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ABSTRACT

Saturn V AS-502 (Apollo 6 Mission) was launched at 07:00:01 Eastern Stan-
dard Time on April 4, 1968, from Kennedy Space Center, Complex 39, Pad A.
The vehicle lifted off on schedule on a launch azimuth of 90 degrees east
of north and rolled to a flight azimuth of 72 degrees east of north.

The actual trajectory parameters of the AS-502 were close to nominal until
the premature shutdown of two engines in the S-II stage. After this
occurred, the trajectory deviated significantly from the nominal through-
out the remainder of the mission.

Nine of the sixteen primary objectives of this mission were completely
accomplished, six partially accomplished, and one (S-IVB restart) was not
accomplished. One of tre two secondary objectives was completely
accomplished, and one partially accomplished.

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

Director, George C. Marshall Space Fligit Center
Huntsville, Alabama 36812
Attention: Chairman, Saturn Flight Evaluation

Working Group, R-AERO-F (Phone 876-4575)
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MISSION PLAY

45-802 (Apolto 6 Mission) was the second flight vehicle of the Saturn ¥Apollo flight test program. The basic purpose of che flight was to demonstrate the compatibility and performance of the launch vehicle and theApollo Command end Service Modules (CSH) for a future manned flight
{he AS-502 vehicle was launched fron Launch Complex 39, Pad & at KennedySpace Center (KSC) on a launch azimuth of 90 degrees, then rolled to aFlight azimuth of 72 degrees. The S-I¢ and S-I1 stage powered flightEines were to be approximately 147 and 368 secords, respectively. FirstS-.VB stage powered Flight time was to be approximately 138 seconds ter.minating with insertion into a 185.2 kilometer (100 n mi} circularbarking orbit of the S-IVB ard spacecraft. Vehicle weight at parkingorbit insertion was to te approximately 127,000 kitograms (280,000 lem)Aeproximately, 18 seconds after first buen cutoff, the S-I¥B was to alignwith the Toca? horizontal, then the vehicte was to roli 180 degrees toobtain a position 111 down configuration, tn this configuration thewenicle would be subjected to a 20 degree pitch-down anda 2) degreepitch-up maneuver, then roll 180 degrees again to obtain the origiaaposition I down configuration. These maneuvers were to produce informatioon the SoI¥B restart bottle repressurization and propellant slosh excl caetion while qualifying these maneuyers for manned Flight. On menned Flightthese maneuvers may be used to orient tne astronauts for landnark tracking

Chilidown and reignition sequencing were to begin between Hawaii andCalifornia during the second revolution and continue across the continentalUnited States, After the restart preparation was initiated, an orientationmaneuver was to be performed to yield the high apogee elliptical orbitafter second burn. The $-1¥8 was to be reign'ted over KSC, near the endOf the second revolution for translunar injection boost, and aimed atPaget simulating che moon. This was in order to preclude hitting themoon while verifying launch vehicle guidance technique
The S-IVB second burn, which was to be approximately 316 seconds, was toterminate with the injection of the S-IVB/IU/CSM into an elliptical orbitwith an apogee radius of approximately 528,024 kiloneters (285.110 nai).Foliowing S-1¥B second cutoff, the vehicle was to coast on a simulatedlunar trajectory for about 3 minutes before separation. A pitch rotetionof approximately 188 degrees was to be accomplished during this coast toposition the CSM for retrograde burn. After this rotation, the SpacecraftLunar Module Adapter (SLA) panels were to open to free the CSM. FollowingCSM separation, the S-IVB was to be oriented to give satisfactory attitude

xvi



for ground communications. Four minutes and 40 seconds after $-I¥B second
cutoff, the Service Module Service Propulsion System (SPS) was to beg!
a 254-second retrograde burn to retard the CSM onto an earth intersecting
ellipse naving an apogee altitude of approximately 22,204 kilometer:
(11,989 1 mf)

About two hours after separation, the S-IVB was to be aligned by ground
cormand with the Tocal horizontal to test the ground comand capability
near the limit of S-1¥B stage active lifetime. The S-IVB was to reenter
the atmosphere over the Pacific Ocean on the return leg of the high apogee
ellipse

After SPS first cutoff, the CSM was to coast fn the 22,204 kilometer
(11,989 1 mi) apogee orbit for about 6 hours, oriented to cold soak the
heat shield, approximating lunar return thermal conditions. During de-
scent portion of the orbit, the second SPS burn was to accelerate the
CSM to the approximate lunar return velocity of 11,125 m/s (36,500 ft/s)
with an inertial flight path entry angle of -6.$ degrees. The service
module was to be jettisoned before reentry. The command modute was to
enter the atmosphere approximately 4 minutes after SPS cutoff and splash
down near Hawai? at approximately 9 hours and 50 minutes after liftoff.
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FLIGHT TEST SUMMARY

The second Saturn ¥ Apollo space vehicle, AS-502 (Apollo 6 Mission’, wa
launched at Kennedy Space Center (KSC), Florida on April 4, 1968 at
07:00:01 Eastern Standard Time (ES7} from Launch Complex 39, Pad A. This
was the second mission to use a Saturn ¥ launch vehicle with an un-
manned block 1 Command Service Modute (CSM020), and a Lunar Module TestArticle (LTA-2R). Nine of the sixteen primary objectives were completely
accomplished, six partially accomplished, and one (S-IVB restert) was
nat accomplished. One of the two secondary objectives was completely
accomplished, and one partially accomplished

The launch countdown was completed without any unscheduled countdown Folds.
Ground systems performance was highly satisfactory, The relatively few
problems encountered in countdown were overcome suck that vehicle Taurcr
readiness was not compromised.

The vehicle was launched on an azimuth of 90 degrees east of north and
after 11.1 seconds of vertical flight, (which incluced a small yau
maneuver for tower clearance) AS-502 becan to roll into a flight azi-
muth of 72 degrees east of north. Actual trajectory parameters af theAS-502 were close to nominal until the premature shutdcun of two engineson the S-I1 stage. After this premature skutdoun, the trajectory deviatedsignificantly from the nominal throughout the remainder of the mission
Space-fixed velocity et S-IC Outbearc Ercire Cutoff (CECO) was 7.28 m/:
(23.89 ft/s) greater than nominal. At S-II Engine Cutoff (ECO) the
space-fixed velocity was 102.36 m/s (336.82 ft/s) less than nominal and
the altitude was 6.39 kilometers (2.45 n mi) higher than nominal, At
S-IVB velocity cutoff conmard the space-fixed velocity was 48.94 m/s
(160.8€ ft/s) oreater than nominal. The altitude at S-IVB velocity cut-
off comard was 6.7% kilometers (C.42 n mi) Tower than nominal and thesurface range was 448.46 kilometers (269.15 n i) Yonger than nominal.Parking orbit insertion conditions deviated considerably from nomina
because of anomalies that occurred during the powered portion of flight
The space-fixed velocity at insertion was 48.16 m/s (158.00 ft/s
greater than nowinal and the flight path angle (elevation of space-fixed
velocity vector from local horizontal) was 0.378 degree less than nominal.
These conditions produced an orbit which was quite elliptical with aneccentricity 0.0138 greater than nominal. The resulting apogee of the
parking orbit was 171.54 kilometers (92.63 n mi) higher than nominal,and the perigee was 12.17 kilometers (6.57 nmi) Tess than nominal. ‘The
S-IVB stage failed to reignite. Shortly after the attempted reignition,
the spacecraft separated from the launch vehicte on ground command to the
spacecraft. The S-IVB stage reentered due to orbital decay on April 25, 1968
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S-1C propulsion systems performed satisfactori’y. In general, atl per-
formance fight data fell close to the nominat predictions. Average engine
thrust reduced to standard sea level conditions from 35 to 38 seconds
was 0.20 percent lover than predicted and average specific impulse was
0.10 percent lower than predicted. The veh*cle first long‘ tudinal struc-
tural mode frequency coupled with the engine response to the oxidizer
suction lines resonant frequency within the 110 to 140 second period
This resulted ina vehicle longitudinal oscillation termed "POGO". Inboard
Engine Cutoff {IECO} and Outboard Engines Cutoff {0ECO) occurred 0.11 and
0.85 seconds later than predicted, respectively. An intentional fuel
level cutoff of the outboard engines and a LOX level cutoff of the in-
board engine were planned and attained, demonstrating the adequacy of
these cutoff modes. All the subsystems except the camera ejection system
and the contral pressure system performed as expected. The camera ejection
system ejected only one of the four film cameras and the contro! pressure
system sphere pressure decayed unexpectedly after separation

The $-II propulsion systen performed satisfactorily during the first
169 seconds af operation following Engine Start Command {ESC}. Engine
thrust, at 60 seconds after ESC, was only 0.43 percent below predici ton
and specific impulse 0.08 percent above predictions. At 319 seconds a
sudden performance shift was exhibited on engine No. 2 with thrust de-
creasing approximately 33,806 Newtons (7600 Ibf). The engine continued
performance at the reduced level until 412.3 seconds. By 412,92 second:
the dropout of thrust OK switches indicated engine No. 2 cutoff, and at
414.18 seconds engine to. 3 also cut off, Postflight evaluation of
telemetered data led to the conclusion that the engine No. 2 Augmented
Spark Igniter (ASI} fuel line failed and ultimately caused failure of
the engine, Since the flight, testing at Marsail Space “light Center
(HSFC) and the engine manufacturer's facility has substantiated this
conclusion. The testing reveals that an oxidizer rich mixture, caused
by 2 fuel leak, creates very high temperatures and rapidly erodes tre
jnjector. Because of this erosion the LOX dome of engine No. 2 eventually
failed, opening the LOX high pressure system and causing Sngine Cutoff
(ECO).” A modification of the ASE propellant feedlines (both fuel and
LOK) and their installation is seing accomplished. Interchanged LOX
prevalve control wiring connections between angines No. 2 and 3 solenoids
caused the preanature cutoff of engine No. 3. When engine No. 2 cutoff,
the 0X prevalve on engine No. 3 was commanded closed. Individual sheck~
out of the srevalve wiring during orevalve timing checks is planned for
Future vehicles. S-IT burn time was 425.31 seconds which is 37.81 sec:
onds longer tnan predicted. The extended burn time was caused by the
premature cutoff of engines Yo. 2 and 3. Loss of the twa engines re-
duced prozellant consimption approximately 40 perceat and required a
longer ourn time to reach propellant-depletion. The S-11 sroaulsio
subsystems met al] performance requirements

Tne S-1VB J-2 engine operated satisfactorily throughout the operational
pnase of first burn. However, a total performance shift of 2.3 percent
decrease in thrust occurred during first burn from 684 to 702 seconds.
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The engine continued to operate at tae shifted performance level anéhad a normal shutdown. S-IVB first ourn time was 166.52 seconds whichwas 28.95 seconds longer than aredicted due to the two engines out con-dition on the S-II stage. Stage performance during first burn deviatedfron the predicted at the 60 second time slice by -0.08 percent for thrustand 0.96 sercent for specific impulse. The LOX mass measuring side ofthe Propellant Utilization (PU) system malfunctioned during orbit priorto the attempted restart. The LOX mass measuring system nalfunctiocaused a 100 percent LOX Toad indication prior to and during the restartattempt. The probable cause of the erroneous 100 percent LOX mass indication may have been due to shorting of the inner and outer element:of the LOX Pil probe from metallic debris that could have been in theLOX tank. Also, an intermittent short in the cable shield between thmass probe and the PU electronics assembly may have occurred. Enginerestart conditions were within limits even though main chamber secondignition failed to occur. Results thus far indicate that a leak in theAugmented Spark Igniter (ASI) fuel supply system probably occurred duringfirst burn. Additional engine tests have essentially verified the per-
formance shi“t and the restart failure. A modification of the AST pro-pellanz feedlines (both fuel and LOX) and their installation is beingaccomplished. A11 subsystens operationally met all performance an:
stage requirements. However, there were two unexpected deviations whickare discussed in Sect‘on 7,

In general, the hydraulic systems performed satisfactorily ir that thevehicle remained stable during all portions of guidarce-centretled peeredflight. No hydraulic system probleme occurrec during §-IC pewered flightS-IT hydraulic systems performed within predicted limits, and operatedsatisfactorily until 280 seconds. At tris time, the S-Ii engine No. 2yaw actuator delta pressure transducer tegan to deviate significantlyfrom expected values. From 319 secords until engine No. 2 cutoff, botthe pitch and yew actuators showed apparent side loads from the engineAfter engine No. 2 cutoff, the yav actuator performance indicates that¥t locked up. The engine No. 3 system performed normally unti? engineShutdown when the system pump stopped operation and the pressures decayed,The engine No. 1 ard engine No. 4 hydraulic systems performed normallythrougrout S-I1 powered flight. The S-IVB hydraulic system performedwithin predictec limits during liftoff, boost, and first burn, Duringengine restart preparation and restart attempt, the system failed toBreduce hydraulic pressure. System temperatures observed during S-IVBfirst turn indicated the existance of a cryogenic fuel leak which ledto the freezing of the hydrauTic fluid and system blockage. During therestart attewpt, measurements indicated that both the main and the auxil-jary hydraulic pumps cavitated during operation and virtually no systempressure was produced,

The AS-502 flight vehicle experienced considerably wore structural activitythan AS-501; however, this activity did not reach sufficient magnitudeto pose a threat to the launch vehicle structual integrity. Thrust
buildup and vehicle release transients, resulted in maximum longitudinaland lateral {pitch plane) dynamic load factors of £0.4 and 40.03 g,
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respectively, at the covmand module. The maximum steady-state bending
moment condition, 9.89 x 105 N-n (7.29 x 10° Ibf-ft), was exseriznced
at 66.6 seconds. The ~aximum longitudinal loads were exoerienced at
144.72 seconds (1ECO) at a rigid body acceleration of 4.3 3. Altnough
the 4.8 g IECO condition was greater than the 1.63 g design value, no
mainline structural problens were encountered during this phase of Flight
Thrust oscillation-structural dynanic response coupling (P80) was evident
during the 110 to 140 second region of S-IC range tine. The longitudina
dynamics of the launch vehicle induced lateral accelerations of 5.65 Gpeak
at the LTA. Oscillations in the first longitudinal rode during the 119
to 140 second time period exceeded that experienced during 5-501 flight
by approximately a factor of three. Maximum response occurred in the
5.2 to 5.5 hertz bandwidth. Fin bending and torsional nodes compared
well with analytical predictions. Fin vibrations exceeded the range of
the accelerometers but the modal frequencies did not coalesce and flutter
did not occur. S-1C, S-1VB and Instrument (I!) vibrations were as ex-
pected. S-I] stage vibrations were as expected, except that forward
skirt vibrations exceeded the sine and randor criteria at liftoff. Yo
adverse effects were noted, S-IVB forward skirt experienced Timi ted
amplitude panel flutter, The stress amplitudes encountered due to flutter
were about three times higher than those of AS-204 but were stil] within
a tolerable level.

At approximately 123 seconds abrupt changes of strain, vibration, and
acceleration measurements were indicated in the S-IVB, IU, Spacecraft/
Lunar Module Adapter (SLA), LTA, and Command and Service Modute (CSM).
Photographic coverage, Airborne Light Optical Tracking System (ALOTS)
and ground camera film showed pieces separating from the area of the
SLA. There were no known structural failures noted on the launch vehicle.

The perforvance of the guidance and navigation system was as predicted
from liftoff to 412.9 seconds. When engine No. 2 cut off a discrete
signal was recognized by the [¥ indicating a single engine failure. How-
ever, since only single engine failures were considered in constructing
the flight program, no program action was taken for engine Yo. 3 failure.
with the discrete signal and loss in acceleration the program entered
a guidance mode where guidance and navigation computations were made
based cn a thrust change for the single engine failure which was 50 per-
cent of the total actual change. This node (artificial tau) lasted unti
the It sensed an acceleration change due to S-II Programmed Mixture Ratfo
(PHR) shift. Guidance computations responded to variations in altitude
and velocity caused by the decrease in thrust during the S-IT burn period
The cortrol system responded well to the guidance comrands for the re-
mainder of tre beost period. [ue to the two-engine-out perturbation,
flight path angle and velocity were not optimun at the time guidance
commanded S-IV ECC, This resulted in an overspeed of 48.9 m/s (160 ft/s)
A parking orbit whicr was acceptable though off nominal was achieved
AM ortital quiaance maneuvers were satisfactorily performed. IU commands
were properly executed for S-IVE restart, tut the engine did not reignite.
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When acceleration test conditons were not met, Time Base 7 (T7) was ini-
tiated and a cutoff command was issued to the S-IVB stage.

