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SATURN V LAUNCH VEHICLE FLIGHT EVALUATION REPORT - AS-511
APOLLO 16 MISSION
BY

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

ABSTRACT

Saturn V AS-511 (Apollo 16 Miscion) was launched at 12:54:00 Eastern
Standard Time (EST) on April 16, 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 72.034
cegrees east of north. The launch vehicle successfully placed the
manned spacecraft in the planned translunar coast mode. The S-IVB/
IU impacted the lunar surface within the planned target area.

This was the second Apollo Mission to employ the Lunar Roving Vehicle
(LRV) during Extravehicular Activity (EVA). The performance of the
LRV was satisfactory and as on Apollo 15 Mission resulted in a signi-
ficant increase in lunar expioration capability. The total distance
traveled on the lunar surface with the LRV on this Mission was 27
kilometers (17 miles).

A1l launch vehicle Mandatory and Desirable Objectives were accomplished
except the precise determination of the lurar impact point and time.

No failures or anomalies occurred that seriously affected the

mission.

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

Director, George C. Marshall Space Flight Center

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation Working
Group, S&E-CSE-LA (Phone 205-453-2462)
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MISSION PLAN

The AS-511 fliaht (Apollo 16 mission) is the eleventh flight in the Apollo/
Saturn V flight program, the sixth mission planned -for lunar landing, and
the fourth mission planned for landing in the lunar highlands. The primary
mission objectives are: a) perform selenological inspection, survey, and
sampling of materials and surface features in a preselected area of the
Descartes region; b) deploy and activate the Apollo Lunar Surface Experi-
ments Package (ALSEP)}; and c) conduct inflight experiments and photographic
tests from lunar orbit. The crew consists of J. W. Young (Mission
Commander), T. K. Mattingly, II (Command Module Pilot), and C. M. Duke, Jr.
(Lunar Module Pilot).

The AS-511 Launch Vehicle (LV) is composed of the S-IC-11, S-11-11,
S-1VB-511, and Instrument Unit (IU)-511 stages. The Spacecraft (SC) con-
sists of SC/Lunar Module Adapter (SLA)-20, Command Module (CM)-113,
Service Module (SM)-113, and Lunar Module (LM)-11. The LM has been modi-
fied for this flight and will include the Lunar Roving Vehicle (LRV)-2.

vehicle launch from Complex 39A at Kennedy Space Center (KSC) is along a

90 degree azimuth with a roll to a flight azimuth of approximately 72
degrees measured east of true north. Vehicle mass at ignition is 6,538,395
1bm.

The S-I1C stage powered flight is approximately 162 seconds; the S-1I stage
provides powered flight for approximately 395 seconds. The S-IVB stage
first burn of approximately 142 seconds inserts the S-IVB/IU/SLA/LM/
Command and Service Module (CSM) into a circular 90 n mi. altituae
(referenced to the earth equatorial radius) Earth Parking Orbit (EPO).
Vehicle mass at orbit insertion is 308,916 1bm.

At approximately 10 seconds after EPO insertion, the vehicle is aligned
with the local horizontal. Continuous hydrogen venting is initiated
shortly after EPO insertion and the LV and Spacecraft ?SC) systems are
checked in preparation for the Translunar Injection {(TLI) burn. During
the second revolution in EPO, the S-IVB stage is restarted and burns for
approximately 344 seconds. This burn inserts the S-IVB/IU/SLA-CSM into
an earth-return, transiunar trajectory.

Within 15 minutes after TLI, the vehicle initiates a maneuver to an iner-

tial attitude hold for CSM separation, docking, and CSM/LM ejection.
Following the attitude freeze, the CSM separates from the LV and the
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SLA pareis are jJettisoned. The CSM then transposes and docks to the LM.
After docking, the CSM/LM is spring ejected from the S-IVB/IU. Follow-
ing separa:ion of the combined CSM/LM from the S-IVB/IU, the S-IVB/IU
performs a yaw maneuver and then an 80-second burn of the S-IVB Auxiliary
Propulsion System (APS) ullage engines as an evasive maneuver tc decrease
the probabiiity of S-IVB/IU recontact with the spacecraft. Subsequent to
the compietion of the S-IVB/IU evasive maneuver, the S-IVB/IU is piaced

on a trajectory such that it will impact the lunar surface in the vicirity
of the Apolle 12 landing site. The actual lunar impact target is at 2.3°S
latitude and 31.7°W longitude. The impact trajectory is achieved by pro-
pulsive venting of hydrogen (Hz), dumping of residual 1iquid oxygen (LOX),
and by firing the APS uliage engines. The S-IVB/IU impact will be recorded
by the seismographs deployed during the Apollo 1c, 14, and 15 missions.
S-IVB/IU lunar impact is predicted at approximately 74 hours 30 minutes

8 seconds after Taunch.

Several inflight experiments will be flown on Apollo 16. Several experi-
ments are to be conducted by use of the Scientific Instrument Module (SIM)
Tocated in Sector I of the SM. A subsatellite is launched from the SIM
into Junar crbit and several experiments are performed by it. The in-
flight experiments are conducted during earth orbit, translunar coast,
Tunar orbit, and transearth coast mission phases.

During the 71-hour 50-minute translunar coast, the astronauts will perform
star-earth landmark sightings, Inertial Measurement Unit (IMU) alignments,
general Tunar navigation procedures, and possibiy four midcourse correc-
tions. At approximately 74 hours and 28 minutes, a Service Propulsion
System (SPS), Lunar Orbit Insertion (LOI) burn of approximately 375

seconds is initiated to insert the CSM/LM into a 58 by 170 n mi. altitude
parking orbit. Approximately two revolutions after LOI, & 24.1-second
burn will adjust the orbit into an i1 by 59 n mi. altitude. The LM is
entered by astronauts Young and Duke, and checkout is accomplished.

During the twelfth revolution in orbit, at 96.2 hours, the LM separates
from the CSM and prepares for the lunar descent. The CSM is then inserted
into an approximately 52 by 68 n mi. altitude orbit using a 5.9-second SPS burn.
The LM descent propulsion system is used to brake the LM into the proper
landing trajectory and maneuver the LM during descent to the lunar surface.

Following lunar landing, three EVA time periods of 7 hours each are sche-
duled during which the astronauts will explore the lunar surface in the
LRV, examine the LM exterior, photograph the lunar surface, and deploy
scientific instruments. Sorties in the LRV wiil be limited in radius
such that the jife support system capability will not be exceeded if LRV
failure necessitates the astronauts walking back to the LM. Total stay
time on the Tunar surface is open-ended, with a pianned maximum of 73.3
hours depending upo.n the outcome of current lunuar surface operations
planning and of real-time operational decisions. After the EVA, the
astronauts orepare the LM ascent propulsion system for lunar ascent.



The CSM performs a plane change approximately 20 hours before rendezvous.
At approximately 171.9 hours, the ascent stage inserts the LM into a 9

by 45 n mi. altitude lunar orbit. At approximately 173.7 hours the rendez-
vous and docking with the CSM are accomplished.

Following docking, equipment transfer, and decontamination procedures,

the LM ascent stage is jettisoned and targeted to impact the lunar sur-

face at a point near the Apoilc 16 landing site, but far enough away so

as not to endanger the scientific packages. During the third revolution
before transearth injection, the CSM will perform an SPS maneuver to

achieve a 55 by 85 n mi. altitude orbit. Shortly thereafter the subsatellite
will be Jaunched into the same orbit. Transearth Injection (TEI) is accom-
plished at the end of revolution 76 at approximately 222 hours and 23

minutes with a 150-second SPS burn,

During the 67-hour 59-minute transearth coast, the astronauts will per-
form navigation procedures, star-earth-moon sightings, the electro-
phoretic separation demonstration, and as many as three midcourse
corrections. The SM will separate from the CM 15 minutes before re-entry.
Splashdown will occur in the Pacific Ocean 290 hours and 36 minutes after

liftoff.

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



FLIGHT SUMMARY

The ninth manned Saturn Apolio space vehicle, AS-511 (Apollo 16 Mission)
was launched at 12:54:00 Eastern Standard Time (EST) on April 16, 1972,
from Kennedy Space Center, Compiex 39, Pad A. The performance of the
launch vehicle and Lunar Roving Vehicle was satisfactory and all Manda-
tory and Desirable Objectives were accomplished except the precise deter-
mination of the lunar impact point and time.

The ground systems supporting the AS-511/Apollo 16 countdiwn and launch
performed satisfactorily with no unscheduled holds. Propellant tanking
was accomplished satisfactorily. Damage to the pad, Launch Umbilical
Tower (LUT) and support equipment was considered minimal.

The vehicle was launched on an azimuth 90 degrees east of north. A roll
maneuver was initiated at 12.7 seconds that placed the vehicle on a flight
azimuth of 72.034 degrees east of north. The trajectory parameters from
launch to Command and Service Module (CSM) separation were close to
nominal. Earth parking orbit insertion conditions were achieved 0.72
second later than rominal with altitude nominal and velocity 0.2 meter
per second greater than nominal. Translunar Injection (TLI) conditions
were achieved 1.78 seconds earlier than nominal with altitude 2.0 kilo-
meters less than nominal and velocity 1.9 meters per second greater than
nominal. The trajectory parameters at Command and Service Module (CSM)
separation deviated somewhat from nominal since the event occurred 38.6
seconds later than predicted.

A1l S-IC propulsion systems performed satisfactorily. In all cases, the
propulsion performance was very close tc the predicted nominal. Over-

all stage site thrust was 0.05 percent higher than predicted. Total
propellant consumption rate was 0.36 percent lower than predicted and

the total consumed mixture ratio 0.40 percent higher than predicted.
Specific impulse was 0.41 percent higher than predicted. Total propellant
consumption from Holddown Arm (HDA) release t» Outboard Engines Cutoff
(OECO) was low by 0.51 percent. Center Engine Cutoff (CECO) was initiated
by the Instrument Unit (IU) at 137.85 seconds range time, 0.11 second
earlier than planned. Outboard Engine Cutoff (OECO) was initiated by

the LOX low level sensors at 161.78 seconds, 0.31 seconds earlier than
predicted. This is well within the +4.60, -3.60 second 3-sigma limits.

At OECO, the LOX residual was 34,028 1bm compared to the predicted

36,283 1bm and the fuel residual was 31,601 1bm compared to the pre-
dicted 28,248 1bm.
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The S-1I propulsion system performed satisfactorily throughout the flight.
The S-11 Engine Start Command (ESC), as sensed at the engines, occurred
at 164.20 seconds. Center Engine Cutoff {CECO) was initiated by the
Instrument Unit (IU) at 461.77 seconds as planned. Outboard Engine Cut-
off (QECO), initiated by LOX depletion ECO sensors, occurred at 559.54
seconds giving an outboard engine operating time of 395.34 seconds or
0.63 seconds longer than predicted. The later than predicted S-I1 0DECO
was a result of an earlier than predicted Engine Mixture Ratio (EMR)
shift and lower than planned EMR after the step. Engine mainstage per-
formance was satisfactory throughout flight. The total stage thrust at
the standard time slice (61 seconds after S-II ESC) was 0.04 percent
above predicted. Total propellant flowrate, including pressurization
flow, was 0.01 percent below predicted, and the stage specific impulse
was 0.07 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.
During the S-II engine start transient, an unusually large amount of helium
was expended from the engine 4 helium tank. The most probable cause of
the anomaly is slow closing of the engine purge control valve allowing
excessive helium to be vented overboard. Tests, analysis, and examina-
tion of valves from service are being conducted to determine the cause
and solutions for engines on subsequent stages. The center engine LOX
feedline accumulator performance was satisfactory. The accumulator

bleed and fill subsystems operations were within predictions and the
accumulator system was effective in suppressing POGO type oscillations.
The propellant management system performance was satisfactory throughout
loading and flight, and all parameters were within expected limits.
Propellant residuals at OECO were 1405 1bm LOX, 1 1bm more than predicted
and 2612 1bm LH2, 239 1bm less than predicted. Control of engine mixture
ratio was accomplished with the two-position pneumatically operated
Mixture Ratio Contvol Valves (MRCV). The low EMR step occurred 2.0
seconds eariier than predicted. The performance of the LOX and LH2 tank
pressurization systems was satisfactory. This was the second stage to
utilize pressurization orifices in place of regulators to control in-
flight pressurization of the propellant tanks. Ullage pressure in both
tanks was adequate to meet or exceed engine inlet Net Positive Suction
Pressure (NPSP) minimum requirements throughout mainstage.

The S-1VB propulsion system performed satisfactorily throughout the
operational phase of first burn and had normal start and cutoff transients.
S-IVB first burn time was 142.6 seconds, 0.4 second longer than predicted.
This difference is composed of 1.0 second due to the combined first and
second stage performance and -0.6 second due to the higher S-IVB perfor-
mance. The engine performance during first burn, as determined from
standard altitude reconstruction analysis, deviated from the predicted
Start Tank Discharge Valve (STDV) open +140-second time slice by 0.38
percent for thrust and zero percent for specific impulse. The S-IVB

stage first burn Engine Cutoff (ECO) was initiated by the Launch Vehicle
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Digital Computer (LVDC) at 706.21 seconds. The Continuous Vent System
(CVS) adequately regulated LHp tank ullage pressure at an average level
of 19.4 psia during orbit and the Oxygen/Hydrogen (02/H2) burner satis-
factorily achieved LH2 and LOX tank repressurization for restart. Engine
rectart conditions were within specified Timits. The restart at full
open Mixture Ratio Control Valve (MRCV) position was successful. S-IVB
second burn time was 341.9 seconds, 2.4 seconds less than predicted.

