS SEFFMENCE REL EASE -17.0 0.0 -11.6 - ~}——0.% -
(gen)
2 S-1C FAGINF STARY SEQUFNCE -A.9 0.0 -9,8 0.0
COwMARG (CANUNC)
3 S-1C ENGINE NC,S <STAaT 4.9 0.0 -1.5 - .. 0.0
6 S-1C ENGINF AC.i STAQY ~6.7 0.0 -T.1 0.1
§ C-1C EAGIANF NG, STARY ~¢.t J. 0 -1.2 0.0
6 S-1C FAGIRE NCF_2 STaey -6.1 0.0 -6.9 0.1
T S-1C ENGINF N(.& STARY ~6.3 0.1 -1.0 0.0 b - -
8 ALU S~-1C FNGINES THRLUST Cx ~1.6 -0.1 “2.3 “Je 1
9 BANCE [EaC 0.0 -0.6
10 ALL FCLCOCWN ARMS RELEASED 0.2 0.0 -Ce® 0.0 -
(FIRST PCTICNY ’
11 1U UMPRILICAL CISCCNANECT, START 0.6 N.0 C.0 0.0
OF TI®F PASF 1 (T1)
12 REGIR TCWEP CLFARANCE YAW ael Q.1 1.0 0.0
MARELVER
13 ENC YAw PANEUIVER 9.7 0.1 9.1 0.1
14 RECGIN PITCH ANLC RCLL MANEUVEP 12.9 Q.4 12.3 Je%
15 S=1C CLTBCARD ENGINE CANT 20.8 0.0 20.0 0.0
16 ENC POLL MANEUVER 14.3 ~0e 4 13.7 ~0e%
17 mACH 1 67.5 0.0 66,9 Jel
18 wAXIMUM DYAAMIC PPESSURE 2.5 -lel 8l1.9 -1.1
{max 33
19 S—1C CENTEP EAGIANE CUTCEF 139.30 -0.02 13e.¢7 -0.01
{CECC)
20 START CF TINME BASE 2 (T2) 139.¢ C.0 C.0 0.0
21 END PITCH PANEUVER (TILY 1¢0.1 0.2 20.6 Q.1
ARREST)
22 S—1C OUTBOARD ENGINE CLTCFF 161.20 -0e6? 21.7% “0e47
({CECC)
23 STARY CF VIPE BASE 3 (T73) 161.2 -0.5 0.0 0.0
- —tp
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Table 2-2. Significant Event Times Surmary (Cont'd)

*Data not available.
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RANCE TIPE TIvE FQCH LASE
1T6m EVENT DESCRIPTION ACTusL ACT-PRED ACTuaL ACT~-PREC
SEC SEC SEC SEC
24 START S=11 LH2 TANK MIGH 1¢1.?2 -0.% 0.1 B’ 7% Mgl
PRESSURE VENT w(CCE
2% S=11 LH2 PECIRCULATICN PLU™PS 161. 4 -0.5% 0.2 0.0
CFF
26 S-1C/S-11 SEPARATION COMMAND 1¢2.9 -0.5 | Y R P |
TC FIRF SEPARATICN CEVICFS
ANC Q€720 ®rrICRS
27 S—11 ENGINE SCLENCIC ACTIVAT- 12 1.8 -0.5% 2e4 0.0
ICN (AVERAGE CF FIVE)
20 S~11 ENGINE START SECUENCE 163.6 -0.5% 2.4 0.0
CCPMAND (ESC)
29 S-11 IGAITICN-STOVY CPEN 1¢4.6 -0.5 J.4 0.0
30 S-11 MAINSTAGE 166.4 0.5 5.2 0.0
31 S=11 CrILLOCCWN VALVES CLCSE 166.5 -0.5 5.3 O
32 S-11 HIGH (5,.,5) EPR NC. 1 ON 169.1 -0.9% 7.9 0.0
33 S-11 HIGH (5.5) EFR NJ. 2 ON 169.3 -0.9 8.1 0.0
34 S-11 SECOND PLANE SEPARATION 192.9 -0.5 31.7 Jed
CCPMAND tJETTISCN S-11 AFY
INTERSTAGE)
3% LAUNCM ESCAPE TOWER (LZT) *
JETTISCN
346 ITERATIVE GUIDANCE ~CDE (IGM™) 204,1 0.0 42.9 0.5
PHASE 1 INITIATED
37 S-11 CENTER ENGINE CuTGFF 461,21 -0.47 259.98 -0.02
(CECC)
38 STARTYT CF ARTIFICIAL TAU MOOE 489.0 -1.9 327.9 ~1.9%
39 S-11 LOW ENGINE MIXTURE RATIO 489.2 -2.1 328.0 -l.6
1EFR) SKIFT (ACTUAL)
40 END CF ARTIFICIAL Tau PODE 499.0 ~3.2 337.8 -2.8
41 S=17 CUTBCARC ENCINE CUTCFF 559.66 -0.47 368,42 -0.02
{GECC)
42 S—=11 EAGINE CUTCFF INTERRUPT, 559.7 -0.4 0.0 0.0
START OF TIME RASE &4 (Ts)
43 S-1V8 ULLAGE MOTOR IGNITION 560.5 -0.5 0.9 0.0
44 S-11/75~1V8 SEPARATION CCMMAND 560;6 -0.5 1.0 0.0
TG FIRE SEPARATICN OEVICES
ANDO RETRO MOTYORS
- S — —<—l-----h-----
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Significant Event Times Summary (Cont'd)

RAAC: T ]wE TImE FICY RASE
JTEm EVENT CESLRIPT NN ACtual ACT-0a: 7 YV Y] [ XAETT1ae
SFC SEC <Er SEfT
4% S=TyR ENGING START ([wmas]) S60.17 -0.5 1.1 Jed
(FI3sT £50)
46 FUEL CHILLI(mN PMO FF c¢l.8 -0.5 2.2 Jed
61 S=IVR [GAITYICAN (STLV FEN) 563.8 -0.% €2 0.1
48 S-IVR wAINSTALE Seba? -C.5 [ 0.0 "
49 START CF ARTIFICIAL TAL *UD¢ S5¢B.9 Jee V.2 J.8
50 S-LVP ULLAGE FASE JEYTISON 572 .4 -0.% 12.8 0.0
&1 ENC CF AQTIFICIAL TAu vrCE 382.2 L s PP ) 4.9
a2 AEGIN TERPINAL GUILANCF t69.17 -0l 110.1 -5.7
3 ENC IGF PHASE 3 696,23 -3.7 136.7 -3.2
$¢ REGIN Cr1 FREEZC 696, 2 -3.1 136.7 -3.2
55 S-IvB VELCCITY CULTCFF 1C2.6% -4,09 -0.23 -0.02
CCPPARD NC, 1 (FLAST ECOI .
6 S-1vB VELCCITY CUTrFe 102.715 -4,10 -0.12 -0.02
(CrwARNC NCo 2
$7 S-1VvA ENGINE CUTCSF INTERRUPT, 1C2.9 -4,1 0.0 0.0
START NF TImc BASE S5 (T9)
$8 S-1VvB APS ULLAGF EANGINE r(. | 7C3.1 ~6et 0.3 0.C
IGAITICN COmMANC
$9 S—-IVB APS ULLAGE ENGIAN® NO. 2 7€3.2 -4,1 0.4 0.0
ICNIT ICA CCemaNC
60 LCXx TANK PRESSURIZATICN rFF 1C4 .0 -4,2 1.2 C.0
&1 PARKING CRRIY [ASERTICN T12.6 ~4,1 9.8 c.0
€2 REGIN MANEUVER 10O LOCAL 124,46 -2.7 21.5 1.3
HCRIICATAL ATTITUCE
€3 S-1v8 CCNYIANUCUS VENT 761.8 -4.1 €9.0 Jed
SYSTEP (CVS) CN
&4 S—-1VB APS ULL L . B LINE NN, 1 786.8 -%.1 37.9 Jed
CUTCFF CCPPani
69 >-IVR APS ULLAGE EANGINE KC. 2 78%.9 -4.1 87.1 2.9
CUTCFF CCPPane
66 BEGIN ORBITAL NAVIGATICN *
67 BEGIN S—~IVB RESTART PREPARA~- 10578.6 “1.$ 0.0 9.9
TICNS, SYART CF TIPE EASE &
(v8)

*Data not available.
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Table 2-2. Significant Event Times Summary (Cont'd)
RAarCE TlwE TI¥E FaCw PASE
1Tew EVENT NFSTAIPTILA LigDt 1] ICY-CAtL AC UL 1 23
Sk SFC eC SEC
648 S=IVR £2/1-2 RUPAES =2 N 11C19.9 1.9 ell) 0.C
89 S~1VA (2/12 PHONED FXCITEAS CA 11020.2 -1.9 “1.8 0.0
73 S-1VR C2/+2 RUSNEYU LCX ON 11370.6 1.2 2.0 0.0
(FELIU™ FEATFU 7V\)
71 S-Ive CVS rFF 11320.8 -1.9 “l.2 ]
72 S-1VR LM2 REPRFSSLEIZATICN 11C26.7 -1.9 «8.1 0.0
CCNTaCL VALVE CAN
73 S-1VR LCX PEPRESSUPIZATINN 11076.9 ~1.9 LY. | Cc.0
CCATACL VALVF CN
76 S-1VR ALX HYCRALLIC PUPP 11197.8 1.9 216.9 V.0
F1IGFT MCTE ON
79 S-IVB LOX CHILLDCRA PUPP (N 1122%.6 -1.9 245.0 0.0
16 S-1VP Lk2 CHILLCCRN PUPP N 11232.6 -1.9 2¢4.0 0.0
77 S-1VP PREVALVES CIFSED 112178 -1.9 259.9 Ded
78 S-1VR MIXTURE RATIC CCANTAML 11420.7 -1.9 4%0.1 0.¢
VALVE CPEN
79 S—1VR APS ULLAGE EAGINE MC. 1 [11474.9 -1.9 496.3 0.0
IGNITION COMMANG
80 S-1VB APS ULLAGE EAGINE AC, 2 J11475.0 1.9 498 .4 V.0
IGNITION COMMANE
81 S—-1VB £2/VM2 BURNER L+2 CFF 11475.4 ~1.9 45t ¥ J.0
{HELIUM HEATER CFF)
82 S—-1VR C2/H2 PURNER LCX (FF 11479.9 1.9 %J01.3 Seu
83 S~IVE LM2 CHILLCCWRA PUMF CFF 11548.8 -1.9 YIS 0.0
84 S~1VB LCX CHILLDCWN PU¥P CFF 11548.2 -1.9 565,56 0.9
€S S-1v8 ENGIANE RESTART CCMPANC 11548.6 1.5 $10.C 0.0
(FUEL LEAC INLT1ATIGN)
(SECCNC ESC)
06 S—-1v8 APS ULLAGE ENGINE NO. | ]J11551.6 -1.9 573.) 0.
CUTCFF CCPMANC
87 S-1v8 APS ULLAGE ENGINE NC. 2 [115%1.7 -1.9 s73.1 ot
CuTCFF carwanc!
88 S-1v8 SECONC IGNITICA {STOV 1155¢.6 -1.9 $78.) 2.9
CPEN)
8S 3-IVA MAINSTAGE 11558.1 -1.9 58C.4 ~0.1
l‘ S——
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Table 2-2. Significant Event Times Summary (Cont'd)
wARC. T Qwg Tyvi cagm aggs
17EM EVENT UFSCRIPTINA MR TP P T-roT AT A CTEL
S SEd ST ST
90 ENGINF MIxTLPE 24T (EvE) 11645.5% -0, L3 A 1.7
CONTArL VALVE SHFIFT [(2FGIN
VALVE *(VEVEAT]
9l S=-IVAR L2 STFP PRFSSURIZATION 11320 .- -1.9 ¢, o .
(SFCOAD BLRN\ WELAY (FF)
92 AEGIN TEQMINAL GUILANCE 11870, 2.3 SCC.S ©.2
33 REGIN CF1 FEERZS 1180%.7 0.7 “2heo 2.¢
9« S-1v8 SECONE GuICEnCE cutrer  l11oar.64 2.1¢ .24 -0.3¢
CCMMAND ACQ. 1| (SFCINT £0.9)
$5 S-1vR SECCNC GUILANCE CUTRFF  |itsar.7e Ze12 -Col2 -3.02
CCHMaANG NC, 2
63 S-1vP ENGINF CUTCFF [ATEPRUPT, |11507.9 2.1 C.0 0.0
STARY (F TIwE aaSE 7 (TV7)
ST S-1vA “vS CA 11508.1 2.1 0.% 0.0
98 TAAASLUAAR INJECTION (TLI) 11917.6 2.1 ) 0.0
$9 S-{vB CVS CFFf 12098.7 2.} 150.9 0.)
100 BEGIN CRATTAL NAVIGATICA 120%9.6 1.0 1%1.7 0.8
101 REGIN PANEUVER TC LCCAL 12059 .6 3.0 151.7 G.8
HCRIZCNTAL ATTITLCE
102 BEGIN PANEUVE® TC TeaNSPCSI- [12808.9 P S01.0
TICN AND NCCRING ATTITUNE
(1CCE)
103 CS™ SEPARATICA 133476 e 1635.7
124 CS™ CCCK 14230.7 e 23iz.8
105 SC/LV FINAL SEPARATION 17102.3 Lo 5164.3
106 START QOF TIME @ASE E (T18) 18179.9 ** 9.0 0.0
107 S—IVE APS ULLAGE EAGIANE AC. 1 [18181.1 = 1.2 0.0
IGAITICN CCPPAND
108 S-IVE AFS ULLAGE ENCINE ~0. 2 [18181.2 o 1.6 0.0
ICNITIChN COPPARC
109 S-(ve APS ULLAGE! EACINE AC. 1 [18261.0 - 81.2 0.0
CLICFF CCPPAND
110 S-IVE APS ULLAGE ENCINE NO. 2 .
CUTCFF CCMMAND

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

Event Times Summary (Cont'd)

RANGE TIME TIME FCR BASE
yEne vy ACTUAL ACT-PRED | ACTUAL ACT-PRED
ITEM EVENT DESCRIPTION SEC SEC SEC SEC
m Initiate Maneuver to LOX Oump 12,760.0 b 20.1 0.0
Attitude
112 | S-1vB8 CYS ON 16,179.8 hid 1000.0 0.0
113 | S-3vB CYS OFF 19,480.0 e 1300.0 0.0
114 | End LOX Dump Reauired for 19,507.9 e 1328.0 0.0
S-1V8 APS Burn
115 | S-IvB APS Ullaae Encine No. 1 22,199.8 ee 4020.0
Ignition Command
116 | S-1YB APS Ullage Engine lo. 2 22,2C0.0 o 4020.2
Ignition
117 | S-1¥8 APS Ullage Engine No. 1 22,297.8 oo 4118.0
Cutoff Command
118 | S-I1VB APS Ullage Engine Xo. 2 22,298.0 hid 4118.2
Cutoff Command
119 | 2nd Lunar Impact Maneuver 39,760.0 o
Cormand
120 | S-IvB APS Ullace Engine No. 1 40,499.8 o
Ignition Coemand
121 | S-1v8 APS Ullage Engine No. 2 40,500.0 .
Ignition Corrard
122 | S-1v8 APS Ullage Encine Ko. 1 40,601.8 e
Cutoff Command
123 | S-1VB APS Ullage Engine No. 2 40,602.0 bl
Cutoff Comwmand
124 | Passive Thermal Conirol 41,510 il
Maneuver
125 | Flight Control Computer Power 41,532 -
off
126 S Subcarrier Off 49,260 e
127 | S-1Y8/1U Lunar Irpact (Hours) 86.995 103.951
(HR:®IN: SEC) 86:59:41

»opredictions not availadle.
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Table 2-3.

Variable Time and Commarnded

Switch Selector Events

FUNCTION STAGE RANGE TIME I¥E FROM BASE REMARKS
(SEC) {seC)
Low (4.8) EMR No. 1 ON S-11 489.0 Ty +327.8 LVGC Function
Low (4.8) EMR No. 2 ON S-i1 289.2 Ty +322.0 LYDC Function
Water Coolant Valve Iy 780.5 Tg +77.6 LVCC Function
Closed
Telemetry Calidrator 1 3216.1 Tg +2513.2 Acquisition by Carmarvon
Inflight Calibrate ON Revolution 1
TM Calibrate ON S-:v8 3216.5 T5 +2513.6 Acguisition by Carmmarvon
Revolution 1
TM Calibrate OFF S-178 3217.5 Tg +2514.6 Acguisition by Carnarvon
Revolution 1
Telemetry Calibrator U 3221.1 Tg +2518.2 Acquisition by Carmarvon
Inflight Calibrate OFF Revolution 1
Kater Coolant Valve H) 3480.5 Tg +2777.6 LVDC Function
Open
Telemetry Calibrator v 471z Tg +4009.2 Acgquisition by
inflignt Calibrate O Hawaii Rev. 1
™ Calibratz ON S-1v8 4712.5 Tg +4009.6 Acquisition by
Hawaii Rev. 1
™™ Calibrate OFF S-178 4713.5 i +4010.6 Acguisition by
: Hawai$ Rev. 1
Telemetry Calibrator ] 4a717.1 Tg +4014.2 Acguisition by
Inflignt Calidbrate OFF Goldstone Rev. 1
Telemetry Calibrator 1y 5344.1 Tg +4641.2 Acguisition by
Inflight Calibrate ON Goldstone Rey. 1
™ Calibrate ON S-1v8 5344.5 Ty +4641.6 Acquisition by
Goldstone Rev. 1
™ Calibrate OFF S-1v8 5345.5 Tg +4642.6 Acquisition by
Goldstone Rev. 1
Telemetry Calibrator v 5349.1 Ty +4646.2 Acguisition by
Inflight Calibrate OFF Goldstone Rev. 1
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Table 2-3. Variable Time and Commanded Switch Selector Events (Contd
FUNCT 1OM STAGE RANGE TIME TIME FROM BASE REMARKS
(SEC) (SEC)
Telemetry Calibrator Ty 6928.1 Tg +6225.2 Acquisition by
Inflight Calibrate ON Ascension Rev. 2
TM Calibrate ON S-1v8 6928.5 Tg +62£5.6 Acquisition by
Ascension Rev. 2
TM Calibrate OFF S-1v8 6929.5 Tg +€226.6 Acquisition by
Ascension Rev. 2
Telemetry Calibrator v 6935.1 Tg +6232.2 Acquisition by
Inflight Calibrate OFF Ascension Rev. 2
Telemetry Calibrator v 8808.1 T5 +8105.2 Acquisition by
Inflight ON Carnarvon Rev. 2
TM Calibrate ON S-1v8 8808.5 T5 +8105.6 Acquisition by
Carnarvon Rev, 2
TM Calibrate OFF S-1v8 8809.5 Tg +8106.6 Acquisition by
Carnarvon Rev, 2
Telemetry Calibrator {1] 8813.1 Tg +8110.2 Acquisition by
Inflight OFF Carnarvon Rev, 2
Telemetry Calibrator v 10264.1 Tg +9561.2 Acquisition by
Inflight Calibrate ON Hawaii Rev, 2
T™ Calibrate ON S-1v8 10264.5 15 +9561.6 Acquisition by
Hawaii Rev. 2
TM Calibrate OFF S-1v8 10265.5 Tg +9562.6 Acquisition by
Hawaii Rev. 2
Telemetry Calibrator 1w 10269.1 Tg +9566.2 Acquisition by
Inflight Calibrate OFF Hawaii Rev. 2
Telemetry Calibrator M) 10888.1 Ty +10185.2 Acquisition by
Inflight Calibrate ON X Goldstone Rev, 2
T Calibrate ON S-1v8. 10888.5 Tg +10185.6 Acquisition by
Goldstone Rev. 2
TM Calibrate OFF S-1v8 10839.5 Tg +10186.6 Acquisition by
Goldstone Rev. 2
Telemetry Calibrator v 10893.1 TS +10190.2 Acquisition by
Inflight Calibrate OFF Goldstone Rev. 2
2-11
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Table 2-3. Variable Time and Commanded Switch Selector Events (Cont'd)

FUNCTIUN STAGE RANGE TIME TIME FROM BASE REMARKS
(SEC) (3EC)
Telemetry Calibrator il 12175.2 T, +267.3 Acquisition by
Inflight Calibrate ON Ascension TLC
TM Calibrate ON S-1v8 12175.6 Ty +267.7 Acguisition by
Ascension TLC
T™ Calibrate OFF S-1vB 12176.6 Ty +268.7 Acquisition by
Ascension TLC
Telemetry Calibrator v 1218C.2 T, +272.3 Acquisition by
Inflight Calibrate OFF Ascension TLC
Water Coolant Valve v 19079.8 1’8 +899.9 LYOC Function
Closed
S-1V8 Ullage Engine S-1vB 22199.8 Tg +4020.0 Lunar Impact Bum
No. 1 ON No. 1
S-1VB UlTage Engine S-1v8 22200.0 78 +4020.2 Lunar Impact Burn
No. 2 ON No. 1
S-1V8 Ullage Engine S-1v8 22297.8 T8 +4118.0 Lunar Impact Bum
No. 1 OFF No. 1
S-1v8 Ullage Engine S-1v8 22298.0 T8 +4118.2 Lunar Impact Burmn
No. 2 OFF No. 1
S-1v8 Ullage Engine S-1v8 40459.8 Tg +22320.0 Lunar Impact Burn
No. 1 ON No. 2
S-1VB Ullage Engine S-1ve 40500.0 Tg +22320.1 Lunar Impact Burn
No. 2 ON No. 2
S-1V8 Ullage Ergine S-1v8 40601.0 T8 +22421.9 Lunar Impact Bum
No. 1 OFF No. ¢
S-1VB Ullage Engine s-1v8 | 40602.0 [ Tg +22622.1 Lunar Impact Burn
No. 2 OFF . No. 2
Flight Control Cosputer | IU 41521.0 Tg +23341.1 CCS Command
Power OFF A
Flight Control Computer 1{/] 41532.1 Tg +23352.2 CCS Command
Power OFF 8
Water Coolant Valve U 41554.3 Ta +23374.4 LVYOC Function
Open
2-12
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SECTION 3
LAUNCH OPERATIONS

3.1 SUMMARY

The around systems supportina the AS-512/Apollo 17 countdown and launch
performed satisfactorilv with the exception of the Terminal Couritdown
Seauencer (TCS). The TCS malfunction, which ic diccussed in paragraoh
3.3, resulted in a 2 hour and 40 minute launch delay. The space vehicle
was launched at 00:33:00 Eastern Standard Time (EST) (05:33:00 UT) on
December 7, 1972, from Pad 39A of the Kennedy Space Center, Saturn
Complex. Damage t5 the pad, Launch Umbilical Tower (LUT) and supnort
ecuipment was considered minimal.