The AS-502 Flight Control Computer (FCC), Thrust Yector Contro? (T¥C),and Auxiliary Propulsion System (APS} satisfied all requirements for at-
titude contro} and stability of bending and propellant sTosh modes in
both the boost and orzital coast modes of operation. During 1i*to“f,
all vehicte clearance requirements were met. During first stage boost
the control system was required to correct for a steady-state roll at-
titude error of aporoximately -0,5 degree. This roll coraue was not ob-
served on AS-501, as the attitude error was essentially null after about
50 seconds. Control system performance was consistent with events wh'c
accurred during S-IT boost. The performance shift of engine No. 2 at
319 seconds was evidenced in the TYC as well as in che FCC parameters
However, this derformance shift caused no control problens and resulted
only in a new steady-state trim condition, The FCC and TYC responded
satisfactorily to the perturbations caused by the shutdown of engines
No. 2 and 3. “This shutdown resulted primarity im a large pitch plane
disturbance during which the pitch rate built up to a viaximum of 2.8 deg/:
{nose-up) and the pitch attitude error reached a maxirum of 13.4 degrees
A maximum engine deflection of 5.95 degrees was required to stabilize the
attitude excursions. At S-[1/S-I¥B separacion, the gu*dance computer
switched to the S-IVB coast mode for 9.3 second. The 7.4 degrees pitch
attitude error caused a full-on APS pitch-engine firing of 9.3 second
duration to correct the attitude, At 0.3 second after separation, the
guidance computer switched to the $-IVB burn mode, The pitch attitud
error was trimmed out by the TYC after S-1VB stage J-2 engine ignition
Control system performance was nominal for the remainder of $-IV6 first
burn. Orbital attitude controt requirenents required considerably rore
APS activity than anticipated. The APS systen was required to overcome
2 80 degrees nose-up “rom Tocal horizontal attitude and a | deg/s
nose-up angular rate to align the vehicle along the local horizontal.
The vehicle as subsequently exercised through a sequence of four
maneuvers as follows: 180 degrees roll, 20 degrees pitch down, 20 de-
grees pitch up, and 180 degrees roll. che pitch and roll maneuver:
were planned to produce information on the 5-IVB restart bottle repres-
surization and propellant slosh excitation while qualifying these naneu-
vers for manned flight. Each naneuver was executed as planned, No
appreciable effect was noted on the restart bottle conditions. LH» sloshing
was not appreciable ducing any of the maneuvers. Significant LOX sloshing
existed at the initiation of each pitch maneuvers however, tre initia
amplitude was not sustained due to hgh damping. An auxiliary Fydravlic
pump failure prevented the S-IVG stage J-2 engine from being certered at
the time of second S-IVB CSC. The engine position at ESC was approximately
1.5 degrees in pitch and -2.3 degrees in yaw. Appreciable attitude errors
resulted from this engine position during restart attempt; however, vehicle
control was maintained by the APS system following the switch from thrust
vector to coast made contro’. Subsequent to spacecraft separation the
APS system maintained contro] until APS module I fuel cepletion at approxi-
mately 21,953 seconds. Veh‘cle attitude rates began to builc up signifi-
cantly following module ITI fuel depletion (22,602 seconds} and continued
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to increase as indicated by reduced radar data until a tumble rate of
180 deg/s was recorded by the ninth day following launch.

Launch vehicle separation systems performed satisfactorily, Separation
and associated sequencing occurred as planned with adequate clearance be-
tween stages. Al) ullage and retro motor performance was satisfactory
The S-IC retro rotor data indicate that some parameters were either above
normal or possibly above the maximum Vimits but caused no problem. Space-
craft separation was initiated by ground comand to the spacecraft during
the maneuver to separation attitude. Even though there was a possible
rorentary interference between a SLA panel and the CSM at the separation
plane, the momentary interference was not detriirental to the separation

In general, launch vehicle electrical systers performed satisfactorily.
Battery valtages and currents were satisfactory and battery temperature
remained within acceptable liits. $-IC battery No. 2 experienced a
sharp current rise and voltage drop after S-IC/5-!] separation which
lasted fer 11 seconds; however, tape recorder performance was not im-
paired. A similar anomaly was experienced by Sattery ‘Yo. 1 on the AS-50
flight. Disturbances were experienced on the S-It main and instrurentat
tion batteries during the engine No. 2 and 3 shutdown pertod. A current
surge was experienced on the IU 6010 battery at the tire of the 133 sec~
ond transient.

Tata indicated that the redundant Secure Range Safety Comrand Systems
(SRSCS) cn the S-IC, S11, and $-1VB stages were ready to perform their
functions properly on cenmand if flight conditions during the launch
phase had required vehicle destruct. The system properly safed the $-IVE
SRSCS an command from KSC, The performance of the corrand and comruni-
cations system in the IU was very good.

The space vehicle Emergency Cetection System (EES) was flight tested in
the aLtomatic abort closed-Icep configuration on AS-502. Launch vehicle
measurenents irdicated that nc CLS limits ware exceeded and the system
furctioned properly. There were some anomalies indicated in the spacecraft.

The vehicle interral, external and base region pressure environments were
gererally ir geod agreement with the predictions and corpared well with
the AS-501 cata. The pressure enviranment was well below the design
level. The measured acoustic levels were also generally in good agree-
rent with the precictions and with AS-5C] data

The vehicle thermal envirorment was generally less severe than that for
which the vehicle was designed. One exception was the S-IC forward skirt
thermal environment whick exceeded design after S-IC/S-IT separation. Loss
of H-31 to the level of the crushed core en the S-IC base heat shield was
visually observed on this flight via the television careras which viewed
the heat shielc. This was a repeat of an AS-5CI anomaly and ne adverse
effects were noted, The effect of the premature shutdown of engines No. 2

xlidi



and 3 on the S-IT heat shield and base region environment was minor, With -
the exception of abrupt spikes due to the engine anomalies, the base re-
gion thermal data compared favorabiy with AS-501 data

 

The S-IC canister conditioning system and the aft environmental candi tion-
ing system performed satisfactorily during the AS-502 countdown with only
one canister and one ambient tenperature measurement dropping below the
minimum requirement. The S-!£ therral contral and compartment condition-
ing systen maintained temperatures within the design limits throughout
the prelaunch operations. Temperatures monitored on the S-IVB aft skirt
components were slightly cooler than on the AS-501 flight but within de~
sign limits. Temperatures of a°i components mounted on the forward skirt
cold plates were within design “imits at liftoff. The IU Envirormerta
Control System (ECS) performed well throughout the flight. Coolant
temperatures, pressures, and flowrates remained within the predictec
ranges and design limits for the duration of the flight data. One speci-
fication deviation was observed which was expected. At 11,670 secords,
the platform gas bearing pressure differential was 9.069 N/emé (0.1 psia}
above the 10.7 N/em? {15.5 psid} maximum allowable and remainec there
throughout the remainder of the flight period for which data is available
{33,780 seconds).

There were 2758 telenetered measurements active at the start of the AS-502
automatic countdown scquence. OF the 2758 measurements, 66 failed 4
flight, resulting in an overali system reliability of 97.9 percert. The
Airborne Telenetry Systen operated satisfactorily, includirc prefticht
calibrations and inflight ca‘ibration. Tape recorder performance was
good; however, due to the extended burn tine of the S-I1 and S-IVB stages,
the S-IC/S-I1 separation data playback was not recovered from the S-I
S-I¥B, and IU recorders. This was because insufficiert playback time
was progranred to cover the anomalous situation caused by the S-II two-
engines-out cond’ t‘on. Performance of the RF systers sas gecd. fnproxi-
mately 2 seconds of real time data on all S-IC stage telemetry links
were lost due to a data dropout at 146.9 seconcs. This condition wa
also noted on AS-5U1 and appears to be related to S-IC IFCC. Ground
canera coverage was good as evidenced by 84 percert system efficiency.
However, only two of the six onboard film cameras were recovered. Three
of the cameras an the S-IC stage failed to eject and one of the $-1
cameras was not recovered due to a weak recovery beacon signal
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SECTION 1

INTRODUCTION

1.1 PURPOSE

This report provides the ‘ational Aeronautics and Space Administration
(NASA) Headquarters, and other interastad agencies, with the launch ve-
hicle evaluation results of the AS-592 flignt test. The basic objective
of flight evaluation is to acquire, reduce, analyze, evaluate and *eport
on flight test data to the extent required to assure future missian suc-
cess and vehicle reliability. To accomplish this objective, actual flight
malfunctions and deviations must ve idetified, their causes accurately
determined, and complete information made available so that corrective
action can be accomplished witsin the established flight schedule.

1.2 SCOPE

This report presents the results of the early engineering flight evaluation
of the AS-502 jaunch vehicle, The contents are centered on the performance
evaluation of tie majar Jadsch vehicle systems, with special emphasis on
failures, anomalies, and deviations. Sumnaries of launch operations and
Spacecraft performance are included for completeness

The official “SFC position at this time is represented by tnis report
It will not be followed ay a similar report unless continued analysis or
new information should prove the conclusion presented herein to be signifi
cantly incorrect. Final stage evaluation reports will, however, be pub.
lished by the stage contractors. Reports covering major subjects and
special subjects will be puxlished as required
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SECTION 2

EVENT TIMES.

2.7 SUNMARY OF EVENTS

Range zero tine, the basic time reference for this report, is 7:00:0
Eastern Starcarc Time (EST) (12:00:07 Universal Time [UT]}. This time,
by cefinitior, is tased on the nearest second priar to S-If tail plug
cisconrect, which eccurred at 7:00:01.74 EST. Range tine is caTculated
as the elapsed time from range zero time and unless otherwise noted 7
the time used thraughovt this report

Guidance Reference Release (GRR) occurred at -16.85 seconds and start of
Tisie Base 1 (Ty) occurred 17,54 seconds later at 0.69 second. The tine:
noted above were established by the Digital Events Evaluator (DEE-6.
except for Ti which was determined by the Launch Vehicle Digital Computer
(LyDC}), First motion of the vehicle was established by ground cameras
as having occurred at 0.38 second.

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

Table 2-1. Time Base Sunnary
 

 

 

RANGE TIME
TIME BASE SEC SIGNAL START

(HRS MEN: SEC)

Ty -16.85 Guidance Reference Re°ease
Ty 0.69 Ill Unbiltca1 Disconnect

Sensed by LDC
Tz 144.95 S-IC TECO Sensed LYDC
13 148.41 S-1C OLCO Sensed by L¥DC
M4 876.33 S-11 £00 Sensed by LVUC
75 A730 S-1¥B £60 (Velocity) Sensed

by Lvoc
16 11,287.73 Restart Cquation Solution

(3:08:7.73)

ie) 11,630.33 Commanded LCO based on Thrust
(3:13:50.33} Criteria not being met      
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Start of T2 was initiated approximately 0.23 seconds after $-IC inboard
engine cutoff. Two redundant LOX level cutoff sensors were located on
the S-IC stage 180 degrees apart. The system was designed so that the
sensor which first detected the cutoff level would initiate Inboard
Engine Cutoff (IECO) by means of redundant circuitry and cutoff
solenoids. Only one sensor circuit, however, was wired to provide the
LVOC interrupt signal which would initiate Tp. ECO was achieved at
144.72 seconds by means of the cutoff circuit which did not save the
LYOG interrupt capability. The second circuit subsequently sensed
cutoff level and initiated Tz via the LYDC interrupt at 144.95 seconds.
The reason why the level sensors detectad cutoff level at different
times is not known at this time and the problem is under investigation.
Because of the time discrepancy, both times are listed in Table 2-2

Failure to restart the S-1VB engine terminated 1g early and started T7
at 11,630.33 seconds. The flight sequence program norrally commands
engine cutoff and initiates T7 based on velocity attained. On AS-502,
however, engine cutoff was commanded and T7 initiated because thrust
criteria were not being met due to the S-IVB stage restart failure.

A summary of significant events for AS-502 is given in Table 2-2. Theost significant deviations from nominal predicted times occurred inguidance and navigation events because of perturbations to the Guidanceand Navigation System occasioned by the premature shutdown of tuo S-1stage engines. R more datailed discussion of these problens is containe:
in paragraph 10.4.

2.2 SEQUENCE OF EVENTS

Table 2-3 lists the sequence of switch selector events. “erminology inthis table agrees with the terminology in document 40H33622¢ "InterfaceControl Document Definition of Saturn SA-502 Flight Sequence Program."Eignt events, including S-II engine start, were not verified because of
telemetry dropout during S-IC/S-IT staging, although subsequent eventsindicate that these events did in fact occur, Additionally, 21 orbitaevents and 10 events in T7 were not verified because of stationvisibility constraints and loss of data due to fight perturbations.Probable times for all but two of these events were derived from theflight program. Times were also derived for six switch selectorfunctions which vere verified to 40.5 seconds by compressed date, Tourswitch selector events (Fuel Injection Temperature OK Bypess ResetFlight Control Computer Switch Point No. 5, Point Level Sensor Armingand Cutoff S-IVB Velocity) were missed at the end of 1 due to theearly start of T7.

Table 2-4 lists the unscheduTed switch selector events, which aredependent upon vehicle orientation and position and therefore variable,and also ground conmanded events, which have been verifiec from
available data.



Table 2-2. Significant Event Times Summary

 

 

 

 
 

 

RARE TIAL TIME FROM BASE
actun. [acz-peew actuat acT=PReo

evENT sec) (sre) {sec} (sit)

T. Guidance Refercnce felease “16.86 “o.75] -17. 54] -0.39
2. Sel¢ Engine Start Secuerce Ccumard 3.77 | 0.02) -9.48: 0.39

3. Range Zero 0.00 | - -

4, ANT Holddosn Arms Released 0.36 ao] 0.33 0.0
4. First Kotion 0.38 +023) -0.31 14
6. IU Unbilical Digcornect, Start of

Tine Base 1 (1) 0.69 -0.37 q :

7. Begin Yaw Maneuver 18 20 12 0.2
8. Erd Yaw aneuver ve aad “
9. Begin Pitch and RoI] Maneuver

{Titt and Roll) Wa 0.8} 19-4, -0.2
1. tnd R011 Harewver na e.7] 30.8 im
11. Pach 1 Achfeved 60.5 sla} 59.8] 0.9
12. Gecurrerce of Max Dynanic

Pressure (Max 9) 75.2 4s) 78.5 “44
13, End Pitch Maneuver (Tilt Arrest) 140.9 -2.7/ oe] 24

4, Sc1€ Inboard Engine Cutoff (TECO)
(Sclenoid Activation) 144.72 on a -

18. $-IC Inboard Cnaine Cutoff
Sersed by L¥DC, Start of Tire
base 2 (Ta) 144.95 3.34 Te -

16. SIC Outboard Ergine Cutoff (OECO)
(Sensed by LIC), Stert of time
Base 3 (13) 148.41 0.88 13 -

VI, S-IC/S-15 Sopavation Command to
Fire Seoaration Devices and
Retro Hotars 149.08 0.82) 0.67] -0.08

18. SeIT Engire Start Command 149.76 0.80] 1.35] -0.08
19, SIT Secord Plane Separation

Cannand 179,08 o.eo} 30.65] -0.08
20. Launch Escane Tewer (LET)

Jettison Conand v4.77 0.81|  36.36) -0.08
21. Initiate Iterative Guidance Mode

(1GH) Phase 1 190.95 1.35 42.54) 0.54
22. Initiate Steering Misel1gnnent

Correction (SHC) 71.99 v.76] 63.58] 9.38    
 

 



Table 2-2. Significant Event ~imes Summary (Continued)

 

 

 

 

 
 

RANGE “IME TIML_ FROMBASE
A ner-pneo acruar ACT-PREDEVENT (sec) Gee) a (sec)

23. S-11 Stage Engine Ne. 2 Out 412.92 +

|

266.51 -
24, 5-11 Stage ingine Ne. 3 Out 414.18 =

|

265.77 -
25. Guidance Sensed Engine Hixture

Retio (ENR) SKIFt, Inftiate 16HPhase 2 490.76

|

78.03 1a
2%. Initiate Chi Freeze 817.7 7a 7.02
27. $-11 Engine Cutatf (ECO) (Sensed

by LubC), Start of Tine Base 4
(ta) 576.33

|

58.64 ty -
28, S-II/S-1¥8 Separation Command toFire Separation-Devices and Retra

Hotors sce

|

sese

|

ors] -0.05
29. S-IVB Engine Start SequenceCorman s772e

|

sass

|

0.95] 0.05
30. Stop Chi Frenze 582.9 55.8 ai “28
31, Initiate Tteratve Suidance Made,Phase 3 seize

|

s7.cr7

|

ass

|

-.97
32, Pitch Command Hese-up Attitude 644.02 -

|

67.69 -
33. Inittate chi Bar Steering N28 25.8

|

136.6 27.2
34. Initiate Chi Freeze 76.4

|

93.67

|

679.07

|

38.02
35, S-IVB Yetocity Cutotr

Cormané (ECO) 77.08

|

e778 |ts-0.26

|

-2,06
36. S-1VB Engine Cutoft Sensed byLWOC” Start of Tine Base 5 (TS) 7a7.30

|

a7.eA 15 -
37. Coast Period Om mass

|

e779

|

1.25

|

-0.n5
38. Parking Orbit Insertion 757.08

|

ar.7e

|

9.74

|

-0,06
39, Maneuver to Local Horizontal 762.30

|

a7.s4

|

15.00 0.00
40, Initiate 189° Roll to Place !Position JF Down 837.30

'

7.84

|

99.00 0.00
41. Initiate 20° Pitch Lown Maneuver 3207.30

|

87.81 eas0.00 9.00
42, Initiate 20° Pitch Up Maneuver 5427.30

|

67.84 fised.no 0.00
43, Initiate 180° Roll to Place

Position I Down 5707.20

|

e748 040.00 0.00
4a, Inftfate S-1NB Restart Sequence

and Start of Tine Base 6 (Tg) V.2e7.73

|

ate 15 -
45. S-IVB Engine Restart Connand V,614.69

|

21.08

|

326.95

|

-0.05    
 

24

 



 

 

 

 

 

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

RANGE THRE TIME FROM ASE
acTua,  [act-peea acruat

EVENT see se 5eC

a6, §-1VE C0 Command and Start of
Time Base 7:7) 71,630.23 -97.66 y .