This difference is primarily due to the slightly higher S-IVB performance
during second burn, as determined from the standard altitude reconstruc-
tion analysis, deviated from the STDV open +140-second time slice by

0.57 percent for thrust and zero percent for specific impulse. Second
burn ECO was initiated by the LVDC at 9,558.41 seconds (02:39:13.41).

The S-1VB high pressure systems were safed following J-2 engine second
burn cutoff. The thrust developed during the LOX dump provided a satis-
factory contribution to the velocity change for lunar impact. Momentary
ullage gas ingestion occurred three times during the LOX dump as a result
of LOX sloshing. The greater than nominal slosh activity was attributed
to the additional vehicle maneuver to the LOX dump attitude for optimum
velocity increment following the programmed LOX dump maneuver. As a
result of the ullage ingestion, liquid flow was impeded and dump perfor-
mance was Jecreased. Auxiliary Propulsion System (APS) Module 1
experiencez an external helium leak which started at approximately 3600
seconds and continued to 22,800 seconds (06:20:00). The maximum leak
rate experienced was 585 psi/hour. The other Module 1 systems functioned
normally. Module 2 experienced internal leakage from the high pressure
system to the low pressure system during the flight. The regulator out-
let pressure began to increase above the regulator setting at approximately
970 seconds. The pressure continued to increase to 344 psia, the relief
setting of the low pressure module relief valve. The regulator outlet
pressure remained betwesn 344 and 203 psia out to loss of data. During
periods of high propellant usage the regulator outlet pressure decreased,
but not low enough for regulator operation. The prime suspect for this
internal helium leakage is leakage through the regulator. Data from
preflight pressurization of the APS indicates that the APS probably was
on the secondary regulator at liftoff. Another leak path being examined
is the common mounting block for the high and low pressure He system
pressure transducer.

The structural loads experienced during the S-IC boost phase were well
below design values. The maximum bending moment was 71 x 106 1bf-in at s
the S-1C LOX tank (approximately 27 percent of the design value). Thrust
cutoff transients experienced by AS-511 were similar to those of previous
flights. The maximum longitudinal dynamic responses at the Instrument

Unit (IU) were $0.25 g and $0.32 g at S-IC Center Engine Cutoff (CECO)

and Outtoard Engine Cutoff (OECO), 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.
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Oscillations in the four to five hertz range have been observed on pre-
vious flights and are considered to be normal vehicle response to tlight
environment. POGO did not occur during S-IC hoost. The S~II stage
center engine LOX feedline accumulator successfully inhibited the 16
hertz POGO oscillations. A peak response of 20.5 g in the 14 to 20

hertz frequency range was measured on engine N¢. 5 gimbal pad during
steady-state cngine operation. As on previous flights, low amplitude

11 hertz oscillations were e.perienced near the end of S-II burn. Peak
enoine No. 1 gimbal pad response was #0.07 g. POGO cid not occur during
S-1{ boost. The POGO 1imiting backup cutoff system performed satisfac-
torily during the prelaunch and flight operations. The system did not
produce any discrete cutputs and should not have since there was nn P0OGO.
The structural loads experienced during the S-IVB stage burns were. well
below design values. During first burn the S-IVB experienced low ampli-
tude, 16 tc 20 hertz oscillations. The amplitudes measured on the gimbal
block were comparable to previous flighkts and within the expected range
of values. Simiiarly, S-1VB second burn produced intermittent low
amplitude oscillations in the 1] to 16 hertz frequency range which peaked
near second burn cutoff.

The Guidance and Navigation System satisfactory supported accomplishment
of the mission objectives. The end condition errors at parking orbit
insertion and translunar injection were insignificant. Three anomalies
occurred in the Guidance and Navigation System, although their effect

on the mission were not significant. The anomalies were: a) An anomalous
one meter/second shift in the crossrange integrating accelerometer output
just after 1iftoff, b) A one second delay in ending the tower clearance
yaw maneuver, c) Intermittent setting of Error Monitor Register bits 13
and 14.

The control and separation systems functioned correctly throughout the
flight of AS-511. Engine gimbal deflections were nominal and APS firings
predictable. Bending and slosh dynamics were adequately stabilized. No
undue dynamics accompanied any separation.

Tre AS-511 launch vehicle electrical systems and Emergency Detection
5ystem (EDS) performed satisfactorily throughout the required period of
flight. There was, however, an anomaly in the S-II ignition bus voltage
indications during and after the ignition sequence. The S-I1VB forward
Battery No. 2 depleted early as cn AS-510 and did not deliver its rated
capacity. Operation of all other batteries, power supplies, inverters,
Exploding Bridge Wire (EBW) firing units and switch selectors was normal.

The S-IC base heat shield was instrumented with two differential pressure
measurements. The AS-511 flight data have trends and magnitudes sirilar
to those seen on previous flights. The AS-511 S-II base pressure e .viron-
ments are corsistent with the trends and magnitudes seen on previous
flights.
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The AS-511 S-IC base region thermal environmants exhibited trends and
magnitudes sim‘lar to those seen on pr vious flights. The base thermal
environments or the S-1I stage were cunsistent with the trends and magni-
tudes seen on pravious flights and were well below design limits. Aero-
dynamic heatinc environments and S-]JVB base thermal environments were
not measured on AS-511.

The S-IC stage forward compartment ambient temperatures were maintained
above the minimum performance limit during AS-511 countdown. The S-IC
stage aft compartment ervironmental conditioning system performed satis-
factorily. The S-II tre-mal control and compartment conditioning system
apparently performed satisfactorily since the ambient temperatures exter-
nal to the containers were normal, and there were no problems with the
equipment in the containers. The Instrumen:z Unit (IU) Environmental Con-
trol Systems (ECS) performed satisfactorily up until approximately 18,000
seconds (05:00:00). At this time coolant fluid circulation ceased due

to an excessively high GN2 usage rate which depleted the Thermal Condi-
tioning System (TCS) storage sphere. Afte- cooling ceased, temperatures
began to increcse but were within acceptable values at the time IU tele-
metry was terminated.

A1l data systems performed satisfactorily throughout the flight. Flight
measurements from onboard telemetry were 99.9 percent reliable. Telemetry
performance was normal except for noted problems. Radio Frequency (RF)
propagation was satisfactory, though the usual problems due to fiame
effects and staging were experienced. Usable VHF data were received

until 18,720 seconds (5:12:00). 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 on a commend
transmitted frcm Bermuda (BDA) at 716.2 seconds. The performance of the
Command and Communications System (CCS; was satisfactory from liftoff
through the first part of lunar coast when the CCS downlink signal was
lost. Usable CCS telemetry data were received to 27,645 seconds (7:40:43)
at which time the telemetry subcarrier was inhibited. Madrid (MAD and
MADW), Ascension (ACN), Goldstone (GDS), Bermuda (BDA) and Merritt Island
Launch Area (MILA) were receiving CCS sigral carrier at the abrupt loss
of signal at 97,799 seconds (27:09:59). Good tracking data were received
from the C-Band radar, with MILA indicating final Loss of Signal (LOS)

at 38,837 seconds (10:47:17). In general ground engineering camera
coverage was good.

Total vehicle mass, determine:. wn post-flight analysis, was within
0.36 percent of predictiyn fr. ground ignition through S-IVB stage €inal
shutdown. This small variation indicates that hardware weights, propel-
lant loads, and propellant utilization were close to predicted values
during flight.

A1l aspects of the S-IVB/IU Lunar Impact Mission objectives were accom-
plished successfully except the precise determination of the impact
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point and time of impact. Preliminary analysis of available tracking
data plus calculations based upon three lunar seismometer recordings of
the impact indicate the S-IVE/IU was successfully maneuvered to impact
the lunar surface within 350 kilometers (189 n mi) of the target. The
loss of tracking data at 97,799 seconds (27:09:59) has precluded deter-
rmining the impact time and location within the mission objectives of one
second and five kilometers (2.7 n mi), but these objectives may be
eventually determined by analytical techniques not previously used.
Based upon analysis to date the S-IVB/IU impacted the lunar surface at
270,482 seconds (75:08:02) 2t approximately 2.1 degrees north latitude
and 22.1 degrees west longitude with a velocity of 2,655 meters per
second (8,711 ft/s). This preliminary impact point is approximately
320 kilometers (173 n mi) from the ta-get of 2.3 degrees south latitude
and 31.7 degrees west longitude. Real time targeting activities were
changed considerably from preflight planned operations because of the
following real time indications:

1. IU GN2 cooling pressurant leakage

2. Unanticipated 1U velocity accumulations during Timebase 7 (later
identified as primarily platform biases)

3. Early S-1VB APS Module 1 propellant depletion (later identified
as a He leakage problem)

4. Unsymmetrical APS ullage performance

Because of these indications, a more efficient LOX dump attitude was
selected o reduce the APS targeting burn requirement. Due to the pro-
blems with the vehicle, there would have been no opportunity to perform
a second APS burn even if it had been required.

An inflight demonstration was conducted as proposed by the Marshall Space
Flight Center to demonstrate Electrophoretic “2paration in a zero g
environment. The Electrophoretic Separation Demonstration, a chemical
separation process based on the motion of particles in a fluid due to

the force of an electric field, was conducted to show the advantages

of the almost weightless environment. The preliminary assessment of

the demonstration indicates that the electrophoresis was more distinct
than on earth and fluid cunvection effects were minimal. The photographs
were clear and sharp and the crew commentary thorough.

The Lunar Roving Vehicle (LRV) satisfactorily supported “e lunar explora-
tion objectives. The total odometer distance traveled ¢ ing the three
traverses was 26.9 kilometers at an average velocity of /.30 kmn/hr.

The maximum velocity attained was 17.0 km/hr and the maximum slope
negotiated was 20 degrees. The average LRV energy consumption rate

was 2.00 amp-hours/km with a total consumed energy of 86.0 amp-hours
(including the Lunar Communication Relay Unit [LCRU]) out of an
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approximate total available energy of 242 amp-hours. The navigation
syster gyro drift and closuce error at the Lunar Module (LM) were
negligible. Controilability was good. There were no prcblems with
steering, braking, or obstacle negotiation, except downslope at
speeds above 10 kph, where .he vehicle reacted like an "auto driven
on ice." Brakes were used at Tecast partially on all downslopes.
Dirivng down sun was difficult because of poor visibility of the
"washed out" lurain. All interfaces between crew and LRV and between
LRV and stowed payload were satisfactory.

The folluwing anomalies were noted during lunar surface operation:
Anomaly 1. Insufficient Battery Coclaown

The LRV Battery Cooldown between EVA's 1 and 2 and between EVA's 2 and
3 was insufficient causing battery cver temperature v.fore the end of
the mission.

Anromaly 2. LRV Electrical Reconfiguration

a. Navigation system distance, range, and bearing computations stopped
on FVA 2.

b. Zero emps on Battery #< on EVA 2.

Anomaly 3. LRV Instrumentation

a. Four meters of?¥ scale low at post depioyment checkout.
b. No rear steering at post deployment checkout.

c. Loss of vehicle attitude indicator pitch meter scale.
d. Bactery #1 temperzture meter off scale low.

e. Amp-Hour meter malfunction.

Ancmaly 4. LRY Fender Extension Missing
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MISSION OBJECTIVES ACCOMPLISHMENT

Table 1 presents the MSFC Mandatory Objectives and Desirable Objectives
as defined in tne "Saturn V Apnllio 16/AS-511 Mission Implementation Plan,"
MSFC Document PM-SAT-8010.9 (Rev. A), dated December 20, 1971, and

revised on February 24, 1972.

plishment of each objective is shown.
ment can be found in other sections of this report as shown *n Tatle 1.

An assessment nf the degree of accom-

Discussion supporting the assess-

Table 1. Mission Objectives Accomplishment
q
MSFC MANDATORY OBCSCTIVES (MO) DEGREE OF SECTION IN

NO. AND DESIRABLE 0BJLCTIVES (DO) ACCOMPLISHMENT| DISCREPANCIES WHICH DISCUSSED
1 Launch on & flight azimuth between 72 and Complete None 4.1

100 degrees and insert the S-IVB/1U/SC

into the planned circular earth parking

orbit (M0).
2 Restart the S-IVB during either the second Compiete None 4.2.3, 7.6

or third revolution and inject the S-1VB/1U/SC

onto the planned tramslunar trajectory (MO).
3 Provide the required attitude control for Complete None 10.4.4

the S-1VB/IU/SC during TDRE (MO}.
4 Perform an evasive maneuver after ejection Complete None 10.4.4

of the CSM/LM from the S-1VB/IL (DO).
H Target the S-IVB/IU stages for impact on Comp lete None 17.4

the lunar surface at 2.3 degrees South

latitude and 31.7 degrees West longitude (DO).
6 Determine ac:iual impact point within § Not Desired accu- 17.4

kilometers and time of impact within Accomplishec Jracy not

one second {DO). chieved, but

termined stil)
fin progress.

7 After final LV/SC separation, vent, and dump Complete None 7.4

the remaining gases and prepellants to safe

the S-1vB/1U (DO).
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FAILURES AND ANOMALIES

Evaluation of the Launch Vehicle and Lunar Roving Vehicle data revealed
fifteen anomalies, five of which werz considered significant. There
were no failures. The sigrificant aromalies are summarized in Table 2
and the cther anomalies summarized in Table 3.

Previous Saturn Launch Vehicle keports classified problems either as
Failures, Anomalies, or Deviations. Effective with this AS-511 Report,
problems are now reported as per Apolio Program Directive 19C (APD 19C)
Failures, Significant Anomalies, or Anomalies. Significant Anomalies
reported herein are comparaole to previously reporved Aromalies.

Anomalies reported herein are comparable to previously reported Deviations.