3.2 PRELAUNCH MILESTONES

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

3.2.1 S-1C Stage

S-1C stage and GSE systems performed satisfactorily during countdown

with the excepticn of three failures which were subseauently corrected.

The fariures were iin the {1) Safe and Arm Devices (S8A). (2) Remote Digital
Sub-Multiplexer, and (3) F-1 Encine No. 2 Gas Generator Igniter. The

Safe ard Arm Device failed to respond to a safe command. Possible

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

of the voltage curve was marainal with respect to the toraue requirements
of the mechanical linkage of the S8A device. 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
jincrease the stage bus voltaae to 30 V if the unit should fail to arm
durina the count.

At the T-9 hour scheduled hold the Remote Digital Sub-Multiplexer (RDSM)
failed and an 8 ampere current surce of one minute duration was recorded.
The RDSM was replaced and satisfactorily retested. The cause was
jsolated 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

ACTIYVITY OR EVENT

October 27, 1979
vecerber 21, 1970
June 16, 1971
June 17, 1371
tarch 24, 1972
Yarch 24, 1272
May 11, 1972

May 15, 1972

May 19, 1972
sune 2, 1972
June 7, 1972
June 26, 1972
June 23, 1372
July 12, 1972
August 1, 1972

7

AuyusT 31, 1972
nugust 13, 1972
August 23, 1472
August 28, 1972
October 11, 1972
Jctober 12, 1972
October 20, 1972
November 10, 1972
November 20, 1972
‘lovember 231, 1972
Jdecember £, 1972
vccember 7, 1972 (EST)

S-11-12 Stage A-rival

S-1VB-512 Stace Arrival

Lunar Module {LM)-12 Ascent Stage Arrival

Lenor Mogile 11M)Z12 Descent Stage Arrival
Spacecraft/Lunar Madule Adapter (SLA)-21 Arrival
Command and Service Moduie (CSM)-114 Arrival
$-1C-12 Stage Arrival

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

S-11 Erection

Lunar Roving Vehicle (LRV)-1 Arrival

Instrument Unit (IU)-512 Arrival

1 frection

5-iV5 Erection

tauncn Venicle (LV) Electrical Systems Test Completed

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

¥ Service Arm QA1 Complete

LRV Installation

Spacecraft {SC) Erection

Space Vehicle {SV)/ML Transfer to Pad 39A
SY tlectrical Mate

SY OAT fo. 1 (Plugs In) Complete

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

Countdown Demonstration Test (CDOT) Completed (Wet)
CODT Completed (Dry)

SV Terminal Countdown Started (7-28 Hours)
SY Launch
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The F-' Encine No. 2 Gas Generator (GG) igniter installed indication was
lost at T-23 hours. Both GG igniters on Engine No. 2 were replaced and
the protlem was determined to be due to igniter failure. Failure
analysis revealed an error in manufacture in that solder had been
omitted from an electrical pin in the igniter, allowing intermittent
contact. The lack of solder was seen in the X-ray picture which is

made during receiving inspection. Corrective action taken was to review
a1l remaining igniter X-ray pictures to assure no more omissions exist.

3.2.2 S-11 Stage

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

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

the countdown resumed at T-8 minutes and proceeded without further
problems to liftoff. Electrical batteries on the S-1I stage were on
ijnternal 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-1VB Stage

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

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

7o keen the engine ccntrol %elium sphere pressure below the redline
Timit 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 bring 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 lona term decay was noted on Forward Batterv No. 2, oper circuit
voltage. The open circuit voltage at the time of installation was 34.74
V. The voltage decayed 1.50 V over a 24-hour period. During the hold
at T-9 hours, a power transfer test was performed to verify battery per-
formance under loaded conditions. Battery performance was normal. At
T-8 hours 53 minutes, Battery Monitor Enable was turned on to provide

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

3.2.4 IU Stage
The IU staage performed satisfactorily durina the countdown.
3.3 TERMINAL COUNTDOWN

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

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

At T-167 seconds the Terminal Countdown Seauencer (TCS) failed to issue
the "S-IVB LOX Tank Pressurization" command. When it was visually observed
tr:t the S-IVB LOX Tank was not beina pressurized, the console operator.
initiated action to manually control S-IVB LOX Tank Pressurization. The
tank was pressurizeu, 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 during which time the TCS failure was confirmed, a "Work-Around*
was investigated, and the "Wcrk-Around" was verified at the MSFC Saturn

V System Development Facility (SDF). Also durina this hold the countdown
was recycled to T-22 minutes. After investication of the failure and
verification of the "Work-Around" it was concluded that the countdown
could be successfully and safely accomplished by using a jumper to bypass
the "S-1VB LOX Tank Pressurized” interlock relay and manually pressurizing
the LOX tank from the LCC. The countdown sSequence wds restarted at T-22
minutes and completed successfully.

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

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

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

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

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

3-4

v



e

R

€O0E F 4 LEE FESULTED = "w'3 €L 87 Fauy WG *D T & TOWma

]
(A1 NI

JLOver 4 CC S-nB
%

- et e ——

a5y PNTIC

LOw
Tare e
Om T
- .

00
AIROCES
LOn 1anm
I T 9 -vo¥} = WNLO
wsss LN Tare

T o135 O«

L_.__I e [_f____J'

[$: 3
* LOx Tans
R s Y IS IZID
vess L D@ vers

v e IS RS, x
[
O Joew 42000 014
. “mvoc
00-1728 3
" *atCm Oy
ke /"" soe 1 g 00
MY e e e LON Taca ws77 G LO% 1aeid]
T ESIUNZATION PRSHRT ATICn

can « - CuUTOST

Mvoc
LT POMTION
kg ~2vDC o
3 COmmiTeE
A I
MAOY, . == e
7 iy 3
LALIC
G
- - PaYCW Ovg Y
SR OCHS
3 - e e e A o - —— o b
. NqADY *BvoC
O
LAUNCN
$-% seapY
b ) -3 ace

Figure 3-1. Electrical Support Equipment Partial Schematic

3-5

r nb sy pn mmadn s oo 8



relay K492 "LOX Tank Minimum Low Pressure OK" is energized by manually
pressurizing the LOX tank. When %536 is not energized the “S-IYB
Ready for Launcn" relay K607 will not provide a signal to the ML S-IC
Patch Jistributor "“S-IVB Ready for Launch" relay K972 to complete the
interlock chain to allow relay K465 "Swing Arm No. 1 Retract Prepara-
tion Complete" to be energized. If K465 is not energized when the
7-30 second TCS cormand (Swing Arm No. 1 Carrier Retract) is received,
a cutoff command will be initiated and a countdown hold will occur.

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

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

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

all 7CS outputs were obtained except the T-176 second spare output.
Therefore, the bypass and manual pressurization procedures were actually
redundant to the normal circuitry.

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

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

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

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

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

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

depletion layer.

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

b. Pad 39A and Pad 398 will be modified to provide three TC3's in each
launch vehicle ESE rather than the present one.

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

d. A1l unused signals from each TCS will be unpstched and grounded so
there will be no possibility of them causing problems.

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

3.4 PROPELLANT LOADING
3.4 RP-1 Loading

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

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

3.4.2 LOX Loading

The LOX system supported countdown and launch satisfactorily. The

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

flight mass 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 line. The
LH2/LOX Auto Load allows for manual replenishment when such cycling

occurs.

When LOX loading was reinitiated shortly before recycling to 7-22
minutes, LOX system logic did not reestablish replenish operations as
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expected. Instead, it sequenced into a dual mode configuring simul-
taneously for both "vehicle replenishment" and "S-IC chilldown.” In
this posture, the S-IC slcw fill valve was opened allcwing LOX to be
pumped directly into the stage resulting in a slight overfill, The
system was manually reverted to prevent further overfill. Subse-
quent investigation reve:led that an S-IC discrete necessary for
nornal replenishment was wmissing when loading operations were
r\.Suﬂ‘ed.

A real time procedure charge to LOX/LH2 auto load, was prepared to ini-
tiate the discrete manually. Peplenishment operations were reinitiated
and continued normally throuch launch. This procedure change, which

requires manual issue of Propellant Tanking Computer System (PTCS) discretes

if tank level is at or above 98%, will prevent problem recurrence.
LOX consumption during launch countdown was 618,000 gallons.
3.4.3 LHp Loading

Tne LHy system successfully supported countdown and launch. The fill
sequence began with start of S-II loading at 15:27 EST, December 6, 1972,
and was completed 85 minutes later when all stage replenish was
established at 16:52 EST. S-II replenish was automatic until terminated

“at initiation of the Terminal Countdown Sequencer. Intermittent over-

fill indications were experienced after S-IVB auto replenish was
achieved and had to be inhibited to avoid unnecessarily cycling the
replenish valve. S-1VB 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 flight mass.

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

3.5 GROUND SUPPFORT EQUIFMENT

3.5.1 Ground/Vehicle Interface

In general, performance of the ground service systems supporting all

stages of the launch vehicle was satisfactory. Overall damage to the
pad, LUT, and support equipment from blast and flame impingement was

considered minimal.

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

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

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

At T-48 hours, £CS chiller No. 1 shut down due :c a low refrigerant
charge. The redundant chillers were placed in operation and Freon added
to chiller llo. 1. Mo impact resulted.

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

The Holddown Arms and Service Arm Control Switches (SACS) satisfactorily
supported countdown and launch. A1l Holddown Arms released pneumatically
within a six (6) millisecond period. The retraction and explos:.ve

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

Overall performance of the Tail Service Masts was satisfactory. Mast
retraction times were nominal; 2.760 seconds for TSM 1-2, !.980 seconds
for TSM 3-2 and 2.685 seconds for TSM 3-4, measured from umbilical
plate separation to mast retracted.

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

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

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

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

3.5.2 MSFC Furnished Ground Support Eaquipment
Otter than the TCS anomaly discussed in Section 3.3, the MSFC furnished

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

4.1 SUMMARY

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

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

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

the trajectory reconstruction.

The trajectory variables from launch to Command and Sérvice Module

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

4.08 seconds earlier than nominal. Translunar Injection (TLI) condi-
tions were achieved 2.11 seconds later than nominal with altitude 5.8
kilometers greater than nominal and velocity 5.1 meters per second less
than nominal. CSM separation was Comander 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 referem.e release
through parking orbis insertion. The ascent trajectory was established
by using telemetered guidance velocity data as gene-ating parameters to
fit tracking data from six C-Band stations (Mer. itt Island, Patrick Air
Force Base, Grand Turk, Bersuda FPQ-6, Bermuda FPS-16M and Antigua)

and two S-Band stations (Merriti Island and Bermuda). Approximately
13 percent of the C-Band tracking data and 42 percent of the S-Band
tracking data were not used because of inconsistencies. These values
are consistent with past experience. The launch portion of the

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

Figure 4-2. Actual and nominal comparisons of total non-gravitational
accelerations are shown in Figure 4-3. The maximum acceleration during
S-I1C burn was 3.87 g.

Macn number and dynamic pressure are shown in Figure 3-4. These para-
meters were calculated using meteorolcgical data measured to an altitude
of 3.3 kilometers (31.5 n mi). Above this altitude, the measured data
were merged into the U.S. Standard Reference Atmosphere.

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

4.2, and 4-3, respectively. All trajectory parameters were close to
nominal throughout ascent. The space-fixed velocity was 25.6 m/s (84.0
ft/s) higher than predicted at the end of S-1I powered flight. This
difference is somewhat greater than usual and is discussed in Section 6.3.

4.2.2 Parking Orbit Phase -~

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

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

A comparison of actual and nominal parking orbit insertion parameters

is presented in Table 4-4. The groundtrack from insertion to S-1V8/
CSM separation is given in Fioure 4-5. All orbital trajectory variables
were close to nominal.

$.2.3 Injection Phase

The injection phase spans the interval from T6 to TLI and was established

in two parts (76 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-8and stations (Texas, Goldstone, and Merritt

Island). The second part was cbtained by integrating a state vector

taken from the first part at 11,500 seconds (03:11:40) through secoad :
burn and constraining the integration tc a final TL! state vector taken i
from the early translunar orbit trajectory. Telemetered guidance velocity 3
data were used as generating parameters for both parts.

4-2
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Table 4-1. Comparison of Significant

T T T YA - . - A — A e . e e i e e e

jrajectory Events

(34114 PADAWETER ACTUAL NOM] NAL ACT -a0N
Flest Rgtignm Range Tiee, sec 0.28 0.28 0.60
Tote! Nen-GCravitationg!
Acceleration, o/ 10.60 10.5% 0.0%
(tess ; (3a.70) (318 .61) (0.17)
(¢ (1.08) (1.00) (0.00)
moch 1 Sange Time, se€C 7.5 &7.8 0.1
Altitude, Ve 8.0 7.9 0.1
(wmt) (8.3) (8.3) (0.0)
Rgstawe Dyapeic Pressere fange Time, sec 02.% 3.5 -1.0
Dynamic Prescure, ﬂlc, 3.3 .27 0.09
(1of/7¢) (701.7%) (682.9%) (19.00)
Altttude, b® 13.1 13.) -Q.
(nmt) (r.n (r.2) (-0. l)
o Ngstaws Tota) Nem-Gravitatioes!
Acceleratton- s$-1c Range Ttme, sec 161.20 139.34
Acceleratian, -I! 37.9% 37.19
ﬂls ) (124.51) (122.01
().97) (3.79
s-11 Doage Time, sec 461.21 461.690
lculonu.. -I’ 17.07 16.97
n/s ) (56.00) (55.69)
) (1.7¢) (1.73)
S-1Y8 Firnt Bygen Sange Tiee, sec 702 .66 106.76
Acceleratien, u/ 2 6.54 6.62
(fe/s ‘ (21.46) (21.72
(¢ (r.67) (0.60
Ik Second Byran Csnge Time, sec 11,907.6% 11,.905.54
lccﬂonuo- , 3 16.10
n/‘ ) (l &7) (46.26
(1.41) (s.68
sgstuge [arth-Fised
velectity: s-1C Renge Time, sec 162.00 163.38 -1.30
.l.c'l'. o/s 2,376 8 2.362.0 1.6
(ftss) (7,79%.0) (1,752.0) (30.9)
$-11 Range Tise, sec 548.40 561.18 -9.%4
Velectty, o/s $,573.8 6,548.2 2%.6
(fess) lﬂll.“’.ﬂ (21,403.4) {84.9)
3-178 Ftrst Bere Resge Tise, secC 712.68 Ie.7e -4.08
Selegit o/s 7,305.6 7,305.9 -l.’
{ 26,231.0) |(28,232.0) (-1.0
$-178 Secsss Sers Psege Tise, sec 11,908.50 | 11,903.73 2.7%
velecity, o/s 10.42%.2 10,429.% -4.‘
fiws) 30, 703.4) |036.317.5) |(arati

® Soovest Tiew Patets Awetledle
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Table 4-2. Comparison of Cutoff Events
PasamgTER 1 ACTua( ] woereaL I aCT.eow ACTuAL I “onInaL [ ACT-u0m
i $-1C CLCO (ENGINE SOLENO1D) $-5C 2ECO (ENGINE SOLEWRID)
fenge Time, sec 13930 1926 -0.04 161.20 16065 .0.47
Altituce. te ar.0 2.8 1.2 6.5 6.7 .€.2
(et} (2¢ @) (25.3) raliy (35.9) (36.0) | (-0.1)
Becesthued Belecttr e | olu LBal L @l | WS W | S
'”.'.'—.‘“ fSngle, deoy 21.199 231.2%6¢ -0.0%/ 82 20.473 -n.caa
Wesding Angie, do9 91.35%% *1.55%) -0.198 I IS B 91.892 -0.178
ertece bacet ) P 27 e (00) (69 i1 RIS I
>>>>>> Coess Bocee by toris (0°3) -oi) (03 o el
Gravs fomye electtr ) u'# l“fi; (-:3?6: (nfé: (0“5; (.25 3
S-11 CECO (ESGINE SOLEROIN} S-15 QECO (EMGINE SOLEMDOLD)
Boage Time, sec Wl 461.68 -0.87 $59.466 $60.1) -8.87
= co.] att1tece. te 173.0 172.7 0.3 172.4 1720 0.s
(¥ ) (93.4) (93.3) (0.1) (93.2) (92.9) (e.3)
Sesce-fines "'""(’ HYAS uniiﬁ?i: tuti:g‘.i; s 225000 uzti::?i; (oi?&’
Fliget Petn Asgle. ¢ey -0.0%8 -0.08% 0.027 0.254 0.207 0.007
i aesding Aagle. dey e7.687 0.571 0.076" 100.198 100.333 0.062
Serfece Sl G | owsen | ofit] ety | Wt %S
crome tetaty (105} toth | o) (oe ol IO
bty F 4 u::?i: (4;3?63 (zzfi: u;:?i: (c:ai: uofi:
S-1v8 IST GUIDASCE CUTOFF $1GEAL $-1V8 298 GUIDASCE CUTOFF SIGRAL

Senge Tioe, sec 702.49 706.78 -5.09 11,%07.68 12,905,856 2.10
Bibiaar P+ i1 «15?5? (o) (6200 (159:0) (1)
susca-fies vetecttr. o3 Liastsveriy lezsisneis | 1% | miveras | sa%58e%d | crsts)
flrget Patn Aegle, eeg e.091 -e.002 s.00) 6.930 6.708 0.148
acodtoeg Aogle. ovg 106718 106.700 | -3.082 118.04¢ 117.967 0.079

sereece teewellt afrs | ol |Gl

s b ot | oot | W

Cross Sompe Belecttperer | oseer | el | le)
Incitsatton, doy 28.473 28.423 0.0%0
Sesceeqiog Sode, 09 6 .983 06.149 -0.088
Lccestrictty 0.9797 e.9700| -o.0008
o 38t S L L
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Table 4-3. Comparison of Separation Events
PARANETER I ACTuAL | mominac | acr-non

S-1C/S-11 SEPARATION
Sange Time, sec 162.9 1€3.4 -0.5
Altitude, m 68.1 62 .4 -N 3
(nm1) [FTW Y] 136.3; (-0.1)
Space-Fined velocity, a/s 2,754.2 2.781.7 2.5
(ftss) (9.036.1) (9,027.9) (8.2)
Flight Path Angle, deg 20.151 20.208 -0.087
Heading Angle, deg 91.741 91.91§ -0.174
Swrface Range, ke 94.7 95. -0.6
(rmi) (51.1) (S1. 5) (-0.8)
Cross Ramnge, im 0.3 0.6 -0.3
(nm1) (0.2) (0.3) (-0.1)

Cross Range Velocity, @/3 6.7 14.5 -7.

(ftss) (22.9) (47.6) (-25. 6)
Geodetic Latitude, deg N 28.580 20.5717 0.003
Longttude, deg E -79.637 -79.630 -0.007

S-11/S-1¥8 SEPARATION
Range Time, sec $60,¢ $61.1 -0.8
Altitude, kw . 172.6 ' 172.1 0.§
(nmt) (93.2) (92.9) (0.3)
Space-Fixed Velocity, m/s 6.992.8 6,967.2 (25.6)
(fe/s) (22,942.3) (22,858.3) (84.0)
Flight Path Angle, deg 0.244 0.236 0.008
Heading Angle, deg 100.428 100.353 0.060
Swrface Range, im 1.663.6 1,660.1 3.8
(mmt) (898.3) 1096.4) (1.9)
Cress Range, km 5.0 34.6 0.4
(nmi) (18.9) (10.7) (0.2)
Cress Range 'cloclly. /s 195.3 109.) 6.0
(fe/s) (640.7) (621.1) (19.6)
Geedettic Latitude, deg N 26.865 26.874 -0.009
Longitude, deyg -63.80 -63.866 0.038

S-IVB/CSR SEPARATION
flange Time, sec 13,347.6 13,405.5. -57.9
Altitede, kn 6.606.4 6,912.% -206.1
(nmt) (3,567.2) (3,732.9) (-165.3)
Spece-Fized Velocity. w/s 7,724.7 633.0 9.

’ (fe/3) (25.343.5) (2564207 (300.8)
Fligat Path Angle, deg 44.100 44.847 -0.667
Neading Angle, deg 102.797 102.166 0.631
Geadetic Latitude, deg B -25.716 -25.944 U.228
Leagitede, dog [ 11.300 13.161 -1,26)
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Table 4-4. Parking Orbit Insertion Conditions
PARAMETER ACTUAL NOMINAL ACT-n0M
Range Time, sec 712.66 716.74 -4.08
Altitude, km 170.5 170.3 Q.
{(nmi) {92.1) (92.0) (0.1)
Space-Fixed Yelocity, m/s /1,804, 7,303.3 -8.2
o : (fers) ({25,604.0) (25,604.7) (-0.7)
Flight Path Angle, deg 0.003 -0.001 0.004
Heading Angle, deg 105.021 105.082 -0.061
Inclination, deg 28.526 28.524 0.002
"Descending Node, deg 86.978 87.024 -0.046
Eccent icity 0.0000 0.0001 -0.0001
Apogee, km 167.2 167.4 -0.2
(nm1) (90.3) (93.4) (-0.1)
Perfgee, km 166.6 166.6 0.0
(nmt) (90.0) {90.0) (0.¢)
Period, min 87.83 87.83 0.00
Geodetic Latitude, deg N 24.680 24.642 v.038
Longitude, deg £ -53.810 -53.631 0.127
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Comparisons between the actual and nominal space-fixed velocity and
flight path angle are shown in Figure 4-6. The actual and nominal total
non-gravitational acceleration comparisons are presented in Figure 4-7.
The lower than nominal velocity and acceleration shown in Fioures

"4-6 and 4-7, respectively, are due to the heavier S-IVB stage resulting

from the 4.08 seconds early first S-1VB cutoff. The actual and nominal
S-1VB second auidance cutoff conditions are presented in Table 4-2. The
cliohtly lonaer 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. Trackino data from one C-Band

_station (Carnarvon) and one S-Band station (Ascension) were fitted using

the procedure outlined in 4.2.2. The actual and nominal transiunar
injection conditions are compared in Table 4-5. The S-IVB/CSM separation
conditions are presented in Table 4-3. The large differences at CSM
separation were due to the earlier than nominal separation time which

_was Commander initiated.