47, Coast Period On 11,631.50 -97.79 117} -9.03
48, Maneuver to Separation actitude 11,650.33 -97.76 20.00 9,00
49. End Cold Soak Attitude and

Spacecraft Separation Cormand™ 11, 666,02 - 35.69 -

50. L¥-LTAYCS¥ Physical Separation® 11,667.82 ~240..27 3.49 142.51

51. Execute Maneuver A* 16,201.0 - 4570.7 -

52, S-1VB LOK Tonk Vent Valves
Open* 22,023.30 = 0,392.97] -

53, 5-1¥8 Lig Tank Vent Vabves
Syen* 22,024.21 = 0,399.8 -

Ground Command

    
 

2-5

 



Table 2-3. Sequence of Switch Selector Events
 

 

 

  

    
 

RANGE TIVE [VINE FROM uase
actu. acTuat] ACT-PREDFunc 70N STARE

|

(See) ($t¢} (sec)
1, Start of Tine Base 1 (hy) w 0.63 - -
2. buto-Abort Enable Relays. KESET w 5.68 as

|

0.05
3. Sensor Bias, UW u 6.36 sr] -0.08
4. Multiple Fugine Cutoft, ENABLE sic} ses

|

13.96

|

0.08
5. Teleneter Calibrate, oN sac} 25.4

|

ans

|

3.08
8. Telumetry Cal forator In-FlightCalibrate, DN Mu ase

|

26.or

|

0.03
7. Telenetor CoTtbrate, OFF sac} aos

|

20.77

|

0.08
3. Laureh VehicTe Engines £05 cutoff,ENAELE w wo.ss

]

2.97

|

0.08
9. Telenetty teliarator In-FlightCalibrate, OFF w 32.88

|

5.95

|

0.05
10. Fuel Pressurizing YaTve (KECV) ho, 25OPER &'Tape Recorder RECORD sic] sora

|

49.45

|

0.05
11, Start pata Recorders sear} 74.76

|

7.05

|

-o.05
V2. Cocling, System Electrica? Assembly,

Power, OFF Ww 75.66 74,97
13, Telemetry Calibrator In-FlightCal Sbrate, ON w 30.65

|

99.97
VA, Telemetry Ca}ibrater In-FlightCalibrate, OFF w 96.65

|

989s

|

no
15. Fuel Prascurtaing Valve (HFCV) no. 3.

|

5. .Fuet sc] 95.95

|

95.26 0.08
16. Flight Control Computer Switch Poratto. w wos.es

|

08.97

|

0.05
Teleneter calibrate, oN sac

|

nises

|

tise

|

oes
18, Regutar Calibrate Relays. oW swe] nig.5

|

tia.t6

|

0.08
19. Telemeter Calibrate, OFF sic] 16s

|

mer

|

0.03
20. Flight Sontrot Computer Switch Poinehon? w 120.84

|

120.15

|

0.05
21. Regular Calibrate Relays, OFF seve} teees

|

aaas

|

«0.05
22. Start First PRLAVEH Calibration

—|

set] 230.38

|

129.67

|

-0.03
28. Fue) Pressurizing Yatve (HFC) Ho. 4] ste

|

aoete

|

saan

|

oan
2b. Fast Record, a sa] i383

|

sear

|

0.05 
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Table 2-3. Sequence of Switch Selector Events (Continued)
 

 

 

 
 

ee ee
FUNCTION stage ACTUAL (secafactunt tscen) Neeehe?

ZS. Ston First PANGFIVN Calibratton sat

|

138.38

|

134.65 “0.05

26. Tave Recorder Record, Mk w 135.55

|

134.86 0.04

27, LOK Tank Strobe Lights, OFF sere

|

t35.78

|

135.05 0.05

28. S-I¢ Two Engine Qut &uto-Abort
Tnhioit, EXMBLE ww wss.o¢

|

138.26 “0.04

29, S-1C Twn Eng’re Out Autocdbort Inhibit] 16 ise. | 135.48 -0.02

40, Excogs Rete {P,¥4R} Auto-Abort
innibit, ENAMLE w 136.34 135.65 0.05

31, Excess Rete {P,Y4R) Aute-Abort innibst

|

1 vies

|

125.86 0.05

32. Two Adjacent Outboard Ergines Out
Cutorf, ENABLE sc

|

136.76

|

136.07 -0.03

33, Inboord Tagine Cutoff, EAGLE sc

|

136.98

|

136.27 0.03

44. Intcard Engine Cutoff Seckup, EVABLE

«

S-2¢

|

137.74

|

136.45 -0.06

35. Ingourd Ergine Cutoff Intereupt 1520 184,95

38, Start of Tine Base 2 (Tz) 144.95

37. Sil Ordnance, ARM sb] 145.03 0.08
28, Separation and Retro EBM Firing

unttsy, ARH s-tc

|

145.20 0.28 -9.05

39. Separation Canera, OW sec

|

145.42 0.47 “0.03

40. Camera Lights, ON sar] vas.st 0.86 -2.08

41, Telemetry Measurement Switch Over sc

|

145.70 0.76 -2.05

42. Outbosrd Engines Cutoff, ERABLE se] 145.91 0.96 “0,04

43. utboard Engines Cutoff-Interrupt 1520 143.41
44, Start of Tine Base 3 (Ta) 148.41

46, Camera Motor, OW se] 148.49 6.08 0.02

46, SIT Lez Recirculation Pumps, CFF sett

|

148.66 0.23 0.08

a7, ST Ullage, TaIGBER sr} 148.87 0.a7 “0.08

48, S-IC/S-1I Separation set

|

149.08 0.67 0.03

49, Camera Event Mark sear] 149.17 on 0.03    
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Table 2-3. Sequence of Switch Selector Events (Continued)
 

 

 

 

   

 

  

RAKGE Tier] TIME FROM BASE
FUNCTION vase] (GU serPRCD

5a. Switch Caging Cantrol =e S-Ify S-1T
Engine Out Indication *A", ENAILEs
S-IL Aft’ Interslaye Senarasten Indi
cation "a", EuAacc wu 149,264 ese

|

-9.06
51. S-1f Engines Cutoff, RESET 5-11 oss

[

-o.05
52. Engines Ready Bypass su 149, 46" res

|

0.05
52. Provalvas Lockout. RESET S-lL 149,96" tase

|

-9.05
SAL SoEL Engine, START su 149.764 rast

|

0.05
58. Camera FyenL Mark st 149,86" nase

|

0,05
56. S-11 Engine Out Indication "G*, FYABLEand $-I1 Aft interstoge SeparationInd“cation "8", ENRELE tu 160.06 Tog

|

-0.05
87. Engines Ready kypass, RFSET set} 150,26" Tse

|

0.06
5@. Qefe11 Power, OFF ww 180.76 2.35 -0.05
59, SIL fydrau'ic Accumutetors, UMLack set

|

151,38 2.97 0.03
6D. Chilldown valves, CLOSE sr] 158.76 6.38 -9.05
61. S-i1 Start Phase Limiter cutoff, ane

|

$-11

|

188.08 6.67 0.03
62. Acevate PU System Sett

|

755.26 6.85 -0.05
63, SII Start Phase Liniter Cutoff arm,

|

5-11

|

156.07 7.07 0.03Reser
62. Stop Lata Recorders Sf 159.76 11.38 -0.02

Fast Record, OFF S-Ive] 159.96 11.56 -0.04
65. Tape Recorder Record, OFF w 160.17 Wa 0.03
67. S-LL At Interstage Separation, ov

|

sur

|

179.06 30.85, 0.05
58. camera Event hark sD] 479.16 30.75 0.08
39. camera Evert Mark se] 189.16 31.75 0.06
70. Launch Escape Tower Jettison "A! w 198.77 36.36 -0.08
71. Launch Escane lover Jettison "8", ON Ue 194.98 36.57 -0.03

Camera Eject Ha. 1 sat 186.97 37.97 -0.93
Camera bgect ho, 2 SIL] 18.97 38.56 -0.04

74. Camera Eject No. 3 $0 137.46 39.08 0.08 — * berived Times —      
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Table 2-3. Sequence of Switch Selector Events (Continued)
 

 

 

 

 

  

 

BINGE TIME [__TIME FROM BASE
nner ACTON, mean [ner pac
neTTaN srast) (sre) (step (30)

75. flight Contra) Conputar Switch Paint
wo. 3 w 29.76 61.36 0.04

Te. Start Second PAM-ESYFY Calibraton [ser 30.26 tet.es -0.05
17. Stop Second MAN-FA/FH Calibration ser aas.zr 65.80 “0.04
Tk. Fight Contra? Conputer Switch Paint

mw. 8 w aaa.76 161.35 0.08
19, Telemetry cat ibratar In-Flight Cali-

rate, OF w 350.26 21a $0.08
a0. Twlenetry Calibrator In Might Cait-

rate, OFF w 385.27 206.87 “0.08
Ah. Measurerert Sortrot Sui teh "o.

ACTIVATE str} 3et.06 212.66 “0.08
82, Start Third 20GFW/FH Calibravion fs-t2 gaa.se z7z.se -0.02
85, Stop Third PAN-FA/FH Calibration set] 45.97 277.56 0.08

S-IL LH2 Steo Pressurization st] 46a 319.95 -0.05
fequtar C21iarate Relays, Of seve] 47.26 s2a.89 “0.08

8 Teleretry Calstrator In-Flicht Calf
rate, Of w arraa 329.07 “0.03

87, Regu’ ar C2liorate Relays, OFF seo] 4az.an 333.07 0.03
BE. Telametry Cal‘brator In-FPight

Calibrate, Arr w 4e2.a6 394.05 -0.05
88, charge Ullage “gnition, OY s-1ve) 492.08 334.48 -0.02
9. S-I1/8-1¥8 Ordnance, ARP sr] 4s3.c6 398.68 0.05
41, Tape Revorder Revord, OH w 4s3.27 338,87 -0.03
92, Fast Record, OW serve] 483.45 335.05 0.08
92, Start Dace Recorders st] 483.67 395.26 -0.08
44. S-11 LOK Dentetion Senser Cutott,
a st] 4a3.28 35.07 -0.03

95. $-11 Li2 Depletion Senser Cutoff,
ARM st] asaes 335.68 “0.05

9. Cutoff S-1T J-2 Enginas-Ioterrupt 1520 576.39
97. Start of Time Base 4 (T4} 576.99

98. Redundant S-IT Cateff $8 st] 576m 0.08 0.08       
2-9



Table 2-3. Sequence of Switch Selector Events (Continued)
 

 

 

 

  

   

fans Tne [Tae tos ee
roverro1 sea] (QE FEMA sereo

Sh Start Recorder Tare Sr} aes Poe ts10. eves Close, OFF swe 0.

|

og1D S188 trains Cart, 268 sts ox

|

ear102. trpine Ready dypass seve oa

|

so.s8
TW, LOH CHIL don Bump, cet sae ase

|

coon108, Fire Litage pnie-an, o4 sa 06s

|

asVos. SLU/S-18 Separetion sat ars

|

ons106, S.1¥8 Enine start Tntertock Byetss,a sie] gre bas

|

0.ToT. S1¥8 Engine stare, oN sue} sze

|

os

|

as©, FTIghE Contr} Gompster S188 Burrons w

|

sna ft foes10. Fight control Computer S=1¥B Burnroe bn ee w

|

sae foe oo.08Ne. $208 Engine Oat Inbscationfhiate w

|

sas

|

aes

|

oes11, S18 Fagine ave tndieaion *B",euttte wo} sea

|

ar

|

cos12. Fuel Ghitldow Pcp, OFF sete) sree

|

cas

|

os5. LOH Tonk Flight Pressure Systen, ov [serssl 20.08

|

ozs

|

ou14, Fuel criection Tenperacure OF tyoss j5-tv0] 520.0

|

aor

|

a en1S. Satnaive stare, oFF sre) oes

|

ars

|

os16. First fun Relay, om seve] seas

|

srs

|

cos11/.trergeney Playback Enable, ot sre} see.

|

aa fos1B, Fast Record, O47 sun] sean

|

a5

|

os18. pu detiaee, ow sess0

|

3.97

|

-a.09Ten. Charge Jaye uettisony a sen] sae.0s

|

oar

|

00s1, Five Uiage dettison, a swe] sse.c

|

tere

|

aes12, Tye" Injection Tenpereure Uk Bypass.fie serve] st0.28

|

a2.
122. lage Charging, neser srel sie

|

t5.08

 

      



 

 

 

 

  

   

Table 2-3. Sequence of Switch Selector Events (Continued)

roi swale [eet

|

Ta

134, Start of Time Base 5 {Ts} s-IvB] 747.30

149. Aux. Hydraulic Pump Coast Made, OW ‘$+ 1NB] 751.15 3.85 0.08    
 

 



Table 2-3. Sequence of Switch Selector Events (Continued)
 

 

 

 

 

 

SeWGE TIME] TINE FROM bs
accu, at hsf s HiWeTHOR STAGE (sec) sec)

145. Aux. Hydraulse Puup Plight Mode,OFF scm] fe1.37 sat -2.05
190, S-Teé Engine ou; Indication -#able, SESET w 27.27 ga “2.08
151. S18 Cogine Out Insication "6" bn-able, RESET u reras

|

aaas 0.05
VP. Letenotry Calibrator In-Flight Salibrate, GH W reg.as

|

12th 0.08
13, Regular Calibrate Relays, ov 789.66

|

1.26
Vol. Telemetry Calibrator In-Flight ce1i-urate, OFF tw 784.47 -9

Regular calfbrate Relays, OFF Seve) 702.85) 17.35 “2.08
SS/FH Transmister, OFF sev] 769.26

|

21.96 “0.84
SS/EH Sreua, OFF serve, yeo.ee

|

22.16 -2.08
158. Lilz Tank Cont-nuaus Vert ¥aIve Open,fH sive] gus.23

|

50.55 t.08
156. Lig Tank Contiouwes Yeat Yuly:Grr s-tve} 08.26
Vee. $148 LVage Engine Yo. 1, CFF Serve} 35.28 787.95 9.8
TET. SIRE UNage Engine ho, 2, OFF sey] 235.38

|

98,05 0.88
182, S-1¥0 UNtage Thrust Present Irosca~tion, 3FF wu 235.96

|

eee 2.04
163, Tergency Playback Enable, 08 seve] 335.75] asese 0.8
V64, Tamm Kecorder Pleytack Reverse, on fy focas

|

eats “6.05
265, Erergency Alayback Enable, OFF serie] gue.as*

|

62 ase 0.98
166, Slow Record, 14 903.45

|

ee te “3.08
TE? Stow Record, Ch aig.ase

|

12.154 “
Vee. Tape Recorder Playoack Reverse, GFF ge.ast

|

173.19 “1.08
182. Engine Punp Purge Control alve Enatie, OFF 1349.55
170. Siew Recor, a4 2200.78" -0.05
V7. Slow Record, FF 2aye.75*

|

16as.ane “0.08
172, Recorcer Playback, Ck 2392.95

|

1605.00" 
   

  

 
      

   
     

 
 

 * Derived Tires
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Table 2-3. Sequence of Switch Selector Events (Continued)
 

 

 

 

 

   

  

   

  
  

 

 

 

 

 

  
 

eavet_ Tne |_FIF Tan past

romero tat || Macs
Ta Recorder Maybach, &F wean. 7e |de “ht

74, Slow Record, i 1a13.65¢ “2.0

Vb, Slim Recore, &H 1623.65 “0.08

Vt. Tetenetry Caiigrater in-flight Cals- ‘
brates Ly asans 2899.45 “0.05

177. Regwiar Calibrate Relays. ON s-t¥8| a3c.95

|

2593.65 -0.08

138, Telenetry Gol Ibratar Ta-Fl ight Coli-
arele, OFF we] ae4s.z7

|

2son.a7 9.03
125. fagular Calsbrate Relays, OFF sera] aiee.ye 7588.87 0.08
180, ie lemetry Calicrator r-Flicht Cali :

tratr, Of i uaep.7e+ 030.458 “2.68
La, Stow Hecord, ah sr 4638.60"
TP. Requ' or Uelinrate Relays, 0 see sage as “0.08
183. Tevenetry Clibrater [n-Fléght Cali- |

urate, 2° w 3390.75

|

4643.45 0.08

1ae, Regular calibyate Relzys, 1 seve] $351.15.

|

4683.26 “0.0
ty, Sow Record, OFF sewn] sarz.9s |4079.65

186. Recorder Playback. 0 ‘sstvs] 5418.95 4671.05 |

Tat. Recordar Playback, CFF sete] stare

|

6027.45 2.0

148. Slaw Recave, £& setun[ resis

|

2027.n6 <n.
129. Stow Bacar, OH sewn} rap.t5

|

5037.25 “tus
190, Telenetry tuTiurator In-Flight Cali

urate, tu

|

640.75

|

wea ae 0.95
191. aegular celitrate Relays, OW sews] oxto.os. 5893.85 “0.08
132, Telewetey Sal brator In-Flight Caii-

rate, OFF w

|

exe.76

|

$593.46 2.0
193, Regular Gatibrate Releys, OFF 3.86 5808.66 cao
194, Slow Record, s-ivu] 7997.754

|

7160.45" -0.9%

19>. Staw Record OTF seve] 7930.27

|

7192.48 “pe

96, Recorder Payback, In sel 7999.97

|

7192.67 0.03
197, Recorger Payback, OFF slo] e2to.se

|

7083.26 “0.08
+99, Stow Record, GH | setvel eesovrgee

|

reesae*

|

0.08

+ neriveo Tires
s+ Verifies te 10.4 by Conpressed Oete
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Table 2-3, Sequence of Switch Selector Events (continued)
 

 

 

 

  

 

  

 

 

  

 
     

 
  

 
 

 
    

RANGE “INT

|

s1Pn TRGBASE
FUNCTION stot] (ete

135. Stan Fecerd, OY eeee.ts

|

aaa “Aa
700, Regular Calibrate Kelays, 4 8900.75

|

9733.25 1.08
201, Telemetry Catibrator In-Fliget Sol t=ps th uw] aseo.ss

|

e2ar.ag “3.08
702. legular Calibrate Relays, OFF sts] esee.7s

|

2236.05 3.08
203, Teieretey Calibrator to-Flight Cali

brate, OFF w

|

sses.o8

|

geae.e5 £8.08
208, Siow Recora, ad 10,410.75"

|

96e3.456 “0.05
205. slow Record, FE servi] 10,402.75"

|

yea5.e5¢

|

0.05
206. Becncder Playback, CH 0,492.95"

|

9795.65" 2.05
207. Reconear Playback, CFF 19,707.79"

|

998645"
Slow Record, 04 310,707.95

|

9960.65* 6.08
Slow Record, tH 16,717.95"

|

9y20.55*
210, Aux. stydewuic Pump Tight Hoce, 04

|

s-tvel 10,822.25¢* |in,aze.gg| -u.0s
21. un. Hydrautic Pump Coast Sedo, oF | s-1¥i] 19,822.49" |10,075. 124"
212. LOX ChiTIelown Pump, Om seve 10,872.25|rajrea.ase | -2.95
213. fuel Chil tdawn Pap, OH s-1¥@] 20,877.26"

|

10,129,954

|

-¢,05
Prevalves Close, Of $-t¥8] 10,877.25hro,ra9.95e | 0.35
Telemetry Calibrator In-Flight cali-sratey OW Faw |r,260.78 [5,913.5

2b. Regular Calibrate Relays, 0 11,260.95 hia,sia.es 0.08
817, Setewtry Calibrator In-Fhight Ca1i-brate, OFF w [11,265.76

|

10,516.48 0.56
1218. Regular ca iorate Relays, GFF 11,265.96

|

1w,sta.¢6 2.08
219, Begrn Restart Preparations ~ rinefase Sackup 1836, seta
205. Start of Time Base § (Tg) 11,287.93
221, SIP Lage Engire Ww.