Problems are defined per APD 19C as:
a. Failure

The inability of a system, subsystem, and/or hardware to perform its
required function.

b. Significant Anomaly

Any anomaly which creates or could create a hazardous situation or condi-
tion; results or could result in a launch delay or endanger the accom-
plishment of a primary or secondary mission objective; would indicate

a serious design deficiency; or could have serious impact on future
missions.

c. Anomalv

el

Any deviation of system, subsystem, and/or hardware performance beyond
previously established limits.
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Table 2.

Summary of Significant Anomalies

AVORALY TDENTIFICATION

MCOMERGED COPUECTIVE ACTION

VENICLE | OCCURRENCE cTim waiaw [0
Iem DESCRIPTION (CAUSE) EFFECT ON MISSY RANGE TIME DESCRIPTION » LFFLL
SYSTEN ) ECT oM MISSION o STAUS ity | et
1 S-117 J-2 Engine Wo. 4 Neme, pressyre decay lasted | 164.2 Replace purge control | ECP in- A5-912 6.2
[Prepuision] hellum comsumption 10 secs. If decay had valve asserblies in work
during engine start Tasted &0 secs, engine cut- the S-11 and S-iv8
operations excessive. | off would have resylted and wtages effective
Pressure in system the | -imery mission not with A3-517 with
dropped 890 psi om- ] accomplished. (A1) out- assemblies that have
pared Lo morma! )28 bo-r?!:ng!ues wst burn LTLH
psi. (Foilure of for secs for primpry
engine purge control | wission.) - :":"t:::::"
valve to completely increased *
ciose for approxi- "
mately 10 secs.) b. Mn orifice
added to the
valve vent
owtlet.
<. A resundant
check valve
added.
2 S-1v8/ Excessive helium leak 4 Degraded lunar impa.t tar- From 3600 |1, provide aedi- ECP tn- As-512 T2
[Propulsion| age in the APS module | geting accuracy. The Jeak- | sec te tional e supply [work
€1 propelisnt pres- age valz inficated that 22,800 sec. by conmecting
surization systewm. there would be insufficient the stage swpply
(Uninonen } helium supply for the secand to the He
[ 2] sx‘:he‘llet hw: 'fM: system.
womaly and item & gomaly
were contritwting factors 2. z:'::‘:"“'
» the gecision wot to -th u-ne?
attewpt the burn. nions
3. Nore stringest
Teak checks and
reduce pre-
lownch allew-
sble leskage.
4. Replace Teflen
0" rings with
C-seals ond
Sung-8 “0°
rings.
3 s-tw 95 Yodwlie 82 pre- Wome . bewever, 17 anameltes | Throwghowt 11, Sodesign trams- s in- AS-512 1.2
[Propotsion] seliomt 2a- | tn t0ees 2 and 4 had mot Flight docer punting
tion systom espect- | existed onil 2 second Ywmer  § after W black te fmcrease
enced @ examtive jupact bere stteupted, the | sec. sealing relt-
decay ta Surn weuld hewe Tequired sbility.
e heliem swply mdification due to 2. Provige stdi-
bettie swd an accon- | excessive prepellent expul~ T tienal W seply
panying prestere ston pressure awd early By commecting
i ld-w» Smmstreen | belion sugply depletion. e s spply
of the dnl presseve t» the e
reguistors which at system
tiams veoched S . N
relief wives selting 1. Ve stringeet
avd veuted Wit cpntantestion
swerboard. (1. Pro-
:b Tiwm prias! progren.
teliem oy 4. Wedify pre-
secondary lawnch preve-
reguistors. 2. Lesk- dures and
oge Sraygh OomEER rediines .
Slock Wettng U
wstvees ond dmm-
stroen feiten pros-
sere tromeducers . )
o 1] € tve Gy Taokage | puss by gey 1 18,000 prelowmch i n-work #5-512 .
Congition-] = S IV CVent fepact targeting {9 Wwurs) ] test wst require-
ing Systen] precsarizetio sccorecy. wnts and procederes.
syttan. Lt caslent
Mesat $
{Prebably \/2° %-snel
ot plug smar
alet W Drh’lh
L] Watrid ood GoVhtum | Gagroded Yemar ‘epact driev-| 97,799 Under tesestigetion - - AL 8 )
Commarica- o ) wy. (el {27 hprs,
t\-‘g« a of mt treck 18/5-10 to lener | W wingtes
-m } | stgml ot 27 iy, | tepect.
» -l wave
wnghle %9 vwesopire.
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Table 3.

Summary of Anomalies

PARAGRAPY
ITEM VEHICLE SYSTim ANOMALY PROBABLE CAUSE SIGNIF I CANCE 7;':;:1:['<
1 C-TT/7Electrica!l One valt drop tn ignitiom Measureent or electrical net- None on this wission. 11 prol-| 1)}
veltage during 1gnition wort fayluyre. ler was in electrical netwnrie
sequence and drop to zero and had occurred earlier,
1.2 secands after ignmition avatlability of praper iam -
off. tion voltage weuld te
questipnable.
2 -1VB/E Tectrical Forward battery lic. ¢ Inflight thermal environment, flone on this missyon. Aithougn] 11.4.2
depleted ai approaimately coupled with excessive negative the battery fuitilled yts wis-
€6 hours and 27 minutes and plate himiting of tne battery. sion rvuulrvnents, it was not
did not deliver it rated known prior to {light that
Lapacity of ¢4.6 amp-hrs. plate Timiting coupted with the
cooler in-flight environment
and battery temperature grad-
jent would cause a rejuction
N SErVice ©anacity.
3 1G/LVDRA & LVDC Error Monitor Register bits ;Failure of the &4  sec Delay Nore, since system is triple 9.4.?7
13 and 14 set intermitteni-  Line redundant .
ly. Logic signal disagree-
ments occurred at &pproxi-
matey 6 hours, 43 minutes.
4 1U/Gui dance The crossrange (Y) accetero-flontact of accelerometer float Frobably nome. althougn the 9.4
meter erperienced a | with mechanica’ stop. AS-513 guidance scheme will
meter/set velotity shift not use accelorometers for
just after Viftoff. first ten seconds of fiight.
5 1U/Contro) & EDS During & prelaunch test, Shovted or open transistor (pro- A decrease in flight redun- 3.2.4
the backup yaw rate gyrn bably Q8) on Lemodulator Lard of dancy if the same faiture
channe] had an woenplained | Control Stgnel Pracessor. occurred in flight, although
drap in output from C.25 analyses indicate wehicle
deg/sec to 0.1% deg/sec. would still be controllable.
6 1U/G i dance Tower clearance yaw man- Method of implementing yaw None on this mission. Since a 19.3
euver was extended approxi- [maneuver termination in LVD( similar delay could occur in
mately one second longer software provides approximately performance Of tower clearance J10.2.7
than nominal. 10 probability of this sitwation maneuver initiation with a re-
occurring. {Yaw maneuver is sulting decrease in clearance
implewented by priority interrupt distances, the flight program
and can be erroneously delayed will #e reprogrammed to pre-
for approximately one second if vent such an occurrence oh a
the attempt to implement occurs future wission.
between calculsting the minor lcop
yaw command rate stored in tewpo-
rary location and its subsequent
stovage in normal location.)
7 LRY Batteries Insufficient battery LRV was parked closer to LN Required deperture from stan- 20.12
o dard procedure for operuting
cooldown . than snticipated and dust on te
battery mirrors. electrical system, causing
electrical system snomalies.
Batlery exceeded tewpers-
tere specification.
8 iry Electrice? Amp -hour readings Siver- 1inknown . Wome . 20.8.5
Systew eent (EWA-Z).
Navigation system distance, *lh forward drive power. Wone, wms operationa) during 20.70
range, and Bearing cutputs w3,
inert (EWA-2).
%o Test steering at post | Unknown . Wone. (Operated properly 20.8.4
deployment checkewt . during traverses.
Loss of rear drive power PN select switch inadvertently None . 20.8.«
Ew-2). jaoved by crevewsn.
9 LRY Instrumentation | Fowr of six spters off- Gnknown . None. (Qpersted properiy .89
1 scale-lew at post depiey- during traverses.
ment checkout.
Pitch tnficator scale fell {Scale debonding. one W
of ¢ (EWA-2),
Sattery 71 tempecetwre eter failure. None 20.6.3.
meter off-scale-tow (EWA-3). 20.8.5
10 | LRY fender Wissing (EW-2). |Gumped by crewmen and dislodged, tacessive lunar dust on crew  |lu.t3
Extemsion ond equipment .
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SECTION 1
INTRODUCTION

1.1 PURPOSE

This report provides the National Aeronautics and Space Administration
(NASA) Headquarters, and other interested agencies, with the launch
vehicle and Lunar Roving Vehicle (LRV) evaluation results of the AS-511
flight (Apollo 16 Mission). The basic objective of flight evaluation is
to acquire, reduce, analyze, evaluate and report on flight data to the
extent required to assure future mission success and vehicle reliability.
To accomplish this objective, actual flight problems are identified, their
causes determined, and recommendations made for appropriate corrective
action.

1.2 SCOPE

This report contains the performance evaluation of the major launch vehicle
systems and LRV, with special emphasis on problems. Summaries of launch
operations and spacecraft performance are inciuded.

The official George C. Marshall Space Flight Center (MSFC) position at
this time is represented by this report. It will not be followed by a
similar report unless continued analysis or new information should prove
the conclusions presented herein to be significantly incorrect.
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SECTION 2
EVENT TIMES

2.1 SUMMARY OF EVENTS

Range zero time, the basic time reference for this report is 12:54:00
Eastern Standard Time (EST) (17:54:00 Universal Time [UT]) April 16,
1972. Range time is the elapsed time from range zero time and,

unless otherwise noted, is the time used throughout this report. Time
From Base time is the elapsed time from the start of the indicated
time base. Table 2-1 presents the time bases used in the flight
sequence program, the vehicle and corresponding range time and the
signal for initiating each time base.

The start times of Tg, Ty, and T2 were nominal. T3, Ty, and Tg were
initiated approximately 0.3 seconds early, 0.3 seconds late, and 0.7
seconds late, 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 T7 were 0.7 seconds late and 1.8 seconds early,
respectively. Tg, whicl was initiated by the receipt of a ground com-
mand, started 293.1 seconds early.

Figure 2-1 shows the mean difference between ground station time and
vehicle time including the adjustments for telemetry transmission time
and Launch Vehicle Digital Computer (LVDC) clock errors.

A summary of significant event times for AS-511 is given in Table 2-2.
The preflight predicted times were adjusted to- include the actual first
motion time. The predicted times for establishing actual minus pre-
dicted times in Table 2-2 were taken from 40M33627D, "Interface Control
Document Definition of Saturn SA-511, 512 and 514 Flight Sequence
Program" and from the "Revised AS-511 Launch Vehicle Operational Tra-
jectory for the April 16, 1972, Launch Day."

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. The water coolant
valve open and close switch selector commands were issued by the LVDC
t(>asec)1 on the temperatures sensed in the Environmental Control System
ECS).
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Figure 2-1. Ground Station Time to Vehicle Time Cenversion
Table 2-1. Time Base Summary
VEHICLE TIME GROUND TIME
TIME BASE SECONDS SECONDS SIGNAL START
(HR:MIN:SEC) (HR:MIN:SEC)
T0 -16.96 -16.96 Guidance Reference Release
N 0.59 0.59 1U Umbilical Disconnect
Sensed by LVIX
T2 138.00 138.00 Initiatea by LVOC 0.010
Seconds after Ty +137.4
Seconds
T3 161.81 161.81 S-1C OECO Sensed by LVDC
Ts $59.54 559.54 S-I1 OECO Sensed by LVDC
Tg 706.43 706.43 S-IVB ECO (Velocity)
Sensed by LVDC
T6 9638.58 8638.57 Restart Equation Sol: tion
(02:23:58.58) (02:23:58.57)
Ty 9558.65 9558.64 S-1VB ECO (Velocity)
(02:39:08.65) (02:39:08.64) Sensed by LVOC
T8 15,487.09 15,487.16 Initiated by Ground
(04:18:07.09) (04:18:07.16) Command

2-2
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Table 2-3 also contains the special sequence of switch selector events
which were programmed to be initiated by telemetry station acquisition
and included the following calibration sequence:

FUNCTION STAGE TIME (SEC)
Telemetry Calibrator IV Acquisition + 60.0
Inflight Calibrate, ON
T Calibrate, ON S-1v8 Acquisition + 60.4
T™ Calibrate, OFF S-1VB Acquisition + 61.4
f[elemetry Calibrator Iu Acquisition + 65.0