Table 4-5. Translunar Injection Conditions

PARAME TL R ACTUAL NOMINAL ACT-NOM
Range Time, sec 11,917.65% 11,915.54 2.1
Altitude, am 313.5 307.7 5.0
(nm1) (169.3) (166.1) (3.2)
Spece-Fixed Veloclt¥;t7:= ‘(3105237;? (J;oggfz.l -5.1
. .554. .571.2) (-16.7)
Fiight Path Angle, deg 7.384 7.240 0.144
Hes.ing Angle, deg 118.116 118.039 0.077
Inciination, deg 28.474 28.42) 0.09)
Descending Node, deg 86.061 86.149 -0.088
€ccentricity 0.9720 0.971 -0.0n001
€5 -§1s§ -1,695,985 -1,689,026 -6,959
ftéss¢) (-18,255,431) (-18,180,525) (-74,906)
4-9
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SECTION 5
S-IC PROPULSION

5.1 SUMMARY

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

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

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

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

At 0ECO, the LOX residual was 36,479 1bm compared to the predicted 37,235
I1bm and the fuel residual was 26,305 1bm compared to the predicted 29,956
1bm.

The S-1C hydraulic system pertformed satisfactorily.
5.2 S-1C IGNITION TRANSIENT PERFORMANCE

The fuel pump inlet prestart pressure of 45.3 psia was within the F-1 engine

acceptable starting region of 43.3 to 110 psia.

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

The planned 1-2-2 F-1 Engine start sequence (Engines 5, 3-1, 4-2) was
not achieved. Twd engines are considered to start together if both
thrust chamber pressures reach 100 psig within 100 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.

5-1
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Figure 5-1. S-IC LOX Start Box Requirements
Table €-1. F-1 Engine Sysiems Buildup Times
BUILDLP TIME, SECONDS
L_ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE S
Predicted® 4.05; 5 385 3.925 3.990 3.913
Actual® 3.862 %.861 3.605 3.669 2.819
Difference 0.155 0.104 0.320 0.3y 0.114
Direction l Fast Fast i Fast Fast Fast

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

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

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

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

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

time dispersions even under controlled conditions.

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

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

engine start sequence implementation is planned.

The reconstructed propellant consumption during holddown (from ignition
command to holddown arm release) was 75,090 1bm LOX (67,031 Ibm predicted)
and 22,015 lbm fuel- (18,764 1bm predicted). The greater than predicted
propellant consumption during holddown was due to the faster engine start
and longer burn before holddown release. The reconstructed oropellant

load at holddown arm release was 3,239,298 1bm LOX (3,243,932 1bm predicted)
and 1,409,906 1bm fuel (1,415,766 1bm predicted). ‘ , -

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

9.0 2.0
8.0
1.0 / - s
6.0
. 7/ :
e 5.2 - oy
g £ 1-.\N\Z?/' |- o 2 o 2
2 4.0 i L [ L -
3 ’ ' T T 3
2 ERINE 5~ ” | — EngIng ¢ S
3.0 t t
— EGIE 1
2.0 -_- [0-5
1.0
0 , J 0
5.0 .0 3.0 -2.0 1.0 9 1.3

AUNGE TI%E, SELMDS

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

5.3 S-1C MAINSTAGE PEREURMANCE

S-IC stage propulsion performance was satisfactory. Stage thrust, specific
impulse, mixture ratio, and propellant flowrate wer2 near ncminal pre-

....dictions as shown_in Figure 5-3. The stage site thrust (averaged f-om time

zero to OECO) was 0.30 percent higher than predicted. Total prope.lan®
consumption rate was 0.16 percent higher than predicted and the total con-
sumed mixture ratio was 0.002 percent higher than precicted. The speci-
fic impulse was 0.14 percent higher than predicted. Total propellant
consumption from HDA releacc to OECO was lcw by G.14 percent.

For comparison of F-1 engine fiight performance with predicted performance
the flight performance has been analytically reduced to standard cordi-
tions and compared to the predicted performance which is based on ground
firings and also reduced tc standard conditions. These comparisons are
shewn in Table 5-2 for the 35 to 38-second time slice. The iargest thrust
deviation from the predicted value was -7 k1bf for engine 2. Engines 1
and 5 had lower thrusts than predicted by 6 and 1 k1bf, recpectively.
Engines 3 and 4 had higher thrust than predicted by 1 and 2 kibf,
respectively. Total stage thrust was 11 K1bf lower than predicted for an
average of -2.2 klbf/engine. These performance values are derived from

a reccenstruction math medel that uses a chamber pressure and pump speed
match.

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

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

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

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

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

The ambient gas temperature under Engine No. 1 cocoon increased shortly
after liftoff and exceeded previous flight data from approximately 30 to
65 seconds by a maximum of about 13°C. After 100 seconds the tempera-
ture returned to a normal level and remained similar to the cocoon
ambient temperature level for the other engines. The increase in the
ambient gas temperature did nct affect engine performance during flight.
The two most probable causes of the temperature increase are: 1) a
minor hot gas leakage from the Gas Generator drain port plug which
subsequently sealed, 2) a temporary loss of cocoon insulation integrity
(possible loose combustion drain access cover) which later 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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.4 S=IC ENGINE SHUTICWN TRANSIENT PERFCRMANE

n

Tre F-1 engire :frust decay transient was nominal. Tre cutoff irpulse,
reasured from. cutoff signal 20 zero thrust, was €69,632 1bf-s fcr the
center engire (0.1 percent less than predicted) and 2,593,423 1bf-s
fcr all outboard engires (3.0 percent oreater than predicted). The
total stage cutoff irpulse of 3,263,055 1bf-s was 2.3 percent greater
than predicted.

Center engine cutoff was initiated by the U at 139.30 seconds, 0.062
second earlier than planned. Cutoff signal to the outboard engines

mas initiated by fuel depletion and occurred 0.47 second earlier than

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

of the ‘el during tte .2 hour 40 minute hold and the slightly higher than
nomiral batch fuel censity for this flight. The early cutoff was cdue
nainly w0 slichtly higher than predicted stage site thrust (0.03 percent
nigher) and tre accospanying higher procellant flowrates.

£.3 S-1C STAGE. PQGEELU’IT...WM’

The S-1C stage does not have an active propellant utilization system.
Minimue resicduals are obtained by atterpting to load tre mixture ratio
expected 10 be consured by the engines plus the predicted unusable
residuals. An analysis of the residuals experienced during a flight

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

The residual LOX at OECH was 36,479 Ibm compared to the predicted
value of 37,225 1tm. :ne fuel residual at OECO was 26,305 1tm compared
%0 the predicted value of 29,956 Ite. A susmary of the propellants
remaining at major evert times {s presented in Table S5-3.

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

The fuel tank pressurization svstem performed satisfactorily, keeping
ullage pressure within acceptable limits during flignt. Helius Flow
Control Yalves (HFCY) No. 1 through 4 opened as 2lanned and HWFCY No. 5
WS not required.

The low flow prepressurization systes was commanded on at -97.0 secoads.
The low flow system was cycled on 2 second time at -3.1 seconds. High
flow pressurization, accomplished by the onboard pressurizatioa systes,
performed as espected. HFCY No. 1 was commanded on at -2.7 seconds and
was supplemented by the ground high flow prepresserizatios systes watil
wbdilical discomnect.

Fuel tank yllage pressure was within the predicted limits throughout
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- Table 5-3. . S-IC Propellant Mass History

LEVEL SEXSOR YECONSTRUCTED, LBW
evemy POEDICTED, LOP OATA, LB (BEST [STIMATE)

1012 (2] 33 L0t UL Loz FUgL
fgnition Comens | 3.310.963 | 1038828 | - 10192 | 301038 | rann
:::""' el 3,203,912 | 1018766 | 3203560 | 1,010,136 | 3.239.20¢ | 1.009.908
CcIco 3 .218 187 .71 193.5%9 181,818 398064 182,160
ofco 1 s |- 995 1 »Nen .29 3%.479 2% .05
Separation n.Jn 2%.992 e .-- 30,7127 rs Y
lere Thrwst BRI ] 26,508 cee — 30,649 .09

-— PR

Predicted sngd recomitructet volves J0 not 1aclede sressarization gss 30 they will compore with

level semior dsts.

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

at 0ECO. Total helium flowrate was as expected.

Fuel pump inlet pressure was maintained above the reguired minimm Net
fositive Sucliom Pressure (wr3P) during flight.

5.6.2 S-I1C LOX Pressurization System

The LOX pressurization system performed satisfactorily and 211 perfor-
mnce requiresents were met. The ground prepressyrization systes main-
tained ullage pressure withia acceptadle limits until launch commit.

The onboard pressurization system performed satisfactorily during flight.

The prepressurizatioa system was inftiated at -72.0 seconds. Ullage
pressure increased to the prepressurization switch band and flow was
terainated at -58.3 seconds. The Tow flow system mes cycled on three
additional tises at -42.9, -20.8, and -5.4 seconds. At -4.7 seconds,
tre high flow systes was commanded om dnd seintained ullage pressure
within acceptable lieits unti] launch commit.
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Figure S5-4. S-IC Fuel Tank Ullage Pressure

el

Ullage pressure was within the predicted l1imits throughout flight as
shown fn Figure 5-5. GOX flowrate to the tank was as expected. The
mxismum GOX flowrate after the initial transient was 48.3 1bm/s at CECO.

The LOX pump inlet pressure met the minimm NPSP requirement throughout
flight.

s.7 S-1C PXEUMATIC CONTROL PRESSURE SYSTEM

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

Spohere pressure was 2970 psia at 1iftoff and resained steady until CECO
when it decreased to 2850 psfa. The decrease was due to center engine
prevalve actuation. There was a further decrease to 2475 psfa after
0ECO. Pressure regulator performance was within limits.

The engine crevalves were closed after CECO and OECO as reauired.

5.8 <-IC PURGE SYSTEMS

Performance of the puroe systems was satisfactory during flight.

5-9




26 -
b | I PREGICTED mAXIMm 0 -
: o 2
A N "
-t
% e — 1 A5-512 FLIGHT DATA g
2 y [ : = - - L 2
£ wf > g
a
\N e S U ;_-‘P._ u
§ -<b-~,-->- - == b - - Q
- — — e = - %.] -
2 —V 71T P ot
ity ol X =
in LA B
- -—
3 \ ¥\ 5 =
- -
\J"' PREDICTED MIN[ram
8
4l
‘ »e
0 20 L) (%] 0 100 1.2 (L)) 60

MNGE TIME, SECONDS
Fiqure 5-5. S-IC LOX Tank Ullage Pressure

The turtopump LOX seal storage sphere pressure of 2955 psia at 1jftoff
was within the prestart limits of 2700 to 3300 psia. Pressure was
within the predi:ted envelope throughout flight and was 2805 psja at
0ECO.

The pressure regulator performance throughout the flight was wi‘hir. the
85 +10 psig limits.

5.9 S-1C POGD SUPPRESSION SYSTEM
The POG0 suppression system perfohed satisfactorily during S-IC fliaht.

Outtoard LOX prevalve temperature measurements indicated that the pre-
valve cavities were filled with gas prior to liftoff as planned. The
four resistance thermometers behaved during the AS-512 flight similarly
to the flight of AS-511. The temperature measurements in the outboard
LOX prevalve cavities remained warm (cff scale high) throughout flight,
indicating helium remained in the prevalves as planned. The two
thermometers in the center engine prevalve were cold, indicating LOX in
this valve as planned. The pressure and flowrate in the system were
nominal.
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5.10 S-1C HYDRAULIC SYSTEM

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

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

6.1 SUMMARY

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

Engine mainstage performance was satisfactory throughout flight. The total
stage thrust at the standard time slice (61 seconds after S-I1 ESC) was
0.14 percent below predicted. Total propeilant flowrate, including pres-
surization flow, was 0.19 percent below -predicted, and -the stage specific
impulse was 0.05 percent above predicted at the standard time slice.

Stage propeliant mixture ratio was 0.36 percent below predicted. Engine
thrust buiidup and cutoff transients were within the predicted ervelopes.-

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 OECO were 1401 1bm
LOX, as predicted and 2752 1bm LH2, 107 1bm less than predicted. Control
of Enaine Mixture Ratio (EMR) was accomplished with the two-position pneu-
matically operated Mixture Ratio Control Valves (MRCV). Relative to ESC,
the 1ow EMR step occurred 1.6 seconds earlier than predict:zd.

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

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

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

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

The engine servicing operations required to condition the engines prior
to S-11 engine start were satisfactorily accomplished. Thrust chamber
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jacket temperatures were within predicted limits at both prelaunch and
S-I!l ESC. Thrust chamber chilldown requirements are -200°F maximum at
prelaunch commit and -150°F maxir'm at engine start. Thrust chamber
temperatures ranged between -286-and -258°F at prelaunch commit and
between -238 and -207°F at S-II ESC. Thrust chamber warmup rates
during S-IC boost agreed closely with those experienced on previous
flights.

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

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

A1l engine helium tank pressures were within the prelaunch limits of
2800 to 3350 psia and engine start-limits of 2800 to 3500 psia. Engine
helium tank pressures ranged between 2940 and 3060 psia at prelaunch
commit and between 3030 and 3160 psia at S-1I ESC.

Engine 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.

During 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 reauired control of the J-2
engine start tank and helijum 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

tc 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 Option 2 Hold.

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

to subject all five start tanks to a short rechill cycle in order to keep
the respective temperatures within redline limits. Figure 6-5 shows the
start tank and helium tank conditions during the rechill cycle. After
the rechill and pressurizing, the start tank and helium tank pressures
were controlled during the remainder of the hold and countdown using the
emergency vent solenoids.
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Fioure 6-4. Comparison of S-II Start Tank Conditions During CDDT & Launch

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

The LOX and LHp recirculation systems, used to chill the feed ducts, turbo-
pumps, and other engine components performed satisfactorily during prelaunch
and S-1C boost. Engine pump inlet temperatures and pressures at S-II

ESC were well within the requirements as shown in Figure 6-6. The LOX pump
inlet pressure for all five engines was approximately 0.5 psi above the
predicted envelope because the LOX tank experienced an approximate 1 psi
increase in ullace pressure between S-IC OECU and S-II ESC. This pressure
increase is attributed to the small ullage volume, coupled with the springback
of the aft bulkhead at S-I1C GECO, thus compressing the pressurant in the
ullage. The LOX pump discharge temperatures at S-1I ESC were approximately
14.0°F sutccoled, wol  *elow the 3°F subcoolino requirerent.

Again, as ~ S-511 the deletion of the S-1I ullage motors did
not adv- recirculation system. The characteristic tem-
peratr pump discharge temperature between S-IC 0ECO
and .imately 1.,5°F, similar to that experienced on

- Jtors installed.

.un of the propellant tanks was accomplished satisfactorily.
_. pressures at S-1I ESC were 41.5 psia for LOX and 29.1 psia
..2» well above the minimum requirement of 33.0 and 27.0 psia,

.espectively.
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S-11 £SC was received at 163.6 seconds and the Start Tank Discharce Yalve
(STOV) solenoid activation sianal occurred 1.0 seccnd later. The engine
thrust buildup was satisfactory ard well within the grecicted thrust
builcdup envelope. All enginec reacred 90 percent trrus: within 2.3
seconds after S-II ESC. : :

6.3 S-11 YAINSTAGE PEPFORMANCE T e

The propulsion reconstructicn analysis showed that stace performance
durine mainstace operation was satisfactory. A corparison of predicted
ard reccrstructed thrust, srecific irpulse, totai flowrate, and rixture
ratio versus time is shcwn in Fiqure €-7. *Stace perforvance -was very close
to predicted. At ESC +61 seconds, total staae thrust was 1,156,694 1bf
which was 1585 1bf (0.14 percent) below the preflicht prediction. Total
propeilant flowrate including pressurization flow, was 2742.4 ibte/s, 0.19
percent telow nredicted. Stace specific impuise, including the effect
of pressurization gas flowrate, was 421.6 1bf-s/1bm, 0.C5 percent above
predicted. The stace propellant mixture ratio was 0.26 percent below
predicted.

Center Encine Cutoff was inftiated at ESC +297.62 seconds, 0.47 seconds
earlier than planned. This action reduced total stage thrust by 224,131
1bf to a level of 920,746 1bf. The EMR shift from hieh te-low -sccurred
325.6 seconds after £ESC and the reducticn in stage thrust occurred as
expected. At ESC +351 seconds, the total stace thrust was 787,009 1bf;
thus, a cecrease in thrust of 133,737 1bf was indicated between high
and low EMR coperation. S-I11 burn duration was 396.1 seconcs.

Individual J-2 engine cdata are presented in Table 6-1 for the ESC +61
second time slice. Good correlation exists between predicted and recon-
structed flight performance. The performance levels showm in Table 6-1
have not heen adjusted to standard J-2 altitude conditions and do not
include the effects of pressurization flow.

Although the propulsion reconstruction was very close to the predicted,
the trajectory reconstruction, Section 4.2.1, indicated that the S-1I
stage produced aporoximately 23 m/s more velocity than predicted. While
this difference is within the normal range of trajectory dispersion, the
unexpectedly poor correlation of the trajectory with the engine predicted
and reconstructed performance s unique in the history of the S-11.

From a review of the propulsion and trajectory as well as the history of
stage and engine manufacturing and testing, it has been determined that
the combined contribution of initial conditions, messes, base pressure
thrust, insulation erosion, propellant loading, propellant residuals,
and reconstructed engine performance accounts for aporoximstely 9 s/s
of the additional velocity, leaving 13 a/s still to be explained.
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Wost rotewority is the fact that the S-ergine iverace Snecific (roulse

(1 o) 0 S-11-12 15 tre lowest of any S-1I stage, and wnile tnere 15 noO
endemc that the engine 109 book I,, values are imgroper, the oredictled
stage scerforrance would have been very close %o that indicated Sy the
trajectory reconstruction if the average I¢p for the engines in hfs pro-
ducticn dlock (Engines S/N Z2C€0 throuah "':B) had heen Jssused. This would
feply that the enaine is aporoximately as repeatadle as §ts assocfated
fnstrurentation.

The differences involved are quite small., The cifference Setween ire

hlock averace Isp ard the S-11-12 sverage loa took values (tags) fs within
the instrumertaticn nofse level. The actual engine-to-engire repeatadility
1s vers simtlar to the instrumentation run-to-run repeatattlity. Therefore,
1t {s reasonadle to hypottesize that the lcwer thran averace engire derforsance
indicated by the log book Igp values tay not have been real!, and at actual
engine perforrance ray have g«n close 10 the biock average. ihile the
reconstruction would detect a flowate contritution to an error in tag Igp,
it would not correct a thwust measurement ervor. If this jatter situation
were the case, 3 significant difference between predicted and reconstructed
rrooulsion values would not be expected because the nozzle efficiency )
coefficient used in both the propulsion reconstructéon and the prediction
are derived from the same ground test data.

No chance 10 the propulsion lechnisue for SA-513 is recuired because the
actual velocity incresent from the S-11-13, which s procrassmed for an
enercy cutoff, is not affected and because the payload effect is ninfeal

and the Skylad mission fs not payload critical. Also the difference between
s—xx-}s tags and the dlock average is only about half as large as that for
S-11-12,

Two LOX system measurerments, engine No. 4 pump inlet temperature and
engine %o, 4 punp discharge pressure, exhidited wnusual characteristics
cduring the later part of high DR operation. Since doth sessurements
were within the same ergine, 2 detatiled examiration was conducted to
cetermite ({ Uis regriiinied o engine nevfoermpnce cthuynge. The examing-
tion concluded that no engire perfcmna change was indicated by the
flignt data. For further discussion of these measurements refer to Tadle

15-1.
6.4 S-11 SHUTOOMWN TRARSIENT PERFORFMANCE

S-1] OECO was initfates by the stage LOX depletion cutoff systiem s
planned.

Tee LOX depletion cutoff system again included a 1.5 second delay timer.
&s in previous flignts (AS-504 and subsequent), this resulted in engine

6-10




- - e e T Yy~ Y A w——— et = e

Tadle 6-1. S-11 ingine Perfornance

« LT AR |
omImgTm | metetewm stacg
st xre | MRCD anris | e | wwsne
Tormt, B¢ 1 b W - Fo Rt} ] -.n

2 .. mw | im- .-

3 be XY ] .1 amn 4.8

s mom Tisie Yy

s m.m;m m. . oy
fonc1 ¢ hpoire, NI/ ] oe Qe 9.09

2 e Qe -

[ Pt &2 . - . -

L] ary.) Q3.7 - N

s Qes ey Py
(ogtar Fimwete, Wavy ' see. i 3.7 -

H a0 2. 22 [y

3 04 o8 [ 4.8 4»

. 47 88 PO -2

s 931 w9 83 -n
tayias Stetere fotte, tuns;| 1 % 5,493 B S D [

? XY 97 am

3 5.9 s . an

M s s s n

s s 2 . >y
Whe: Nrfpmency wiers 6t (3 “6) oy, Mol 7@ 1100 CONPItiosn ong @ ¢ ‘exfuls offert of - - -~ .

et aties Nes.

. thrust decay (ocdbserved as 3 ¢rop in thrust chamber pressure) prior o
receipt of the cutoff signal,

The outdoard engine thrust decay performance was within the predicted
dand, First indications of thrust decay were noted 0.75 second prior
to cutoff signal on engine 1. !n crder of engine position, thrust decay
began at 0.75, 0.50, 0.55, and 0.30 seconds prior to cutoff signal and
corresponding chamber pressure decays were 180, 180, 130 and 120 psi.