1,

of «287,90 ol? 6.03
222, S-1VOUNage Engine ho, 2, OH Stee] 11,288.01 ver 0.08
223, S-1¥ UMage Thrvst Present

Indica=iory 1

|

rt28e.19 3.46 ~.04
 

* verived Tines
Verified te 20.5 by Carpressed pata

 



 

Table 2-3, Sequence of Switch Selector Events (Continued)
 

 

  

 

   

fect Tent TiME ROW ons
Fuey ou ace] Tue acTunl AFpate

22a. U2 Tank Vent Valve boost Clase, ON [5-108] v1,208.00 0.76
225. LP Tank Vent Yalve Boost Close, oh s-1vB] 11,268.69] 0.96
22. Lil Tank Continuous Vent Yalve Close,

ow Setve] 11,288.89 1.18 0.05
207. Ceband Teansponders ho. 1 ard Wo. 2,oa mw rizs9.0y 1.35 0.0
228. 1h2 Tonk vent Yolve Boost Close, OFF s-1ve| 11,290.09) 2.75 8.08
229. 0X Tank vent Valve Boost Close, OFF Scive] 11,290.69 2.96 1.08
23U. Lip Tank onténuous Went Valve Clase,Fe swe] y1z00.91 a. 0.02
231, Fuel CriT dons Purp, OW Seve 11,293.09 5.95 “0.08
222. LAK GhiTIGewn Pum, oF seve] 11,298.69

|

10.98 0.05
233, Prevalves Close, OY S-1¥B] 11,308.69 PR 0.05

234. LOL Tene Repressuization Cantro}Valve pen; Dt Seve] 15,387.62) 99.98 0.05
295 “elenetry Calibrator In-Flight Cal¥-brate, OF ww

|

11,436.00

|

14a.27 0.03
236. Tetenetry Calbrazer Te-F1 ight Gali- |brate, OFF 11,800.99 183.75 0.05
237. LM “ank Repressurization Contra?Wave Open, 08 seve} 11,487.70 199.96 0.08
208, SS/EH Group, Ot serv] 11,496.00 20e.26 0.08
239, S5/TH Transmitter, ON s-avel r1,ase.2r pon 48 0.02
740, Reqular Calibrate Relays, OW s-tve} 11,386.19

|

268.45 0.05
241. Requtar Calibrate Relays. GFF seve] 11,569.20

|

272.86 0.08
249. PY Yalve lardever Position, Ok Serva) 11,574.69 286.96 0.04
243, Frevalves Clase, Ott S-rval 11,603.90 316.16 “0.04
244, IVE Restart ert w 1,608.69 316.96 0.08
205. S-IVR Engine Cutort, OFF sive} 11,613.29

|

326.56 0.08
240. Eng're Ready Bypass seve} 11,613.51

|

325.77 0.03
207, Lip Tan Repressurizatior ContrelYalve Deen, OFT s-wvel 11,813.69 225.96 0.05      



Table 2-3, Sequence of Switch Selector Fyents (Continued)
 

 
 

 

 

     

   

 

 
   

 

  

 
   

ear Tee sen ase
FUNeTiON erage

|

ACTURL aca] AL1-RFD
SE) asec) Isre} isrcy

Fuel ChiltdownPurp, OFF seve 51,615.99
LOX CV dour Purp. DFT Serve 11,514.09

|

326.96 6.08
250, i OX Tenk Renressurization Control

valve Open, "FF nest

|

326.77 “03
251. S-L4 Fugine Start, DE Heraey 36.35 2.08
152. SIH Lagine Cut Indication

ENABLE tu ve1s.49 sze,78
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Table 2-3. Sequence of Switch Selector Events (Continued)
 

 

 

 
  

    
 

cin rar
rw ome] et Bet |a

mtnsens creas nf tema na nm
mt uatowsen nna [taf tannin nm
be seatevan cin] wean oe am
[ne socom rpmess ssn or form] numae| nae ta
arr, tease Period, 04 seve] vosof iar 0.03
bone PL Activate, OFF ‘11,631.70 Le 0.92

bn remmaraea fe] mcm nan |
2 Ue ng on oeWiehe cma} nana] ose om
mi fierrS18ese n sma] sae fom
meesseeaay w vane] sar om
wo. ha aenap rete ee]te] sae fon
i emg ceeniee o mer] so fom
co. mgmartrante ys. fin] sneeee cae fsve flee unser sanete aw nama] sae ooco. mavens woes or [son team] sar |
cm sam renniter om cin] meno] ae ne
co sme.om cra] wus} see om
im. inne vecin fem] sama] sae |
2h eto anwe: can] nama esr on
cpsessa sanf vis] nse om
or unrtmnne,cae em same) nas as
mt tsaese, [ee] tte eae |
tm. cart wenen cone[ena] sist cae |
ote rites soe | in| wae [os
  



 

Table 2-3. Sequence of Switch Selector Events (Continued)
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Table 2-4. Unscheduled Switch Selector Events
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Table 2-4, Unscheduled Switch Selector Eveats (Continued)
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SECTION 3

LAUNCH OPERATIONS

3.1 SUNHARY

The Saturn AS-502 was the second flight vehicle of the Seturn ¥ Apolla
Flight program. The basic purpose of the flight was to demonstrate the
conpatibility and performance of the launch vehicle and the Apolto Command
and Service Modules (CSN) for manned flight

The launch countdown for AS-502 was completed without any unscheduled count-
down holds and the vehicle was successfully ‘aunched at 07:00:01 Eastern
Standard vime {ES™) Apr'l 4, 1968.

 

Ground systems performance was highly satisfactory, The relatively few
problens encountered in countdown were overcome such that vehicle launch
readiness was not conpromised.

Launch damage to the complex and support equipment was minor. Nodi fica
tions to the ground syszems were effective in reducing the arount of blast
damage below that sustained during AS-501 Taunch

 

3.2 PRELAUNCH MILESTONES

A chronological summary of events and preparations leading to the launch
of AS-502 is contained in Table 3-1.

3.3 COUNTDOWN EVENTS

The launch countdown for AS-502 was picked up at -24 hours at 1:00:00 EST
Aoril 3, 1968 and proceeded to -8 hours with no holds. At this point the
sgcreduled six hour hold period was initiated. The count was resumed from
B hours at 23:00:00 EST April 3, 1968, and culminated in the successful
Jaunca of the vehicle at 07:00:01 EST April 4, 1968.

Only four significant problems developed during the Taunch countdown. Al
these problems were resolved vefore the end of the scheduled six hour hold
period. The items are stated below in chronolagicat order

a. Several LH2 vent bubble caps were found ta save cracks exposing the
vehicle vent system directly to the atmosphere
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Table 3-1, AS-502 Milestones

 

DATE EVENT

 

 

February 21, 1967

March 3, 1967

March 20, 1967

March 29, 1967

May 4, 1967

May 19, 1967

May 24, 1967

May 29, 1967

May 29, 1967

May 31, 1967

June 1, 1967

June 8, 1967

dune 13, 1967

June 29, 1967

duly 6, 1967

July 13, 1967

duly 24, 1967

duly 24, 1967

August 8, 1967  

S-IVB Stage Arrival

S-IC Stage Arriva?

Instrument Unit Arrival

Erection of Launch Vehicle (L¥) with S-II Spacer

LY Clectrical Interface Mate Test with S-I
Spacer

LY Guidance & Control Tests with $-I1 Spacer

S-II Stage Arrival

LY Propetiant Dispersion Test with S-I1 Spacer

LV Power Transfer Test with S-II Spacer

LY Emergency Detection System (EDS) Test with
S-II Spacer

LV Flight Sequence and Exploding Bridge Hire
(EB) Functional Test with S-II Spacer

LV Sequence Malfunction Test with $-II Spacer

LV Plugs-In Overal? Test (OAT) No. 1 with S-I
Spacer

Ce-erection of the L¥ through S-II Spacer

Completed S-11 LH2 Tank Inspection

Erection of LV with S-II Flight Stage

LY Electrical Interface Mate Test

L¥ Switch Selector Functional Test

LY EDS Test
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Table 3-1. AS-502 Milestones (Continued)
 

DATE EVENT
 

 

August 10, 1967

August 11, 1967

August 11, 1967

August 30, 1967

Decerrber 10, 1967

Lecember 11, 1967

Cecember 21, 1967

December 27, 1967

December 29, 1967

January 4/8, 1968

January 16, 1968

January 24, 1968

Janvary 29, 1968

February 2, 1968

February 6, 1968

March 8, 1968

March 22, 1968

March 31, 1968

April 4, 1968  

LV Flight Sequence and EBN Functional Test

LV Power Transfer Test

LV Propellant Dispersion Test

LV OAT No, 2, Plugs Out

Erection of Spacecraft (5/C)

Swing Arm Compatibility Test

LY OAT No. 1, Plugs In (Waivered,

LV Combined Guidance and Control System Tests

LV OAT No. 2, Plugs Gut

LV Mission Control Center-Houston {NCC-H)
Interface Test Vehicle Assembly Building (VAB)

Space Vehicle (S¥) OAT No. 1, Plugs In

SV GAT Nc, 2, Plugs Cut

SY Swing Arm OAT

Ordrarce Installatior

Transferred Launcher Umbilical Tower (LLT)/Vehicle
to Pad

SY Flight Readiness Test (FRT) Completed

RP-1 Load

SV Countdown Demonstration Test {CDDT) Completed

Vehicle Launched on Schedule at 07:00:01 EST
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b. The S-II stage, BP-1 transmitter (°CM/FM Link} fafled and had to be
replaced.

c. An electronics package in the $-[¢ stage aP-1 loading system required
replacement and re-calibration,

d. Tae $-I5 Ground Supsort Zquipment (GSE) stage power supply required
replacement.

3.4 PROPELLANT LOADING

3.4.17 RPT Loading

The RP-] system completed al] operations from CDOT through launch satis-
factorily. There were no delays or questionable items during loading other
than one minor anomaly, Ouring adjust level drain in CDDT, a time delay
relay malfunctioned and required replacement.

The level adjust operation in both COD" and the launch countdown ieft theflight mass within 0.01 percent of the intended vaiue, Kennedy Space
Center (KSC} mass readout indicated that 610,197.4 kijograms (1,345,255 Ibn}of RP-1 ware onboard the $-2C stage at ignition,

3.4.2 LOX Loading

The LOX system supported CDDT and launch satisfactorily. Minor problems
during CDOT were corrected without impact on the launch. There were no
hardware fa*lures nor propellant leaks during launch countdown. The LOX
automatic loading sequence was initiated at -6 hours 29 minutes with S-IVB
slow fi] and terminated at -3 hours 7 minutes. Approximately 3418.2 m3
(903,000 gal) of LOX were consumed during CDDT end launck countdown. At
launch, about 1703.4 m3 (450,000 gal) were onboard AS-502 and flight LOX
mass was within specifications.

Two of the minor anomalies encountered during firal LOX loactng are as
follows:

a. During the S-IC finaT fast fi11 secuence, the speed cf the LOX trans-
fer pump was manually edjusted raising the flowrate fram G.524 m3/s
(8300 gpm) to a desired level of 0.590 mé/s (935C gpm) in crder to
avoid a loeding delay. The need for this manual adjustment had been
anticipated and wes cavered in the released Toading procedure

b. Level shifts were experienced by the S-IC LOX and RP-1 recorders as-
sociated with the automatic Propellant Tanking Computer System (PTCS)
during LOX loading. The shifts had no effect on the operation of the
PICS. The exact cause of the shifts has not yet been established,
but investigation will continue,
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3.4.3 LH2 Loading

The LHy system performed satisfactorily throughout CDOT and launch count~
down. “The prelaunch fil) sequences were performed with no anomalies or
delays. Preconditioning of the S-IL stage was initiated at -6 hours 25
minutes and was centinued through -3 hours successfully cooling down the
S-II stage. Automatic loading was’ initiated at -2 hours 58 minutes with
transfer line chilidown and terminated at -1 hour 31 minutes,

Curing CODT approximately 1041.C m3 (275,CCC gal) of LH2 were consumed.
This included losses from three S-I1 preconditioning runs, vehicle boi}-off,
and drair yelume rot returned tc the storage tank. Launch countdown con-
sumed 1748, m3 (462,000 gal) frem the LH2 facility. At launch Liz flight
mass was withir specifications.

The followirg anomalies were noted:

a. Water entered the vehicle vent system at the burn pond after the re-
plenish sequence was terminated during CDDT and launch countdown. This
also occurred during AS-501 loading operations and was attributed to
siphoning action through the standpipes initiated by rapid closing of
the stage vent. The AS-502 problem may have been caused by insuffictent
helium purge resulting in cold piping, thus allowing the helium to
contract once the purge was terminated. This contraction could re-
sult in lowering of the pressure and initiation of the siphoning action

b. After both CDDT and the launch countdown’, several LH2 vent bubble caps
were cracked which exposed the vehicle vent system directly to the
atmosphere. These cracks are attributed to localized overheatin
coupled with rapid cooling by the splash*ng water in the pond

c. The debris vaive in the LH2 fill line was not closed until 12 seconds.
This conpronises the integrity of the fil] line by raising the possi-
bility that debris may enter the line during launch.

3.4.4 Auxiliary Propulsion System Propellant Loading

There were no problems encountered during propellant loading of the Auxil-

iary Propulsion System {APS}. Propellants consumed during loading were
as Follows:

a. Module 1

(1) Oxidizer System (Nitrogen Tetroxide, N24)

(a) Volume loaded 67,219.7 cm3 (4102 in.3) at 299.8°K (80°F).
b) Volume off-Toaded 6096.0 cm3_ (372 in.3) at 297.0°K (75°F).
cc) Yolume removed with bubble bleed during burp firing 453.3 cmd

(28 in.3) at 304.5°K (BB.5°F).
(4) Yolume removed with bubble bleed during countdown 622.7 cmd

(38 in.3) at 302.6°K (85°F).
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{2} Fuel System (Mono Methy] Hydrazine, MMH.
(a) Volume loaded 67,219.7 cm3 (4102 in,3) av 300.6°K (81.5°F)(>) Volume off-loaded 1442.1 om3 (8B in.3} at 301.5°K (83°F).{c) Volume removed with bubble bleed during countdown 622.7° cm3

(38 in.3) at 302.0°% {B4°F)

b. Modute 2

(1) Oxidizer system (Nitrogen Tetroxide, N20¢
(a) YoTume loaded 67,219.7 cmd (4102 in.3) at 300.9°K (82°F).
fe Volume off-loaded 6096.0 om3 (372 in.3) at 300.9°K (82°F).c} Volume removed with bubble bleed durirg burp firing 344.1 ond(21 in.3) at 305.9% (91°F),
({d) Yolume removed with bubble bleed curing countdown 497.6 om3

(30 in.3) at 302.0°K (84°F).

(2) Fuel System (Mono Methyl Hydrazine, MMH)
{a} Volume loaded 67,219.7 cm3 (41C2 in.3) at 299.3°K (79°F)
{b) Volume off-loaded 1442.7 cm3 (88 in.3) at 300-1°K (80.5°F).
(c) Volume removed with bubble bleed during countdown 458.8 cmd

(28 in.3} at 300.9°K (82°F).