Inflight Calibrate, OFF




Table 2-2. Significant Event Times Summary
QANGE TIME TIME FROM BASE
17eEN EVENT DESCRIPTICN ACTUAL ACT=PRED ACTUAL ACT-PRED
SEC SEC SEC SEC
1 GUIDANCE REFERENCE RELEASE -17.0 0.0 =-17.6 0.1
(GRR)
2 S~1C ENGINE START SEQUENCE -8.9 -0.1 -9.5 0.0
CCMMAND (GROUND)
3 B=IC ENGINE NO.S5 START -6.7 -0.1 =-T7.3 0.0
4 B=1C ENGINE NO.1 START =64 0.0 -Ted 0.1
S B=1C ENGINE NO.3 START 6.4 0.0 -7.0 0.1
[ =1C ENGINE NO.2 STIRT -6l 0.0 -607 O.I
T P=1C ENGINE NO.4& STARY 6.4 d.0 =-T.0 %1
8 RLL S~IC ENGINES ThRUST OK -1.9 ~0.4 =2.5 =-0.3
9 RANGE ZERQ 0.0 -0.6
10 RLtL HCLDOCWN AFMS RELEASED 0.3 0.0 ~0.3 0.1
(FIRSTY mMOTYION)
11 flUu UMBILICAL DISCONNEC‘. STARY 0.6 -0.1 0.0 0.0
OF TIME RASE 1 (7))
12 PEGIN TOWER CLEARANCE YvAwW 1.7 0.0 1.1 0.1
MANEUVER
13 FND Yauw “MANEUVER 10.9 1.2 10.3 1.3
16 PREGIN PITCH AND ROLL MANEUVER 12.7 0.2 12.1 0.3
15 B=1C OUTAOARD ENGINE CANT 20.5 -0.2 20.0 0.0
16 [END POLL MANEUVER 31.86 =-0.7 31.2 -0.6
17 MACH ) 67.5 0.4 66.9 0.4
18 MAXIMIM DYNARIC PRESSURE 86.9 4.1 85.4 4.2
(MAX Q)
19 B=1C CENTER ENGINE CUTOFF 137.85 -0.11 137.26 -0.04
(CECO)
20 #tlnf 0F TINE BASE 2 (T2) 138.0 -0.1 0.0 0.0
21 END PIYCH WANEUVER (TILY 152.9 -0.5 20.9 -0.4
AGREST)
22 B=I1C OUTRDARD ENGINE CUTOFF 161.78 -0.31 23.7¢ -0.25
(O0EC)
23 #'AOT OF TIWME RASE 3 (T3) 161.9 -0.3 0.0 0.0




Table 2-2. Significant Event Times Summary (Continued)

RANGE T[wE TIME FROM BASE
ITEN EVENT DESCRIPTION ACTUAL ACT-PREC ACYUAL 1 =
SEC SEC SEC SEC
24 START S=[] LM2 TANK WIGH 161.9 -0.3 0.1 0.0
PRESSUSE VENT MONE
25 P11 tH2 FECIRCULATICN PUuPS 162.0 -0.3 0.2 0.0
OFF
26 B~-1C/S~11 SEPARATION CNMMAND 163.5 ~0.3 1.7 0.0
TC FIPE SEPARATION DEVICES
AND RETRO WMOTNES
27 IS=I1 ENGINE SCLENCID ACTIVAY= 164.2 -0.3 2.6 0.0
TON (AVERAGE OF FIVE) 1
28 [S=11 ENGINE START SEQUENCE 164.2 -0.3 2.4 3.0
COMwaND (ESC)
29 [S=T1 GNITION-STOV DPEN 165,2 ~3.3 3.4 2.0
30 fS-T1 CHILLLCOWN VALVES CLOSE 167.1 -0.3 5.3 0.0
31 /c=11 wAINSTAGE 167.2 ~0.3 S.4 0.0
32 [S=11 WIGH (5.5) EMF Nr. 1 ON 169.7 -0.3 7.9 0.0
T 33|S~I1 HIGH (5.5) EMe NC, 2 ON 169.9 -0.3 f.l 0.0
34 |S=11 SECONC PLANE STFPARATIOCN 193.5 -0.3 3.7 0.0
COMMAND (JETTISON S~I1 AFT
INTERSTAGE)
: 35 JLAUNCH FSCEOE TNWFR (LET) 199.8 0.3 38.0 0.6
JETTISNN
36 |ITERATIVF GUIDANCE MODE (1GM) 204.5 0.6 42,7 0.7
PHASE | INITIATED
37]S=11 CENTFR ENGINE CUTOFF 451.77 -~0.33 299.9¢ -0.06
(CECN)
38 |STAPT NF BETIFICIAL TAW ¥ODE 94,3 -0.5 332.5 -0.2
39lS=T1 LW ERGINF WIXTUKE RATIC 494.,5 -2.3 332,7 -2.9
(EMR) SHIFT (aCTUALD
«0]Evn OF ARTIFICIAL YAy weoE 506.7 0.7 344.5 1.0
o1]%=11 DUTArAGR ENGINE CUTCEF 559.5¢ v.33 397,73 0.62
(CEC™Y
42} S=11 TNGINE CUTOFF INTEFPUPT, $59.§ J.3 ) .0
SYAET ¢ TIWE RASE 4 (T4)
@3[S~-TVH LLACE »OTNe IGNITION S6U. 4 7.3 Je9 0.0
6] <=11/5-1vP SECACATINN Crwuamp 560.5 0.7 1.0 0.0
TC CIL{ SEPAEATIDN CFVICTS
N[ KETEC WATARS

eoie o




Table 2-2. Significant Event Times Summary (Continued)

‘ RA T TIME FROW BASE
1TeEM EVENT DESCRIPTION ACTUAL ACT-PRED ACTUAL ACT—PRED
SEL SEC * SEC SEC

45 E-IVR ENGINE STARY COuMAND 560.6 0.3 1.1 0.0
(FIRST ESC)

46 FUEL CHILLDCMN PUMP OFF S6l.7 0.3 2.2 0.0

47 K=1v8 IGNITION (STDV DPEN) $63.6 0.3 6.1 0.0

48 K-1VE MAINSTAGE $66.1 0.3 6.6 0.0

49 [STAPT OF ARVIFICIAL TAU MODE 568.1 0.2 .95 -0.2

59 #-xva ULLAGE CASE JETTISON $72.3 0.3 12.8 0.0

S1 END OF ARTIFICIAL TAU “ODE $79.4 2.1 19.8 1.8

$2 PEGIN TERWINAL GUIDANCE 673.6 2.6 114.0 2.2

$3 END 16 PHASE 3 698.3 -0.5 138.8 -0.7

S4 PEGIN CH1 FREELE 698.3 -0.5 136.8 -0.7

$S E~IvR VELOCITY CUTOFF 706.21 0.72 -0.22 -0.01
COPMAND NC. 1 (FIRST ECO)

S6 [K~1V8 VELDCITY CUTOFF 706.35 0.75 -0.09 0.01
COmmAND NO. 2

S7 [s~1ve ENGINE CUVOFF INTERRUPT, | 706.4 0.7 0.0 0.0
START NF TIWE ABSE S {TS)

S8 K-1ve aPS ULLAGE FNGINE NO. 1 706.7 0.7 0.3 0.0
IGNITION COMMANG

$9 [S-1ve APS ULLAGE ENGINE NO. 2 706.8 0.7 0.4 0.0
IGNITION COMFAND

60 LNX TANK PRESSURIZATION NFF 707.6 0.7 1.2 0.0

61 PARKING NPRIT INSERTINN 716.2 N 9.8 2.0

62 REGIN “ANEUVFR TO LOCAL 727.8 1.9 21.3 1.1
MCORTZONTAL ATTITUDE

63 [S-1VB CONTINUCUS VENT T65.4 0.7 9.0 0.0
SYSTEM (CVS) DN

6% [S-1VE aPS ULLAGE €NGINE NO. 1 793.4 0.7 87.0 0.0
CUTOFF COMMAND

65 |s-1ve aAPS ULLAGF TNGINE NO. 2 793.5 0.7 87.1 0.0
CUTOFFE COYMAND

66 PEGIN DRRITAL NAVIGAYICN €06.1 0.2 Q9,7 -0.5

6T MEAIN S—IVE FESTAFPT PRCPARA- Lo:e.o 0.7 0.0 0.0
TIONS, STAEY OF TIWF PASE 6
(16}
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Table 2-2. Significant Event Times Summary (Continued)
RANGE TIWE TIME FRC¥ PASE
175 CVENMT PESCRIPYION ACTuaL ACT=PRFD ACTUAL 2CT=PRFD
SFC SeC SEcr SEC
68 [K=TVR D2/H2 RUKMEE (M2 N a679.8 0.6 41.3 0.0
63 B=1V® 127H2 BYRNFR FXCITZ2S O™ | R6R0.1 0.6 4l.6 0.0
TO0 [C-1VR N2/7H2 AUKNEE LCX ON 8680.5 0.6 42.0 0.0
(HELTUYM HEATER "IN) .
71 s-1VR rvs OFf 8680.7 0.6 2.2 0.0
T2 B-1VB LH2 REPRESSUFIZATICN 86R6.6 0.6 48.1 0.0
CONTROL VELVF 0%
T3 B-1VP LPK ECPLFSSUR]P2TION 8L96.8 0.6 48,13 0.0
CONTENL VALVE NN
T4 [S~1VB AUX HYDFRAYLTIC Puue 8857.5 0.6 2'9,0 0,0
FLIGHT YCDE NN
75 [s=1ve (0K CHILLOCWN PHIME ON A487.5 0.6 249.0 0.0
76 K=1VR LHY CHILLDCRN cywe On 8p02,5 0.6 254.0 0.0
77 k-1vA 2ecvaLVES CLNSFr ARGT.S 0.6 255.0 0.0
T8 [S~1vR »IXTUET FATIC FONTEQL 9)88.6 )eb 450.1 0.0
VBLVE NPEN
79 k-lva APS ULLAGE “pCINF NO. 1 9134.% Jeb ©9¢.3 D0
ICNIYION CNveanD
8) [S=IVP 285 HLLEGE ENGINE NI, 2 9134.9 Jab «96.4 9.9
IENITION COMMANT
81 |S=1VvB 027/H2 BUSNEF LH2? CFF 9135.)3 de6 4«96.8 0.0
(HELTUIY MEATER OFF)
82 [S=IVR N2/H2 RIKNER LOX CFF 9139.4 Jeb 5Jle3 2.0
83 IS~ VR (H2 CHILLEGWN DUWP NFFE 9207.9 0.6 569.4 0.0
84 S~IVR LK CHILLNCWN Pyup OFF 920A.1 0.6 5¢9.6 6.0
BS JS=1VR INGINE LECTART COMwAND 92)8.5 J.6 STi.) )0
(FUSL L7206 INITIATION)
(SECOND £SO
86 JS=TVR APS LLLANT TAGINE wf, ] 9211.5 0.6 573.0 0.0
CUTAEE Cnemane
B7 [S-1VR 4PS ULLAME ENGINS WO, 2 9211.6 0.6 573.1 0.0
CUTIEE (OwrEyD
A8 Js=1vR SECPAD IANTTION (STDV a21¢.5 0.6 578.0 0.0
nefFN)
AQ JS-TvH VEINSTAGE 9219.0 0.6 560.5 0.0




Table 2-2. Significant Event Times Sumary (Continued)

RANGE TIMF TIME FRnOM BASE
1TEM EVENT DESCRUPTION ATYUAL ACY-PFED ACTUAL [ &CT-PFED
SEC SEC S5€C SEC
90 ENGINE ®IXTURZ RATED (Swp) 9264.7 1.0 626.3 0.3
CONTROL VALVE SHIFT (REGIN
VALVE ""CVFVYENT)
91 f-1va 112 €TEP PRESSURLZATION | 94eE.5 C-e £50.0 0.0
(SECOND RUPN RELAY 0FF)
92 PEGIN TEAMINAL GUIDANCE 9530.7 -1.2 692.2 -1.8
93 REGIN CHI FREEZE 9555.8 -2.3 a17.2 -3.1
94 [B=1VvR SECOND GUIDANCE CUTCFF | 9558.41 -1.79 «3.23 -0.03
COMMAND NO. 1| (SECOND ECO)
95 -1Ve SECOND GUIDANMCE CUTOFF | 955R.52 -1.78 -3.12 -0,02
CCMMAND NO, 2
9% F-IVS ENGINE CUTCEF iNTEFRUPT,| 9558.6 -1.8 3.0 0.0
START OF TIME RASE 7 (T7)
97 k~1vB CvS ON 9559,1 -1.8 0.5 0.0
99 FRANSLUNAR INJECTEON (TLID 9565.4 -1.8 Q.3 0.0
99 K-1VR CVS CFF 9711.3 0.0 152.7 1.8
130 pFGIN OrRITAL NAVIGATION 9710.3 -1.1 151.6 9.6
101 REGIN MANEUVER TO 10OCAL 97id.3 -1.1 151.¢ 2.6
HORTIONTAL ATTYITUCF
102 REGIN MANTUVER TN TRANSPCSI- 1)45%9.3 -5.1 It L 1Y)
TION ANG COCKING ATTITUNE
(Treg)
103 [Sw SEPAFLTICN 11099.0 8.6 1540.3 40.3
10¢ FSv onck 121134 453.6 2554, 7 455.4
10S [SC/LV FINAL SEPARATIOW 1355.1 -e.7 4796.4 “2.9
106 [START ©F TI%C BASE 6 (T8) 15487,2 -293.1 0.0 0.0
107 R-1VR 2PS ULLAGE FNEINE NO. 1 | 15488.3 -293.2 1.2 2.0
IGNITION COMMBNT
10° K-1VE APS UYLLAGE EAGINF NO, 2 | 15468,5 -293,2 1.4 .0
IGNITINN CNMMAND
109 E-1VR APS UILAGE ENGINE Ao 1 |15%68.3 -293.2 81.2 2.0
CUTDFRE CUMMEND
110 -1vA APS ULLAGE EAGINE NO. 2 |15568.5 -293.2 1.4 0.9