At S-I1 OECO total thrust was down 20 612,126 1bf. Stage thrust dropped
to five percent of this level within 0.4 second. The stage cutoff
mpulse through the five percent thrust level is estisated to be 121,100
,bf-‘o

6.5 S-il STAGE PROPELLANT MANAGEENT SYSTEM

Ground loading and flight performence of the S-11 stage propellant memsge-
seat system were sowina] and all parameters were within sormal rasges.
The only exception was the LOX fine wess sessurement that exhibited 2

; signal level reduction of ome to two volts between -2.5 secomds amd 15

; seconds and thea retwrned to sorms] for the ressinder of the flight. This

' condition Sas not been cbserved during previous flights. A review of the
LOX coarse mess and the Propellant Utilization (PU} esror signal werifies
that the PU computer LOX bridge servo did correspondingly move dwring this
time period eliminating the possibility of a telemetry problem. After a

data review, this signal cheracteristic could aot be explained by

tnown tank conditioms. Laboratory simulations with either serfes of paralilel

o
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resistarce 1n e leacwire jyscen Setween re (Capactlarce srcfe ird tre
21U computer nave duplicated this prodlen,

To crecluce dossidie sectliems cn future flights, an irgrecticn ¢ tre
ieadwire systen integrity w1ll te conducled for S-1]-13 and sutsecuert
sericles, This measurerent is ren-critical in €lignt and-masual.point .
serscr “aciup prcpellart loadirg cculd be used for grourd icadirg srould this
croblem recur.

Tre Prepellant Tarking Computer System (PTCS) and the stage nropeilant
raragerent system properiy controlled S-I! loading and -repienisteent,
A1) S-1I stage LCX anc L) liquid level point senscrs ard capac:tarce
srotes orerated without any prodiees during the propelliant. lcading,
20t% LCY 3rd LH2 cverfill 2oint sensor percent wet indicaticrns were all
within tre lcading redline at the -127 second comit point,

Coer-icco control of EYR 2uring flight was successfully accamplishec .ihrough .

Jse cf re engire D0 position pneumatically operated Mixture Patio Centrol

Yalves (WRCY7). At £S(, nelium pressure drove the valves o0 the engine

start position correspordine to the 4.8 PR, The high PR {5.5) cosmand

was received at £5C +5.5 seconds as expected, providing 3 nominal high

R of 5.5 for tre first prase of the Programmed Xixture Ratio (PYR), . _ . . _ .

The Tow E¥R stlep occurred at £SC +325.6 seconds, which is 1.6 seconds
earlier thar predicted. This time difference is most likely caused by
1U computational cycle 2rrors or the Saturn vehicle reaching the preset
step command velocity at an earlier time than plinned. The average DR
at the low step was 4.78 as compared t0 a predicted 4.80. This lower
than planned DR is well within the two sigma +0.06 mixture ratio
toierarce.

Outdoard Engine Cutoff (OECO) was inftiated by the LIX cepletion £CO
sensors at ESC +396.07 seccnds which is 0.02 seconds later than planned.
Liquid level poINt semor cetd were rfOt dvailduvie w rverify Last XX -
pletion occurred dut engine parameters such as thrust chamber tressure,
oump iniet temperatures, pump speeds and pump flows all exhibited
characteristics simflar to LOX depletion cutoff on previous flights.

Since liquid level data were not avatlable, propellant residual mass

in tanks determination was done by other meins. Based on predicted LOX
0ECO mass, predicted LH2 full load mess and flommeter data, propellart
resfdual mass in tanks at OECO were 1401 1bm LOX and 2752 Tte LHp versus
1401 n-mmzasslu-us?prwcw. The open loop PU error at CECO
was -107 Tbm LKy which is well within the estimated three sigma dispersion
of 42500 Tbwm LH3.

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

full load mass «as derived from the engine flameter integraticn and
0£C0 residual values.

———
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Tadle 6-2. AS-512 Flis-t S-11 Propellant “*:ss History

R K

Py SYSTEM | ENGINE FLOMETER
PREDICTED, L2 ANAL SIS INTEGRATION, LB
EYENT L5» (BEST ESTIMATE)
Lox L4y Lox 42 Lox i,
Lifoff 844,150 | 160,220 | eas.cs2 {160,220 842,269 | 160,220
$-11 €5C 884,150 | 160,206 | 848,150 | 160,415 |[242,869 | 160,206
S-11 PY Valve Step 107,556 25,061 | 17.,.9 28,367 109,354 25,467
Command
2 Percent Point Semsor '7.18] 4268 .- b Lo .
S-11 0ECO 1401 2858 %02 2859 1401 782
S-11 Residual After 179 2788 | Cata mot | Data mot] 1222 2676
Threst Decay vieadle viesdle

R

Note: Tadble 1s tesed om mass in tanks and susp only. Propellant
traoped external to tanks and LOX sump is not included. PU
data are mot corvected for tank/prodbe sismatch.

**Point semsor discrete data not availadle due 20 Cermuds Ground Statiom
probles.

R

B el s
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6.6 S-11 PRESSURIZATION SYSTEM
6.6.1 S-11 Fuel Pressurization System

LH7 tank ullage pressure, actual and predicted, is presented in Figure
6-8 for autosequence, S-IC boost, and S-II boost. The LH; vent valves
were closed at -94.08 seconds and the ullage volume pressurized to 35.8
psia in 17.5 seconds. One make-up Cycle was required at approximately
-43 seconds and the ullage pressure was increased from 34.8 psia to :
35.8 psia. Ullage pressure at -19 seconds (launch commit) was 35.4 psia :
snich is within the redline limits of 33.0 to0 32.0 psia. Ullage pres-

sure decayed to 35.1 psia at S-1C ESC at which time the pressure decay

rate increased .or about 20 seconds. (The increased decay rate was
attributed to an increase in cooling due to LHy surface agitation caused

by S-1C engine firing.) This decay is normal and seen on previous launches.

gt SIS =T

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

6-13
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Figure 6-8. S-1I Fuel Tank Ullage Pressure

within the allowable low-mode band of 27.5 to 29.5 psi. The LH, vent valve
Ko. 2 cycled open at 140.3 saccnds 2vd closed at 141.1 seconds. Ullage pres-
sure at S-11 engine start was 29.1 psia exceeding the minimum engine start
requirement of 27 psia. The LH2 vent valves were switched to the high

vent mode (0.5 to 33.0 psia) prior to S-11 engine start.

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

Figure 6-9 shows LHy puo total inlet pressure, temperature, and Net
Positive Suction Pressure (NPSP) for the J-2 engines. The parameters
were in close agreecxzent with the predicted values throughout the S-11
flight period. NPSP remained above the minimum requirement throughout
the S-11 burn phase.

6-14 !
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6.6.2

S-11 LOX Pressurization System

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

6-10 for autosequence, S-IC boost, and S-II burn,

After a 107 second

cold heiium chilldown flow through the LOX tank, the chi.ldown flow was

terminated at -200 seconds.

The vent valves were closed at -184 seconds

and the LOX tank was pressurized to the pressure switch setting of 38.5 ~

psia in 31.0 seconds.

No pressure make-up cycles were required.

The

LOX tank ullage pressure increased to 40.0 psia because of common bulk-
head flexure during LH
seconds (launch commi 3

of 26 to 43 psia.

prelaunch operations.

101 WLAGL PRESSURL, pote

tank prepressurization.

Ullage pressure at -19

was 4G.2 psia which is within the redline limits

*DATA NOT AVAILASLE BEYOND 310 SECOMDS RANGE TINE.
FINST OPEN INDICATION ARD FOR T™HE FINAL CLOSED INOICATION AVAILASLE

The LOX vent valves performed satisfactorily during all-
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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 ullage pressure prior to S-II engine start was 41.5 psia.

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

of 42.0 psia at 182.0 seconds to a minimum of 39.0 psia at S-1I OECC.
Similarly to AS-510 and AS-511 the GOX for pressurizing the LOX tank

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

valve No. 2 first opened at 164.8 secords and reseated at 165.5 seccnus.

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

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

valve position discrete indications are not available beyond 310.9

seconds due to data acquisition problems.

The LOX tank ullage pressure was controlled within ore psi of the pres-
sure predicted for S-1] boost as shown in Figure 6-10. Comgarisons of -
the LOX pump total inlet pressure, temperature and NPSP are presented

in Figure 6-11. Throughout S-II boost, the LOX pump NPSP was well above
the minimun requirement.

This was the second flight using the LOX tank pressure switch purge. - s e

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

6.7 S-11 PNEUMATIC CONTROL PRESSURE SYSTEM

R N

The pneumatic control system functioned satisfactorily throughout the

S-1C and S-71 boost periods. Bottle pressure was 2990 psia at -0

seconds and with normal valve activities during S-1I 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 momentary pressure drops when the recirculation
or prevalves were actuated closed just after engine start, at CECO, ]
and at OECO.

6.8 S-11 HELIUM INJECTION SYSTEM 1

The performance of the helium injection system was satisfactory. The
supply bottle was pressurized to 2976 psia prior to 1iftoff and by S-II
ESC the pressure was 1663 psia. Helium injection average total flowrate
during supply bottle blowdown (-30 to 161.4 seconds) was 74 SCFM. During
the prelaunch countdown, the helium injection bottle decay test was
repeated to assure no adverse trends existed. The initial and final
decay tests were within predicted limits.
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6.9 PGGO SUPPRESSION SYSTEM

A center engine LOX feedline accumulator is installed on the S-1I stage
as a POGO suppression device. Analysis indicates that there was no S-1II
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 fiil the accumulator with helium subsequent to

engine start and maintain a heli:m filled accunulator through S-II CECC. .

The accumulator bleed subsystem performance was satisfactory. Figure
6-12 shows the required accumulator temperature at engine start, the
predicted temperatures during prelaunch and S-1C boost, and the actual
temperatures experienced during AS-512 flight. The maximum allowable
temperature of -281,5°F at engine start was adequately met (-293.8°F
actual).

Accumulator fill was initiated 4.1 seconds after engine start. Figure
6-13 shows the iaccumulator LOX level versus time during accusulator
fi1l. The fill time was 6.6 seconds, within the required 5 to 7 seconds.
The helium fill flow rate, during the fill transient, was 0.0055 1bm/s
and the accumulator pressure was 45.72 psia.

After the accumulator was fiiled with heliun, it remained in that state
until S-11 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
w2s observed during the ground static firing test of the S-11-14 vehicle
and to a lesser degree during the flights of S-I11-9, -10, and -11,

This splashing is not considered to be a problem. Figure 6-14 shows the
helium injection and accumulator fi11 supply pressure during accumulator
i1l operation. As can be seen, the suwply bottle pressure was within
the predicted band, indicating that tne helium usage rates were as
predicted.

6.10 S-I1 HYDRAULIC SYSTEM

S-11 hydraulic system performance was nominal with all pressures,
temperatures, and voluses within nominal predicted limits throughout
countdown and flight. Actuator positions followed actuator comsancs with
good accyracy and showed normal transient responses. The maximum engine
deflection was approximately 1.3 degrees in pitch on engines 3 and 4 in
response to separation and engine start transients. Actuator locads

were well within design 1imits. The maximm actuator load was approxi-
mately 6800 15f for the pitch acluator of engine 1. This load also
occurred shortly after engine start.
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SECTION 7
S-1VB PROPULSION

7.1 SUMMARY

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

S-IVB first burn time was 138.8 seconds, 3.7 seconds shorter than pre-
dicied for the actual flight azimuth of 91.5 degrees. This difference is
composed of -4.1 seconds due to the higher than expected S-I1/S-IVB
separation 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 percent for thrust and -0.14 percent for specific impulse. The
S-1VB stage first burn Enqgine Cutoff (ECO) was initiated by the Launch
Vehicle Digital Computer (LVDC) at 702.65 seconds.

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

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

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

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

The hydraulic system performance was nominal throughout flight.



7.2 S-1VB CHILLDOWN AND BUILOUP TRANSIENT PERFORMANCE FOR FIRST
BURN

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

The chilldewn and loading of the engine GH2 start tank and pneumatic cen-
trol bottle prior to liftoff was satisfactory.

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

1310 psia and -157.7°F, within the required region of 1325 +75 psia and
-170 +30°F for start. The discharge was completed and the refill initiated
at first burn ESC +3.8 seconds. The refill vas satisfactory with 1173 psia
and -223°F at cutoff.

The propellant recirculation systems operation, which was continuous
from before 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 1imits set by the engine manufacturer. Thrust data during
the start transient is presented in Figure 7-2. This buildup was similar

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

7.3 S-1VB MAINSTAGE PERFORMANCE FOR FIRST BURN

The propulsion reconstruction analysis showed that the stage performance
during mainstage operation was satisfactory. A comparison of predicted
anc 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 tre predicted at the STDV open +135-second time slice at standard
altitude conditions.

Thrust, specific impulse, and EMR were slightly less than the nominal pre-
diction but well within the predicted bands. These deviations from pre-
dicted are very minor considering the SfIVB-Slz_stage was not static
fired. Based on engine performance reconstruction the MRCY setting was

within the requirement of 30.0 +1 degrees.

7.2
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Table 7-1. S-1VB Steady State Performance - First Burn
(STDV Open +135-Second Time Slice at Standard Altitude Conditions)

| PERCENT
PARNIETER PREDICTED RECONSTRUCTION | DEVIATION DEVIATINN
’ { FPry4 PPEDICTED
Thrust, 1bf 207,197 205,797 -1,420 -0.63
Specific Impulse, 428.3 427.7 -N.6 -0.14
1bf-s/1bm
LOX Flowrate, 403.40 401.26 -2.14 -0.53
Tbm/s
Fuel Flowrate, 80.37 79.96 -0.41 -0.51
Tbm/s
Engine Mixture 5.019 5.018 -.001 -0.02
Ratio, LOX/Fuel

The first burn time was 133.8 seconds, terminated by a guidance velocity
cutoff command, which was 3.7 seconds less than predicted for the actual
flight azimuth of 91.5 degrees. This difference is composed of 4.1
seconds less due to the higher than expected S-11/S-1VB separation
velocity and 0.4 second longer due to lTower S-1VB performance Total
impulse from STDV open +2.5-seconds to ECO was 28.23 x 106 1bf-s which
was 874,949 1bf-s less than predicted.

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

7.4 S-1VB SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN

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

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

7.5 S-1VB PARKING ORBIT COAST PHASE CONDITIONING

The LHp CVS performed satisfactorily, maintaining 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 inflight 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 I-S.
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Figure 7-5. S-IVB CVS Performance - Coast Phase



The CYS regulator began cvcling at 900 seconds, about 3C minutes earlier
than on previcus flights., The extended hold during launch <ountdown

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

Calculations based on estimated temperatures indicate that the mass
vented from the fuel tanx during parking orbit was 2195 1bm and that the
boiloff mass was 2405 1bm, compared to predicted values of 2320 1bm

and 2540 1bm, respectively.

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

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

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

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

Second burn fuel lead generally followed the predicted pattern and
resulted in satisfactory conditions, as indicated by the fuel injector
temperature. Since J-2 start system performance was nominal during
coast and restart, no helium recharge was required from the LOX ambient
repressurization system (bottle No, 2). The start tank performed
satisfactorily during second burn blowdown and recharge sequence. The
engine stait tank was recharged properly and it maintained sufficient
pressure during coast. The engine control sphere first burr gas usage
was as predicted; the ambient helium spheres recharged the control
sphere to a nominal level for restart.

The second burn start transient was satisfactory. The thrust buildup was
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vithin the 1imits set by the engine manufacturer and was similar to the
thrust buildups observed on previous flights. The MRCY was in the proper
full open (4,5 EMR) position prior to the secornd start. The total impulse
from STDY open to STDV open +2.5 seconds was 182,502 1bf-s.

7.7 S-1VB MAINSTAGE PERFORMANCE FOR SECOND BURN

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

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

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

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

7.8 S-IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN

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

7.9 S-1VB STAGE PROPELLANT MANAGEMENT

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

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



RANGE TIME, HOURS:MINUTES:SECONDS

Figure 7-9. S-IVB Steady-State Performance - Second Burn

W S-1VB SECOND ESC ——— ACTUAL
&7 S-1vB SECOND ECO — — ~ PREDICTED BAND
220 -L——-;{———-——--—l-—--———
S 200 e 900
ER e 800 %
~ 160 700 =
E 3
120 1
- 840 .
“ 4
3 &
g z
'_)5 430 4200 2
=3 =
-~ (%]
g4 2
S2 420 &%
%00 e | L 220
< - . 2
P g
w 450 1200 gf
| - — fe
R Vzsn me - g
S —-——f--- 2
& 400 180 &
-
2 =
o e
350 1160
) o™ -
gL 5.5 ]
—~ e —— ——— o — o —p —— — ——
xx 5.0 e St G Gt SRS
x o ]
o 4.S5pmm=t=—
25 40 |
w ) 50 100 150 200 250 300 350 490
TIME FROM STDY OPEN +2.5 SECONDS
\74
1 L L | 1
3:12:00 3:14:00 3:16:00 3:18:00

N-s/kq



Table 7-2. S-IVB Steady State Performance - Second Burn
(STOV Open +172-Second Time Slice at Standard Altitude Conditions)
FLIGHT PERCENT
PARAMETER PREDICTED RECONSTRUCTION DEVIATION DEVIATION
" | FROM PREDICTED
Thrust, 1bf 207,197 205,608 -1,589 -0.27
Specific Impulse, 426.3 427.6 -0.7 -0.16
1bf-s/1bm
LOX Flowrate, 403.40 400.95 -2.45 -0.61
1bm/s
fuel Flowrate, 80.37 79.9 -.46 -0.57
1tm/s
Engine Mixture 5.019 5.018 -.001 -n.02
Ratio, LOX/Fuel
Table 7-3. S-1VB Stage Propellant Mass History
”
[MO{CATED L] FLOW BEST
cvent WNITS PREDICTED (CORRECTED) YOLUMETRIC INTEGRAL ESTIMATE
Lox LK, Lox y | o Ly x| e Lox LH,
S IC Liftoff 15e 195,584 | 43,750 | 195,421 | 43,728 | 195,421 | 43,944 | 195,495 43,600 | 195,636 | 43,752
First S-1¥8 £SC e 195,574 | 43,749 | 195,421 | 43,728 | 195,821 | 63,944 | 195,495 43,600 | 195,636 | 43.,7%
Fire. S-IV8 Cutoff | 1bm 138,285 | 32,297 | 140,141 | 32,536 | 140,141 | 32,700 | 139,840 32,936 | 140,017 | 32,678
Second S-1VB ESC 1om 138,142 | 29,774 | 139,985 | 30,040 | 139,985 | 30,163 | 139,684 | 30,040 | 139,879 | 30,075
Secorg 5198 18 | ow an| ze | zs| ]| 22 28 | 2

The masses shown 40 not taclude mess bDelow the sain enging valves, 43 presented in Section 16.

e WW e Ry



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-1VB PRESSURIZATION SYSTEM
7.10.1 S-1VB Fuel Pressurization System

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

The LH, tank prepressurization command was received at -96.3 seconds and

"“the tank pressurized signal was received 11,1 seconds later. Following

the termination of prepressurization, the ullage pressure reached

relief conditions (approximately 31.5 psia) and remained at that level
until 1iftoff, as shown in Figure 7-10. A small ullage collapse occurred
during the first 10 seconds of boost. The ullage pressure returned to
the relief level by 130 seconds due to self pressurization. A similar
ullage collapse occurred at S-iC/S-1I separation. The ullage pressure
returned to the relief level 35 seconds later. Ullage collapse during
boost has been experienced on previous flights and is considered

normal.

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

The LH2 tank was satisfactorily repressurized for restart by the 02/H;
burner. The LH2 ullage pressure was 30.6 psia at second burn ESC, as
shown in Figure 7-10. The average second burn pressurization flowrate
was 0.69 1bm/s until step pressurization, when it increased to 1.34
1bm/s. This provided a total flow of 288.2 1bm during second burn. Due
to 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 (NPSP) was calculated from
the pump interface temperature and total pressure. These values indicated :
that the NPSP at first burn ESC was 15.5 psi. At the minimum point, the

7158 !
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Figure 7-10. S-IVB LH2 Ullage Pressure - First Burn, Parking Orbit
and Second Burn

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

7.10.2 S-1VB LOX Pressurization System

LOX tank prepressurization was initiated at -167 seconds and increased
the LOX tank ullage pressure from ambient to 40.1 psia in 14.9 seconds,
as shown in Figure 7-13. Three makeup cycles were required to maintain
the LOX tank ullage pressure before the ullage temperature stabilized.

P - ol o by, s
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Figure 7-13. S-IVB LOX Tank Ullage Pressure - First
Burn, Earth Parking Orbit, and Second Burn

At -96 seconds, fuel tank pressurization caused the LOX tank pressure
to increase from 39.7 to 42.2 psia and unseat the tank pressure relief
valve (NPV). The valve reseated at 40.6 psia and the ullage pressure
then increased to 41.2 psia at liftoff.

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

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

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



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

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

During orbital coast, the LOX tank ullage pressure experienced a decay

similar to that 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. Mass addition to the ullage from LOX evapora-
tion was minimal and the ullage pressure stayed below the relief range.

. Repressurization of the LOX tank prior to second burn was required and was

satisfactorily accomplished by the 02/H2 burner. The tank ullage pressure

.wa§_39.9 psia at second ESC and satisfied the engine start requirements.

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

The LOX NPSP calculated at the enagine interface was 22.5 psi at second
burn ESC. This was 10.7 psi aocove 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 adeguate to meet all flight requirements. At
first burn ESC, the cold helium spheres contained 382 1bm of helium.

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

7.1 S-1VB PNEUMATIC CONTROL PRESSURE SYSTEM

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

7.12 S-1VB AUXILIARY PROPULSION SYSTEM

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

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

Table 7-4. S-1VB APS Propellant Consumption

e - - g WOE W, T VROt W0, 7
[~ oxfornEew | FeL | ORIDIZEN ¢ Y®L |
Lom | PERCENT | tow | PERCENT Low | percENT |  Lew | pERcENT

Infttal Load 2028 126.1 203.6 126.1

First Sum (Roll Control) 0.9 0.2 0.3 .2 0.5 0.2 0.3 0.2

1 ECO o End of Firit APS Ullaging 4.8 7.2 n.3 9.0 2.5 6.1 10.0 1.9
(86.7 sec time period)

tnd of First Ullage Bum te n.2 s.§ 1.0 8.6 5.8 2.9 1.6 2.9
Start of Second Ullage Bum

Second Ullage Bum 12.5 6.1 9.5 1.8 12.8 6.1 9.4 1.8
(76.7 sec Duration)

‘Second Serm (Tell ConerS?) - : 0.3 0.1 0.2 -2 ‘0.3 0.1 0.2 2
ECD to Start of First Lumer 28.0 13.7 18.8 14,9 %.5 1.9 25.1 19.9
lspact Burm at 22,200 sec.