3.4.8 S-IC Stage Propellant Load

Initial propellant loads were obtained from the KSC weight and balance Taganc cempared with the continuous level sensor data. This comparison showedthe LOX load to be 1103 ktlograms (2432 ibn) greater, and the fuel load1259 kilograms (2777 lbm) Tess than the KSC loads. The propulsion perform-ance reconstruction utilizing an RPM match was able to follow the continuouslevel sensor data for both LOX and fuel with an accuracy of +1.27 centt~meters (+0.5 in.), The reconstruction also matched the residuals calcu-lated from level sensor and line pressure data indicating that the pro-pellant loads catculated from the level sensor data are accurate. Thereconstructed LOX load is 0.08 percent aoove <SC indicated values, andthe reconstructed fuel load is 0.20 percent below KSC indicated values.Both are well within the predicted three sigma limits of #0.5 percentTotal propellants onboard at ignition command are shown in Table 3-2.
3.4.6 S-II Stage Propellant Load

The perseatage of flight mass onboard the S-II stage just before each tankpressurizing time was indicated by the PTCS to be 99.96 percent for Lliz and100.02 percent for LOX. Table 3-3 presents the S-II stage propellant load
at S-IC ignition command.

3.4.7 S-INB Stage Propellant Load

The PTCS indicated flight mass onboard the $-IVB stage just prior to in-dividuat tank pressurization was 100.08 percent for LH2 and 99.98 percent
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Table 3-2. S-IC Stage Propellant Mass at Ignition Command
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for LOX. Table 3-4 lists the S-IVB propellant Toad at S-IC ignition com
mand. Simulation-trajectory match results were used in conjunction with
the listed data to determine the best estimate values. The best estimate
Propellant masses are 0.6 percent hicher for LOX and 0.07 percent lower
for LHg than the predicted values. These deviations werc well within therequired loading accuracy.

3.5 S-I1 INSULATION PURGE AND LEAK DETECTION

The S-II insulation purge and leak detection system performed effectively
during prelaunch operations. It was necessary to activate auxiliary backpurge in the sidewall insulation during terminal count; however, detailed
inspection by operational television failed to identify any Teak in the
external irsulation surface. Data recorded during this time indicated anirterconnecticn developed between the sidewall and feedline elbow flow
circuits in terminal count following the LHe #11} sequence. Reevacuation
of the conmom bulkhead was accomplished at =1 hour 33 minutes without con-
promise to the purge system.

 

3.6 GROUND SUPPORT EQUIPMENT

Ground systems performance was highly satisfactory, The swing arms, hold-
down arms, tail service masts, propellant tanking systems, and all otner
ground equipment functioned well in support of AS-502 Taunca, Tasle 3-5
gives the start times for some of the pertinent ground/vchicle interfaceavents. There were relatively few anonalies, and launca damage was lightin most areas. Detailed information of ground equipment serformance,problems encountered during Taunch preparations, aad blast damage to thecomplex and equipment is given in #pol?o/Saturn ¥ Sround Systems Evalua-
tion Report AS-592, Kennedy Space Center, May 1368.

Table 3-4. S-IVB Stage Propellant Mass at S-IC Ignition Command
 

    
 

  

  

     |      
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Table 3-5. Ground/Vehicle Interface Events
 

RANGE TIMECVENT HR:MIN:SEC
 

Arm 4, 5-I1 Aft (Access) (Start Arm Retract (SAR]}
 

Arm 9, Egress Arm (SAR)
 

G-Ball Cover (Start Cover Retract)
 

Arm 1 S-I¢ Irtertank (SAR)
 

Arm Z, S-IC Forwarc (SAR)
 

 

Laurch Initiate Release System
Commit Arm Liftoff Switches

Folcdowr: Arn Release, Primary (Preumatic)

 

 

  

 

 

Liftoff Switches (Position IIT-[¥}, Primary (1 inch) 00:00:00.55
 

 

Arm 8, CH/SM Arm {SAR}
 

 

 

 

 
 

Arm 7, U/S-IV8 Forward (SAR) 00:00:00.60

Tail Service Masts (3), Primary (Pneumatic) 00:00:00. 75

Arm 4, 5-I1 Intermediate (SAR) 60:00 :00.83

Arm 5, S-II Forward (SAR) — 00 :00::00.97

Ara 6, S-1¥B Aft (SAR) 00:00:06,92     
Two problems associated with the S-II stage oriented pressurization and
servicing system were as follows:

a. The system experienced an excessive loss of helium dering COLT and
the launch countdown. Replacomant of two relief valves, suspected as
sources of leakage, did not reduce the Toss of helium during launch
countdown. Troubleshooting of this system will continue.

b. S-I] engine start tank temperatures, although within required limits
at launch, were colder than expected. Helium used to condition the
start tanks is prechilled by the GSE LHz heet exckancer. An analysis
af the engine servicing system will be performed to isolate this
problem.
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Overall damage to the launch complex and support equipment was Tess thanoccurred at AS-S0T Taunch. Modifications incorporated to reduce blastdamage belcw that experienced on the previous launch were effective. Some
conditions of damage revealed by post launch damage assessment are asfollows:

a, RP-] System, Tha mast cutoff valve in tai? service nast 1-2 openedat liftoff causing activation of the Ansel fire chemical systam inMobile Launcher (ML) Room 48. This resulted in the RP-1 distributor
cabinet being filled with fire: extinguishing powder.

b. LOX System. Thirty one cables on Tevel 39 sustaiaed varying degree:of burn damage, The jacket of a section af vacuun-insulated pipingnear level zero was dented,

¢. Environmental Control system (ECS). Launch damage was approximatelythe same as was experienced during the launch of AS-501; however, theECS ducts were more extensively damaged. The horizontal ducts onlevel zero and the first 6 meters (approximately 20 ft) of verticaducting were comaletely destroyed. The second b-meter section ofducting also suffered extensive blast damage and the supporting struc:tare was broken loose and severely warped

 

dg. Holddown Arms, The holddown arm hoods were warped. Arm 3 hood waswarped extensively, Grouting between the holddown arm bases and the
LUT deck prevented recurrence of the AS-501 flame damage to arm in-terior components.

 

Swing Arms. Damage was somewhat more widespread than for AS-501 launchbut “ewer major components were affected. Lower swing arms, particu-
larly arm 1, sustained the greater damage. There were fires in thelower hinge areas of arms 4 and 6 resulting from Fycraulic oi] leakagethrough loosened "B* nuts.

 

f. S-IC stage oriented mechanical GSE. Storage racks on LUT levels 60, 100and 120 sustained varying amounts of engine exhaust damage. One rack
was completely destroyed but tre others are considered repairable.



SECTION 4

TRAJECTORY ANALYSIS

4.1 SUMMARY

Actual trajectory parameters of the AS-502 were close to naminal until the
premature shutdown of two engines on the S-IT stage. After this oremature
shutdown, the trajectory deviated significantly fran tie ‘ominal throughout
the remainder of the mission

Space-fixed velocity at S-I¢ Launch Vehicle Digital Computer (LYDC) sensed
Outboard Engine Cutoff (ECO) was 7.28 m/s (23.89 ft/s) greater than
nominal, At S-II LVOC sensed Engine Cutotf (ECO), comared to nominal
cutoff, the snace-Fixed velocity was 102.36 m/s (335.82 ft/s) less than
nominal and the altitude was 6.39 kilometers (3.45 1 mi) higher than
nominal, At S-IVB velocity cutoff comngnd, compared to nominal cutoff,
the space-fixed velocity was 48.98 m/s (163.58 Fl/s) greater than nominal;
the cause of this overspeed is discussed in Section 10. The altitude at
S-IVB velocity cutoff comand was 0.79 kilometers (0.42 9 ni) Tower than
nominat and the surface range was 499.95 kilometers (269.15 n ni} longer
than nominal.

 

Parking orbit insertion conditions deviated considerably from nominal be-
cause of anomaties that occurred during the powered portion of Flight
The space-fixed velocily al insertion was 48.16 m/s (158.00 ft/s) greater
than nominal and the flight path angle (elevation of space-fixed velocity
vector from local horizontal) as 9.378 degree less than nominal. These
conditions produced an orbit which was quite elliptical with an eccentri-
city 0.0138 greater than noninal. Tre resilting apogee of the parking
orbit was 171.54 kilometers (92.63 n mi) higher than nominal, and the
perigee was 12.17 kilometers (8.57 n mi) less than nominal

 

The S-IC stage broke up at approximately 397 seconds at an altitude of
28.9 kilometers (15.6 n ni) according to photographic coverage. At this
tine the actual surface range and altitude as determined from a theoreti-
cal free flight sirulation, were within 0.10 kilometers (0.05 nm mi) and
1.42 kilometers (0.76 n mi), respectively, of nowinal. The free-flight
trajectory indicates S-II stage impact of 436.82 kilometers (235.86 n mi
further downrange than tae nominal impact point.

The S~IVB stage failed to reignite. Shortly after the attempted reignition,
the spacecraft separated from the launch vehicle on ground command to the
spacecraft, The $-I¥3 stage reentered due to orbital decay on April 26, 1968
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4,2 TRACKING DATA UTILIZATION

4.2.1 Tracking Curing the Ascent Phase of Flight

Tracking data were obtained during the period from the time of first
metion through parking arbit insertion.

Postflight trajectory for the initial portion of flight was estasliszedfrom a Teast squares curve fit of optical tracking data and was mergedwith a best estimate trajectory, The best estitate trajectory utilizedtelenetered guidance velocities as tne generating parameters to fit datafrom GLOTRAC Station I and five different C-Band radar trac<ing stations.These data points were fit througa guidance error model and constrainedto the insertion vector obtained fram the orbital solutinn. Comparisonof the best estimate trajectory with data from alt tae tracking systems
yielded reasonable agreement.

GLOTRAC Segment I date is a best estimate Fit of the data from the variousGLOTRAC sites. GLOTRAC Segment I provided data up to 480 seconds. Com-parisons between these data and the trajectory show maximum differences
of 300 meters (984 ft) in the vertical component, 20 meters (66 ft) inthe crossrange component, and 109 meters (323 ft} in the downrange com-
ponent. The vertical coxponent is the least accurately determined by
the GLOTRAC system. These SLOTRAC data were received too late to be
considered in the establishment of tne trajectory, but are helpful inascertaining the validity of tre trajectory. The GLOIRAC Segment I datawere the only precision tracking data available after 230 seconds, Com-parisons with the GLOTRAC Station I and Offset Frequency Doppler {QDOP)data show deviations which are considerably less than those obtained fromthe GLOTRAC Segrent I data.

4.2.2 Tracking During Orbital Flight

Table 4-1 presents a summary of the C-Band radar stations furnishing
data for use in determining the orbital trajectory. There were also
considerable S-Band tracking data available during the orbital flight
which were aot used in determining the orbital trajectory due to the
abundance of C-Band radar data.

The orbital trajectory was obtained by taking the insertion conditions
and integrating them forward at the desired time intervals. The insertion
conditions, as determined by the Orbital Correczion Program (OCP), were
obtained by a differential correction procedure which adjusted the
estimated insertion conditions to fit the C-Band radar tracking data
in accordance with the wefghts assigned to the data. After all the
C-Band radar tracking data were analyzed, sone stations and passes were
eliminated completely from use in the determination of the insertion
conditions.
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Taste 4-1. Summary of AS-502 Orbital C-Band Tracking Stations

 

star ve or mous sev | vere ava] ave] mvs] seve neve
 nsereion ship car x
  

 

Taran
 carnarven

Hewat
   
 california
rite Sande
Mereite (sand  
  ane tian}
 

‘Bermuda
meigia
 Conary tsTand           
 

Tracked Spacecraft After 5-116/C5H Separation

Final GLOTRAC Segment I data were received for the interval where the
attemoted S-IVB stage reignition occurred. These data were received too
Jate to be considered in the establishment of the trajectory; however,
comparisons of the trajectory with these data help to indicate the
validity of the trajectory. After the GLOTRAC data becane reliable (about
11,590 seconds), the maximum deviations were about 270 meters (886 ft)
in the vertical component, 175 meters (574 ft) tn the crossrange
component, and 125 meters (410 ft) in the downrange component

4.3 TRAJECTORY EVALUATION

4.3.1 Ascent Trajectory

Actual and nominal altitude, surface range, and cross range for the
ascent phase are presented in Figure 4-1. The actual and nominal total
earth-fixed velocities, and the elevation angles (elevation of earth-
Fixed velocity vector from the local horizontal) of the velocity vectors
are shown in Figure 4-2. Actual and nominal space-fixed velocity and
Flight path angie during ascent are shown in Figure 4-3. Comparisons
of total inertial accelerations are shown in Figure 4-4.

The combined burn tine of the S-IC, 5-11, and S-IV3 first burn was
87.61 seconds longer than nominal; the 5-IC burned 0.85 seconds longer
than nominal, the S-II burned 57.8% seconds longer than nominal, and the
S-IVB burn was 28.95 seconds longer than nominal. The abnormally long
S-II bun was the result of the premature cutoff of the two engines,
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Figure 4-7. Ascent Trajectory Position Conparison

causing the S-IVB_to turn longer in attempting to arrive at the properend conditions. The accuracy of the trajectory at S-IVB cutoff isestimated to be 21.0 1/s (2.3 ft/s) in velocity, and + 500 meters (1,640ft} in altitude.

Mach nunber and dynamic pressure are shown in Figure 4-5, These para-
heters were calculated using measured meteorological data to an altitude
of 50.2 kiloneters (27.1 n mi). Above this altitude the measured data
were merged into the U.S, Standard Reference Atmosphere.

Comparisons of the actual S-If engine No. 2 premature cutoff conditions,with their corresponding nominal conditions, are shown in Table 4-2.
Actual and nominal values of parameters at significant trajectory event
times, cutoff events, and separation events are shown in Tables 4-3,
4-4, and 4-5, respectively. The heading angle ig the azimuth of thespace-fixed velocity measured east of north.

UntiT the S-IT engine premature shutdown, the altitude was slightly Towerthan nominal, the surface range was close tp the nominal, and the total‘inertial acceleration was less than nominal.

The theoretical free-flight trajectory simulation data for the discardedS-IC and S-II stages were based on initial conditions obtained from theFinal postflight trajectory at seoaration. The simulation was based
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upon the separation impulses for both stages and nominal tumbling drag
coefficients due to lack of tracking data for both stages. Photographic
coverage of the $-IC stage indicated that the stage broke up at 397 seconds
withir 0.10 kilometer (0.05 n mi) surface range, and 1.42 kilometers
(0,76 n wi) altitude of nominal. Table 4-3 presents the significant param-
eters and their deviations fror nominal; including Max Q, maximum accelera~
tich, apexes of spent stages, and maximum earth-fixed velocities. A sum-
mary of impact times and locations for the S-IC and S-II stages is pre-
sertec in Table 4-6. Since there was no tracking or photographic coverage
of the discarded S-II stage, its impact was simiated as noted above.

 

Spacecraft separation was initiated on graund command to the spacecraft
after it was ascertained that the S-IVE stage had failed to reignite. The
trajectory conditions at spacecraft separation are presented in Table 4-5.
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As a result of the S-IVE failure to reignite for second burn, the S-IVB
Stage renained in orbit after spacecraft separation instead of flying thehigh apogee (lunar distance) orbit planned.

The S-IVE stage reentered on April 26, in the ocean between the east
coast of Africa and the west coast of India.
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4.3.2 Orbital Trajectory

The acceleration due to venting during parking orbit is presented inFigure 4-6. These accelerations were obtained by differentiating theteleretered guidance velocity data and removing accelerometer biasesand the predicted effects of drag.

A family of values for the insertion parameters was obtained dependingupon the combination of data used and the weigats applied to the data.The solutions that were considered reasonable nad a spread of about£500 meters (1,640 ft) in position components and +1,0 m/s (3.3 ft/s) invelocity components. The actual and nominal parking orbit insertionparameters are presented in Table 4-7.
The ground track of the first two revolutions in parking orbit for the
AS-502 vehicie is given in Figure 4-7.
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Table 4-2. S-II Engine No. 2 Premature Cutoff Conditions
 

 

 

PARAMETER ACTUAL NOMINAL ACT-NOM

Ranae Time, sec 412.9
Altitude, ke 177.26 177.80 0.54

(n wi) (95.71) (96.00) (-0.29)
Surface Range, kn 933.27 935.43 -3.76

(n ri) (503.93) (905.63) (-1.70)

Space-£*xed Velocity, m/s 5,183.74 5,183.31 -30.17
(ft/s) |(16,906.63) |(77,005.61) (-98.98)

Flight Path angle, deg 1.611 1.647 -0.036
Heading Angle, deq 78.706 78.607 0.099
Cross Range, km 8.87 1.41 -2.54

(n ni) (4.79) (6.16) (-1.37)
Cross Range Yelocity, r/s 92.30 82.86 9.48

(ft/s) (302.82) (271.85) (30.97)    
GUEDAICE COMPUTER (OUT
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Table 4-3. Comparison of Significant Trajectory Events
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Table 4-4, Comparison of Cutoff Events
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Tatle 4-5. Comparison of Separation Events
 

 

 

 

 

 

  

PARAMETER ACTUAL I NOMINAL ACT-4OM,

S-IC/S-11 SEPARATION COMMAND.