CUTIFF COmMwaAnD




Table 2-2. Significant Event Times Summary (Continued)
__ __PANGE TIME TIME FRO™ ' SE
1Tev EVENT DESCRIPTION £CTYORL ACYT-PREC ACTUAL ACT-PFED |
N Jd SEC SEC SEC
LIL INITIATE NMANCUVER TG LCX Diwmp | 16068.4 -292.1 581.2 1.1
ATTITUDE
112 js=1v8 CvS Om 16487 ,1 -293.3 1000.0 0.0
113 REGIN LOX Cuwp 16767.1 -293.3 1280.0 0.0
114 [S-1VB CVS OFF 16747.1 -263,3 1300.0 0.0
115 JENU LOX "ywe 16815.1 -293.3 1328.0 0.0
116 M2 ACHOROPULSIVE VENT (NPVY)Y CR] 170641 -291.3 1577.0 2.0
117 [INITIATE VANEUVER TO ATTITUOE |19837.2 936.9 4350,0 1230.1
REQUIRELE FNE S=Tve
APS RURN
118 |S=tVR APS ULL*AE ERGINE NI, 1 | 234)0V.2 606.9 4920.0 900.1
IGNTTINE FNuMMAND
119 (S=TVvh APS LLLAGE EMGINEG NN, 2 | 23437.4 €0T.1 4920,2 900.3
ICMNITION Cnusanp
123 [S-IVR aPS ULLAGE EMGINE NY, 1 | 25461.2 502.9 4974,0 796.1
CUINFFE CPMMAND
121 [S-TVE aPS OLLAGRE FnGlIre wn, 2 | 20461,.6 503.1 4974,2 796.3
CUTNFF COMMANG
122 [INITIATE THREE-BXIS TUMPLS 21306.2 14094.1 5819.0 13800.8
COMMAND
123 [S=1VO/V) LUNAE [weaCY (HrykrS) | 27044R2 2214
(HPIMINISEC) [T5. 08207 |D0Q:3T:54




Table 2-3. Variable Time and Command Switch Selector Events
RANGE TIME
FUNCTION STAGE TIME FROM REMARKS
(SEC) BASE (SEC)
Water Cooiant vaive CLOSED 1y 780.2 T5+73.8 LVDC Function
Telemetry Calibrator U 1106.7 T5+400.3 | Acquisition by
Inflight Calibrate ON Canary Rev. 1
T Calibrate ON S-1vB 1107.2 Tg+400.7 | Acquisition by
Canary Rev. 1
™ Calibrate OFF s-1v8 1108.2 Tg+401.7 | Acquisition by
Canary Rev. 1
Telemetry Calibrator In- IU 1M1.7 Tg+4C5.3 | Acquisition by
Flight Calibrate OFF Canary Rev. 1
Water Coolant Valve CLOSED v 3180.2 T5+2473.8| LVDC Function
Telemetry Calibrator In- v 3282.7 T5+2536.3| Acquisition by
Flight Calibrate ON Carnarvon Rev 1
T Calibrate ON S-1VB 3243 T5+2536.7 Acquisition by
Carnarvon Rev 1
T™ Calibrate OFF S-IvB 3244 .1 T5+2537.7 ] Acquisition by
Carnarvon Rev 1
Telemetry Calibrator In- (] 3247.7 T5+2541.3) Acquisition by
Flight Calibrate OFF Carrarvon Rev 1
Telemetry Calibrator In- IU 3674.8 T5+2968.3| Acquisition by
Flight Calibrate ON Honeysuckle
Rev 1
™ Calibrate ON S-1v8 3675.1 Tg+2968.7] Acquisition by
Honeysuckle
Rev 1
TM Calibrate OFF S-1VB 3676.1 T5+2969.7 | Acquisition by
Honeysuckle
Rev 1
Telemetry Calibrator In- 1V 3679.7 T5+2973.3| Acquisition by
Flight Calibrate OFF Honeysuckle
Rev 1




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

RANGE TIME
FUNCTION STAGE TIME FROM REMARKS
(SEC) BASE (SEC)
Telemetry Calibrator In- v 6706.7 T5+6000.3 | Acquisition by
Flight Calibrate ON Canary Rev 2
T Calibrate ON 5-1vB 6707.1 T5+6000.7 | Acquisition by
Canary Rev 2
T™ Calibrate OFF S-1vB 6708.1 Tg+6001.7 Acquisition by
Canary Rev 2
Telemetry Calibrator in- 1u 6711.7 Tg+6005.3 Acquisition by
Flight Calibrate Canary Rev 2
Water Coolant Valve OPEN v 13380.2 Ty+3821.6 | LVDC Function
Water Coolant Valve CLOSED U 13680.2 T7+4121.5 LVDC Function
yiart of Time Base 8 (Tg) 1V 15487.2 Tg+0.0 CCS Command
Water Coolant Valve OPEN U 16380.2 Tg+893.1 LVDC Function
Water Coolant Valve CLOSED U 16680.2 Tgt1193.1 LVDC Function
Switch (CS to Low Gain 1Y 20249.0 Tgt4761.9 | CCS Command
Antenna
Switch CCS to Low Gain 1 20250.3 Tg+4763.2 CCS Command
Antenna
Switch CCS Antenna to OMNI 1U 21476.3 Tg+5989.2 CCS Command
Water Coolant Valve OPEN v 22980.2 Tg+7493.1 LVDC Function
S-IVB Ullage Engine No. 1 ON S-IVB ] 20407.2 Tg+4920.0 Lunar Impact CCS
Conmand
S-IVB Ullage Engine No. 2 ON S-1vB | 20407.4 Tg+4920.2 Lunar Impact CCS
Command
S-IVB Ullage Engine No. 1 OFF | S-IVB | 20461.2 Tg+4974.0 Lunar Impact CCS
Command
S-1VB Ullage Engine No. 2 OFF | S-IVB | 20461.4 Tgt4974.2 Lunar Impact CCS
Command
FCC Power OFF "A" 1V 21323.9 Tg+5836.7 CCS Command
FCC Power OFF "B" {1 21337.2 Tgt5850.0 CCS Command
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SECTION 3
LAUNCH OPERATIONS

3.1 SUMMARY

The ground systems supporting the AS-511/Apollo 16 countdown and Taunch
performed satisfactorily with no unscheduled holds. Propellant tanking
was accomplished satisfuctcrily. The space vehicle was launched on
schedule at 12:54:00 Eastern Standard Time (EST) on April 16, 1972,

from pad 39A of the Kennedy Space Center, Saturn Complex. Damage to the
pad, Launch Umbilical Tower (LUT) and support equipment was considered
minimal.

3.2 PRELAUNCH MILESTONES

A chronological summary of prelaunch milestones for the AS-511 launch
is contained in Table 3-1.

3.2.1 S-IC Stage Prelaunch Problems

One minor S-IC problem occurred during the Countdown Demonstration Test
(CDODT). The LOX tank ullage pressure measurement, D94-119, was erratic
for a five minute period during the T-9 hour hold. The problem cleared
and could not be duplicated; however, the transducer was replaced.
Failure analysis could not determine the cause of the problem.

3.2.2 S-I1 Stage Prelaunch Problems

During an engine helium bottle decay test, engine No. 2 emergency vent
was two minutes slow in closing. The pneumatic package was replaced on
February 2, and the replaced unit returned to the engine contractor
where the problem could not be repeated. The failure was attributed to
contamination.

During the Flight Readiness Test (FRT), prior to application of hydraulic
pressure, engine No. 4 yaw actuator position showed a step from O degrees
to approximately 1.5 degrees extended. Review of test data revealed similar
steps occurring on other actuators during the Overall Test (OAT-1) and
Backup Guidance System (BUGS) test. Engine No. 4 yaw actuator was replaced
on March 23, 1972, and returned to the supplier where testing failed to
reveal the cause of the problem. Analysis and lab tests revealed that
movement of the cylinder bypass valve was the most likely suspect, there-
fore, mechanical clamps were installed on the valves to prevent valve
motion. Launch Mission Rule (LMR), items 2-394 through 2-401, were imple-
mented to assure detection in the event of recurrence during countdown
operations.



Table 3-1.

AS-511/Apol1lo 16 Prelaunch Milestones

DATE

ACTIVITY OR EVENT

July 1, 1970
August 17, 1970
September 30, 1970
May 5, 1971

May 14, 1971

July 29, 1971
September 1, 1971
September 17, 1971
September 21, 1971
September 29, 1971
October 1, 1971
October 5, 1971
October 6, 1971
October 15, 1971
November 8, 1971

November 16, 1971
November 18, 1971
December 8, 1971
December 13, 1971
January 27, 1972
February 9, 1972
February 22, 1972
February 23, 1972
March 2, 1972
March 20, 1972
March 30, 1972
March 31, 1972
April 14, 1972
April 16, 1972

S-1VB-511 Stage Arrival

Spacecraft/Lunar Module Adapter (SLA)-20 Arrival
S-11-11 Stage Arrival

Lunar Module (LM)-11 Descent Stage Arrival
Lunar Module (LM)-11 Ascent Stage Arrival
Command and Service Module (CSM)-113 Arrival
Lunar Roving Vehicle (LRV)-2 Arrival

S-IC-11 Stage Arrival

S-IC Erection on Mobile Launcher (ML)-3
Instrument Unit (IU)-511 Arrival

S-II Erection

S-IVB Erection

IU Erection

Launch Vehicle (LV) Electrical Systems Test

LV Propellant Dispersion/Malfunction Overall Test (OAT)
Complete

LRV Installation

LV Service Arm QAT Complete

Spacecraft (SC) Erection

Space Vehicle (SV)/ML Transfer to Pad 39A
SV/ML Returned to VAB

SV/ML Second Transfer to Pad 39A

SV Electrical Mate

SV OAT No. 1 (Plugs In) Complete

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

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

SV Terminal Countdown Started (T-28 Hours)
SV Launch
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During the CDDT, the check valve in the LOX recirculation valve actuation
system was found to be leaking in the reverse direction. Special post
CDDT tests failed to repeat the failure; however, the valve was replaced.
Failure analysis found a mark on the vaive seat and the failure was attri-
buteu to contaimination.

During the CDDT engine start tank vent valve settling test, venting from
engine No. 2 helium bottle continued after vent valve closing subsequent
to the sixth vent cycle. Following extensive special tests at the engine
contractor facility and on S-II-11, the problem was attributed to
"stiction" in the bleed regulator of the engine helium regulator. The
system was determined to be flight worthy.

3.2.3 S-IVB Prelaunch Problems

During the CDDT LOX alternate loading tests, the S-IVB LOX fill and drain
valve closing response times got progressively longer. During the three
loading tests the valve was cycled three times. An investigation revealed
that all conditions appeared to be nominal except for the thermal environ-
ment. This environment was abnormal since this was the first test in
which LOX was repeatedly drained and replenished. During the CDDT term-
inal count the closing response time recovered to a normal value. A

post CDOT ambient leakage test of the pneumatic system showed no abnor-
mal leakage. Since the valve would not be exposed to a similar thermal
environment associated with repeated LOX fill and drain during the launch
countdown, no problems were anticipated or encountered.

A leak was noted in a facilities line at approximately four hours prior
to liftoff, while scanning the area with TV. An investigation revealed
the leak was ir the 3000 psi cold helium facility lire, at the union
fitting closest to Model 433A inlet port. At the time the leak was
discovered, the cold helium bottles had already been pressurized. The
line was 1solated until approximately 15 minutes prior to launch.
During post launch inspection, the B-nuts on each side of the union were
found to be undertorqued. All1 fittings in the cryogenic lines will be
retorqued prior to AS-512 CDDT and the torque rechecked during CDDT post
loading checks.

3.2.4 IU Stage Prelaunch Problems

On April 14, 1972, a problem occurred during the Control/EDS Rate Gyro
Test (CTC4) when the program displayed an Emergency Detection System (EDS)
interface error. The error was found to be due to a program problem.

This problem was transferred to programming and dispositioned "Use As

Is" for AS-511 and will be corrected for AS-512.

On April 16, 1972, during a special running of the CTC5, Auxiliary
Propulsion System (APS) automatic gain test, the group 2 (backup)
yaw control/EDS rate ayro was torqued at 0.25 degree/second. The
flight control computer (FCC) spatial amplifier outputs decreased
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below the APS threshold and the same time the Control Signal Processor
(CSP) demodulator output voltage decreased approximately 40% to 0.15
degree/second, as monitored on measurement R5-602. The problem occurred
just once, for approximately 1.9 seconds, and could not be duplicated.
Countdown continued on schedule.

The most protable cause is considered to be an open circuit condition of
the Q8 transistor of the CSP.

If this failure had occurred during flight, the result would have been
a decrease in rate gyro signals redundancy. This is a backup gyro
and is used whenever the primary and reference gyro outputs disagree.
If suck a disagreement had occurred in flight and the prelaunch
faﬂgl:re]recurred, analysis indicates the vehicle would still be con-
trollable.

3.3 TERMINAL COUNTDOWN

The AS-511/Apollo 16 terminal countdown was picked up at T-28 hours on
April 14, 1972, at 22:54:00 EST. Scheduled holds were initiated at T-9
hours for a duration of 9 hours, and at T-3 hours 30 minutes for a dura-
tion of one hour. Launch occurred on schedule at 12:54:00 EST on

April 16, 1972, from pad 39A of the Kennedy Space Center (KSC), Saturn
Launch Complex.

3.4 PROPELLANT LOADING

3.4.1 RP-1 Loading

The RP-1 system successfully supported countdown and launch without
incident. Tail Service Mast (TSM) 1-2 fill and replenish was accomplished
at T-13 hours and S-IC level adjust and fill line inert at T-60 minutes

as planned. Launch countdown support consumed 213,814 gallons of RP-1.

The S-IC/RP-1 continuous level probe values did not correlate with the
Propellant Tanking Computer System (PTCS) readout. This measurement
provides data for the RP-1 loading/level adjust secondary backup mode
in the event that both segments of the PTCS should fail. An investiga-
tion of this problem is underway.