First Lunar Impact Ullage (APS-1) 15.0 1.4 1.6 9.2 15.5 7.6 12.0 9.5
Berm (98 sec Ourstion)

from tnd of First Lunar Impact 1.0 3.4 a4 1.8 1.0 3.4 4.8 b N
Surn o Start of Second Lumar

[mpact Bum at 40,500 sec.

from Start of Second Lumar 5.2 1.8 12.0 9.5 16.0 7.3 2.2 9.7
spact (APS-2) Burn to FCC Cutoff
(sporoximataly 41,533 sec)

Tots! Provellant Usage 104.3 1.9 H.I‘L 9.4 106.6 $2.1 1%.6 1.6

S0TE: The APS procellant consusption oresentad in this tadle calculated
from helium bottle pressure and tevpersture mpsseresents.

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

182 psia to 200 psia.

The performance of the attitude control thrusters and the ullage thrusters
was satisfactory throughout the mission. The thruster chamber pressures
ranged from 95 to 101 psia. The ullage thrusters successfully completed
the three sequenced burns of 86.7, 76.7, and 80.0 seconds; and the two

round commanded lunar impact burns of 98 seconds at 22,200 seconds
?6:10:00) and 102 seconds at 40,500 seconds (11:15:00). The Passive
Thermal Control (PTC) Maneuver was successfully completed prior to flight
controt-computer shutoff.



The Tongest attitude control engine firing recorded during the mission
was 0.890 seconds on the module No. 2 pitch engine at 12,810 seconds
" T7"during the Transportation Docking and Ejec=zion (TD&E) maneuver.

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

"The sealing and transducer mounting block changes incorporated in the
AS-512 APS modules to prevent helium leakage such as occurred during the
AS-511 mission were apparently successful. No leakage occurred during
the AS-512 mission.

7.13 S-1VB 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-1VB lunar impact. The manner and sequence in which the

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

7.13.1 Fuel Tank Safing

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

decayed to zero at approximately 25,000 seconds (06:56:40). The mass of
vented GH2 agrees with the 2224 1bm of residual liquid and approximately
610 1bm of GH2 in the tank at thea 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 amount of liquid vented 1s
estimated at less than 20 pounds.

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

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

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

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

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

The LOX dump was initiated at 19,460.2 seconds (05:24:20.2) and was
satisfactorily accomplished. A steady liquid flow ¢7 368 gpm was reached
in 13.3 seconds. The LOX residual at thz start of dump was 3928 1bm.
Calculaticas indicate that 2564 1bm was dumped. During dump, the ullage
pressure decreased from 25.1 to 24.4 psia. A steady state LOX dump
thrust of 720 1bf was attained. There was no ullac: gas ingestion, 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 ibf-s, resulting in a calculated velc-ity change of 29.3
ft/sec.

At LOX dump termination +242 seconds, the LOX NPY valve was opened and
latched. The LOX tank ullage pressure decayed from 24.4 psia at 19,750
seconds (05:29:10) to near zero pressuse at approximately 23,000 seconds
(06:40:00) as shown in Figure 7-20. Sufficient impulse was derived frcm
the LOX dump, LHp 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 1bm of cold helium from *he bottles sut-
merged in the LH2 tank was dumped through the cold He dump module during
the three programmed dumps which occurred as shown in Figure 7-17.
7.13.4 Ambient Helium Dump

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

ambient repressurization control module into the LCX tank NPV system for
40 seconds beyinning at 11,938 seconds (03:18:58). ODuring this dump,
the pressure decayed from 2900 psia to approximately 120C psia.

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

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

7.13.5 Stage Pneumatic Control Sphare Safing

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



7.13.6 Engine Start Tank Safing

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

1300 to 20 psia with approximately 2.78 1tm of iydrogen being vented.

7.12.7 Engine Control Sphere Safing

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

The safing of the engine control sphere began at 21,216.4 (05:53:26.4)
by energizing the helium control solenoid to vent helium through the
engine purge system. "The helium control sphere vented until 21,232.4
seconds (05:53:52.4) with the initial pressure of 2970 psia reduced to
1340 psia at vent termination.

7.14 S-1VB 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 o0il level (auxiliary pump off)
was 82 percent at 65°F at 20 minutes prior to launch.

During S-1C/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 flight mode "ON" at

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

psia and remained steady for approximately 140 seconds. The engine

driven pump furnished most of the leakage flow during this period as
evident by a current draw from Aft Battery No. 2 of 22 amperes. Follow-
ing the first 140 seconds, the auxilfary hydraulic pump b2gan 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~onds followed by the auxiliary pump fur-
nishing most of .the leakage flow as evident by shifts in Aft Battery
No. 2 current. System temperatures were normal during the burn. Pump
inlet oil temperature responded to the changes in Aft Battery No. 2
current as the pressure and flow output varied between the two pumps.

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

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

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

8.1 SUMMARY

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

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

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

The S-1! 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-1I boost. The POGO 1imiting backup cutoff system per-
formed satisfactorily during the prelaunch and flight operations. The
system did not produce any ciscrete outputs and should not have since
there was no POGO.

The structural loads experienced during the S-IVB stage Lurns were well
below design values. During first burn the S-IVB experienced Tow 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
frequency range which peaked near second burn cutoff.

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

values. The AS-512 vehicle liftoff steady-state acceleration of 1.21 g
was slightly higher than predicted (1.19 g), resulting in slightly higher

8-1



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.
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Figure 8-1. AS-512 Longitudinal Acceleration at IU and CM During
Thrust 8uin~up.anq.Launch

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

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

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

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

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

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

Combined compression and tension loads were computed for the maximum
bending moment, CECO and OECO conditions, usina the loads shown in
Figures 8-2 and 8-3 and measured ullage pressures. Those loads
which produced minimum safely margins are plotted versus vehicle sta-
tion along with the associated capabilities in Figure 8-4. The
minimum ratio of capability to load is at Station 1541 for the O0ECO
condition,
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8.2.2 Bending Moments

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

8.2.3 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 1U 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. .
PORC did not occur during S-IC boost. =4
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Engine 2 outboard fuel suction duct 1 pressure data (Did6-115) showed a
high amplitude (8 psi peak) 11 Hz oscillation throughout most of the
S-1C stage burn. The 11 Hz frequency content was also found in the
related fuel suction inlet pressure measurement D4-102 where it appears
as an aliased 1 Hz frequency of similar amplitude.

This 11 Hz oscillation has been observed on previous flights for various
time periods and comparable amglitudes. 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 POGO phenomenon. No significant vehicle
response occurred at this frequency.

The AS-512 S-1C CECO and OECO transient responses were equal to or less
than those of previous flights. The maximum longitudinal dynamics
resulting from CECC were +0.20 g at the 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 g at the CM, Figure 8-7. The minimm CM acceleration level of
<0.60 g occurred at approximately the same time and is somewhat lower
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than on previous flights but considered normal.

The S-1I stage center engine accumulator effectively suppressed the 16
hertz POGO phenomenon. The flight data show that the 16 hertz oscilla-
tions were inhibited with amplitudes comparable to those seen on AS-511,
Figure 8-8. The peak 14 to 20 hertz cencer 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 fregquency
of approximately 70 hertz, Figure 8-9, The LOX pump inlet pressure

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

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

and the structural accelerations which 2again indicates the lack of
strong coupling between the transient pressure response and tne structural
accelerations.
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As on prior flights, very low 11 hertz oscillations were noted near the
end of S-I1I burn. The AS-512 peak engine No. 1 gimbal pad response was
+0.06 g as compared to +0.07 g on AS-511.

During S-1I 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 of the
S-1VB gimbal block signal with the spectrum of the S-II center engine
thrust pad. The spectrum associated with the center engine indicates

a very low level response concentrated in the 20 hertz region. The
S-1VB gimbal block has the character of a random response across the
frequency spectrum. This demonstrates that the S-IVB phenomena is
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not the result of a forced response due to an excitation emanating
from the S-1I. The S-1VB gimbal block vibration spectrum shows an
order of magnitude increase when the noise occurs whereas the S-IVB
LOX pump inlet pressure shows little change, Figure 8-12. The higher
Jevels 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-1VB 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
of +0.10 g measured on the gimbal block. This compared to +0.05 g on
AS-510 and +0.08 g on AS-511. -
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Outboard Engine Cutoff :

8.2.4 Vibration

There were no significant vibration enviromments 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-11 POGO LIMITING BACKUP CUTOFF SYSTEM

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

The system did not produce discrete outputs at any time. The accelero-
meter analog outputs were well below the levels which would produce a
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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 Translumar Injection were attained with
insignificant navigation error.

Two anomalies related to the flight program did occur. WAt approximitély -
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 continued "=~ -
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 postflight 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
corresponding postflight trajectory values from launch to earth parking
orbit (EPO) are shown in Figure 9-1. At EPO insertion these diff2rences
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
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in Figure 9-2. At Time Base 6 (76) 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 parkina 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 and 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 along with corresponding data from both
the postflight and Operational (predicted) Trajectories (0T). The dif-

ferences between the telemetered and postflight trajectory data reflect = _

some combination of small guidance hardware errors and tracking 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
(Q.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 flight
path angle at significant event times are presented in Table 9-2. Dif-
ferences between the LVYDC and 0T 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-1VB second ECO orbital
energy (C3) was 1849 m/s2 greater than the 0T value of -1,769,443 m2/s2.
The LVDC and postflight trajectory were in excellent agreement, except
for crossrange, for the boost-to-EPO portion of flight. The crossrange
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 LYDC state
vectors at TLI were in relatively good agreement. The difference in (3

9-3
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Table 9-1.

(PACSS-12 Coordinate System)

Inertial Platform Velocity Comparisons

VELOCITY - M/S (FT/S)

EVENT DATA SOURCE —
VERTICAL CROSS RANGE DOWN RANGE
(x) {v) (2)
Guidance (LVOC) Z 631,75 7.8 2 204.15
(8 634.35) (-38.71) (7 231.46)
s-1¢ Postflight Trajectory | 2 631.68 -1.07 220374
0ECo (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)
oS Postflight Trajectory | 3 409.52 7.07 6 810.92
(11 186.09) (23.20) (22 345.54)
Operationa!l Trajectory 3 425.3% 1.87 6 787.06
(11 238.04) (6.14) (22 267.25) |
Guidance (LVDC) 3 212.45 -1.57 . 7 603.88
(10 539.53) (-5.15) (24 947.11)
s-1v8
Postflight Trajectory 3 212.95 1.45 . 7 603.99
FIRST ECO (10 541.18) (4.76) (24 947.49)
Operatonal Trajectory 3 226.31 -1.18 7 606.72
(10 $84.99) (-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
TNSERT ION (10 539.44) (4.66) (24 953.18)
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-1v8
Postflight Trajectory | -2 766.91 -11.97 1 500.07
SECOND ECOw (-9 077.79) (-29.27) (4 921.49)
Operational Trajectory| -2 769.00 2.1 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)
TRANSLUNAR
Postflight Trajectory | -2 720.33 -1.87 1 501.47
InJECTION® (-9 089.01) (-28.94) (4 925.08)
Operationsl Trajectoryl -2 772.47 .72 1 495.75
(-9 096.04) (-74.55) (4 907.33)

“Values represent velocity chenge from Time Base 6.
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at TLI was -1887 mZ/s2 (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 flight program
navigation equations and programmed 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 .ector at TLI was compared with the OT and postflight -
trajectories and the differences are presented in Table 9-3. The LVCC
radius vector was 5093.1 meters (16,709.6 ft) higher than the OT and
686.7 meters (2253.0 ft) lower than the postflight 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 required 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 apprcximately T-30 seconds,
the variable launch azimuth function of the flight program was required

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

A1l 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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Table 9-3. State Vector Differences at Translunar Injection
OPERAT JONAL POSTFLIGHT

PARAMETER TRAJECTORY TRAJECTORY
MINUS LVDC MINUS LVDC

;xs, meters 35 370.6 4 261.1
(feet) (11~ 045.3) (13 980.0)

aYS, me ters 93.6 3 868.6
(feet) (307.1) (12 692.3)

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

AR, meters -5 093.1 687.7
(feet) (-16 709.6) (2 253.0)

akg, /s 7.13 2.30
(ft/s) (23.39) - (7.55)
Neoms - -0.15 | 11.19
(ft/s) (-0.49) (36.71)

aZg, w/s | 30.74 3.76
(ft/s) (100.85) (12.34)

AV, 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 aVp = 1.514 meters/second to establish the
extrapolation interval beyend velocity cutoff.

Minor loop error telemetry indicated an unreasonable zero reading of
the yaw (Z) gimbal at 478.4 soconds (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 readings 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 faflure 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



Table 9-4. AS-512 End Corditions

FIRST BURN
[ ERROR

PARAMETER DESIRED ACHIEVED (ACHIEVED-DESIRED)

Terminal Velocity, V1 7804.0613 7803.8796 -0.1817
(m/s)

Radfus, Ry (meters) 65,544 ,846.0 5,544 ,838.51 -7.49

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

Inclination, I 28.523855 28.524201 0.000346
{degrees)

Descending Node, i 87.019862 87.018449 -0.001413
(degrees)

SECOND BURN.

’ - . JERROR )
PARAMETER OESIRED ACHIEVED (ACHIEVED-DESIRED)

Eccentricity, E 0.97220895 0.97219893 -0.00001002

Inclination, I 28.4244%8 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 ("2/sec?) -1,683,990.0 | -1,684,562.323 -572.333

program apparently responded correctly. Only one unreasonable zero
reading was found in each case and no change to backup readirgs was
initiated. Although the improper selection of a backup resolver weuld
not significantly degrade system accuracy, the current zero test is
being studied for possible changes to either the test method cr the mag-
nitude of the test constant for future missions.

9.3.3 Earth Parking Orbit

Parking orbit guidance proceeded as expected.
cormanded steering angles for major events.

Table 9-5 presents the

Orbital navigation was within the required tolerances for parking orbit.
Termination of orbital navigation occurred at 10,971.4 seconds
(T6 -7.2).



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

COMMRDED STEERING AMGLES, DEGREES

FLIGHT
PERIOD EVENT TIME, SECOMDS AOLL (X) PITCH (Y} YAd 12
Earth [nitiate Orvital Guidance TS «0.0 0.7422 -106.8471 P
Perting Eh el 06.84 -J.5868
oot
[nitiate Maneuver to TS «21.538 0.000G 117, 1
Local Horizontal 8303 31268
[nittate Ormattal TS »101.378 - . .
Navigation
Post [n1tiate Ordital Guidance T7 «0.0 9.3404 -159.9386 3.0084
ni O Freeze ’
Inftiate Oroital 77 +152.003 .- e -
Navigation
[nitlate Maneuver to T7 »152.013 0.0000 -179.2931 .24
Local Hortzontal i 0.2
H
Initiate TDAE Maneuver T7 +3€1.032 180.3000 -105.1028 40.258!
- v IR N .o - RN LN - N . . L T .
TOAL Maneuver Complets T? +5194.4 - - " ..
‘ 1
Initiata Lunar [spact T8 »581.014 180.0000 -94.3543 -18.6886
Local ieference Raneuver

Miror loop error telemetry issued at approximate.y 5421 secords (T5 +4715.8)
indicated an unreasonable change in successive readings of tne yaw gim-
bal angle. The test for a reasonable change is made by comparing the
differenc> 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 pitch, yaw, or roll the change
is considered unreasonable. The magnituce of the yaw test constant at
the time of the failure was 0.2 degree/minor loop. If a fine resolver
fails the reasonableress 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
jndicated that the yaw (Z) backup gimbal reading was erroneocusly com-
pared with a fine resolver reading instead of the proper comparison of
two successive fine resolver readings. Further investigation 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 locp
interrupt during a particular six irstructicn interval at the start of



the data ccmpressicn resulted in the replacement of the fine yaw gimbal
reading by the backup yaw gimbal. Since the backup reading was rejected
as unreasonable, the next fine gimbal reading was properly compared

with the last reasonable fine gimbal reading and all subsequent reasonable-
ness tests were passec. The possibility of a similar occurrence on sub-
sequent missions has been eliminated by starting a read of the currently
selected Z gimbal . ssolver (fine or backup) at the end of data compression.

9.3.4 Second Boost Period

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

Sequencing 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 reinitiation of boost navigation at 10,971.4 seconds the extra
accelerometer readings, that should have been telemetered only from
GRR to T +1C, were reinitiated and continued throughout second boost
navigation. This resulted from the extra accelerometer read module
being queued in with the periodic processor at GRR and again at second
boost initialize. The readings were not stopped as in first boost,
because there was no counterpart to the T +10 second cue during second
boost. In previous flight programs the extra accelerometer readings
were queued in separately after GRR and were not queued in again at
second boost. A class Il change effective with AS-512 reduced the
priority of these accelercmeter readings and placed their start time
at GRR. Tne only effect of this problem was a slight lengthening of the
computation cycle during second boost but this was accounted for by the
flight program without adverse results. Since no further missions
with a S-I¥YB second burn are planned no program changes are recommended
but documentation of the occurrence has been accomplished for future
reference.

IGM for the S-IVB second burn was implamented at 11,562.7 seconds
(T6 +584.1). Pitch, yaw and roll attitude angles for second burr
are shown in Figure 9-6.

Table 9-4 shows the terminal end conditions for the S-IVB second burn.
Desired values are the telemetered target values and actual teminal
values were obtained by linear forward extrapolation using a velocity
bias of t¥ppy = 3.660 meters/sacond.

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 Tunar 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
secords. Both burns were properly implemented by the fiight 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 osciilator was commanded off by the flight
program at 49,620 seconds after which no further telemetry data was
available.

9.4 NAVIGATION AND GUICANCE 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 gyro servo loops responded properly to all vehicle perturbations.
Maximum deflection during 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 OECO.

The largest disturbance occurred at Spacecraft/IU separation when the
X gyro 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



Ay - -~ -

X Y 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 LYDC and LVDA performed satisfactorily, and no hardware anomalies
were observed during any phase of the AS-512 mission.
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SECTION 10
CONTROL AND SEPARATION

10.1 SUMMARY

A1) control functions and separation events occurred as planned. Erqiane
gimbal deflections were nominal and Auxiliary Propulsion System (APS)
firings predictable thrcughout powered flight. All dynamics were within

vehicle capability, and bending and slosh modes were adequately stabilized.

The APS provided satisfactory orfentation and stabilization during
parking orbit and from Translunar Injection (TLI) through the S-1YB/IU
passive thermal control maneuver. APS propellant consumption for
attitude control and propellant settling prior to the APS burn for lunar
target impact was lower than the mean predicted requirements.

A11 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-1C CONTROL SYSTEM EVALUATION

10.2.1 Liftoff

The 1iftoff tower clearance maneuve. occurred as planned. Table 10-1
sumarizes liftoff conditions and misalignments.

10.2.2 Inflight Dynamics

The AS-512 control system performed satisfactorily during S-1C boost.
Jimsphere measurements indicate that the peak wind speed encountered
was 45.1 seters/second at 12.2 kilometers altitude with an azimuth of
311 degrees. The peak wind speed calculated from the Q-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 Decesber (29.7 meters/
second for a 90 degree launch azisuth). The pitch component was near
S0 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 10T was used
in pitch (based on the average engine gimbal angles in pitch and yaw).

n.1
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Table 10-1. AS-512 Misalignment and Liftoff Conditions Summary

PREDICTED 30 RANGE LAUNCH
PARAMETER PITCH 7™ ROLL PITCH YAW | ROLL
Thrust Misal ignment, :0.31 :0.311+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 | o0.00
Pad Misalignment,
deg
Attitude Error at - - -0.12 0.12 | -0.06
Holddown Arm
Release, deg
Peak Soft Release 415,900 (93,500) .
Force Per Rod,
N(1bf)
Wind 19.55 W/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 .

*0ata not availadle.

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 crimarily from guidance
commands. Between 40 and 110 seconds vehicle dynamics were caused by
the pitch guidance progras and the wind. ODynamics from 110 seconds to
S-1C outboard engine cutoff were caused by separated airflow aero-
dynamics, inboard engine shutdam, tilt arrest, and high altitude winds.

The attitude errors between 1iftoff and 20 seconds indicate that the
equivalent thrust vector misaligmeents 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 cutoff indicate that the center engine misaligmments were 0.02
and G.30 degrees in pitch and yaw.

. .4-“-!- -
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Table 10-2. Maximum Control Parameters During S-IC Burn

PITCH PLANE YAW PLANE WLL PLANE
PARAME TERS ANGE RANGE RANGE
AMPLITUDE TIME AMPY I TUDEC TIE AMPLITUDE TIivE
{SEC) (SEC) {SEC)
Attitude Erver®, deg J3.84 119.4 -1.26 3.3 1.22 14.3
Angular Race, deg/s -3.39 88.4 o.M 5.0 -1.18 14.7
Average Gimpal Angle, 0.38 15.0 -0.73 3.2
deg
Angle of Attack, deg 2.23 59.6 4,35 78.9
Angle of Attack-
Oynasic Pressure 5
Product, deg-N/cme 5.48 744 14.45 73.9
{deg-1bf/fe") (1130) {3018)
Yarmal
Acceleration, m/s? -3.45 66 3.52 31
{ft/s?) (-1.5) (1.7}

* 8iases removed

A1l dynamics were within vehicle capability. The atticude errors
reguired 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 region were 2.23 degrees in pitch and 4.45
degrees in vaw. The peak average engine deflections required to trim
out the aerodynamic moments in this region 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 slosh were adequately
stabilized. Vehicle dynamics prior to S-IC/S-II first plane separation
were within staging requirements.

10.3 S-IT CONTROL SYSTEM EVALUATION

The S-1I 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 maximm values of yaw and roll con-
trol parameters occurred in response to S-1C/S-II separation conditions.
The maximum control parameter values for the period of S-I1I 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-1C/
S-11 separation, S-I1 stage J-2 engine start, second plane separation,
and Launch Escape Tower (LET) jettison. Pitch and yaw dynamics during

T~



Table 10-3. Maximum Control Parameters During S-II Burn

PITCH PLANE YAW PLANE ROLL PLANE
NPLITUDE | RANGE TIME | AMPLITUDE | RANGE TIME | AMPLITUDE | RANGE TINg
PARAMETER {SEC) (SEC) {SEC)
Attitude Errore, deg -1.5 an -0.5 206 -2.7 166
Angular Rate, deg/sec 1.0 o 0.5 204 2.5 166
:;-aqc Gimdal Angle, 0.5 206 0.4 206 - -

* 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-I1C/S-11 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 largely by engine location
misalignments, thrust vector misalignments, and uncertainties in engine
thrust buildup characteristics.