Range Tire, sec 149.08 148.26 0.82
Altitude, km 60.08 59.05 1.03

(n mi) (32.44) (31,88) (0.56)
Surface Range, kur 84.65 83.51 Va

(n mi} (45.77) (45.08) (0.62)
Space-Fixed Velocity, m/s 2,765.14 2,755.03 10.11

(ft/s) (9,071.98) (9,038.87) (33.17)
Flight Path Angle, deg 19.530 19.725 | -0.195
Heading Anale, deg 74.996 75.491 -0,495
Cross Range, km -0.13 0.66 -0.79

(nmi) (-0.07) (0.36) (-2.43}
Cross Range Velocity, m/s -3.81 18.26 -22.97

(ft/s} (-12.50) (59.91) (72.41)

feodetic Latitude, deq North 28. 843 28,833 | o.o10
Longitude, dea East -79.780 -79,.788 3.008

S-II/S-1VB SEPARATION COMMAND

Range Time, sec 577.08 | 518.49 $8.59
Altitude, km 198.25 188.78 6.47

(n mi} (405.43) (107.93) (3.50)
Surface Range, kn 1,815.52 1,505.90 309.62

(n wi} (989.33) (813.12) (167.18)
Space-Fixed Velocity, m/s 6,728.65 6,834.40 =108.79

(ft/s) (22,075.62) |(22,422.70) (347.08)
Flight Path Angle, deq 1.597 0.778 0.819
Heading Angle, deg 83.416 81,639 Lvm7
Cross Range, ki 30.74 23.70 7.08

{noni} (18,60) (12.80) (3.80)
Cross Range Velocity, n/s 172,83 187.33 15.50

(ft/s) ¢ (967.03) (516.17) (50.86)
Geodetic Latitude, deg North 32,144 31.747 0.397

Longitude, deq East -62.136 -65.377 | 3.241    



Table 4-5. Comparison of Separation Events (Cont
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PARAMETER ACTUAL KOMIBAL ACT-ROM

Range Time, sec 11,867.82 11,908.09 ~240.27
Altitude, ke 196.21 661.31 -465.10

in of) , (105.94) (457.08) (-251.14)
Space-Fixed Velocity, m/s 7,846.32 10,574.07 -2,727.75

(ft/s) (25,742.52) (34,691.83) (-8,.949.31
Flight Path Angle, deq -0.281 14.360 14.641

Heading Angle, deq 96.240 195.139 -18,699
Geodetic Latitude, deq Nurth 7.993 21.612 10.58
Longitude, deq Cast 85.117 -45.680 -39.437

Table 4-6. Stage Imnact Location

PARAMETER ACTUAL NOHINAL ACT-NOM

S-IC STAGE IMPACT

Range Time, sec 528.93 507.89 21.13
Surface Range, ke 635.38 638.08 =2.68

(n mi) (343.98) (344.52) (-1.44)
Cross 2ange, kr 3.79 10.19 6.40

(nmi) (2.08) (5.59) (-3,45)
Geodetic Latitude, deq N 30.207 30.157 9.059
Lonaitude, dey E -74.314 -74.272 -1.042

S-IT STAGE IMPACT

Range Tire, sec 1,251.24 1,151.52 99.72
Surface Ranae, km 4,648.43, 4,211.51 436.82

{nai} (2,809.95) (2,274.03) (235.86
Cross Range, kin 152.16 139.43 21.67

(n mi) (82.16) (79.46) (11,79)

Geodetic Latitude, deq North 31.205 31.859 -9,685
Longitude, deq East ~ 32.182 = 36,722 4,540   
 

 

 



Table 4-7. Parking Orbit Insertion Conditions
 

 

 

 

 

PARAMETER ACTUAL NOMINAL

Range Time, sec 757.04 669,26 87,78
Space-Fixed Velocity, m/s 7,842.09 } 7,793.93 48.16

(ft/s) (25,728.64) (25,570.64) (788.00)
Flight Path Angle, deg -0.377 0.001 -0.378
inclination, deg 32.567 32.561 0.006
Eceentricity 0.0741 0.9903 0.0138
Apogee*, km 360.10 188.56 171.8e

(n mi) (194.44) 1 (901.81) ($2.63)
Perigee*, km 173.18 185.32 “12.17

(n mi) (93.493 (100.06)
Altitude, kr 190.19 381.51

(n mi) (102.69) (103.41)
Period, min 29.84 88.25 1.61
Geodetic Lat! tude, deg North 22,730 | 32,683 0.077
Longitude, deq East ~49, 388 54.709 5.321   
*Based on a spherical earth of radius 6,378,165 km (3.443.934 0 ni).
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SECTION 5

$-1C PROPULSION

5.1 SUNMARY

The S-IC propulsion system consists of the engines, oxidizer system, fue
system, pneumatic contrel pressure system, and the camera ejection and
purge system. Five F-1 engines provide the thrust to propel the Saturn ¥
jaunch vehicle during first stage boost. The F-] engine is a single-start
6,770,198 Hlewton (1,322,000 IbF} Fixed-thrust, bipropetlant. rocket. systen
using liquid oxygen as the oxidizer, and RP-1 as fuel, turbopump bearing
coolant, and contral systen fluid, Liquid oxygex is stored in @ cylindri-
cal tank having a capacity of 1342 m3 Tay aoe ft2), allowing for a usable
oxidizer supply of 1,489,960 kilograms (3,284,000 ibm}. RP=1 {kerosene}
fuel is stored in a tank having a capacity of 827 m3 (29,221 ft3}, ai low-
ing for a usable fuel supply of 646,823 kilograms {1,426,000 bn}
Pressurized Gaseous Nitrogen (Gtp) is used as a source of pneunatic
pressure for propellant system yalve actuation and engine purging. During
flight, GNis used to purge the film camera and televis‘on canera Tenses
and to eject the Film cameras

S-IC propulsion systems performed satisfactorily. In general, all perform-
ance flight data as determined from the propulsion reconstruction analysis
fell close to the nominal predictions. Average engine thrust reduced to
standard sea level conditions from 35 to 38 seconds was 0.20 percent lower
than predicted. Average reduced specific inpulse was 0.10 percent lower
than predicted, and reduced propellant consumption rate was 0.07 percent
Tess than predicted.

The vehicle first longitudinal structural mode frequency coupted with
the engine response to the oxidizer suction lines resonant frequency within
the 110 to 140 second periad. This resulted in a vehicle longitudina
oscillation termed "POGO"

Inboard Engine Cutoff (IECO) {solenoid activation signal) occurred 0.1
seconds later than predicted. Outboard Engines Cutoff (0LCO) occurred
0.85 second later than predicted, primarily due to lower than predicted
average fuel flowrate. An intentional fuel level cutoff of the outboard
engines was planned and attained, demonstrating the adequacy of this
cutoff mode, An inboard engine LOX level cutoff was planned and attained,
demonstrating the adequacy of this cutoff mode
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Tae usable LOX residual at OECO was 11,873 kilograms (25,725 ibm} of LOXcompared to the usable 2544 kilograms (18,837 Tbmj predicted and theusable fuel residual at OECO was zero, as predicted. The higher thanexpected LOX residual was primarily due to a slightly higher than expectedloading mixture ratio.

All the subsystems except the camera ejection system and the controlpressure system performed as expected. The camera ejection systemejected only one of the four film cameras. It appears that the systempheumatic supply pressure tubing failed during S-IC/S-11 separation.The con2rol pressure system performed satisfactorily during powered flight.After separation, however, the sphere pressure decayed unexpectedly. Thisdecay may be due to a fai‘ure of the pneumatic lines to solencid valvesthat control the LOX vent and relief valves. the planned correction forboth of these problems on S-IC-3 and subsequent stages will be the sub-stitution of stainiess steel tubing for the alumirum tubing that was usedon S-IC+1 and S-IC-2.

5.2 S-IC IGNITION TRANSIENT PERFORMANCE

The fuel pump inlet preignition pressure and temperature were 30.4 W/cm?(44.1 psia) and 274°K (33°F), respectively. These fuel purp inlet condi-tions were within the F-1 engine mode? specification limits (start boxrequirements) as shown in Figure 5-1. The preignition temperature at thefuel pump inlet was corsiderably jewer than the fuel bulk temperature of294°k (70°F). Similarly, fhe LEX pump inlet preignition pressure andtemperature were 56.4 Nyem? (86.4 psia) and 96°(-287°F), respectively,The LOX pump inlet conditions were also within the F-1 engine modelspecification Timits as shawn in Figure 5-1. The fyel and LOK ui lage
pressures were 15.1 N/cmé (27.7 psia) and 17.2 N/emé (24.9 psia),
respectively, at ignition,

The engine startup sequence was normal, A 1-2-2 start was planned andattained. Engine position starting order was 5, 1-3, 2-4. Two enginesare considereg to Start together if their combustion chamber pressuresreach 69 N/cm® (100 psig) in a 100-millisecond time period. Figure 5-2shows the thrust buildup of each engine indicative of the successfulJ-2-2 start. The major events during engine startup sequence are listedin Table 5-1.

The best estimate of propellants consumed during tie oeriod between ignitionand hotddown arms release were 38,901 kilograms (85,/65 Ibm) as compared
to 38,923 kilograms (85,810 Ibm) by the reconstruction analysis. These
consumptions are more than tho predicted consumption of 38,846 kilograms(85,643 Ibm). The more than predicted holddown consumption resulted inbest estimate liftoff propellant loads of 1,398,599 kilograms (3,083,382Tbm) for LOX and 600,604 kilograms (1,324,104 Ibm) for fuel.
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Figure 5-1, S-IC Start Box Requirements
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Table 5-1, S-IC Stage Engine Startup Event Times
 RANGE TIME, SECONDS
 

 

 

EVENT engine tT evetne 2 [ENGINE 3

|

enaine 4

|

ENGINE ©
Start Solenoid Energized

|

-5.949

|

5.979

|

3.739 489

|

5.959MLV 1 Starts Open -5.7e7

|

-§lait -5.587 1381 “5.811MLY 2 Starts Onan 5.793

|

-5'827

|

“81579 85

|

$8997

 

Thrust Chamber Ignition -2.600 =2.430 -2.760 no -3.020    

     
NEV 1 Starts Open 320659 22.281 -2/617 265 ~2:88§MEV 2 Starts Doen -2.681 -2.289 253 “Bea?Final Thrust OK 693

|

11287 2313 -1.985AT] Engines: Running Vast      Launch Commas O15
  NOTE: Times taken from data sampled 500 times per second.
  

Bea



5.3 S-TC MAIN STAGE PERFORMANCE

The F-1 engine has a single bellshaped thrust chamber with an expansio
area ratio of 10:1. The thrust chanber is cooled regeneratively by fue
which passes through tubes thet form the thrust chamber wall. A double
wa‘ led extension nozzle, utilizing turbopump turbine exhaust gases far
inner wall coolant, is used to increase the expansion area ratio from
10:1 to :6:1. The propellants are supplied to the thrust chamber by a
direct drive turbopunp driven by exhaust gases from a gas generator.

Two analytical techniques were employed in evaluating S-IC stace propulsion
systen performance. The primary method, propulsion reconstruction
analysis, utilized telemetered engine and stage data to compute longitu
dinal thrust, specific impulse, and stage mass flowrate. Ir the second
method, Flight Simulation, a six-degree-of-freedom trajectory simulatio
was utilized to ft propulsion reconstruction analysis results to the
trajectory. Using a differential correction procedure, this simulation
determined adjustnents to the reconstruction analysis of thrust and mess
flow histor’es to yield a simulated trajectory which closely matched the
observed postflight trajectory. $-IC stage propulsion performance, as
determined by reconstruction was completely satisfactory.

Performance parameters compared weli with the nominal predictions over the
entire flight as shown ‘n Figure 5-3.

Average engine thrust, reduced to standard sea level conditions, at a 35 to
38 second time slice was 0.20 percent lower than predicted, as shown in
Table 5-2, Individual eng'ne deviation from predicted thrust ranged
from 0.86 percent lower (engine No. 2) to 0.33 percent higher (engine No
4). Average engine specif'c ‘mpuise was 0.10 percent lower than predicted.
Individual engine deviations fron predicted specific impulse ranged from
0.30 percent lower (engine No. 2} to 0.04 percent higher (engines No. 7
and 4).

Reduced to sea level ambient pressure, the stage average longi tudina
thrust for the Flight from propulsion reconstruction was 0.53 percent
Jower taan predicted, wii ui. ..j. w.-,dge longitudinal specific imputse
as reconstructed was 0.17 percent higher than predicted

Flight simulation showed that the stage average specific impulse was 0.68
percent greater than predicted. The flight simulation results were used
in an attempt to explain the time and velocity deviations at OECO. To
explain the velocity deviation, an error analysis was made to determine
tne contributing parameters and the magnitude a* the velocity deviat’or
caused oy each of these parameters. Table 5-3 lists the various error
contrioutars and the cutoff velocity and time deviations assoc‘ated with

eacn.
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Table 5-2, S-I¢ Engine Performance Deviations
 

 

 

 

 

    
   

PARAHETER evgive preoic~en reconstruction| pevraricn avzRAGE
ANALYSIS Percent CEvIATION

PERCENT

1 e738 (1518) szgr (sia) 9.26
Thrust 2 6752 (1518) 6695 (1808) -0.86

3 3 3 678e (1525) 6766 (1521) -0.26 20.26
10? N (10? IF) 4 6699 41504) ane (150 | 9-33

5 6761 (1520) 6730 (183) -0.88

Specific Impuise 1 [2576 (262.7) 2577 (26a a)) 9.08
2 |2598 (26479) 2590 (264.1)

Nes/kg_ (1bF-5/Tom) 3 [ees (284-2) 2585 (263.7) -0.10
4 [2580 (263-1) 258) (263.2)
5 42690 (264-1) |2588 (263.9)

1 2016 (5765) 2set (5779) 0.23
Total Flowrate 2 2598 (5728) deae (S702) -0-45

3 zene (5772) 2616 (5768) -0.97 0.07
ka/s (ibys) 4a 2593 (5716) 2600 (5733) 0.30

5 2610 (5755) 2601 (6738) |-0.36

1 2.27 227] 9.0
Mixture Ratio 2 2.26 228] 9.00

3 2:24 2.23] 0.45 -0.002
Lox/Fuel 4 2.27 2.28] 0.48

5 2.27 227] 0.0

NOTE: Analysis was reduced to standard sea level conditions (standard pump
inlet conditions} at liftoff plus 35 to 38 seconds    

Table 5-4 presents a summary of the flight sinulation results, reduced t
sea level ambient pressure conditions, on the average values and deviations
OF longitudinal thrust, propellant flowrate, and vehicle ‘ongitudina
specific impulse.

The vehicle first longitudinal structural node frequency coupted with
the engine response to the oxidizer suction I‘nes resonant frequency
within the 110 to 140 second period. The S-IC stage engines exper‘enced
chamber pressure oscillations building up to a maximum at approximately
125 seconds of 5.5 to 6.9 N/emé (8 to 10 psid} peak-to-peak. The "POG"
phenomenon is discussed in detail in paragraph 9.2.3.1

5.4 S-IC ENGINE SHUTDOWN TRANSIENT PERFORMANCE

Inboard engine cutoff was initiated by LOX Tevel indication and occurred
at 144.72 seconds (solenoid activation signal). Outboard engine cutoff
was initiated by fuel level and occurred at approximately 148.41 seconds
(start of Time Base 3 [T3]). This was 0.85 seconds later than the
predicted time of 147,56 seconds, The late OECO was primarily caused by
lower than predicted average fuel flowrate.



Table 5-3, S-I€ Velocity and Time Deviation Analysis at OECO
(Simulation versus Predicted)

 

VELOCITY DEVIATION (EARTH-FIXED)
 

DEV. (AC7-PRED]CONTRIBUTING ERROR FACTORS WY bn/s}

(0.16 Percent) -10.63
 

Liftoff Weight Increase.........

  

 

Total Propellant Flowrate Decrease., (0.68 Percent} -20,82
Axial Force Coefficient Difference 6.02
Meteorological Data Difference - 8,92
Late 1&C0 2.93
Late OEco 38.68

Total Contribution 7.56
Observed 7,73
Difference (Observed - Total Contribution) O17
 

TIME DEVIATION
 

 

DEV. (ACT-PRED)CONTRIBUTING ERROR FACTORS at {eee}

Tnittal Fuel Undertoading......0s.0..s (2369 kg} = 0.60
Fuel Flowrate Decrease 1.88
Late 1£C0 - 0.08
Residual Differences..........ee-ceeeeaee (30 kg) - 0.0) 

Total Contribution
Observed
Difference (Observed - Total Contribution)    

 

 

Thrust decay of the F-1 engines is shown in Figure 5-4, The decay
transient was normal. The oscillations which occur near the end of
“taitoff" are characteristic of the engine shutdown sequence.

The total stage impulse from OECO to separation was indicated by engineanalysis to be greater than predicted, Telemetered guidance data alsoindicated the cutoff impulse was greater than expected, as shown inTable 5-5. These deviations are within the acceptable range consideringthe difference between the actual and predicted vehicle mass.