3.4.2 LOX Loading

The LOX system supported countdown and launch satisfactorily. The fill
sequence began with S-IVB fill command at 3:40 EST on April 16, 1972,
and was completed 2 hours and 33 minutes later with all stage replenish
normal at 6:13 EST. Replenish was as planned until about 7-1 hour and
23 minutes when the S-IC replenish valve stuck closed. At tiis time
the PTCS was placed in the manual replenish mode and full open to full
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closed commands applied. On the third cycle the valve responded. Manual

control for S-IC replenish was then continued through Thermal Conditioning
System (TCS) start at T-187 seconds. Post launch inspection of the valve

indicates the probability of a packing leak. A leak check is planned with
corrective maintenance to follow.

LOX consumption during launch countdown was 588,000 gallons.

Launch damage to the LOX loading system was limited to several bro-

ken cabinet latches; scorched cable identification tags at the 30

foot level; a damaged gauge and two warped enclosure doors. No internal
damage was noted as a result of the latter.

During S-IC fast fill operations at about T-6 hours on April 16, 1972,
filter A224 began leaking. No corrective action was required or taken
at that time. A post launch leak check and component disassembly and
inspection are planned. Corrective action will depend on the results.

At about T-1 hour, the position indication from the replenish pump bypass
valve surged to full scale where it remained. Normal valve operation was
verified by flowrate, line pressure and pump speed. Consequently, no
corrective action was taken. During post launch inspection it was found
that the welds holding the valve position potentiometer had failed
allowing it to become dislocated. The unit will be replaced. An evalua-
tion to determine if additional bracing is required to prevent problem
recurrence is also planned.

3.4,3 LH2 Loading

The LH2 system successfully supported countdown and launch. The fill
sequence began with start of S-II loading at 6:29 EST on April 16, 1972,
and was completed 80 minutes later when all stage replenish was estab-
lished at 7:49 EST. S-II replenish was automatic until terminated with
TCS start at T-187 seconds. S-IVB automatic replenish was established
but switched to manual a short time later due to loading systems probe
excursions. Manual replenish was continued until TCS start.

The S-IVB heat exchanger supply valve failed to open during plus time
drain operations. This problem was first encountered after AS-509 launch
and repeated after AS-510. A1l subsequent change requests submitted on
this problem have been disapproved. No further action is recommended

for the Apollo Program. The problem has received design corrective action
for Skylab (SL)-2.

Near the end of S-IVB lcading on April 16, 1972, liquid air was observed
falling onto the S-IVB LH2 valve skid. The source of the liquid air
could not be definitely identified visually, however, temperature data
indicates that it may have originated around the S-IVB heat exchanger
vent check valve or vent pipe. In addition, liquid air was visually
noted to be faliing from the S-II heat exchanger vent flex hose.
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Liquid air impingement could weaken or cause the failure of system com-
ponents or structural members not designed to withstand low temperatures.
Design action may be required to protect sensitive equipment or insulate
the appropriate heat exchanger elements to prevent problem recurrence.

At about T-15 hours the S-IVB debris valve failed to respond following
a system revert command. Relay K335-1 in ML patch distributor 6600 was
replaced and system operation returned to normal.

Launch countdown support consumed about 460,000 gallons of LH2.

Launch damage to the LH2 launch system was not excessive or serious.
Scorched handles were noted on two regulators; the back was blown out of
gauge A5292; paint was scorched and blistered on the vent line purge
panel; cabling on the disconnect mechanism limit switch was scorched;
three leak detection sensors were dislocated; disconnect mechanism jack
covers were damaged; vacuum line 4D2 was scorched; an expansion joint

was scorched; and an electrical terminal strip on t"e 200 foot level purge
console was broken.

3.5 GROUND SUPPORT EQUIPMENT
3.5.1 Ground/Vehicle Interface

In general, performance of the ground service systems supporting all
stages of the launch vehicle was satisfactory. Overall damage to the
pad, LUT, and support equipment from blast and flame impingement was
considered minimal. Detailed discussion of the Ground Support Equipment
(GSE) is contained in KSC Apollo/Saturn V (AS-511) "Ground Support
Evaluation Report."

The PTCS satisfactorily supported countdown and launch operations.

The ECS performed satisfactorily throughout countdown and launch. Change-
over from air to GN2 purge occurred 23 minutes before resuming the count
at T-9 hours. The changeover pressure/flow spike was significantly
reduced from CDDT results due to procedural changes that reduced flowrates.
The air to GN2 changeover sequence will be evaluated further to determine
if a modification is warranted. The S-II Aft-Engine interstage temperature
did not reach the 200 +15°F requirement during thrust chamber chilldown
until T-1 minute 40 seconds (specified at T-3 minutes). The temperature
ramp-up was commenced 10 minutes before the nominal schedule, however,

the starting temperature was very low (136°F). This item has been
experienced during previous thrust chamber chilldowns and had no signi-
ficant effect on system support.

The Holddown Arms and Service Arm Control Switches (SACS) satisfactorily
supported countdown and launch. A1l Holddown Arms released pneumatically
within a 12 millisecond period. The retraction and <xplosive release
lanyard pull was accomplished in advance of ordnance actuation with a
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41 millisecond margin. Pneumatic release valves 1 and 2 opened simul-
taneously 24 milliseconds after SACS armed signal. The SACS primary
switches closed within 6 milliseconds of each other at 423 and 417 milli-
seconds after commit. SACS secondary switches closed simultaneously
1.112 seconds after commit. Fixed hood attach bolts on Holddown Arm 4
sheared on one side of the arm resulting in severe warping of both fixed
and movable hoods.

Overall performance of the Tail Service Masts was satisfactory. Mast
retraction times were nominal; 2.649 seconds for TSM 1-2, 2.292 seconds
for TSM 3-2 and 2.505 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
countdown in a satisfactory manner. Performance was nominal during
terminal count and liftoff. On S/A 1, there is an indication that the
carrier connected switches are affected by cryogenic conditions. During
S/A 1 disconnect the elapsed time from the Carrier Retract Command to
loss of Carrier Connected indication was 35.9 seconds. The elapsed

time during the Launch Control Room Integration Test was .240 second and
during S/A OAT was .276 second, both of which were under non-cryogenic
conditions. The slow switch actuation did not impair system operation.

3.5.2 MSFC Furnished Ground Suppert Equipment

The S-IC Mechanical GSE performance for countdown and launch was
satisfactory. There was no visible damage to the system and only one
minor problem was noted. On April 4, 1972, while setting up the S-IC
pneumatic console He bottle fill module an indication of internal leakage
was noted. Subsequent trouble-shooting failed to duplicate the problem
or isolate a faulty component. As a precautionary measure, the regula-
tor was replaced and performed satisfactorily throughout countdown and
launch.

The S-IC ESE satisfactorily supported countdown and launch. No anomalies
were noted in any of the ese systems and launch damage was minor.

A11 Ground Power and Battery equipment operated satisfactorily from the
start of precount through launch. Two problems occurred, however, no
down-time during countdown was attributed to the Ground Power or Battery
equipment. At T-40 hours the Flight Battery Checkout Console (FBC) power
supply tripped off. The FBZ power supply was being used as the power
source for S-II flight battery tests at the time it tripped. On all
previous vehicles external power supply had been used for the heater
tests. Investigation revealed that an incompatibility existed in using
the FBC power supply as the power source for S-II flight battery heater
tests. The flight battery activation procedures are being revised to
use an external power supply for heater tests.

t about T-2 seconds the 400 cycle generator dropped off line. Switchover
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to the 237200 unit prevented the loss of 400 cycle power. Preliminary
post launch checks revealed no abnormal behavior. Further testing will be
accomplished when the Mobile Launcher is returned to the VAB. Recommended
design action, if any, is pending results of this testing.

The Hazardous Gas Detection System successfully supported AS-511 count-

down; support started at 2:24 EST (T-9 hours 30 minutes), and concluded

at 12:54 EST. System operation was normal throughout the support period
and no detections were reported,
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SECTION 4
TRAJECTORY

4.1 SUMMARY

The vehicle was launched on an azimuth 90 degrees east of north. A roll
maneuver was initiated at 12.7 seconds that placed the vehicle on a flight
azimuth of 72.034 degrees east of north. The reconstructed trajectory

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 conducted
separately with appropriate end point constraints to provide trajectory
continuity. Available C-Band radar and Unified S-Band (USB) tracking data
plus telemetered guidance velocity data were used in the trajectory

recons truction.

The trajectory parameters from launch to Command and Service Module (CSM)
separation were close to nominal. Earth parking orbit insertion condi-
tions were achieved 0.72 second later than nominal with altitude nomi-
nal and velocity 0.2 meter per second greater than nominal. Translunar
Injection (TLI) conditions were achieved 1.78 seconds earlier than nomi-
nal with altitude 2.0 kilometers less than nominal and velocity 1.9
meters per second greater than nominal. The trajectory parameters at
Command and Service Module (CSM) separation deviated somewhat from
nominal since the event occurred 38.6 seconds later than predicted.

4.2 TRAJECTORY EVALUATION
4.2.1 Ascent Phase

The ascent phase spans the interval from guidance reference release
through parking orbit insertion. The ascent trajectory was established
by using guidance velocity data as generating parameters to fit
tracking data from five C-Band stations (Merritt Island, Patrick Air
Force Base, Grand Turk, Bermuda FPQ-6, and Bermuda FPS-16M) and two
S-Band stations (Merritt Island and Bermuda). Approximately 25 percent
of the C-Band tracking data and 40 percent of the S-Band tracking

were eliminated due to inconsistencies. The launch phase portion of
the ascent phase (1iftoff to approximately 20 seconds) was established
by constraining guidance velocity data to the best estimate trajectory.

Actual and nominal 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.
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Actual and nominal comparisons of ascent accelerations are shown in
Figure 4-3. The maximum acceleration during S-IC burn was 3.85 g.

Mach number and dynamic pressure are shown in Figure 4-4. .Differences
from the nominal values are consistent with previous flight experience.
These parameters were calculated using meteorological data measured to
an altitude of 61.0 kilometers (32.9 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.
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Table 4-1. Comparison of Significant Trajectory Events
LVENY PARAMETER ACTUAL NOMINAL 1 OACT-NOM
+
Firct ™Mot an Range Time, sec 0.1 n.13 n.n
Non-gravitational Acceleration, -l!z 10.58 10.53 n.0%
(ft/7s¢) (34.71) (34.55) (0.16)
(g) (1.08) (1.07) (0.0t
Mach | F naa Time, sec 67.% 67.1 (L ]
Altitude . &m ;9 7.8 0.
(n mi) (4.3) (4.2) {0.1)
Maximym Dynamir P-essure Ranqge Time, sec 86.0 8t1.9 )
Uynamic Fressure, N/cgz .48 .70 0.18
(Infr1ed) (726 .8Y%) (6R9.22, (27.59)
Altitude, km 14.3 2.7 1.6
(n mt}) (1.71) (6.9) (c.8)
Non-gravitational
S-1C Range Time, sec 161.78 161.26 0.52
Acceleratiorn,
Accelesration, m/;? 3r. 70 37.3% 0.136
(ft/s¢) (123.69) (122.51) (1.18)
(a) (3.8%) (3.81) (0.04)
S-11 Range Time, sec W) .77 62.10 -0.33
Acceleration, m/s’ 17.08 17.04 0.04
(ft/sc) (56.04) (55.91) (0.13)
(q} (1.74) (1.78) (0.00)
S-IV8 First Burn Range Time, sec 106 .21 705.49 0.72
Acceleration, 0132 6.58 6.56 0.02
(ft/s€) (21.59) (21.52} (0.07)
(9) (0.67) (n.e?) 10.00)
< VR Second Burn Range Time, sec 9,558.42 9,560.20 1.78
Acceleration, n/; 13.97 13.92 0.05
(Fe/s4) (45.83) (45.67) }0.‘6
{9) (1.42) (1.82) 0.00
Maximym Earth-Fixed
Velocity: S-1¢ Range Time, sec 162.5 163.3 -0.8
Velocity, w/s 2,371.6 2,389 -10.3
(ft/s) (7,780.8) (7.814.6) (-33.8)
s-11 Range Time, sec 560.0 $60.3 -0.3
Velocity, w/s 6,568, 2 6,872.5 -4.3
(ft/s) (21,549.2) (21,563.3) (-18.1)
S-1V8 First Burn Range Time, sec 707.0 706.3 0.7
Velocity, m/s 7,402 7,001.7 c.4
(ft/s) (24,28%.1) (24,2831.8) {1.3)
S-1Ve Second Burn Range Time, sec 9.559.0 9,560.4 1.4
Velocity, m/s 10,446.) 10,443.9 2.2
{fers) (34,272.0) (34,264.0) (r.2)

NOTE: Times vsed are vehicle tiwmes,
A11 megximums are a8t the nearest time point availadle.
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Table 4-2. Comparison of Cutoff Events