10.4 S-1VB CONTROL SYSTEM EVALUATION

The S-IVB thrust vector control system provided satistactory 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-I11/S-1VB separation, guidance initiation, Engine
Mixture Ratio (MR) shift, terminal guidance mode, and S-IVB Engine Cut-
off (ECO). These transients were expacted and were well within the
capabilities of the control system.

1C.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 Tabie 10-4.
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Table 10-4. Maximum Controil Parameters During S-IVB First Burn

PITON PLARE "y PLANE WLL PUANE
w1706 | aaaceE Tive | wwrLsTune | eance Tive | meviTuoe | aance Time
SARMETER {S€C) (SEC) {S€C)
Atgisude Error®, 309 2.4 s.s .7 574.2 0.8 606.0
Angular Rate, 29/: -1.4 §71.0 -0.3 §72.3 -0.5 £61.4
uztmm 51e0a] Angle, 1.5 $70.5 -3.7 574.3 . .
geq

* ftases "emOvel

The pitch and yaw effective thrust vector misalignments during first burn
were 0.37 and -0.18 degrees, respectively. A steady state roll torgue of
7.4 N-m (5.4 1bf-ft) counterclockwise looking forward required roll APS
firings during first burn. The steady state roll torque experienced on

" previous flights has ranged between 61.4 N-m (45.3 1bf-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 sendors. The propellant slosh did

not have any noticeable effect on the operation of the attitude control

system,

10.4.2 Control System Evaluation During Parking Orbit

The APS provided satisfactory orientation and stabilization during parking
orbit. Following S-I1VB 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 Figure 10-8. Available data indicate that slcshing disturbances which
caused venting of LOX on AS-510 were minimized on AS-512. The LOX ullage
pressure remained below the relief setting throughout parking orbit.

10.4.3 Control System Evaluation During Second Burn

S-1Y8 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 following
guidance initiation. Transients were also observed as a result of the
pitch and yaw attitude commands at the terwmination of the Artificial Tau
guidance moce (27 seconds before ECOD).

10-11
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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 Control Parameters During S-IVB Second Burn

PITCH PLANE YA PLARE ROLL PLANE
PARAMETER NOLITUDE | RANGE TINE | AMPLITUDE | PANGE TIME | AMPLITUDE | RANGE TIME
(SEC? (SEC) (SEC)
Attitude Ervor®, deg 2.2 11567.5 -0.8 11578.0 +0.9 11885.0
Avwgular Rute. deg/s -1.4 11569.0 0.3 11581.0 0.15 11560.0
Maxtoum Gimbal Angle, 1.3 11567.0 0.7 11570.0 - -
deg

* Biases removed

The pitch and yaw effective thrust vector misaligmments early in second
burn (prior to MR shift) were 0.36 and -0.16 degrees, respectively.
Following the MR shift the misalignments were 0.50 and -0.24 for pitch
and yaw, respectively. Tne 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 propellant 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 System Evaluation After S-1YB Second Burn

The APS provided satisfactory orientation and stabilization from Trans-
lunar Injection (TLI) through the S-IVB/IU Passive Thermal 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-plane local horizontal following second burn

cutoff, the maneuver to the Tranmsportation Docking and Ejection (TDSE)
attitude, spacecraft separaticon, spacecraft docking, lunar module extraction,
the maneuver to the evasive ullage burn attitude, the maneuver to the LOX -
--dump attitude, the maneuver to the optimum lunar impact ullage burn atti- -
tude, the maneuver to the solar heating control attitude, the maneuver to

the vernier lunar impact ullage burn attitude, and the PTC maneuver.

The pitch attitude error and ancular rate for events during which
- telemetry.data were available are shown in Figure 10-11.

Following S-IVB second cutoff, the 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 established. At 12,809 seconds (03:33:29), the vehicle was commanded
to maneuver to the separation TDSE attitude (through approximately 120, 40
and -180 degrees in pitch, yaw and roll, respectively).

Spacecraft separation, which occurred at 13,347 seconds (03:42:27),
appeared nominal, as indicated by the relatively small disturbances
induced on the S-1VB.

Disturbances during spacecraft docking, which occurred at 14,231 seconds

(03:57:11), were less than on previous flights. Docking disturbances

required 2,160 N-sec (485 1bf-sec) of impulse from Module 1 and 1,160 N-sec

(261 1bf-sec) of impulse from Module 2. The largest docking disturbances

on previous flights occurred on AS-510 and required 3,480 N-sec (783 1bf-

sec) of impulse from Module 1 and 3,040 N-sec (683 1bf-sec) of impulse

from Module 2. Lunar module extraction occurred at 17,102 seconds -
{04:45:02) with nominal disturbances. N

At 17,520 seconds (04:52:00) a yaw maneuver from 40.3 degrees (TD&E
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
ullage engines were commanded on for 80 seconds to provide the necessary
separation distance between the S-1VB and spacecraft.

The maneuver to the LOX dump attitude was performed at 18,760 seconds
(05:12:40). This was a two-axis maneuver with pitch commanded from 179.5

iC-14
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to 190.0-degrees 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 perform 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 change from 190.0 to 248.0 degrees and a yaw attitude maneuver
change from -19.0 to -23.U degrees referenced to the in-plane local
horizontal. At 22,200 seconds (06:10:00) the APS ullage engines were
commanded on for 98 seconds to provide delta velocity for lunar target
impact. oottt s

At 22,664 seconds (06:17:44) a ground command was received to perform a
maneuver to the solar heating attitude to assure proper solar heating
conditions. This was a single-axis pitch maneuver and resulted in a
pitch maneuver change-from-248.0 to 161.0 degrees referenced tc 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
bura. 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 49,500 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 initiste 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 approximately -0.3 degree/second pitch, -0.3 degree/second yaw,

and 0.6 degree/second roll were established, a ground command was
received (Flight Control Computer Power Off B) at 41,532.5 (11:32:12.5)
to irhibit the IU Flight Control Computer leaving the vehicle in a
three-axis tumble mode.

APS propellant 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 1bm) and 52.9 kilograms (116.7 1bm) for Modules 1
and 2, respectively. This was approximately 35 percent of the total
available propellant in each module {approximately 147 kilograms [330
1bm]). APS propellant c~nsumption is tabulated in Section 7, Table 7-4.

1A NN



10.5 INSTRUMENT ULIT CONTROL COMPONENTS EVALUATION

The control subsystem performed properly throughout the AS-512 mission.
A11 ST-124M Stabilized Platform Subsystem (SPS) factors remained within
previously experienced limits. - The eauipment temperatures increased as
expectgd when the wa’er sub1xmator operation was inhibited (Section
14.4.1 :

10.5.1 Gimbal Ancle Resolvers

Proper vehicle attitude was indicated by the gimbal angle resolvers
until the PTC maneuve was initiated at approximately 41,500 seconds.
As on AS-511 the posi. - yaw gimbal mechanical stop was contacted for
short periods of time. nis was expected. No vehicle perturbation or
hardware fa11ure was ev.dent as a result of the contacts.

S .

10.£.2 . ST-1248M Power Supp11es

A1l power narameters were within specification limits. Deviation from
nominal occurred while the water sublimator operation was inhibited.

The 4.8 KMz voltage increased while the 400 Hz voltage decreased, but in
each case no specification 1limit was exceeded.

10.6 SEPARATION

10.6.1  S-IC/S-II Separation

The AS-512 S-IC/S-11 stages separated as planned with no known anomalies.
Clearance distance between the stages was approxiamtely 2.4 meters (eight
feet) more than required at S-1I Engine Start Command (ESC) as shown in

Fiaure 10-12. Separation distance was approximately 15.2 meters (50 feet)
at J-2 engines main propellant ignition.

Durinag the first n° -» separation period (160 to 166 seconds), the maxi-

mum roll attit and angular rate were approximately -2.7 degrees
and +2.5 7 cond, respectively. Maximum pitch and yaw atti-
tude - nd -0.7 degrees, respectively. Corresponding

may > rates at this time were -0.2 and -0.1 degrees per
S .

and Plane Separation

_.ane separation was performed as planned. No sianificant tran-
.ae> in vehicle attitudes or rates were identified that would have
caused this separation to be other than nominal.
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10.6.3 S-11/S-1VB Separation

Nominal accelerations were observed on the flight vehicle durihg the
S-11/S-1VB separatiorn. 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 to assure proper 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 vehicie 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 controiled by 6 roll firings within 15
seconds following separation.

A1l attituce errors remained within the 1 degree deadband during the
separation process.



SECTION 11
ELECTRICAL NETWORKS AND EMERGENCY DETECTION SYSTEM

11.1 SUMMARY

The AS-512 launch vehicle electrical systems and Emergency Detection
System (EDS) performed satisfactorily throughout the required period

of flight. However, the temperature of the S-1YB 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 did
operation of all other batteries, power supplies, inverters, Exploding
Bridge Wire (EBW) firing units, and switqg selectors.

1.2 S-IC STAGE ELECTRICAL SYSTEM

The S-IC stage electrica: syst.m performance was satisfactorv. Battery
voltages were within performance limits of 26.5 to 32.0 V du. ing powered
flight. The battery currents were near predicted and beiow the maximum
Timits of 50 amperes for each battery. Battcry power consumption was
within the rated capacity of each battery, as shown in Table 11-1, but
exgeeded predictions due to range safety system loads during the launch
delay.

Taple 11-1. S-IC Stage pbatte.y Power Consumption

PONER CONSUMPTION*
RATED PERCENT
BATTERY CAPACITY AMP-HR OF
(AMP-HR) CAPACITY
Operational 8.33 2.51 30.1
Instrumentation 8.33 3.70 44.4

*Battery power consumptions were calculated from the initial power
transfer (T-50 seconds) until S-1C/S-11 separation and include energy
used during the first countdown sequence prior to the hold ircluding
range safety consumption.




[he two measuring power supplies were within the required 3 +0.05 V
1imi¢ during power flight. All switch selector charnels furcticned as
commanded by the Instrument Unit (IU) and were within required time limits.

The separation and retromotor £8W firing units were armed and triggered as
prograrmed. Charging time and voltage characteristics were within per-

formance limits,

The range safety cormand system fBW firing units were in the required
state-of-readiness for vehicle destruct, had it been necessary.

1.3 S-11 STAGE ELECTRICAL SYSTEM

The S-1! stage electrical system performed satisfactorily. All battery
and bus voltages remained within specified limits through the prelaunch
and flight .ericds. Bus currents -also remained within predicted limits,
Main bus current averaged 30 aperes during S-IC b0ost and varied from 45
to 50 amperes Zuring S-1] boost. Instrumentaticn bus current averaged

22 amperes during S-I1C and S-1I bcost. Recirculation bus current averaged
287 amperes during S-IC boost. Ignition bus current averaged X amperes

during the S-11 igniticn sequence. —- - . . .

The first countdown sequence produced an additional battery locad prior to
Terainal Ccuntdown Sequencer (7CS) cutoff. The additional time on inter-
nal power was 20 seconds which resulted in an additional drain of 0.16
apere-hours for the Main Battery, 0.13 ampere-hours for Instrumentation
Battery and 0.48 ampere-hours for the combination of Recirculation and
Ignition batteries. The ignition voltage drop anomaly which occurred

during AS-511 did not reappear on this flight,

Battery power consumption was within the rated capacity of each battery,
as shown in Tadble 11-2,

Tadble 11-2. S-11 Stage Battery Power Consumption

POER CORSUOTION"
RATED
SATTERY PERCENT OF
CAPRCITY Ao
(vo-m) CAPACITY
ais » 13.9 ».7
Instrumestation » 10.56 3.1
fecirculation M1 » 12.70 8L.4
fecirculatieon M2 » 12.7% Q.5
*Ssttery pmer consumpticens were calculsted frem activation ent!) $-11/
S-IVS seperstien snd Incliude 6.5 to 6.9 snp-irs consuned Guring the bettery
sctivetien gprecatwres os well g3 energy wsed duriag the first cowntdmm
soguence prier to the hold incleding ramge ssfety consamptien.

11-2



There was no indication in flight of a performance degradation occurrence
»ith the zountdown long term open circuit voltage decay of forward
battery No. 2 reported in Section 3.2.3.

A1l switch selector channels functioned as commanded by the IU and were
within accentable 1imits. The LH2 recirculation pump inverters per-
formed satisfactorily. o :

Performarce of the EBW circuitry for the separation systems was satisfactory.

The charge and discharge responses were within predicted time and
voltage limits. The range safety command system EBW firing units were
in the reouired state-of-readiness for vehicle destruct, had it been
necessary. oo

11.4 S-1VB STAGE ELECTRICAL SYSTEM
11.4.1  Surmary

The S-1YB stage electricai system performance was satisfactory. The
battery voltages and currents remained within the normal range beyond
their mission reguirements. Battery temperatures were normal except for
the temperature of the Aft Battery No. 1, Unit No. 1 which increased
significantly above the cutoff 1imit of the primary heater control

system at approximately 9 hours. Battery voltage and current plots are
shown in Figures 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 Mo. 2 early depletion that occurred during AS-510

and AS-511. '

The three 5 ¥ and seven 20 V excitation modules all performed within
accentable limits. The LOX and LH2 chilldown inverters performed
satisfactorily.

A1l switch selector channels functional properly and all outputs were
issued within reocuired time limits.

Performance of the £BW circuitry for the separation system was satisfactory.
The charce and discharce responses of the firing units were within
predicted time and voltage limits. The command destruct firing units

were in the recuired state-of-readiness for vehicle destruct, had it

been necessary.

11.4.2 S-1Y8B Aft Battery %o. 1, Unit No. 1, Temperature Increase

The tmmperature of the S-1YB Aft Battery No. 1, Unit Ko. 1, increased
significantly above the nominal cutoff limit (90°F) of the primary heater
control syster at approximately 9.0 hours (see Figure 11-5). The tem-
perature of Unit No. 1 continued to increase until the high temperature
backup thermostat deenergized the heater at approximately 120°F (see Figure
11-6). The temperature then decayed to approximately 87°F at which point
the heater was energized. Since the high temperature thermostat has a
small temperature deaddband and the heater did not cycle around the high
temperature thermostat control point, temperature control of Unit No. |
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Tadle 11-1. S-i73 Stge Batlery Power (onsugtion

RATED PSR CONSPTION
ATTEIY CAPRCITY e .| PERCINT CF
(APP-1R5 Y- CAPRCITY
Forward %o. 1 227.5 200.12° 87.%
foresra . 2 ¢ 4.6 . 28, T 108. %2
Aft w0. 227.% 139.45° 61.%
AMrw. 2 | 6.8 37.47¢ 5.

*from Ditlery &tlivation until end of data (at 28,685 seconds).

**from datlery xtlivation unti] dattery wltege decayrd acla-
26.5 walts {2t X481 seconds).

spoarently had reverted Sack 0 the heater coriroller (prissry system).
Sutsecsently, he teater controller again faf1led 10 turm the heater off
4t I0°F and tne lenperature MAIn iIncressed. This temperature sequence
was regeated #til termiration of S-1V8 data. Battery outdwt wltage,
corrert and tre lonperature of Aft Batlery %o. 1, Umit %0. 2 remained
nomira]l curing this facreated temperature Cycling.

fvaluation of Cata icdicates N3t e heater poawer t-ansistor espertenced
therns] runasiy wn_rever erergized by e heaster comtroller. Thig

fai lure condition wes spperently self-correcting when heater power was
{aterrwpted Dy the 0108 tenpersture therwostat. Therefore, ia the
failure mode, he hester was energized aormally by the tester costroller
and 17ed dy the beckup high temperstere thermostat. The most
likely failure mode for this snomsly has beem e1tadlished a3 2 therws!
roasy of the pouer traasistor. Laboratory therss! rumswey tests

ave 1'wulsted tre fligat fallure. Past history has indicated soor
tegtailation of tremsistor Mest sink would cawie therm! rmsey.
insoection of west siek imstallstion hes been inftiated to assure
proper weat s'sk noweting fastemer torgue. Further corvective ictiom

{3 act comsidered mecessary ¢ tO the oresemce of 3 tectw costrol pro-
vided by Ve therwoitat. This ftem is comsidered closed.

11.5 INSTROENT (MIT ELECTRICAL SYSTEM

The U electrical system functioned eormelly. A1l battery voltages
rengired wittin perforwesce 1imits of 26 to 30 V. The bettery tesperatwre
and cyrrest during poner Tlight were sonins]. Tespersture facresses

were esperienced during the 1miditing cf the Therwsl (onditioning

System (7(S) seter valve 18 cloul mitlo- st 20,998 secosds (referesce
parsgrece 14.4.1) o3 espected. ursurr—uulu-
serstures sre shoum fa Flgures 11-7 throwgh 11-10. Sattery power cos-
smption and Capacity for esch battery sre showm s Tedle 11-4.

——

v @B
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Figure 11-6. $-178 Aft Battery %o. 1 Unit %o. 1 Heater Comtrol Circuit

Tadle 114, U utury‘h-r Consumption

POMER CONSULIOPTION
um’n PERCENT OF
TTERY CAPAC]

o (AP-R) NP R CAPACITY

6010 »0 255.0° 730

6029 0 3%5.4%° 104

6030 »0 328.0° e

6040 »0 3 5% 111owe
*Acteal ucr-ammﬂulmrtrmmun.i‘dbm
(13 nowrs 47 singtes).

**The (LS treasponder, powered by the 6020 bettery, wis operatiag ot
$-118/1V lenar topact which occurved at 313,181 secomds (86:59:41).
Poser comsuption eatil S-178/1U lemsr fepect was calculated based on
soningl operetios.

soofrom 11s3] power tremfer watil battery woltage decayed delow 26.0
wlts at 45,000 secomds (12.5 sowrs).
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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 maximum of 23 amperes (6D10 and 26 amperes (6030)
compared to an average of 20 amperes (6D10) and 24 amperes (6030)
during S-1C burn (see Figures 11-7 and 11-9).

The 56 volt power supply maintained an output 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.
1.¢ SATURN V EMERGENCY DETECTION SYSTEM (EDS)

The performance of the AS-512 EDS was 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
0K pressure switches and associated voting logic, which monitors engine
status, was nominal insofar as EDS operation was concerned. 3-IVB tank
ullage pressures remained below the abort 1 mits. EDS displays to the
crew were normal.

The maximum dynamic pressure 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
angular overrate in the pitch, yaw, or roll axis. The maximum angular
rates were well below the abort limfits.



SECTION 12
VEHICLE PRESSURE ENVIRONMENT

12.1 SUMMARY

The 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 -~ --
maximum allowable values.

12.2 BASE PRESSURES
12.2. S-IC Base Pressures

7he S-1C 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-11 Base Pressures

Figure 12-1 shows the AS-512 post-flight heat shield forward face
pressure data. The heat shield forward face pressure transducer
10150-206) 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-1I-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-1I 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-1I-12 base region as indicated by
post-flight analysis and measured flight data, are attributed to fur
rurther inboard deflections of the engines than on previous flights.
gffective with AS-510, the S-II engine precant angle was reduced
from 1.8° to 0.6°. Since base pressures result from reverse flow
of the engine exhaust gases, a further inboard deflection would

12-1

adea.




eysd *YNSSIYd ISVA

b
|
t
t

1

PN

34nssadd ocou,um?.z._. 11-S °*2-21 @4nb}4

SAN0JIS ‘IWIL JONVY

055 005 0S¥ _0s¢ 052 iu
g
\ A )
r T —
0 1 ) ¢ lﬁ. GJH; H -
H ]
~
10°0 »
]
2004 ' m
' [~
1 20°0 B
' !
e 04 ! 3
[p_ no.oﬂ‘
(43700SHVdL GIT1v4) VIVG LH91Td
%0°0 ﬂ N vo'0
SISATYNY LHDIW 1S0d==--~= 50°0
800
WNYVE VIVO 19114 SNOIARYS H 90°0
ot-o- I
902-£010 -
¥2INasNVIL 0330 11-5 A\
uINs v A\
0on 11-s A

NOLLVHVAIS IVISUIING A\
wiLinel 11-s A

34nssadd

3504 P4eMIOd PLIIYS 3PN II-S °L-ZL 34nbi4

SONOJ3S ‘IWIL INVN
009 0S5 005 OsP OOy OSC ©OOC OS2 002 oSl

& i
(¥3000SHVAL QTVIV4) VAVO L1 N
0 - s o ol uniie 8 of T 0
(]
10°0
£ 20°0- " ' m
- L P
- —T120°0 >
2 v [
90°0 (N
m >1¢0°0 &
3 . z
LA .
> 90°0 ~ 00 “n
SISATVWY LHOIYJ 1504 ===
$0°0
40-0- ONVS VIVO 10114 SROIANY H
90°0
0o
0 11-s A
902-0510 uws wa A
¥NASHAIL
o 11-s A

NOLIVUV4IS ToVISEINT A\
wiLiel 11-s A

12-2



Ws-11 IGNITION EMR SHIFT TRANSDUCER
W INTERSTAGE SEPARATION s-11 0ECO 0158-206
¥s-11 CECO
T-0.10
0.06 J
-0.08
0.05 e . .
[
Nu 0.04 0.06
= l_-_J-_l+--T-_ .
; 0.03 - i
% T '|' -0.04
-
g .02} I. & 2 ;
-l
2 y - - .[ .l -o.oza
s 9.00 L T -
[[V] 3
=
0.0 0
[  erevious rLiasT oata Bavo
——— FLIGHT DATA
=== POST FLIGHT ANALYSIS
VAY S

150 200 250 300 350 400 450 500 550 600
RANGE TIME, SECONDS

Figure 12-3. S-II Heat Shield Aft Face Pressure

cause higher pressures in the tase region.
12.3 S-1C/S-11 SEPARATION PRESSURES

Details of the S-1C/S-II1 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, consequently the pressure environment
during S-I1C/S-1I separation was well below maximum allowable values.