5-8



 

Table 5-4. Comparison of S-IC Stage Flight Recanstruction Data
With Trajectory Simulation Results
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Figure 5-4, S-IC Engine Shutdown Transient Performance
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Table 5-5. S-IC Cutoff Inpulse
 

 

 

    

PERCENT DEVIATION
FLIGHT FROM PREDICTED

PARAMETER PREDICTED ENGINE. GUID. DATA ENGINE. GUID. DATA

Cutoff N-s 8,975 026 10,765 582 9,141,331imputse (Ibf-s)

|

2,017¢686

|

21277;351

|

2057053

|

19-84 13
Velocity m/s 30.89 13.14 VAIncrease (ft/s) 35.73 ay 36.65

|

70-66 | 2.87    
5.5 S-IC STAGE PROPELLANT MANASEMENT

S-IC stage uses an open oop method for achieving Propellant Utilization(PU). The propellants loaded were 2123 kilograms (4681 Ibm) greater thanpredicted for LOX and 2369 kitograns (5224 Ibm) less than predicted forfuel. This loading resulted in the destred propellant level cutoff
signals. Since the S-1C stage uses an open loop method for achieving
propellant utilization, the usable propellant residual deviations are theresult of propellant loading and perfarmance prediction inaccuracies
A summary of the propellants remaining at major event t'mes is presentedin Table 6-8 and tne residuals are presented in Table 5-7. An inboardengine LOX level cutoff was planned and attained, denonstrating theadequacy of this cutoff mode. An intentional fue? leve: cutoff of theoutboard engines was planned and attained, demonstrating the adequacyof this cutoff mode.

5.6 S-IC PRESSURIZATION SYSTEMS

5.6.1 S-I0 Fuel Pressurization Systen

Tae fuel pressurization system maintains sufficient fuel tank uliagepressure to meet the minimum Net Positive Suction Pressure (NPSP) require-ments of the engine fuel turbopump during engine start and flight. Inaddition, this system helps provide fuel tank structural cepability by
keeping a positive pressure head at ali points instde the tank. Thefuel tank is provected from overpressurization with a pressure reliefsystem design which requires a double failure mode to occur to exceedthe tank design pressure, Before engine ignition the fuel tark i
pressurized with heliun from a ground source. During flictt, the tank ipressurized with gaseous helium obtained by using the F-1 engine heatexchanger to heat helium which is supplied from storage bottles locatedin the LOX tank, The helium pressurization system satisfactorily
maintained the required ullage pressure in the fuel tank during flight.
The HeTium Flow Controi Valves {HFCV) opened as programmed and the fifthflow contro] valve was not required. In Section Z, Event Time Tables,these valves are designated "Fuel Pressurizing Valves.” The heat
exchangers performed as expected



Table 5-6.
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PROPELLANTS PREDICTED ACTUAL DEVIATION

LOX RESIDUALS *

Usable Mains tage kg 544s 11,673 3129
(ton)

|

18,837 25,735 6898
Tarust Decay and kg 14,978 14,978 0Unusablew (ibm)

|

33,020 33,020 o

FUEL RESIDUALS

Usable Mainstage kg 0 Q 0
{1b} a a 6

Thrust Decay and kg 11,202 11,305 103Unusable (bm)

}

243698 24,924 226

* Does not include GOX pressurization gas.
** LOK bias,

Includes 150 kiTograms (330 1bm) in LOX interconnect lines
and 14,826 kitograms (32,690 Ibm) in LOX suction ducts.
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The low flow prepressurization system was commanded on at -96.87 seconds
and performed satisfactorily, providing ullage pressure as shown in Figure
33.

The fuel high flow prepressurization supply valve of the Ground Support
Equipment (GSE) was opened at -1.34 seconds and maintained the ullage
pressure within the band, At 0,82 seconds the to. 1 HFCY of the onboard
pressurization system was opened. The flow overlap between the onboard
and the prepressurization systems seen on AS-501 did not occur for this
flight. HFCY No. T was signalled to open by umbilical disconnect énstead
of launch commit, eliminating the flow overlap between the two systems,
HFC¥'s No. 2, 3, and 4 were commanded open by the switch selector within
acceptable times as shown in Table 2-3. These flows held the ullage
pressure within the operating band as shown in Figure 5-6, The fifth HFCY
was not required to operate since ullage pressure was maintained above
the fifth HFCV switch actuation pressure. Helium bottle pressure as shown
in Figure 5-7 stayed within expected limits. The heat exchangers performed
within the expected performance Vimizs,

   

     
  

 

 

 

   
      

 

     
 

 

                

ze : 7H

2 To
PREPRESS SHETCH SAND] 2

~ 4]é AS-S01 FLIGHT 9 =
= 4 .3 5 3-602 FLIGHT OATA 7
5 7 ——T g

= VY START Low FLOM PREPRESS, -96.87 &
ar W LOW FLiy REPRESS VALVE CLOSE “ON”, -61,78 22 1 HicH FLOs PREPRESS SUPPLY Val 20
3 OPEN MOK tes :
g ZF caunen comm, c.12 a= az SIC UMBILICAL OISCOMNEET, 0.74 4 eHFCY NO. T OPEN "ORM, 0.82

| : 16
10 te

y

& Y 4 1%
120 ~180 “80 ~60 =a -20 0 20

RANGE TIME, SECORDS
NOTE: ALL TIMES REFER “D AS~SU2 DATA

TIME ASE FOR AS-501 AND AS-502 DATA 1S NOT THE SAME

Figure §-5. S-1¢ Fuel Ullage Pressure During Countdown
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5.6.2 S-IC LOX Pressurization System

The LOX pressurization system provices and maintains sufficient LOX tank
ullage pressure to meet the minimum NPSP requirements of the LOX turbo-punp during engine start and flight, In addition, the pressure provide:additional LOX tank structural capability by keeping a positive pressure
head at all points inside of the tank, ‘This system also protects the LOXtank from overpressurization. Before engine ignition, the oxidizer tankis pressurized with helium from a ground source. During flight, thetank pressurization is accomplished with Gaseous Oxygen (60x) obtained byusing F-1 engine heat exchangers te convert oxygen from liguid to gas
Tre LOX pressurization syster performed satisfactorily and al] performancerequirements were met. The ground prepressurization system maintained
ullage pressure within acceptable Imits until launch commit. The onboard
pressurization system subsequently maintained utlage pressure within the
GOX Flow Control Yalve (GFCV) band during the flight. The heat exchanger:
performed as expected.

The prepressurization system was initiated by opening of the ground supplyvalve at -66.65 seconds. The ullage pressure increased until it enteredthe switch band zone which resulted in terminating the flow at approxi—
mately -58.84 seconds. The ullage pressure increased approximately
1,34 N/em@ (1,95 psi) above the prepressurization switch setting to
18.78 N/em2 (27.2 psia). This overshoot is similar to that seen on AS-SU1

The LOX tank ullage pressure history is shown in Figure 5-8. Duringflight, the ullage pressure was maintained within required Timits by taeGFCV throughout the flight and followed the anticipated trend. The SFCY
reached full open at 120 seconds and remained open until tha end ofFlight. The maximum GOX flowrate during ful] open aosition of the valve
was 25.85 kg/s (57 lbm/s). After IECO, the 30X flow requirements for theremaining four engines increased until SECO.

5.7 S-IC PNCUMATIC CONTROL PRESSURE SYSTIM

The pneumatic control pressure system uses pressurized GN2 as a source ofpneumatic pressure for propellant system valve actuation and enginepurging. GNz is supplied by a groud source to the stage Gp fill system
and to individual ground controlled, stage pneumatic valves during
stage systen test, checkout, static firing, and prelaunch operations
late in the prelaunch operation, the stage GN> system fs charged +o
flight storage pressure. The pneumatic control pressure system on theS-IC stage performed satisfactorily during the 148 second flight. The
actual pneumatic control regulator outlet pressure measured 521 N/cmé(758 psia) as shown in Figure 5-9, The contro] pressure system succeededin actuating the orevalves after engine cutoff. “All inscrumented pre-
valves indicated closed positions.
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Figure 5-8. S-IC LOX Ullage Pressure



The control sphere pressure decreased to 1793 V/cm? (2690 psia) during
prevalve actuation and then leveled off for about 2 seconds as shown
in Figure 5-10, At this time, approximately 157 seconds, the sphere
pressure started decaying rapidly. It is suspected that the pneumatic
Vines to the solenoid valves that control the LOX tank vent and relief
valves burst during the severe enviroments imposed by $-IC/S-IT
separation. A thermal analysis of the preumatic lines was conducted
assuming twice the design separation environment. ata from AS-591 and
AS-502 flights indicate that the separation environment may be of this
magnitude.” The thermal study indicated that tre 6061-T6 aluminum tubing
would reach a temperature of 739°K (870°F) 3 seconds after separation.
With a 517 N/cm@ (759 psia) pressure in the lines, the ultimate stress
of the lines is exceeded at 544°K (700°F). Flow analysis indicated that
a broken line would have a maximum flowrate of 0.087 kg/s (0.147 lom/s},
while the average flowrate out of the sphere was 0.086 kg/s (0.19 Ibm/s},
The difference between these two values is attributed to fuel tank vent
valve cycling and other system demands.

ECP 441 has been approved and the 6061-T6 aluminum lines to the solenoid
valves that control the LOX tan< vent and relief valves will be replaced
with stainless steel lines for AS-303 and subsequent vehicles. This
will eliminate the possiaility of line rupture due to high temperatures.

8.8 S-IC PURSE SYSTEM

The turbopump LOX seal, gas generator actuator housing, and radiation
calorimeter purge systems performed satisfactorily during the 148 second
flight. The LOX dome and Gas Generator (G3) LOX injector purge system
also met al7 requirements.

5.9 S-IC CAMERA EJECTLON AND PURGE SYSTEM

The camara ejection and purge system utilizes GNz to perform its funct‘on
during flight. The GN ts Supplied by a ground source to the onboard
system, During Flight Gp from the system's storage sphere is used to
purge tne separation viewing cameras lenses, to eject the two separation
viewing cameras,and to eject two LOX viewing cameras, A schemat’c of the
camera ejection system is shown in Figure 5-11,

Tne system ejected only one of the four film cameras. “he canere frame
rate measurement for separation camera No. 1 went to zero at 174,25
seconds, indicating ejection of that camera. Frame rates for the remain-
ing three cameras did not change, indicating that there was neither
ejection nor sufficient motion of the capsules within the ejection tubes
to disconnect the electrical plug.

A study of possible system failure modes was conducted to determine the
most probable cause of failure. These analyses indicate the most
probable reason for failure to eject three of the four cameras was
inadequate bottle pressure at ejection command due to failure of the
purge system Hine very near the purge systen soleno‘d valve (see
Figure 3-11).
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No flight measurement of bottle pressure was made. Ground measurements
showed bottle pressure to be 1688 N/cm@ (2450 psia) just prior to
liftoff. Figure $-12 shows the minimum predicted sphere pressure for
normal operation compared to the predicted pressure assuming failure of
the purge line.

If the system operates normally, bottle pressure at ejection command is
approximately twice that required for camera ejection as demonstrated
by ground ejection tests. However, with a purge line failure, bottle
pressure at ejection command would be below the required pressure for
ejection,

The following improvements to the camera ejection system have been
proposed:

a. The aluminum purge system lines in tre vicinity of the suspected
fat lure will be replaced with stainless steel lines.

b. The lines in this same area will be redesicned and provided with
‘mproved supports to reduce the probability of vibration darage.
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Figure 5-12. S-IC Predicted Camera Ejection and Purge Sphere Pressure

&. Cabling to the thrusters which open the camera doors will have
additional insulation instalied as protection from S-I] ullage motor
heating.

a, Flow balancing orifices in the purge system will be relocated closer
Lo the purge solenoid vaive to prevent excessive bottle blowdown
in the event of purge line breakage downstream of the orifices

e. Orifices will be added to the ejection lines. In the event that one
of the ejection lines fails, suffictent pressure will be maintained
in the second I*ne for ejection of two of the cameras.
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SECTION 6

5-11 PROPULSION

6.1 SUMMARY

Tae 5-11 oropulsion system consists of five stngle-start liquid
bivropellant J-2 engines, Liquid Oxygen {1.0%} and Liquid Hydrogen (LH2}
propellant systems, propellants management, pressurization, pneumatic
control pressure, recirculation and camera ejection systems, The f've
engines are functionally independent but are clustered and controlled
to form an integrated mainstage propulsion systen for the $-IT stage.

The S-IE propulsion system performed satisfactori*y during the first 169
seconds of operation following Engine Start Command (ESC). Engine thrust,
as determined by reconstruction analysis and telemetered propulsion
measurements at 60 seconds after ESC, was only @.43 percent below pre-
diction, Total propellant flowrate was 0.53 percent below and specific
impulse 0.08 percent above predéctions at this time slice.

At 319 seconds a sudden performance shift vas exhibited on engine Na. 2
with thrust decreas’ng approximately 33,806 Newtons (7600 Ibf). The
engine continved performance al the reduced level until 412.3 seconds.
By 4:2.92 seconds the dropout of thrust OK switches indicated engine
No. 2 cutoff, and at.414,18 seconds engine fo. 3 also cut off. Postflight
evaluat‘on of telemetered date led to the conclusion that the ergine
No. 2 Augmented Spark Igniter (ASI} fuel line failec ard ultimately
caused failure of the engine. Since the flight, testing at Marshal
Space Flight Center (H5FC} and the engine manufacturer's facility has
substantiated this conclusion. The testing reveals that an axidizer
rich mixture, caused by a fuel leak, creates very high temperatures and
rapidly erodes the injector. Because of tris erasien the LOX dore of
engine No. 2 eventuelly failed, opening the LOX high pressure system and
causing Engine Cutoff (ECQ). A madification of the ASI propellant feed-
lines (both fuel and LOX) and their installation is being accomplished.

Interchanged Lt.! prevalve control wiring connections between engines
Ro. 2 and 3 celenoids caused the premature cutoff of engine Ko. 3.
When engine Ko. 2 cutoff the LOX prevalve on engine No. 3 was commanded
closed. Ar individual checkout of the prevalve wiring during prevalve
timing checks is planned for future vehicles.
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S-II burn time, from engine ignition (Start Tank Discharge Valve [STDV
open) to ECO (start of Time Base 4 [Tg]) was 425.31 seconds which 457.81 seconds longer than predicted. The extended burn tine was causeby the premature cutoff of engines No. 2 and 3, Loss of the two encinesreduced propellants consumption approximately ¢0 percent and requireda longer burn time to reach propel lants-depletion
The propellants management subsystem met all perfcrmance requirenentsHowever , the Propellant Utilization (PU) mixture ratio step, as sensedby the Launch Yehicle Digital Computer (L¥DC), occurred 77.23 seconds
later than predicted after ESC because of the two engines out conditionPropellant Toadirg was .48 percent above the predicted. Residual propellants remainirg in tanks at ECO were 3412 kilograms (7523 Ibm) con-pared to the prediction of 3264 kilograms (7195 Ibm), with no 0.5 secondtime delay incorporated, The discrepancy in residuals was caused byJiguid level measurement errors that developed from "tilted" liquidlevel surfaces after engines No. 2 and 3 cutoff,
The performances of the LCX and LHg tank pressurization systems weresotisfactory. The premature loss of twa engines supplying GOX throughheat exchargers to the LOX tank caused the ullage pressure to decreasebelow the regulator band late in the flight. LOX pump fnlet NetPositive Suction Pressure (NPSP), however, was more than adequate
throughout the flight.

The engine servicing system operated satisfactorily with the exceptionthat the engine start tanks were chilled more than expected but withinrequired limits. The exact cause of these low temperatures is notknown, However, detailed analyses are being conducted of tre GroundSupport Equipment (GSE) LHz heat exchanger and engine vurge and loadingoperations in order to isolate the problem.
Both LHz and LOX recirculation systems performed satisfactorily andmet the required engine pump inlet and/or discharge conditfons at ESCHowever, there were soma deviations of the Liz oump inlet temperature:and the LOX pump discharge temperatures pricr ta ESC. Potentialsysten changes being considered at this time for AS-503 include improve-ments to the LH2 system insulation and increased helium flow from theLOX helium injection system.
6,2 S-II €HTLLDOWN AND BUILDUP TRANSIENT PERFORMANCE

During the S-IC boost phase the LOX and Liz recirculation subsystems,shown in Figure 6-1, chill the ducts, turbopunps and ather engineComponents. Prior to engine start the recirculation systens areshut down. This opens the LH prevalves, shuts down the LH, recirculationPumps and stops LOX helium (He) injection, Engine start signal is thenreceived by the engine electrical controller which causes the propellantvalves to open in the proper sequence, The contro’ler also energizespark plugs in the Gas Generator (66) and thrust chamber, ignites the
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propellant and also causes Gaseous Hydrogen (GHz) to be released fron
the start tank. Giz provides the initial drive for the turbopumps which —-
deliver propeTiant to the G6 and the engine. After propellant ignition,
gas generator output accelerates the turbopumps and engine thrust in-
creases to main stage operation at which time the spark plugs de-energize
and the engine is in steady-state operation.

The engine servicing and recirculaticn operations were performed
satisfactorily although there were sore deviations. Thrust chamber
temperatures, as shawr on Figure 6-2, Tie near the cold edge of the
prediction band and are approximately 5.6°K (10°F) colder than for
AS-501, Engine servicing procedures and the GSE LHp heat exchanger are
being evaluated to determine the cause for the low temperatures.
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Thrust chamber warmup rates during the S-I€ boost ranged from 8.7 to
12.5°K/min (15.6 to 2?.4°F/min) and closely paralleled the predicted
rate. These warmup rates were nearly the sane as those experfenced on
AS-501, confirming the conclusion that AS-501 results should be con-
sidered "normal". The AS-501 report recownendation to accommodate the
warmup rate was satisfied and the maximum allowable engine start
temperature was increased fron 161 to 172°K {-170 to -159°F). Thrust
chamber temperatures at engine start ranged fron 125 to 138°K (-235 to
-210°F), well within the 82 to 172°K (-300 to -150°F} requirement.