PARA® T W l(!ullj LICIL 1IN l ACT-N0M ACTyAL l NOMINAL l ACT-NO™ ]
R
S-10 Lty (EMGINE SOLENOID) S-tC vbCo (EwGint Sotewoln)
tgnge Time  wer LIERAIN 137 9% -0 1wy e 167.09 0N
< Rigitude, or v s as @ 0.4 661 66 .9 U]
[ m) (7a ) (2a 7y (-0.2) (3%.7) (36.1) (-n.&4)
Spdce Yieed Veleraty, mry ¢ N2k A ?0¥1 e 5.4 20NN 2,720 68
tey ) 16 ,¢58 9 (6 %71 @) {-17 0} {6,961 .6) (8,996 1) (-18.8)
Fliget Path Angle, degq 23 1a 21 17 -0.227 19._900 20,137 -0 237
Heading Bngle, Aeq TR 178 7% 118 n 007 78.32¢ 15. 002 n.pi?
Yurfece Ramge, *m e a7 0.0 $2.% 93.90 -0.9
(n @) {26 ®) 126 ®) (0 0) (49.9) (s0.29 -0
fresy RPange, 4w ooq n -0.1 0.\ 0.2 -0.1
{m m1} (o 0) (n 1) (-0.%) (o) 0.1) (0.0}
[(rnst Gange ¥elocity, m/s 2.5 2.4 (U} 6.4 6.1 0.3
(frye) (R 2} (7 9 (LR ] {21.0) (20.0) (1.0)
17 CECD (EmtwE SOLENOID) S<11 OLCO (EWCIWE SOLEwOID)
Range Yime <o e 1 w2 10 -0.3) 589 54 559 2% 0.3}
Altitude, tm 17 Woe -1.) 173.0 171.3 -0.3
{n wi) {97 W (93.1) (-0.7 (3. 0) {93.6) (-0.2)
Spece-Fined velocity, wm/s 5,596 < 5.608.1 -8.6 ©,966.0 ©,972.0 -5.2
{et/<) (18,361, 2) (1n. 300 4} ] (-20.2) (22,087 0) {22,024.0) {-17.0)
Tlight Path Angle . deg 0 119 -0.001 0.0 e.%9 0.287 0.0m2
teading Angle, deg 79 13m0 79.56) -0.02% 82.%% R2.58% 0.0v0
Surface Iunr. (1] 1,097 % 1,100.) ~2.7 1,65%.8 1,655.5 0.3
n m) (592.71) (594.1) (-1.Q {894.1) (893.9) (c.2)
fross fange, 4w 3.2 1) -0.1 27.9 21.0 0.0
7: .i) (a.n (1.2) (-0.%) (AKX 3 {(1e. .4} {0.0)
(ross Renge Veloctity, m/s 107 .6 ALK -ty 19.0 178.3 0.7
(G2 {3183 .0} (357 3) (-4.3) (587.3) (585.0) (2.
S-1VR 18T GUIDANCTE CUYOFF SIGUM S-1v0 2u0 GUIDANCE CUTOFF SICWAL
Renge Time . sec 706 . 21 105 .49 0.72 0,558.92 9,560.20 -1.78
Altitude, ko 172.9 1z 0.0 3.4 305.2 -1.8
{n o) [LEN B {(9).¢) (0.0) (16).8) [RI1 N )] {-1.0)
Space-Fiaed Velocity, m/s 7,002.7 7,802 % 6.2 10,0478 10,048, ) 1.5
{fr/s) (25.5%% @) (2%.598.8) (0.6} (38,509 9} (35.905.0) (4.9)
Flight Path Gngle, Seog 0.n0) -0.001 0.008 7.912 r. 162 -0.15%0
Hesding Angle . dey 8. 504 88 471 0.0M $9.69% $9.¢20 0.07%
Surface Reage,. kw 2,648 6 2.686.0 2.6
n'ﬂ {1.430.1) (1,428.7) 1.4}
(ross Range, &m $0.2 5¢.9 0.3
': at}) 132.%) 2" 0.2)
Cross Range Velocity, ®/s 2.8 2768 2.5
{ftre) (’13.7) {905.5%) (.20
inclination, dey 32.%%2 32.519 -0.007
Desconding Rode, deg 122 .06% 122.487 0.008
Tccentricity 0.972¢ 0.9728 0.0000
L
r_’(":ij::‘ -1,657,300 -1.650,870 1277
i
(-17,899,09) (-17.082,78%) T13,2¢8)

WOTE: Tiews wsed ere vehicle times,

. t’ 1s ;-lce the specific energy oF ocdit
RS
where ¥ - Inecrtiel VYeltecity

v o Gravitettons) Constont
% = Radivs wector Trom center of ecerth
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Table 4-3. Comparison of Separation Events
tAvaMy i & 7oz LEL BT ¥ —I LY oyue

To -d1 e davidly

Vangr e, ae et 16 .
Bitit Ae, o . ? X [T
o (L) 3 L
“pace -t raed yeliavt, o s P X T -1l om
tey o = _am D) LIS I Y
thigny fetr EBnyle, deg 1LY W ICR TS ) o ;
neating 8ngle, feg LSRR Thoqr! [N R |
Surtaie Cange, t¢ w7 @ EELER
(n wo) in1.9; ive M -0, 1)
(rocs Wgnys, sm [ | 0.2 -0
(n my) R B RO R {4.4a)
(r0ss Fenge Volacity, o,y L3N ©. 3 0.3
[RANES! (21.7) 120.7) (1.0)
Leodetrc Latrtude, deq N JARYD oM WY -0.0010
Longityde, dey i L7366 -9, 6810 -0, 006
Se1ls5-108 SUPARAY

Reange Yime, oc $60.% 60,2 0.3
Altrtyde, &m 173.0 123,13 -0.3
(n mi) (93.4) (93,6} (-0.2)
Space-Fived Velocrrty, m/s &,970.1 « 9746 -4.3
(ftre) (77 .R6R_&) 122 , 802 %) (-1a,1)
Flight feth Anqle, deg 0.360 021 0.083
Heading Angle, deg R2.6130 R .628 ¢.008
Surface Range, im 1,661,9 1,661.9 0.0
(n mi) (R9?.4Q) (r97. 8} (0.0)
(ross Ronge, &@ 271 27,2 -0.1
{n wmt) {(1a.s) (1e.7) {-0.1}
Cross Range Velncity, m/g 179 .4 1788 0.6
(17} (sam.6) {576.6) {2.0)
Geodetic Latitude, deg 31, 940 31.948 0.00t
Longitude, deq € -63.786 -63.74% -0.00%

S-1VB/LSA SEPARATION
Range Time, sec 11,099.0 11,060.¢ 38.6
Altitade, 4o 7.168.9 6,967.3 200.7
{n @al) (3.870.4) {3.762.0} (108.4)
Space-Fined Velocity, u/s 7,566.5 7.624.5 -58.0
(fe7s) {(28,828.5) (25.014.8) {-190.3)
Flight ®ath Amglie, dey 45,397 48,995 0.402
Weading Angle, dey 69.807 69 452 0.355
Coodetic Latitede, dug & 26.190 25.840 0.260
Longitede, doy € ~134.56) ~135. 201 0.648

WOTE: Times wsed sve vehicle times.
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Figure 4-4. Dynamic Pressure and Mach Number Comparison

4.2.2 Parking Orbit Phase

Orbital tracking was conducted by the NASA Manned Space Flight Network.

Four C-Band stations (Merritt Island, two Bermuda radars and Carnarvon)

provided seven data passes. Four S-Band stations (Honeysuckle, Bermuda,
Texas, and Merritt Island) furnished four additional tracking passes.

The parking orbit trajectory was obtained by integrating a comprehensive
orbit model with corrected insertion conditions forward to the initiation
of S-IVB restart preparation (Tg) at 8,638.6 seconds (2:23:58.6). The
final insertion conditions were obtained through a differential cor-
rection procedure in the Orbital Correction Program (OCP) which adjusted
the preliminary estimate of insertion conditions to final values in
accordance with relative weights assigned to the tracking data. The
orbital venting acceleration model was derived from telemetered guidance
velocity data generated by the ST-124M guidance platfom.

A comparison of actual and noainal parking orbit insertion parameters
is presented in Table 4-4. The groundtrack from insertion to S-IVB/CSM

separation is given in Figure 4-5.
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LATITUDE, deg

Table 4-4. Parking Orbit Insertion Conditions

PARAMETER ACTUAL NOMINAL ACT- NOM

Range Time, sec 716.21 715,49 0.72
Altitude, km 172.9 172.9 0.0
(n mi) (93.4) (93.42) (0.0)
Space-Fixed Velocity, m/s 7,804 .4 7.804.2 0.2
(ft/s) (25,605.0) (25,604, 3) (0.7)

Flight Path £ngle, deg 0.003 0.000 0.003
Heading Angle, deg 88.940 88.907 0.033
Inclination, deg 32.540 32.542 -0.002
Descending Node, deg 123,107 123.138 <0.0N
Eccentricity 0.0001 0.0000 0.0001
Apogee®*, km 168.0 167.1 0.9
{n mi) (90.7) (90.2) (0.5)
Perigee*, km 166.6 166.7 -0.1
(n mi) (90.0) (90.0) (0.0)
Period, min 87.84 87.83 0.01
Geodetic Latitude, deg N 32.695 32.696 -0.001
Longitude, deg E -52.530 -52.558 0.028

NOTE :

*Based on a spherical earth of radius 6,378.165

Times used are vehicle times.

km (3,443,934 n

wmi).
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4.2.3 Injection Phase

The injection phase spans the interval from Tg to TLI and was established
in two parts (the initiation of S-IVB restart preparation Tg to 9,150
seconds and 9,150 seconds to TLI). The first part was obtained by
fitting Carnarvon C-Band tracking data available prior to S-IVB restart.
The second part was obtained by integrating a state vector taken from

the first part at 9,150 seconds (2:32:30) through second burn and con-
straining the integration to a final TLI state vector taken from the
early translunar orbit trajectory. Telemetered guidance velocity data
vwere used as generating parameters for both parts.

Comparisons between the actual and nominal space-fixed velocity and flight
path angle are shown in Figure 4-6. The actual and nominal injection
phase acceleration comparisons are presented in Figure 4-7. The actual
and nominal targeting parameters at S-IVB second guidance cutoff are
presented in Table 4-2.
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Figure 4-6. Injection Phase Space-Fixed Velocity and Flight Path Angle
Comparisons

4-9



1
x M TR \
— ACTUAL -4
eee- wOmINAL
' ad 184 7 s.1ve SECOND 1GNITION
T Eme suifv
P s.ive s€cowD ECO
1.24 124 ¥ teansiumAR INJECTION
. 1
) '
~ . . ) i
L ) 1 e - ‘o-F'—-’"'—"" e g — - —¢ 4
s . ' \ : l
g . bt e e — - »
- = . ) ' ; ) T
- 2 .
e 0od T s v — e —r
2 O R e e B iy
< s . e
0.6 « M A A
h I :
! . 4
g_‘.‘ [ - : -!l-
e :
i 1 1-
i
0.2 2 1 !
{
- o\ + | b i
H \[soo 600 700 80" 900 1000
TINE FROM Y., SECONDS
'y A A
2:33:00 2:36:00 2:39:00

RANGE TIME, WOURS:MINUTES:SECONDS

Figure 4-7. Injection Phase Acceleration Comparison

4.,2.4 Early Translunar Orbit Phase

The early translunar orbit trajectory spans the interval from translunar
injection to S-IVB/CSM separation. Tracking data from one C-Band station
(Merritt Island) and two S-Band stations (Hawaii and Goldstone Wing) were:
utilized in the reconstruction of this trajectory segment. Telemetered
guidance velocity jata were used to derive non-gravitational accelera-
tions during this phase. The early translunar orbit trajectory was
reconstructed by the method as outlined in paragraph 4.2.2. The actual
and nominal translunar injection conditions are compared in Table 4-5.

The S-1VB/CSM separation conditions are precented in Table 4-3.
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Table 4-5. Translunar Injection Conditions

PARAMETER ACTUAL NOMINAL ACT-NOM

Range Time, sec 9,568.42 9.576.20 -1.78
Altitude, km 317.0 319.0 -2.0
(n mi) (171.2) (172.2) (-1.0)
Space-Fixed Velocity, m/s 10,840.4 10,838.5 1.9
(ft/s) (35,565.6) (35,559.4) (6.2)

Flight Path Angle, deg 7.466 7.615 -0.149
Heading Angle, deg 59.524 59.451 0.073
Inclination, deg 32.9'2 32.519 -0.007
Descending Node, deg 122.465 122.456 0.009
Eccentricity 0.9740 0.9740 0.0000
o adith cisgan | oo | et

NOTE: Times used are vehicle

times.
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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 0.05 percent higher than predicted. Total propellant
consumption rate was 0.36 percent lower than predicted and the total
consumed mixture ratio was 0.40 percent higher than predicted. Specific
impulse was 0.41 percent higher than predicted. Total propellant con-
sumption from Holddown Arm (HDA) release to Outboard Engines Cutoff (OECO)
was low by 0.51 percent.

Center Engine Cutoff (CECO) was initiated by the Instrument Unit (IU) at
137.85 seconds range time, 0.11 second earlier than planned. Outboard
Engine Cutoff (OECO) was initiated by the LOX low level sensors at 161.78
seconds, 0.31 seconds earlier than predicted. This is well within the
+4.60, -3.60 second 3-sigma limits. At OECO, the LOX residual was 34,028
1bm compared to the predicted 36,283 1bm and the fuel residual was 31,601
1bm compared to the predicted 28,248 1bm.

The S-IC hydraulic system performed satisfactorily.
5.2 S-IC IGNITION TRANSIENT PERFORMANCE

The fuel pump inlet preignition pressure of 45.9 psia was within the F-1
engine acceptable starting region of 43.3 to 110 psia.

The LOX pump iniet preignition pressure and temperature were 80.9 psia
and -285.8°F and were within F-1 engine acceptable starting region, as
shown by Figure 5-1.

The planned 1-2-2 start was attained. Engine position starting order
was 5, 3-1, and 4-2. By definition, two engines are considered to start
together if their thrust chamber pressures reach 100 psig in a 100-
millisecond time period. The time difference to reach 100 psig thrust
chamber pressure was approximately 18 milliseconds for engines 3 and 1,
and 57 milliseconds for engines 4 and 2, both well within the 100 milli-
second planned sequence.