12-3/12-4
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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-I1 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, C0026-106 and C0149-106, and two gas tem-
perature probes, C0050-106 and C0052-106, 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 (C0050-106) and 2.50 inches (C0052-106). In general,
the AS-512 data was in good agrcement with previous flight data in both
trends and magnitudes., Typical base thermal data, total heating rates
recorded by C0026-106, are presented in Fiqure 13-1 and compared to
data from the AS-511 flight. The maximum recorded total heating rate
was approximately 17 Btu/ft2-s and occurred at an altitude of 11.5
nmi.

The ambient temperature measurement (C242-101) under Engine No. 1 cocoon
showed an unexpected rise starting soon after 1iftoff and peaking at
about 50 seconds (see Figure 13-2). Following 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
(G6) may have leaked through the G& 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
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the vicinity of the GG drain port and a leak of about 0.003 1b/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.

2. The second possibility is a temporary loss of cocoon insulation
integrity (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 ir Figure 13-1. A loss of cocoon irsulation 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 flight 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 good agreement with
the flight radiometer output history.

13-2
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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$°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-11 SEPARATION THERMAL ENVIRONMENT

Since the AS-512 S-IC/S-1I 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 enviromnment.

13-3
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SECTION 14
ENVIRONMENTAL CONTROL SYSTEM

14.1 SUMMARY

The S-1C 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-1I 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 wer2 no problems with the equipment in the
contairers, 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-
creases were as predicted for this condition.

14.2 S-IC ENVIRONMENTAL CONTROL

The S-1C forward compartment pre-launch temperature reached a minimum of
-92.2°F (C0206-120) at 1iftoff. 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-I1I stage J-2 engine chilldown or -170°F after a 13
minute chilldown at the C0206-120 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 battery (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.

14-1 g



Just prior to liftoff, the other aft compartment temperatures ranged from
77°F at measurement C0203-115 location to 86.9°F at measurement C0205-115
location. During flight, the lowes: *temperature recorded was 63.5°F at
measurement C0203-115.

14.3 S-II ENVIRONMENTAL CONTROL

The engine compartmant 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.

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 tha coolant as supplied to the IU thermal conditioning
panels, S-IVB TCS, and IU internally cooled components was continuously
maintained within the required limits of 45° to 68°F until approximately
23,500 seconds, as siown in Figure 14-1. The cooiant temperature
exceeded the monitored tamperature tand (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 initiaily at approximately 180 seconds as commanded,
allowing water to flow to the sublimator. Significant cooling by the
sublimator was evident at approximately 530 seconds at which time the
temperature of the coolant began to rapidly decrease. At the first
thermai switch sampling, (480 seconds) the coolant temperature was above
the thermal switch activation point; hence the water valve remained ooen.
At the second therma! 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 coolant temperature
(C15-601) cycling through approximately 21,000 seconds. Following water
valve closure at 19,080 seconds the water line pressure indication,
measurement 043-601, leveled off at about 1.4 psia rather tnan continu-
ously decreasing to zero as is normally expected during the sublimator
drying out cycie. 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 has
occurred on a number of previous missions and is due to either water

14-2
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freeze-up in the pressure pick up line, or icing at the pressure trans-
ducer resulting in the diaphragm 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-
trolling water valve operation was inhibited by ground command with the
valve closed. The purpose of this event 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 unplanned velocity changes, causing degradation in lurar
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. A1l 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 experienced 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 (D11-
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.

4
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Figure 14-3. Selected IU Component Temperatures
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SECTION 15
DATA SYSTEMS

15,1 SUMMARY

A1l data systems performed satisfactorily throughout the flight. Flight
measurements from onboard tele:etry were 99.8 percent relifable.

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 Conmand 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 tracking 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 2n 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
1iftoff until the vehicle exceeded each subsystem'’s range limitations,
however, data dropouts occurred as indicated in Table 15-4.

A1l inflight calibrations occurred as programmed and were within
specifications.

15-1




Table 15-1. AS-512 Measurement Summary

.

.

MEASUREMENT S-IC S-I1 S-1vB INSTRUMENT TOTAL
CATEGORY STAGE STAGE STAGE UNIT 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 Flight

MEASUREMENT TITLE

RATURE OF FAILURE

$-1C STAGE

0119-103

Pressure, Differential,
ine Clabal System
Filter Manifold

Transducer failure

Watver 1-8-512-1

S-17 STAGE

0011-201

€1 LOX Pump Discharge

Messurement exceeded
the zero shift speci-
fication requirement.
© Provided ptable
data during flight.

Vatver MR12-1

S-1V8 STAGE

©0001-401

Temp-Fuel Turbine
Inle

Osta came on-scale
from off-scale Tow
and wandered erratic-
ally.

Hativer 512-4R-13

00225-403

Press-Cold Helium
Control Valve Inlet

Low Remote Automstic
Calibration System
(RACS) failed to

. calibrate and the
dysamic response to

pressure was suppressed.

Vaiver 512-4m-17

15-2
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Table 15-3. AS-512 Measurement Malfunctions

e o OURATION
FATLURE
MISER MEASUREMENT TITLE RATURE OF FATLURE (RANGE SATISFACTORY REMARKS
) OPERATION
MEASUREMENT FAILURES, S-11 STAGE
0147-206 Thrust Cone Swrface Improper response | 115 seconds | Prior to 115 Probable tramsducer
Pressore and erratic seconds fajlure
MEASUREMENT FAILURES, S-1¥8 STAGE
C0002-40) | Temp-Oxidizer Turbine | Umsatisfactory n,77e First burn data | Probable open cir-
40 Inlet response to u::unt was good. Sec- | cuit in either the
temperature ond burn data sensor or inter-
changes was good umti) connecting cable
approx. 11,778
seconds .

T0002-401 | Speed - Fuel Pump fio response to %o response | First burm Most 1ikely cause
fusl pump during sec- was opes pick wp
operation ond burn cofl

PARTIAL MEASUREMENT FAILURES, S-1C STAGE
€003-101 Tespersture, Turbine Measurement 83 seconds 103 seconds Probable transducer
Manifeld of f scale high failure
0003-103 Temperature, Turbine Measurement 22 seconds 42 seconds Probadble traasducer
Manifold off scale high fatlure
D047-106 Pressure, Meat Excessive noise NtS 147 seconds Probable cable
Shield Differential 0 te 95 connector problea
105 seconds
PARTIAL MEASUREMENT FAILURES, S-11 STAGE
D150-208 Neat Shield Forward Isproper Appromi- 163 seconds Probadle transducer
Surface Pressure TeSpORSe mately 163 fatlure
seconds
BOT1-204 4 LOX Pwmp Ofscharge | Zero shift of 425 seconds | Prior to 425 Probable tremsducer
Pressure spprox. 2§ PSIA seconds fatlure

CE63-204 €4 LOX Inlet Tamp- Large positive 450 seconds | Prior to 450 Probeble transducer

eratwre nofse mcursien Seconds fatlure

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-1C/S-11 separation.
140.65 to 142.80.

162.0 to 163.5 seconds.

were apparent between
of the DP1 signal was

S-1C CECO resulted in intermittent data loss from
The effects at S-IC/S-11 separation lasted from

The S-11 stage second plane separation effects

195.0 and 195.2 seconds.

The maximum attentuation
approximately 22 db at the Central Instrumentation

Facility (CIF) and is similar to that experienced on prior flights with
8 S-IC retro-rockets.
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Table 15-4.

vl
Ve

v

AS-512 Launch Vehicle Telemetry Links

i | PRERIENCY | woowaTion | sTAGE (Rt T SE) PERFORMANCE SUMMARY
AF-1 2%6.2 | pym | s-1c 0 to 420.65 Satisfactory
-1 w43 | pwm | s-1c 0 to 420.65 Data Dropouts
Range Time (sec) Ouratfon (sec)
140.6 2.2
BF-1 0. | pym | s-11 0 to 735 Satisfactory
oF-2 240 | pym | s-nn 0 to 735 Data Dropouts
BP-1 248.6 PCM/PM s-11 0 to 735 Range Time (sec) ODuration (sec)
162.0 1.5
195.0 0.2
X 2s8.5 | poym | s-iva| 0 to 13,90 satisfactory
Data Dropouts
Range Time (sec) Ouration (sec)
163.0 2.6
Intermittent Data
194.1 0.6
0F-1 0.7 | pvm | W 0 to 36,555 satisfactory
oe-1 us.3| rovm | W 0 to 36,555 Data Dropouts
oP-18 2282.5 PC/FM v 0 to 49,620 Range Time (sec) Duration (sec)
(ces) 163.0 (0P-1) R
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Ihe ;ast VHF signal was 36,555 seconds (10:09:15) at Ascension Island
ACN).

S Sy o3 INTRRE R

The performance of S-IVB and IU VHF telemetry systems was normal during
earth orbit, S-1VB second burn and final coast. A summary of available
VHF telemetry coverage showing Acquisition of Signal (A0S) 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 Istand (GBI) beiween 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.

;
3
.g‘
£
#
»
i-

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 3
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 BDA FPQ-6 reported weak signals and intermittent track during the 1
period between 41,760 seconds and final LOS (48,420 seconds) while the
vehicle was tumbling.

A sumary of available C-Band radar coverage showing A0S and LOS for k
each station is shown in Figure 15-2, i

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 in the
required state-of-readiness if flight conditions during the Taunch had
required vehicle destruct. Since no arm/cutoff or destruct commands

15-5
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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 sys tems was cutoff at 723.1 seconds by ground command, thereby
deactivating (safing) the systems.

15.6 COMMAND AND COMMUNICATIONS SYSTEM EVALUATION
15.6.1 Summary of Performance

The performance of the command section of the CCS was satisfactory. No
flight equipment malfunctions occurred during 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 (uplink and downlink) occurring during the solar
heating maneuver. A 1ist 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 rosult of uplink signal strength fluctuations, the mode word of

the solar heating cormand 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 mode ord was retransmitted and accepted.

The solar heating command initiated at 22,677 seconds (6:17:57) was accepted
onboard on the first transmission evzept 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 below. 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 grounc 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
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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
(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).

15.7 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 ni?ht 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.
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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

}gad;, and propellant utilization were close to predicted values during
ight.

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-AER0-MFT-200-72).

* The post-fHight mass characteristics were determined from an analysis of
all available actual and reconstructed data from S-IC ignition through
S-IVB second burn cutoff. Ory 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
¥}t?1n 0.9 percent of predicted, which was well within acceptable
mits.

During S-IC burn phase, the total vehicle mass was less than predicted by
470 kilograms (1036 1bm) 20.02 percent) at ignition, and less than pre-
dicted by 2878 kilograms (6344 1bm) (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
js shown in Tables 16-1 and 16-2. .

During S-1I burn phase, the total vehicle mass was less than predicted by _
740 kilograms (1630 1bm) (0.11 percent) at ignition, and greater than i
predicted by 47 kilograms (103 1bm) (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-1I burn phase is shown in Tablas 16-3 and 16-4.

16-1




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 predicted values. A dif-
ference of 57 kilograms (125 1bm) (0.03 percent) greater than predicted
at first burn ignition was due to S-IVB dry weight, LOX and APS loading.
The mass at completion of first burn was 956 kilograms (2108 1bm) (0.68
percent) higher than predicted and was due primarily to the higher than
- predicted velocity at S-II stage cutoff. The high 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 1bm) (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 spacecraft 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.
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Table 16-9.

MASS mISTORY

$S=IC $Ta3ss TOTAL ~ 7777 7

$=IC/8=1. (Ss TOTAL
S=11 STaS3s T2TaL
S=1175=1+3 (Ss TITAL
$=IvB STAGI« TOTAL
INSTRLUYZ W7 UNIT

SPACELAFTe TOTAL ...

1ST FLT STS AT I3GN
THIUST 3.10L00°

1ST FLT ST AT pDAR
FROST

\ad §
ENG EXFENSED 2300
S=11 !1.S.L 3¢R3E
S=[1 F®3IsT

§=179 FIIST
ThHRUST D2Laveds

1ST FLT STS AT 2ECO
THRUSS Diliv=0g
$=1C/8=[i UL IT

18T FLY ST5 AT 3%
STG AT SZPaARATISN
§=1C/8=11 SvaLL IS
$=1C78=11 L.l PKT

2N0 FLT SIG AT $SC

FUEL LEIa2
§=iCs8=11 JLL RKT

2ND FLT ST3 AT IGH
THRUST =.1L0uP
START Tas<
$=1C7S=11 ULL RKT

2NOD FLT S$73 AT »§
MAINSTAZE
LES
S=IC/S=1. LARGE IS
TD & ENS PRIP

2ND FLT ST5 AT COS
THRUST C:IlAY
S=Iv3 U.. T PROP

2D FLT $°3 AT SEP
STG AT SISARATION
$=[1/8=..2 1S DRY
S=[1/8=..3 PROP
$=1v8 aAF" FIAVE
S=Iv8 L.L RXT PROP
S=1v8 DI PG

3RD FLT STG AT $sC

Flight Sequence Mass Summary

171157,

PAEDICTED

(4] Loy
. 2235610, 5038463,
%531 9990«
©93318. 10087533.
3637, a019.
120627. 265938,
2J6b. 4511
- - 52759 l1l631s4,
2962329. 65308.3.
=38855. -556910
2323650, 6465128,
=29%. -65C.
=2078975. =«583352,
e e el . =lée =37,
-9%3. =2101.
=189, -6ld,
=17, =38.
=204, =650,
=90. -200-
Q. Q.
8642718, 1857876,
-3812. 3405,
Oe Q.
838905, 1849470,
~162298. =-357806.
=616, =1359.
Qe Q.
675991. 1490306,
Qe Qe
Qe Je
673931e 1490305.
=532 -1285.
-iie =25,
Ge Qe
675396, 1488995,
~430531. =993185.
-4153. -9167.
3916 -8631.
-53. -118.
216768, 477893,
=165¢ =-320.
-2 =-5¢
216521, £77568.
-%1332. -921%8.
=3195. ~6959.
=480« =19060.
=2le -68.
-le -Je
-1. -3
377337.

ACTUAL

K3 Law
2233679, 53379564,
L% PL 9975,
©725%7. 1085902,
3637. 6ul9.
120695. 266087,
2027« 670,
52733, 11626%.
2561459, 6529784,
“6&Jl5. -97337.
2517363s 6632746,
=296, =653
=2076017« =4576a36.
=16 -37.
=957, -2190.
-18%. -6 ld.
-17. -38.
=206, =653,
=90. =20V,
De Qe
F~0Cles 1851917,
=39¢8e8. -8793.
Qe Q.
836027, 18643126,
=160159. =353091.
=616, =1359,
Q. Qe
675251. 14808675.
Q. Qe
o. Q.
675251¢ 1488675,
-582. =1284.
-lle -25.
Oe Qe
676557, 1657366,
465797, =991633.
-6129. -9i06.
=3908. -861i6.
=bbe -97.
216774, &4T7915.
-108. -236.
-2 5.
216868, «T7671.
-6l1791. -92135,.
=3154, -6955.
-%82. =1Jd66.
2)e -8,
-le -3a
- -l. -3,
171214, 377463,



Table 16-9.

MASS MISTORY

3RD FLT STG 18T SS5C
ULLAGE ROCKET PRCP
FUEL LEAD

3RO FLT STG 1ST IGN
ULLAGE RCCKET F3CP
START TANK
THRUST BUI.DuL>

3RC FLT STG 1ST vs
ULLAGE ROCKET CASE
MAINSTAGE
APS

JRD FLT STS 1ST CJS
THRUST DECAY

3RD FLT STS 1ST ETO
ENGINE PROP
FUEL TANK LTSS
LOX TANK LCSS
APS
START TanK
C2/mM2 BUINER

3R0 FLT STG 2N S8SC
FUEL LEAD

3RD FLT STG 2ND IGN
START TANK
THRUST BUILOUP

30 FLT STG 2ND S
MAINSTAGE
APS

3RD FLT S1G 2D COS
THRUST DECAY

3RD FLT STG 2ND €7D
JETTISCN SLA
Csv
$=.VB STAGE LOSS

STRT TRANS/DCCK
CSM

END TRANS/DICK
(<1
L™
$=1ve STAGE LO.S

LAU VEH AT S/C SEP

$/C NOT SEPARATED
v

$=1vB STAGE

Flight Sequence Mass Summary {Continued)

16-12

PREDICTEV

kG L3v
1711%7. 377337,
=-39. =335,
=0 -le
171116 377243,
-9 -22.
=le ~bho
-163. =361.
170941, 376860,
-6le . . =135,
~309C1. -63127.
=1 b
1393976. EE LR LY
=-38. =86,
139937, 338512.
c- w180 - - =4e
=1065. =233%.
-50 -11-
67 «105.
=Je -2
=Te ~1l6.
138812, - 3J6029.
"11.‘ gl
138801, 306005,
~le -He
=161, =3%6.
138638. 335649,
=731l =1612%3.
2 ) —be
656746, 166367,
=36 -79.
65438, 144207,
=1173. =-250861.
=30367. ~669469.
=338 Thb,
33562, 73992.
30367. 669469,
63929. 1640941,
«33367. =66949.
«16636. =36237.
=295, =652,
16829,  37192.
-625.  =1380.
-2066.  =4511.
-14157. -31211.

ACTUAL

K3 LG
171216, 377=33.
-39, -3z,
=le -3
171173, 377372,
=Je ~idée
2% -
=163 =33w,
171334, 37¢95¢8.
=6le. -135.
=3002%6. =5¢.52.
-J. -Ta
163932, 31055z,
=36 =92
160863, 3i2613.
-18. %l
~llel. =2257.
Qe Je
-63. =lcle.
= =2
=Te =15,
139761. 3c3l%ce
-1l. =23,
133753. 352337
-le -te g
-198. =33
139549, 3C7s8:2.
=73828e =i5%c76%.
=heo =3ile
65711. leezbe
%2 -F~e
65666, letT53s.
-11792. =252..
=33364. -5692%2.
=3l6. =653
33914, Tedese
303046 86562
64179, lalesie
=303064. ~665¢s.
=1l64b3. =3€62645.
=272« b TP
1709, 37587,
625« 384
-2027. ~%eToo
=lébel. -31&37.
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SECTION 17
LUNAR TMPACT .. . .

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 range 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-1VB/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 1bm).

Real-time targeting activities modified the planned first Auxiliary
Propuision 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 Conmand 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 ejected from the
S-1VB/IU at 17,102 seconds (4:45:02). After CSM/LM ejection, the S-1VB/
IU was maneuvered to the inertially-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 Tg and a 48-second
LOX dump starting 1,280 second$ after Tg. 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

(HOSC) decided in real-time to shorten the first APS lunar impact burn
(APS-1) duration by selecting a more efficient attitude. This change

17-1
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Table 17-1. Translunar Coast Maneuvers

PARANE TER I

ActuaL | womimaL | acr-wom

TINRESASE 8 INITIATION

UT Time 7 Dec., ht:min:sec 10:16:90_ i __lous:oc 0
fange Time, hr:min.sec §:03:00 S:nJ:-G o []

(sec) (18,180) (18,180 (o)

APS EVASIVE SURR

Initiatien, sec from I. 1 1 [ ]
Owration, sec I R I . N
Yolecity Increment, m/s 2.90 3.0 -8.11

(fe7s) (9.87) . (s.88) (-0.37)
Piteh Attitude®, deg, tnertial -101,9% -104,.93 2.98
Yaw Attitude®, deg, inertial -30.42 -40,00 1.20

Cvs vERY _

Initiation, sec from Ts 1,000 1,000 [ ]
Ouration, sec 300 300 [ ]
Yelecity Incremest, m/s (W) 0.40 .09

(ft/3) (1.61) (1.31) (e.30)
Piteh Attitude®, dog, inertial -90.65 - -=95.02- - =g T8
Yaw Attitude®, deg. fnertial -17.07 ase2 | es

LoX oume

Initiatien, sec frem T' 1,280 1,280 [ ]
Duratien, sec (1] . L1} [ ]
Velecity Incremest, a/s 9.10 . -0,11

(te/3) (29.88) (30.22) (-0.36)
Pitch Atsitude®, deg, inertial -94.01 -96.25 2.24
Yaw Attitude®, deg, 1nertial -16.60 -10.62 2.02

APS FIRST LWNAR INPACT SURR

Inftiatien, sec frem Ty 4,020 4,02 [}
Buration, sec 0 ” [}
VYelecity Increment, a/s 4,07 4.02 8,08

(1t/3) (13.38) . {13.19) (0.16)
Pitch Attitude®, deg, inertial - N -43.7% 2.04
Vaw Attitude®, deg, fnertial -20.14 a8 | 24

APS SECOND LURAR INWPACT SURN

Initiation, sec from Ty 22,320 22,320 [ ]
Surstion, sec 102 102 0
Velecity Increment, a/a 4,29 4.3 -0,01

(r¢/3) (1e.07) (18.71) (s.04)
Piteh Attitude*, deg, inertial 1726. 21 178.10 1.1
You Attitade®, deg, 1nqrtisl -4.11 -10.88 1.722

*Attitudes osre the velecity tacrement direction.
BOTE: Neminals ave {nﬂ! Mt predicied sxcept that the semfesls

fer doth APS
is veal-tine.
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conserved propellant for a second APS lunar targeting 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/IU. The actual
APS-1 occurred as planned 4,020 seconds after Tg 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 nominals 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 difficulty 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-1VB/IU would impact the moon at 9.64 degrees south latitude and 15.29
degrees east longitude, 678 +300 km from the target.- The LIT decided-an-
APS-2 burn was required and selected the nominal conditions shown in Table
17-1. At 22,320 seconds after Tg, 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 Tow-level perturbations occurrin

during this time period and discussed 1n 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-
ravitational acceleraton effects in the S-1VB/IU translunar trajectory.
uch accelerations have 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 accuracy of the S-1VB/IU's tracking data allows the determination

17-3
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RANGE RATE RESIDUALS - mm/s

i TP TVSTVE

RANGE RATE RESIDUALS-m/3

-5.0,

CUNON\
-10.0 \ \\

CVS VENY
LOX Oump
[ | g oume

APS -1

PTC

T— ‘]

BT LU+E]
32:00 34:00 36:00 38:00 T40:00 © CC42:00 -
TIME FROM 00:00:00 GNT-6 DEC., 1972-HRS:NINS
" 3:00 $:00 7:00 9:00 11:00

RANGE TIME-NRS:WINS

Figure 17-1. Translunar Coast Maneuvers Overview

300
1oo]—APS _EVASIVE _LOX DuMP APS-2
Jf\\m EN
v
APS-1
-100 CVS VENT He DUMP
pic
_300}ACN3
32:00 34:00 36:00 38:00 40:00 42:00
TIME FROM 00:00:00 GMT-6 DEC., 1972-HRS:MINS
| § L] L L ALY
3:00 5:00 7:00 9:00 11:00

RANGE TIME - HRS:MINS

Figure 17-2. Modeled Translunar Coast Maneuvers
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of these accelerations, attempts have been made to improve lumar 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 flight with a lunar impact objective. o

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 (PTC) 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. L _
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-1VB/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 mn/s2. After the PTC three-
axis tumble was initiated, trajectory perturbing accelerations on the
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order of 0.04 mm/s¢ 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 residvals 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 follecwing 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. Following 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
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force. Since the APS system no longer maintains attitude control, these
forces would also procuce 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. T

The AS-512 accelerations during the period from translunar injection to

PTC initiation were on the order of 0.1 mm/s2. 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

attitude control firings. Calculations yield approximatelv 0.02 mm/sé ---- - ---

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 letting the Lumar- - —- - -~ .