Although within specifications, the start times as measured from engine
control valve open signal to 100-psig chamber pressure, was faster than
predicted for all engines. Table 5-1 shows actual and predicted times to
100 psig chamber pressure corrected to nominal prestart conditions. The
programmed time for engine control valve open signal is calculated for
each F-1 engine to minimize start sequence dispersions and is historically
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Figure 5-1. S-IC LOX Start Box Requirements

based on static test hardwire data since this has been the most consistent
base for making the calculations. As experienced on static tests of
previous stages, there was a difference between the hardwire data and
telemetry data taken during the static test. The actual engine start
times, for this flight, agree more closely with the static test telemetry
data than the hardwire data. Thus, it appears that the hardwire data

and the resulting control valve open signal programmed times were biased
and resulted in faster starts. Although the AS-511 difference was greater
than seen on previous flights, no concern is apparent since the desired
staggered start sequence was attained and the vehicle dynamics at lift-off
were well within previous flight bands.

Table 5-1. F-1 Engine Systems Buildup and Start Times
BUILDUP TIME, SECONDS

ENGINE 1 ENGINE 2 ENGINE 3 ENGINE 4 ENGINE 5
Predicted* 3.785 3.799 3.761 4112 3.739
Actual* 3.546 3.434 3.514 3.678 3.532
Difference 0.239 0.365 0.247 0.431 0.207 ‘
Direction FAST FAST FAST FAST FAST !

*Time from 4-way control valve open signal to 100 psig thrust chamber pressure
211 times corrected to nominal prestart conditions




Thrust buildup rates were as expected, as shown in Figure 5-2. The shift
in thrust buildup near the 1100 K1bf level on the outboard engines is
attributed to ingestion of helium from the LOX prevalves during startup
and is a normal occurrence. The thrust shift is absent on the inboard
engine (engine 5) because the POGO suppression helium injection system

is not used on this engine.
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RANGE TIME, SECONDS

‘ Figure 5-2. S-IC Engines Thrust Buildup

The engine ignition transient Main Oxidizer Valve (MOV), Main Fuel Valve
(MFV), and Gas Generator (GG) ball valve opening times were nominal.

The reconstructed propellant consumption during holddown (from ignition
command to holddown arm release) was 82,229 1bm LOX (66,900 1bm predicted)
and 25,431 1bm fuel (18,888 1bm predicted). This is greater than experi-
enced on previous flights and was due to the faster engine start and
longer burn before holddown release. The reconstructed propellant

load at holddown arm release was 3,228,997 1bm LOX (3,243,506 predicted)
and 1,414,463 1bm fuel (1,422,121 1bm predicted).

5.3 S-IC MAINSTAGE PERFORMANCE

S-1C stage propulsion performance was satisfactory. Stage thrust, speci-
fic impulce, mixture ratio, and propellant flowrate were near nominal
predictions as shown in Figure 5-3. The stage site thrust (averaged

from time zero to OECO) was 0.05 percent higher than predicted. Total
propellant consumption rate was 0.36 percent lower than predicted and the
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total consumed mixture ratio was 0.40 percent higher than predicted. The
specific impulse was 0.41 percent higher than predicted. Total pro-
pellant consumption from HDA release to OECO was low by 0.51 percent.

For comparison of F-1 engine flight performance with predicted performance,
the flight performance has been analytically reduced to standard condi-
tions and compared to the predicted performance which i. based on ground
firings and also reduced to standard conditions. These comparisons are
shown in Table 5-2 tur the 35 to 38-second time slice. The largest thrust
deviation from .ne predicted value was 10 Kibf for engine 1. Engines

2, & and 5 had lower thrusts than predicted by 5, 1, and 8 KIbf,
respectively. Engine 2 thrust was higher than predicted by 3 Kibf.

Total stage thrust was 1 KIbf lower than predicted for an average of

-0.2 Kibf/engine. These performance values are derived from a reconstruc-
tion math model that uses a chamber pressure and pump speed match.

Table 5-2. S-IC Individual Standard Sea Level Eigine Performance

RECONSTRUCTION | OEvIATION | o STAGE o
PARAME TER ENGINE PREDICTED ANALYSIS PERCENT PERCENT
Thrust 1 181§ 1525 0.660
103 1of 2 1523 1526 0.197
3 1527 1522 -0.327 -0.013
4 1534 1533 -0.065
5 1522 1514 -0.526
Specific Impulse, 1 266.0 266.2 0.07%
1bf-s/1tm 2 265.3 265.4 0.038
3 265.2 265.1 -0.038 -0.008
4 266.1 266.0 -0.038
3 264.9 264.7 -0.07S
Total Flowrate 1 5698 $729 0.545
/s 2 5739 5749 0.178
3 5758 $743 -0.273 -0.0%2
4 S764 5760 «0.0N
3 5745 57120 -0.43%
|nixture Ratto 1 2.259 2.25% -0.133
LOX/Fuel 2 2.2712 2.268 -0.126
3 2.217 2.273 -0.176 -0.17¢
4 2.248 2.245 -0.123
S 2.262 2.256 -0.265
|NOTE: Performsnce levels were reduced to standard ses level and
pump inlet conditions. Dat: were taken from the 35 to
38-second time slice.

5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE

The F-1 engine thrust decay transient was normal. Thrust decay of the
F-1 engines is shown in Figure 5-4. The cutoff impulse, measured from
cutoff signal to zero thrust, was 775,690 1bf-s for the center engine
(10.9 percent greater than predicted) and 2,700,932 1bf-s for all outboard
engines (2.6 percent less than predicted). The total stage cutoff impulse

5-5
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Figure 5-4. F-1 Engine Thrust Decay
of 3,476,622 1bf-s was O.15 percent greater than predicted.

Ceriter engine cutoff, initiated by a signal from the IU at 137.85 seconds,
was 0.11 second earlier than planned. Outboard eng.ne cutoff, initiated
by a signal from the LOX low level sensors at 161.78 seconds, was 0.3]
second earlier than the nominal predicted time. Most of the OECO devia-
tion, which was small when compared to the 3-sigma limits of +4.60, -3.60
seconds, can be attributed to higher than predicted bulk fuel temperature.

Stage tailoff thrust from 162.5 seconds until zero thrust is compared
to the predicted +3-sigma maximum tailoff thrust in Figure 5-5. Data
were averaged over 110 millisecond time slices and the curve was fitted
through these points. The curve was interpolated through noise caused
by retromotor burn, and extrapolated to zero thrust from approximately
167 seconds.

5.5 S-IC STAGE PROPELLANT MANACEMENT

The S-1C stage does not have an active propellant utilization system.
Minimum residuals are obtained by attempting to load the mixture ratio
expected to be consumed by the engires plus the predicted unusable
residuals. An analysis of the usable residuals experienced duri~g a
flight is a good measure of “he performance of the passive propellant
utilization system.

The residual LOX at OECO was 34,028 1bm compared to the predicted value
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Figure 5-5. S-IC Thrust Decay
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of 26,283 1bm. The fuel residual at OECO was 31,601 lbm compared to the
predicted value of 28,248 1bm. A summary of the propellants ‘amaining
at major event times is presented in Table 5-3.

5.6 S-IC PRESSURIZATION SYSTEMS

5.6.1 S-1C Fuel Pressurization System

The fuel tank pressurization system performed satisfactorily, keeping

41lage pressure within acceptable limits during flight. Helium Flow Con-

trol Valves (HFCV) No. 1 through 4 cpened as planned and HFCV No. 5 was
noi required.

The low flow prepressurization system was commanded on at -97.0 seconds.
The low flow system was cycled on a second time at -3.0 seconds. High
flow pressurization, accomplished by the onboard pressurization system,
performed as expected. HFCV 1 was commanded on at -2.7 seconds and was
supplemented by the ground high flow prepressurization system until
umbilical disconnect.

Fuel tank ullage pressure was within the predicted limits throughout
fiight as shown by Figure 5-6. HFCV's 2, 3 and 4 were commanded open
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Table 5-3. $-IC Propellant Mass History

LEVEL SENSOR
EVENT PREDICTED, LM DATA, LBM RECONSTRUCTED, LBM
LOX FUEL LOX FUEL LOX FUEL
Ignition | 3 am0a06)1.441.009 | -----
Command 3,310,406 | 1,441,009 1,440,846 | 3,311,226 1,439,894
Holddown
Arm Release 3,243,506 | 1,422,121 3,231,626 1,415,311 | 3,228,997 1,414,463
CECC 433,385 193,914 423,295 200,066 425,225 200,329
OECO 36,283 28,248 -——= 31,676 34,028 31,601
Separation 30,826 25,271 | eeme= | meee- 29,107 28,906
;aro Thrust 30,704 25,184 |  --ee- | ----- 28,991 28,324
Note: Predicted and reconstructea values do not include pressurization
gas so they will compare with level sensor data.

HFCV NO. 1 OPEN, -2.7 WHFLy NO. 3 OPEN, 95.8
HFCY NO. 2 OPEN, 50.1 Y HFCV NO. 4 OPEN, 132.9
22 3
L—PREDICTED MAX IMUM /
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Figure 5-6. S-IC Fuel Tank Ullage Pressure
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during flight by the switch selector within acceptable limits. Helium
bottle pressure was 2907 psia at -2.8 seconds and decayed to 425 psia at
OECO. Total helium flowrate was as expected.

Fuel pump inlet pressure was maintained above the required minimum Net
Positive Suction Pressure (NPSP) during flight.

5.6.2 S-1C LOX Pressurization System

The LOX pressurization system performed satisfactorily and all performance
requirements were met. The ground prepressurization system maintained
ullage pressure within acceptable limits until launch commit. The onboard
pressurization system performed satisfactorily during flight.

The prepressurization system was initiated at -72.0 seconds. Ullage
pressure increased to the prepressurization switch band and flow was
terminated at -556.8 seconds. The low flow system was cycled on three
additional times at -42.0, -21.0, and -5.3 seconds. At -4.7 seconds, the
high flow system was commanded on and maintained ullage pressure within
acceptable limits until launch commit.

Ullage pressure was within the predicted limits throughout flight as
shown in Figure 5-7. GOX flowrate to the tank was as expected. The
maximum GOX flowrate after the initial transient was 46.4 1bm/s at CECO.

N /--pnzmcm MAXIMUM

4 1
A\ N j / AS-511 FLIGHT DATA 2

16 b‘\\‘ - -
b\ [ st o

——l— b

\ PREDICTED MINIMUM -

LOX TANK ULLAGE PRESSURE, N/cmé
brd
LOX TA4K ULLAGE PRESSURE, psia

0 20 L] 60 80 100 120 140 160
RANGE TIME, SECONDS

Figure 5-7. S-IC LOX Tank Ullage Pressure
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The LOX pump inlet pressure met the minimum NPSP requirement throughout
flight.

5.7 S-IC PNEUMATIC CONTROL PRESSURE SYSTEM

The control pressure system functionea satisfactorily throughout the S-IC
flight.

Sphere pressure was 2946 psia at liftoff and remained steady until CECO
when it decreased to 2840 psia. The decrease was due to center engine pre-
valve actuation. There was a further decrease to 2472 psia after OECO.
Pressure regulator performance was within limits.

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

5.8 S-IC PURGE SYSTEMS

Performance of the purge systems was satisfactory during flight.

The turbopump LOX seal storage sphere pressure of 2940 psia at liftoff
was within the preignition iimits of 2700 to 3300 psia. Pressure was
within the predicted envelope throughout flight and was 2640 psia at QECO.

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

5.9 S-IC POGO SUPPRESSION SYSTEM
The POGO suppression system performed satisfactorily during S-IC flight.

Outboard LOX prevalve temperature measurements indicated that the prevalve
cavities were filled with gas prior to liftoff as planned. The four
resistance thermometers behaved during the AS-511 flight similarly to the
flights of AS-510 and AS-509. The temperature measurements in the outboard
LOX prevalve cavities remained warm (off scale high) throughout flight,
indicating helium remained in the prevalves as planned. The two thermometers
in the center engine prevalve were cold, indicating LOX in this valve

as planned. The pressure and flowrate in the system were nominal.

5.10 S-IC HYDRAULIC SYSTEM

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

Engine control system return pressures were within predicted limits and
the engine hydrauiic control system valves operated as planned.
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SECTION 6
S-I1 PROPULSION

6.1 SUMMARY

The S-1I Propulsion systems performed satisfactorily throughout the
flight. The S-II Engine Start Command (ESC), as sensed at the engines,
occurred at 164.2 seconds. Center Engine Cutoff (CECO) was initiated
by the Instrument Unit (IU) at 461.77 seconds as planned. Outboard
Engine Cutoff (CECO), initiated by LOX depletion ECO sensors, occurred
at 559.54 seconds giving an outboard engine operating time of 395.34
seconds or 0.63 seconds longer than predicted. The later than predicted
S-II OECO was a result of an earlier than predicted Engine Mixture Ratio
(EMR) shift and lower than planned EMR after the step.

Engine mainstage performance was satisfactory throughout flight. The
total stage thrust at the standard time slice (61 seconds after S-II
ESC) was 0.04 percent above predicted. Total propellant flowrate,
including pressurization flow, was 0.01 percent below predicted, and

the stage specific impulse was 0.07 percent above predicted at the stan-
dard timz slice. Stage propellant mixture ratio was 0.36 percent below
predicted. Engine thrust buildup and cutoff transients were within the
predicted envelopes.

During the S-II engine start transient, an unusually large amount of
helium was expended from the engine 4 helium tank. The most probable
cause of the anomaly is slow closing of the engine purge control valve
allowing excessive helium to be vented overboard. Tests, analysis,

and examination of valves from service are being conducted to determine
the cause and solutions for engines on subsequent stages.

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






















































































































































































































































































































































































































































































































































































































































































































