Impact Determination prooram 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 dura-
tion of these perturbing accelerations have not been determined.

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
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 stay
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.

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-
“orm gas bearing system GNy venting. However, the IU TCS sublimator

was not a venting source on AS-511 or on the early part of Translunar
Coast (TLC) on AS-512. Due to a leak in the TCS GNp 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 watear

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. ~ =~~~ 7~

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 wouid be necessary
to show correlation of the observed perturbations with the known disturbing
forces. However, analysis has shown that a fixed thrust aligned witn 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-I1VB/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

PARAMETER ACTUAL NOMINAL ACT-NOM
Inclination, deg 28.424 28.512 -0.088
Argument of Perifocus, deg 154.915 154,981 -0.066
Right Ascension of Node, deg -15,551 -15.764 0.213
Semi-major Axis, km 218,497 218,978 -481
Eccentricity 0.97¢ 496 C.970648 -0.000152
True Anomaly, deg 154.730 -154,770 -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:idbinbilla DSN, ard
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.
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Table 17-3.

Lunar Impact

Conditions

PARAMETER AT IMPACT ACTUAL NOMINAL ACT-NOM
Stage Mass, kg ~13,93 13,931 -0
(1bm) (~30,712) (30,712) (-0)
Yelocity Relative
to Surface, m/s 2,544 2,545 -1
(fess) (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
Selenographic 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 15§
{n »i) (84) (0) (84)
Oistance to Apollo 12
Seismometer, km iy 481 -144
(n »1) {182) (260) (-78)
Distance to Apollo 14
Seismometer, km 156 303 -147
(n »t) (84) (164) (-80)
Distance to Apollo 15
Seismometer, km 1,035 1,060 «25
(n »1) (559) (572) (-13)
Distance to Apollo 16
Seismometer, km 851 709 142
n »t) (460) (383) (77)
17-12
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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 spin 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).

impact, the nature of the tumble changed little.

During the next 55.5 hours to

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-1vB/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
js 1,035 km (559 n miles); 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

Figure 17-8 shows the tracking data available for the trajectory deter-

mination,

87 hours of flight to lunar impact.

locations and configurations.

Table 17-4.

Lunar Impact Times

Good quality C-band and S-band data were received over nearly
Table 17-5 shows the tracking site

TRACKING STATION

RECOROED TINE ON
DECEMSER 10, 1972
(UT-HR:MIN:SEC)

LIGHT TINE
DELAY (SEC)

CORRECTED TINE ON
DECENBER 10, 1972
(UT-HR:MIN:$EC)

Merritt Island 20:32:42.28 1.297 20:32:40.98
Madrid 42,30 1.300 41,00
6€oldstone 42,30 1.307 40.99
Bermuda 42.25 1.296 40,95
Ascension 42.30 1.290 41.00

Range Time, sec 313,180.99 Average 20:32:40.99
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LATITUDE - DEGREES

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
30
15
25 £
20
15 //
1035
10 j//
5
0
337
s oL
-5 14—
15y | 283!
-lo .
-3% -30 -25 -20 -15 -10 -5 0 5 10 15
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NOTE: DISTANCES FROM IMPACT POINT IN KILOMETERS

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 ADSREVIATION
Madrid, Spain DSN 85° S-Band MADY
Nadrid, Spain STDN 85° S-Band MADS
Ascension Island STOR 30' S-Sand ACn3
Sermuda Island STOR 30° S-Band’ SDAJ
ferritt 1sland, Floride STON 30° S-Band NiLl
Greenbelt, Marylend STOR 30°' S-Band ETCI
Soldstone, Colifernia OSN 85° S-Band (1A §
Coldstene, Colifornia STON 85° S-Send eDs8
Kavei, Nawail STOR 30° S-Bend NAWD
Suam Islend STOR 30° S-Gand [ 11k}
Carnarven, Australie STON 30° S-Band CROJ
Tiddindilla, Auwstralia DSN 8S' S-Band nsku
Canberra, Australia STOR 83° S-Band nsks
Sarmuda Island Fre-6 C-Sand 80Q¢C
Cernarven, Australie FPQ-6 C-8and cRot
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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
Pilet: 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 equipmerit automatic sequencing circuitry.

The spacecraft/S-1VB/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 hcurs and 40 minutes to compensate
for the launch delay so that the lunar landing could be made with the
same 1ighting conditions as originally planned. After spacecraft
separation, transposition, docking, and lunar module ejection, the
evasive maneuver was performed and the S-1VB/IU was subsequently
targeted for lunar impact. The S-1VB/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 arbit insertion. The docked spacecraft was inserted
into a 170-by-52.6-mile lunar orbit following a service propulsion
firing of 393 seconds. The first descent orbit insertion maneuver at
90 1/2 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 landing 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 equipment 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. Prier to leaving
the LM site, the right rear fender extension was accidentally broken
off and emergency repairs were made. The lunar surface experiment
package deployment, deep core drilling, and neutron probe emplacement
were accomplished. Two geologic units were sampled, two seismic explo-
sive packages were deployed and seven traverse gravimeter measurements
;gre ta;en during the traverse. The samples collected weighed about
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 tegan 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 point 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 Apolio 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
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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
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 O 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.
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SECTION 19
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 1iquid caused by
surface tension gradients, heat flow and convection in a confined gas at
Tow g force (approximately 10-9 g due to Command Service Module drift in
ro11?, 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 s: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 sm camera which was attached to

the package. ;

|
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19.2.1 Flow Pattern Experiment

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:.y a thin layer of 1iquid with a free
surface. These surface tension gradients generate a cellular circulation
pattern known as Bénard cells.
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The experimental apparatus consisted of an open dish containing liquid
Krytox oil that was uniformly heated from the bottom. The 0il 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. Bénard 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 Bénard 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

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.

19-2
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SECTION 20
LUNAR ROVING VEHICLE

20.1 SUMMARY

The Lunar Roving 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 [includina 14.8 amp-hours used by Lunar Communication Relay
Unit (LCRU)] out of an approximate total available energy of 242 amp-hours.
The navication system gyro drift and closure error were negligible.

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

While the LRV had no problems with the dusc, 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 payloa< items because of dust intrusion. Large
tolerance mechanical items such 2s 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 pcrformed without degradation.

A1l interfaces between crew, LRY and stowed payload were s-“isfactory.
The followina LRV system anomalies were noted:

a. At initial power-up, the LRV ba:tery temperatures were higher than
predicted (reference paragraph 20.12).

b. Battery Mo. 2 temperature indication was off scale low at start of
EVA-3 (reference paragraph 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 seatina the pins by using the dployment assist tool per
normal procedures. LRV set up and checkout reouired 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 TRAFFICABILITY ENVIRONMENT

The lurain created no unusual operating prchlems for the LRY. Traverses
are shown in Figure 20-1. In general, the lurar surface charcter was
gently undulated, hummocky, abundantiy cratered and somewhat rougher
than expected. '

On the basis of crew debriefinos and EVA photcoraphic coverage, it
appears that the LRV was operated uphill on slopes of 18 degrees 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 was satisfactory. Maneuvering the vehicle
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 drivino 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 durina the lunar surface EVA's. The depth of the wheel tracks
averaged 1-1/2 cm (1/2 in) for a fully loaded LRV (vehicle, crew, payload).
The LRY 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 minimal. This observation is supported by the small error in:
traverse closure in the nmavigation 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-flight 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
during EVA-2 than any prior mission.

140 RECONSTRUCTION
— — — PRELAUNCH PREDICTION (SOLL 8) |
120 —-
:E‘ . - BT .1- U S o]
-
100 s o [~
> s
g \r‘N\‘N
2 o0
E [N SIS NS SR JUPY SUSPY G - p———
g
2 0 .
e e e e B e B e B B R s s T S S s
» CONTINGENCY RESERVE
10% RESERVE
o 1 ] |
) 0 20 2 ©
CUPRRLATIVE EVA DISTANCE (i)
Figure 20-2. LRV Power Usage
20.7 MECHANICAL SYSTEMS

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.
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Table 20-1. Apollo 17 LRV Performance Summary
nISSION
oAl A2 A3 TOTAL PLIATRG WAL
Orive Time (min) 33 s ”n 269 280
Map Oistance (km) 2.3 19.0 1.0 2.3 2.5
——y BN ON T X
Odomater Distance }"?“”‘?‘:' L%‘% % !' 3.7 .3
Modility Rate (kph) Traverse a8 7.85 1.4 1.2 1.0
Aversge Speed (kph) Traverse D 4.54 8.38 1.%2 .8 ]
s e { 1.88 1.8) 1.76 1.64 1.8
Asp-Howrs Consured %‘—-‘" Ryt ——t————1 73.4 s
Nav. Closure Ervor (km) [ ] [ ] 0 [] 0.2
Mamber of Nav. Updates [] 0 [} o 3
Gyre Orift Rata (deg/Wr) a° < «° «° 1.6
Mander Factor + Siip (3) B> ’ ] 10 8.4 10.0
Max. Speed Reported (kph) n L 12 - .
(4 to 3 v 10° Ln dowm M1
Max. $) - 114 - - .
ope Reported (degrees) n..::_.

point to end peint.

B> Odometer Distance (Traverse) - Ofstance
actually driven from traverse starting

B> mobility Rate = Mp Oistance
TR

Odometer Distance (Additiomal) - Includes
distance between LN and Serface Elec-
trical Properties (SEP) or LN and ALSDP
not included in treverse distance.

B> Wender Factor = Traverse Odometer - Dis
) Tos Ulstance

Table 20-2.

Apollo Lunar EVA Summary

APOLLO 11| APOLLO 12 | APOLLO 14 APOLLO 15 | APLLOD 16 APLLO V7

Orive Timg (hr:min) - - - h H -4 J:% [ H -]
Hep Distance (km) - - - 2.3 2.0 2.3
Surface Distance Traversed (tm) 0.2 2.0 3.) 2.9 2.9 6.7
EVA Duration {hr:win) 2:24 7:29 9:2) 18: 21:00 2:6
Average Speed (kph) - - - 3.2 7.50 .78
Energy Rate - - - 1.9 2.1 e
Amp-Wr/tm (LRY Owly)

Amp-Howrs Consumed - - - s2.0 .7 n.e
(262 matlable)

Rav. Closere Erver (km) - - - 0.1 []
Namber of Nev. Updates - - - L} [ ]
Mazisum Range from LN (k=) - - - 5.4 4.5 1.6
Lomgest EVA Traverse (im) - - - 12.5 .6 2.3
Rock Sasples Retuwrned (1im) “ 75 ] 70 ns =
LRY Muxiom Weight (1bm) - - - 1532 1549 1608.7
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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 t?§1creuman 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 LRY 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 ! L

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.

20.8.3  Distribution System ,

The electrical distribution system provided power to all functions as required. ) Do
However, battery No. 2 temperature indication was off scale low during power- - s
up at the beginning of EVA-3. This condition continued for the remainder of the y
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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- X
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- i
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 up to one foot in diameter and to drive through blocks ; -
and craters from 5 to 10 meters in size, rather than steer around them i

and put the LRV into cross slope conditions. !

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 display 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. ‘j
kY
Y

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, LRV-2.

20.1 CREW STATION
The crew reported no problem with the crew station. The seat belt
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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 and stowage was adequate.

During Extravehicular Activity (EVA-1) at the LM prior to driving :
to 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 COR 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. f

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 gquides. 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
missfon 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 LRY toward the sun instead of passive thermal control)
during translunar coast. Based on the LM solar attitude during trans- |
Tunar 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° 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. A1l temperature values shown will be
meter values and will {nclude this bias. Because of this bias an ‘
indicated battery temperature limit of 148°F was agreed to prior to B
EVA-2. The amp-hour usage of both batteries followed the predicted

curves throughcut the mission.

The probable cause of the temperature difference between batteries at
initfal power-up (95°F left and 110°F right) is heat absorption by the
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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 (93°F).

{
Revised parking constraints and careful attention to battery dusting z
procedures by the crew provided better cooldown than on previous missions. §
The COR reported that careful dusting of the LRV battery covers at i
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 tVA-2. Additionally, per alternate pro- i
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 z
4
!

Jimits.

A11 LRV components remained within operational temperature 1imits throughout
the three lunar surface EVA's. As predicted, motor temperatures were
“off-scale-1ow" (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°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°C)* at the end of EVA-1.

Adequate battery ccoldown 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°C). EVA-2_ended with temperatures of 114°F (46°C)* and 138°F (59°C)*.

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°C)]. 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°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 (64°C).

20.13 STRUCTURAL o
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 F1ight Evaluation Report - AS-510, Apollo 15 Mission for 2 basic

Vehicle Description.

*Temperature as read by crew. Subsequent analysis indicated actual tem-
peratures to be 8° lower than readouts.
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Significant configuration changes are contained in Table 20-3.

Table 20-3.

LRY Significant Configuration Changes

SYSTER

Paylosd

Payload

Payload

“[Paylond

Crew Station

Add index ring for szimuth alignment
dial on Tow gain antenns.

Insta)) serface electrical properties
{SEP) experiment sigl cable (signa)
processing wmit te

Adé éust cover to SEP commector.

Move Buddy/Secondary Life Support System
(a/3isS) blﬁq strap from LMP seat back
to COR sest back
Add decal t» oft chassis locating pallet
stop tether.

Install new fender extension stops on
all fowr fomders.

To umlh crew with reedy reference for
low gain antenns aximwth peinting angle.

To provide vehicle location data t» SEP.

To prevent contaminstion from entering
receptacle.

g‘/’sus mwved to prevest interference with
Te provide crew with indicator of pro-
per hole ts use with step tether.

Te preveat loss of fender axtension
during lunar operstics.
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APPENDIX A
ATMOSPHERE

A1 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.

A2 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-
_tions resulted from a warm moist air mass covering most of Florida. This
wamm air was separated from an extremely cold air mass over the rest of

the south by a cold front orjented northeast-southwest and passing
through the Florida panhandle. See Figure A-1. Surface winds in the
Cape Kennedy area were 1ight 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 time, 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. A1l 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.

A.4 UPPER AIR MEASUREMENTS

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 1ight, 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

A-1
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CONTINUOUS LINES INDICATE HEIGHMT CONTOURS IN

FEET ABOVE SEA LEVEL, DASMED LINES ARE 1S0-
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WIND DERECTION AND SPEED AT TME $00 MB LEVEL,
(ARRGYS SAME AS ON SURFACE MAP),

Figure A-2. 500 Millibar Map Approximately 6 1/2 Hours After
Launch of AS-512
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- Table A-2. Solar Radiation at AS-512 Launch Time, Launch Pad 39A

TOTAL HORIZONTAL | MNORMAL DIFFUSE
DATE R | ool oudan a-gggfm s-cn(jg%-m
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 0.8 0.92 0.24
14.00 o.M 0.89 0.23
15.00 0.32 0.51 0.31
16.00 0.39 0.63 { o0.23
17.00 0.1 0.14 0.10
18.00 0.01 0.0 0.01
19.00 0.00 0.00 0.00

Table A-3. Systems Used to Measure Upper Air Wind Data for AS-512

RELEASE TIME PORTION OF DATA USED
e START 3.1]
TYPE OF DATA 01, 3 AFTER =
(W | ra | e Ho wnmee |5
70 1 T2
(re) (uIn) (re) (MIN)
150 1S 000
15 250 24 750
Rurinsende 0343 ® | (s0032) © | (o1 200) 9
58 250 25 000




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- e

meters (42,347 ft). At max Q altitude, the wind speed and direction was iy
33.2 m/s (64.5 knots), from 314 degrees.

A.4.2  Wind Direction o

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 flight path) at the surface was a wind from the left of e
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- S
meters (37,237 ft). See Figure A-6. -

A.4.5 Component Wind Shears i
The largest component wind_shear (ah = 1,000 m) in the max Q region was a '
pitch shear of 0.0177 sec™! at 7.98 kilometers (26,164 ft). The largest

yaw wind shear, at these lower levels, was 0.0148 sec-! at 10.65 kilometers
(24,940 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 extrer.2 wind shear values (ah = 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- i . .
sure, density, and Optical Index of Refraction are shown in Figures A-8 . :
and A-9, and are discussed in the following paragraphs.

—
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Table A-4. Maximum Wind Speed in High Dynamic Pressure Region for
Apollo/Saturn 501 through Apollo/Saturn 512 Vehicles

MAXIMUM WINO MAXIMUM WIND COMPONENTS
VEHICLE

SPEED. | . . ALT PITCH (Wy) ALT | YAW (W,) ALT
NUMBER | /s (gég) KM NS KN H Nz XM
(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 13.000 12.9 15.75
(52.7) (42,650) | (52.7) (42,650)| (25.1) |(51,700)
AS-503 34.8 | 284 |  15.22] 3.2 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 | 425 | 220 | a8  4o0.8 13.80| 18.7 14.85
(82.6) (46,520) | (79.3) (45 ,280) | (36.3) |(48,720)
AS-56 9.6 | 297 .40 7.6 11.18] 7. 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 $70) |(-37.9) | (a4 ,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)
Lm-sw 18.6 | 063 13.75 | -17.8 - 13.73] 7.3 13.43
(36.2) | - | (45,110) | (-34.6) (45 030) | (14.2) | (44 H40)

|as-511 26.1 | 257 .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 M | 12.18 4.8 |- - 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 Yalues in the High Dynamic Pressure Region
for Apollo/Saturn 501 through Apollo/Saturn 512 Vehicles

{ah = 1000 m)
PITCH PLANE YAN PLANE
VEHICLE
uunszgm B ng} ALT'I("I"UDE SEAg ALT'IJ'UDE
(SEC-1) - (sEc-1) ()
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
| s (51 850)
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 0.005 |  10.3%
(48 490) . , (33 790)
AS-507 0.0183 14.25 0.0178 14.58
(46 750) - (47 820)
AS-508 0.0166 15.43 0.0178 13.98
(s06i0)-. | - | (45 850)
AS-509 0.0201 13.33 0.0251 - 11.85
AS-510 - 0.0110 N2 0.0077 | - 14,43
| (ees0). | | 47330) .
As-511 0.0005 |  13.65: 7| ‘o.oms | - 15.50
] (aa7e0) L) (50 850)
assiz | oo | 798| . oom8 | qpe
o (26168) " |- o o i(36940) 7
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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-—2tures 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 (52,493 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
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.
See Figure A-8.

A.5.3 Atmospheric Density

Atmospheric density deviations were.small, being within 4 percent of the
PRA-63 below 36 kilometers (118,109 ft) altitude. The density deviation
reached a maximum of 3.91 percent greater than the PRA-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 surfzce was 4.7 x 10-6 units lower
than the corresponding value of the PRA-63. The maximum negative devia-
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 ]0'5 units greater than the PRA-63 at 5.5
kilometers (18,044 ft). S :

A.6 COMPARISON OF SELECTED ATMOSPHERIC DATA FOR SATURN V LAUNCHES
A summary of thé‘ atn&spher‘lc data fo:f each Sgtum ¥ launch 1s shown in

_ Table A-6. :
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APPENDIX B

AS-512 SIGNIFICANT CONFIGURATION CHANGES

8.1 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 F1i

MPR-SAT-FE-69-4.

Table B-1.

ght Evalua_tjqn_ Rgport. AS-504, Apollo 9 Mission,

S-IC Significant Configuration Changes

1 Nutd paser systen rest’

sotets
betmes serveectueties ond F-} engiap doriey

S0rege.

[ lece tantslies copec o ey core
-l regtsaur (NCR) cord of POVIBAS osesmbly. cards tn Bhe POVERS sossndl bes.
Conmunications
Table B-2. S-II Significant Configuration Changes
SYSTHR Ot [ 7]
Prapulsion lsstallstion of an faproved J-2 eaglas loﬂhl-.n’bbﬂ-!“d
] 1] .
wﬂm’c..r‘ hnal,l!ﬂ) tayrove roltedit iy,
slorecivenits.
Tadificatien of J-2 engten LOR Deme/lns Somsreter Yo provust encasstve loss of englee camtrel
wm-:am.mm-h mmw"-.ﬂ-hu-
eows ook Teive ot Peres Contret Moive Vot .
Liaw Orifice.
Table B-3. S-IVB Significant Configuration Changes
SYSTIR st ) s
Prepsisien faptellstion of an lapreved J-2 engian redestigned o oftatanty & Fatlure poltats ond
v ] .
m_u:u- .'::hm-ﬁl' > hv-n“.lm
-m‘:::.:-zq-umm b-v-:mﬂh.dq;:m
Uun’u'ﬁn-c-.-" o presewres, & z‘:..—-. -
sutmdent Purgr Ouct Wiw forge Contred
Salve Yent Line Orifice.
fadttied APS # ot v ol Mey/ To previdn grestur veltedilt fetasting
-mm'::«. . -l.llid—:d-:unm
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Table B-4. IU Significant Configuration Changes
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APPROVAL
SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT
AS-512, APOLLO 17 MISSION

By Saturn Flight Evaluation Working Group

The information in this report has been reviewed for security classifi-
cation. Review of any information concerning uepartment of Defense or
Atomic Energy Coomission programs has-been made by the MSFC Security
Classification Officer. The highest c1ass1f1cation has been determined
to be unclassified.
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Security Classification Officer

This report has been reviewed and approved for technical accuracy.
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