Roth temperature and pressure conditions of the J-2 engine start tank:
were within the required prelaunch and engine start boxes. The range
af data points were near the cold temparature and high pressure side
of the boxes as shown in Figure 6-3. Shilldown temperatures ranged
from 90 to 105°K (-298 to -271°F}, (lower than predicted), and analyses
are being conducted to determine the reason for increased chilling.
Start tank pressures, 898 to 815 N/cm® (171 to 1180 psia), were lower
than for AS-501, as planned. The lower pressures were intended to
increase tank temperatures but the increased chilldown offset this
planned increase.

STAI TANK “ESPERATURE, *F
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Prelaunch start tank warmup rates ranged from 16.1 to 19.0 K/cw2/min
{23.4 to 27.5 psi/min) and 1.1 to 1.9°</min (2.0 to 3.8 Egmin) The
warmup rates during the S-IC boost were 10.0 to 14,8 N/cmé/min (14.5 to
21,4 psi/min) and 0.9 to 1.6°K/min (1.6 to 2.6°F/min). These rates are
higher than experienced on AS-501 and are the result of very cold initial
start tank temperatures. Engine No, @ start tank indicated a considerably
lower warmup rate and it is suspected to have had a small leak. During
S-II engine operation, the start tanks refilled as designed, However, at
approximately 413.5 seconds engine No, 2 start tank pressure started to
decay probably caused by the failure of the start tank refill line.

A change to the start tank servicing system is being considered which
woutd increase the launch facility start tank vent system Tine size
from 2.54 to 3.81 centimeters (1 to 1.5 in.) from the stage umbilica
to the main vent line, This would increase start tank temperatures
approximately 11.1°K (20°F)

All engine helium tank pressures were within the required prelaunch and
engine start limits. At -276 seconds, engine No. § helium tank pressure
decreased below tha redline of 2000 N/em@ (2900 psia) to a minirun of
1985 N/cm2 (2884 psia), At -240 seconds, the pressure increased to
2035 N/cm@ (2950 psia); this was caused by erratic operation of the
GSE pressurization regulator,

Helium tank temperature during prelaunch chilldown ranged fror’ 103 to
0°K {-274 to -263°T), approximately 7°K (12.6°F) lower than those
exhibited on AS-501, Engine servicing procedures and the GSE LH2 heat
exchanger are being evaluated to determine the cause of these Tow
temperatures.

during tae S-IC boost the heliym tank pressure increase due to warmup
rates was aooroximately 4 N/cme {3.8 pst) higher than that for AS-501;
the rates were 21.9 to 39.2 N/cmé/min (31.8 to 56.7 psi/nin}.

The Liz and LOX recirculation systems performed satisfactor’ly. At S-I
ESC the predicted engine pump inlet conditions were obtained as shown on
Figure 6-4. However, during prelaunch operations difficulties were
experienced in maintaining engines Ho. 3, 4 and 5 purip discharge temperatures
below the launch redlines. As shown in Figure 6-5 the LOX pump d’scharge
temperatures of engines No. 3 and 4 and the LH2 punp discharge temperature
on engines No. 3 and 5 were above the prediction bands most of the Lime
from -210 seconds unti? just before ESC at 149.76 seconds. These same
difficulties were experienced during the Countdown Derionsiration Test
(CDOT) at which time it was demonstrated thar these temperature:
decreased substantially after tank pressurization. Accordingly, the
CDDT prelaunch maximum temperature redlfne for engines LOX pumps
discharge was increased From 96.5 to 97.6°K (-286 to -264°F} and the
time was changed from between ~100 and -50 seconds to @ constraint at
-22 seconds, Similarly, the maximum LH7 pump discharge temperature redline,
between -52 and -30 seconds, was changed to a constraint at -30 seconds
and increased from 21.8 to 22.3°K {-420.5 to -419.5°F] for engine No. 5
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providing that a cooling trend prevails. Engines No. 1 through 4 red~
jane limits were maintained at 21.8°K (-420.5°F) maximum but changed to
a constraint at -22 seconds. Recaimended changes to the LOX recircuta-
tion system are presented in paragraph 6.9. Changes under consideration
for the LH2 recirculation system are:

a. Insulate all bare flanges of the LH2 return manifolds.

b. Provide additional insulation cn J-2 engine carpanents.

c. Retrofit improved evacuatior valves cn the LH2 feed and
vecirculatior vacuum jacketed lines.

The thrust buildup profile of each J-2 engine is shown. in Figure 6-€.
All engine performance parameters were within the predicted thrust
builcup envelope. Majer engine start event times are summarized in
Table 6-1. The S-I] stage engine start was commanded by the LOC at
149.76 seconds and the engine buildup trensient conmenced at 151.02
seconds (average) when the STDV opened. S-1I mairstage, average time for
engines to reach 90 percent thrust, occurred at 153.08 seconds, 2.06
seconds after STDV. The engine thrust levels stabilized between
870,000 and 900,000 Newtons (195,500 and 202,200 Tbf,; prior to PU system
activation at 155.26 seconds.

Table 6-1, S$-II Engine Start Sequence Events
 

TIME OF EVENT IN RANGE TIME, SECONDS

EVENT ENGINE 1] ENGINE 2] ENGINE 3

|

ENGINE 4) ENGINE 5
 

 

Engine Start Conmand

|

149.76

|

149.76

|

149.76

|

149.76

|

149.76

 

Mainstage Control 150,98

|

150.98

|

150.98

|

150.98

|

150.98
Solenoid

Start Tank Discharge

|

151.020

|

151.026

|

151.01)

|

181.011

|

181.020
Valve Gpen

90 Percent Thrust 153.57

|

152.93

|

183.03

|

153.02

|

152.86
  Main LOX Valve Open

|

153.778

}

153.778

|

183.778

|

153.778

|

153.737

Nainstage OK 153.79

|

183.74

|

183.74

|

153.74

|

153.71        
6.3 S-11 MAIN STAGE PERFORMANCE

Each of the five J-2 engines is a nigh performance, 1,000,850 Newtons
(225,000 Inf) thrust rated engine, using LOX and Lig at a mixture ratio
of 5.5:1 (can vary to as low as 4.5 for the desired propellant utiliza~
tion at stage cutoff). It features a tubular wall, bell-shaped thrust
chamber (27.511 expansion ratio), and two independently driven, direct-
drive turbopumps powered in series by a single gas generator. After
the initial start transient the engines operate at a high mixture ratio
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Figure 6-6. $-I7 Engine Thrust Buildup

until Engine Mixture Ratio (EMR) shift. At this time the EMR is changedto the Reference Mixture Ratio (RMR) until ECO,

Tho analytical techniques were employed in evaluating $-11 stagePropulsion system performance. The primary method, propulsion recon-struction analysis, utilized telemetered engine and stage date toCompute iongitudinal thrust, specific impulse, and stage mass flowrate.The second method, flight simulation, utilized a six-degree-offreedomtrajectory simulation to adjust propulsion reconstruction analysisresults to fit the observed trasectory, Adjustments to the reconstruc-tion analysts of thrust and mass flow histories were deterrined using a
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differential correction procedure whick yiciced a simulated trajectory
closely matching the observed postflight trajectory.

Average engine thrust, as cetermineé from reconstruction analysis, at a
time slice of ESC +60 secords was 0.43 percent belcw credicted as shaun
in Table 6-2, Individual engine deviaticrs from predicted thrust rarge
from 1,36 percent lower (engire Ko. 2) to G.28 percent higher (engine
No. 3), Average engine specific imputse was 6.08 percent greater than
predicted. Indivicual engine deviatiors from predicted specific impulse
ranged from 0,02 percent fower (engine No, 4) tc 0.17 percent greater
(engine No. 3) than precicted. Predicted averace performance character.
istics of the S-II stace engine system are presented in Table 6-3 for
the total flight and for the righ ard reference mixture ratie burn times
Total flight averages ave considerably below predicticns because cf the
premature cutoff of engines No. 2 and 3. Durire the high mixture ratio
burn, however, average thrust and mass loss rate were only ¢.25 and
0.33 percent below the predicted, respectively.

Table 6-2. S-II Engine Performance Deviations (ESC + 60 Seconds)
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Flight simulation showed the stage time averaged specific impulse during
the high mixture ratio step operation to be C.09 percent greater than
predicted, in good agreemert with the recenstruction analysis. Detailed
results ere presented in Table 6-3.

The S-11 stage propulsion system perfornarce is presented in Figure 6-7.
A shift from normal performance occurred at approximately 319 seconds
The performance change is evidenced by a thrust decrease of 33,806 Newtens
{7600 bf}. This has been attributed to an ASI fuel line leak on engine
No. 2, At approximately 413 seconds a large step cecrease in stace
performance was evidenced by @ reduction of stage thrust to 3,002,536
Newtons (675,000 Tbf} and a change of propellants flowrate from 1213 to
730.3 kg/s (2675 to 1610 Ibm/s}. This abrupt change in performance
approximately 40 percent, was caused by the shutdown of engines No. 2
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and 3 and is discussed in subsequent paragraphs. Stage thrust dropped
below the predicted vatue for a two engines out condition after enginesHo. 2 and 3 cutoff. Approximately 33 percent of this performance loss
was caused by a reduction of axial acceleration that reduced engine LOX
inlet pressure but the remaining effect has not been determined et this
time. Analyses by the engine and stage manufacturers are in progress todetermine whether data was in error or if an engine/stage perfornance
deviation occurred. Current information indicates that 21] pressure
for engines No. 4 and 5 dropped excessively due to an instrumentation
bus change observed in a 47 ampere surge at the time of engines flo. 2
and 3 cutoff. Because of the low consumption rete of pranellants after
cutoff of the two engines the Prograumed Mixture Ratio (PNR) shift vas
delayed 77.23 seconds and was not sensed until 490,76 seconds, Tre tweengine out condition a'so extended burn time 57.81 seconds to 425.3
seconds with ECO, init‘ated by LOX depletion, sensed by the LYDC at
576,33 seconds.

A chronological list of events that arc believed to Fave led to the
failure of engine No. 2 are discussed briefly in Table €-4. Postflight
data analysis led to the conclusion that the ASL fuel line, shown in
Figure 6-8, had cracked at spproximatcly 228 secerds and continued to
leak progressively until 319 seconds. Since the flight, testing at
Marshall Space Flight Center (NSFC) ard the engine xanufacturer!
facility has substantiated this theory. The testing simulated an AS
fuel line failure by reducing tre fuel supply, creating an ASI 9.5 LOX/
Lg mixture ratio, The high mixture ratio produced abnormally high
temperatures in the main injectcr which caused severe erosion to occur,as evidenced in Figure 6-9. Further indications of the ASI fuel leak
are reflected by local decreases of engine compartment, engine instru-
mentation packages, anc engine ho. 2 hydraulic actuator return fluid
temperatures (discussed in paracraph 17.2) and evidence of cryogenic
impingement on the No. 2 yaw actuator pressure transducer, as discussed
in paragraph 8.3.

The first incicaticr of abnormal behavior was a gradual decrease in
cramber pressure ef engine No. 2 starting at 260 seconds. The rate of
decay was approximately 0.07 N/om2/s (0.10 psi/s}. At 318.9 second
there was a sudden change of engine No. 2 performance. At this time,fuel flowrate started to increase and was followed ty a general encineperformance decrease at 319 seconds as shown in Figure 6-10. The
irerease in fuel flowrate is probably due to thrust charber tube damage
resulting from injector debris produced by the high ASI mixture ratio
ogeraticn preceding this time, This damage resulted in the side loads
shewn by the actuator sP. MSFC testing demonstrated this type of tuse
bundle darage. Main thrust chamber pressure decreased 15.8 Y/ome
(22.9 psi) with proportionate reductions of pump discharge, main
injection and GG injection pressures. During this performance shift
however, fuel injection and turbine inlet tesperatures abnormally
increased indicating that a fuel Teak had developed betueen the flow-
meter outlet and the engine fuel manifold discharge. Following the
performance shift, engine No. 2 stabilized and continued oneration a



Table 6-4, S-II Engine No, 2 Performance Shift and Cutoff
 

RANGE TIME, SECONDS EVENT AND/OR PREVAILING CONDITION
 

225 Cryogenic leak in engine compartment indicated
engine compartment and engine to, 2 yaw
actuator return fluid temperatures began to
decrease (see paragraphs 17. and 8.3)

260 to 318 Chamber pressure decays at rate of 0.07 Nrem2/q
(0.10 psi/s}.

280 Cryogenic impingement on pressure trarsducer
believed ta have occurred, Engine No. 2 yaw
actuetor ¢P transducer indicatec ar abrormal
pressure ramp (see paragraph 8.3)

318.9 An increase in Lz flowrate occurred,

319 Engine No. 2 Lil flowrate ircreased and engine
performance decreasec; a tube bundle leak is
believed to have beer. the cause,

412.3 Ergire Ho. 2 chamber and fuel injection
pressures began a gradual decrease

412.6 Ergine compartment heating spike occurs {see
paragraph 17.3)

412.7 LOX come failed; the LOX high pressure system
opened and the engine performance decayed
rapidly.

42.9 Mainstage OK pressure switches deactivate when
LOX injection pressure decayed below switch
setting and initiated ECO sequence.     

the reduced level until 412.3 secords. Inmediately after this tire, a:
indicated in Figure 6-11, the LOX pump discharge pressure bagan to decrease,
followed by 2 rapid increase of LOX flowrate at 412.6 seconds, indicating
that the LOX high pressure system had failed. It has been concluded that
the LOX dome feiled from erosion caused by a hat oxidizer-rich ASI mixture
ratio, Failure of the LHz high pressure system was also indicated at
412.6 seconds by z large Flowrate increase, Engine failure was definitely
evidenced by the rapid decay of thrust chamber pressure, main LOX and
Lig injection pressures, and propellant pump discharge pressures at
412.7 seconds. Nainstage thrust OK pressure switches opened and
initiated an engine shutdown sequence at 412.92 seconds, These anomalies
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are apparently the effect cf the ASI system failure. As previously stated,
testing at NSFC has ropreduced the failure characteristics exhibited by
engine Ya. 2 and it Fas been concluded that the ASI fucl lire failure ¢i¢
indeec ritiate ergine he, 2 failure. [t has been reconmerded that the
ASI fuel line and installatior be improved by redesign

Other engire parameters that reflect the cutoff characteristics of engine
Ne. Z are show ir Figure €-12. Tre GG LOX and fuel inlet pressures
start to decrease rapidly at 412.7 secerds, This is the sane time that
the main LOX ard fuel irjecticr pressures similarly decayed.

Ergine Nc. 3 vas shutdown prematurely when its LOX prevalve was in-
advertertly closce by the shutdour. cf engire Ne. Z. The sequence of
events arc changes of engire parameters are showr in Figure 6-13. This
figure shows the cccreases in mair LOX injectior and thrust chamber
pressures arc LOX flowrate that resulted from the closure of the LOX pre-
valve. Approximately 0.60 second later, the engine No. 3 mainstage Ok
pressure switches actuated normally when the main LOX injection pressure
hac srepped to the switch setting band of 262 to 362 N/eme (380 te
525 peia

 

Engine No. 3 cutoff resulted from 2 wiring harness installation error;
the control harnesses for engines flo, 2 and 3 LOX prevalve solenoid
were interchanged. (Plug 206W17P7 was miscannected to receptable 206A50701
insteed of 206R508J1 end plug 206N17P8 was misconnected to 206850801.)
To prevent this from recurring the harnesses for subsequent stages are to
be cither reinspected and/or redesigned. Also, revisions to the engine
checkout program are to provide for individual engine prevalve timing
checkout since the simultaneous checkout of all prevalves currently
employed at KSC does not detect an error of the type experienced on AS-502.

6.4 S-1] STAGE SHUTDOWN TRANSIENT PERFORMANCE

The normal S-I] engine shutdown sequence is initiated by 2 LOX Tow level

indication, Five level sensors are located at the bottom of the propellant
tank and engine shutdown is initiated when any two probes of the LOX tank
detect a dry condition. This condition initiates the cutoff signe] and
causes the engine propellant valves to close in the proper sequence
resulting in engine thrust decay and the cutoff sequence is complete. &
similar system is provided for the LHp tank to provide for a safe shut-
down should LH depletion occur first.

S-I1 ECO for AS-502 was initiated by LOX liquid level and ECO was sensed at
576,33 seconds. This corresponds to 425.31 seconds of S-II stage burn
time. Engine cutoff transients for engines No. 1, 4, and 5 were norma
but engines No. 2 and 3 had cut off earlier at 412.92 and 414.18 seconds,
respectively. Thrust decay characteristics for engines No. 4 and 5 are
shown on Figure 6-14, Thrust decay rates satisfied separation requirements
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Stage engine thrust decay (including 2 best estimate of engine No. 1) ispresented in Figure 6-15. Thrust dropped from 2,354,744 Nevitons(529,370 Ibf) at ECO to 133,446 Newtons 130,000 lbf) (5 percent thrust)approximately 0.68 seconds Tater,

The shutdown transient performance, based on telemetered perfcrmarce data,was determined for the S-II stage. The calcuTatec total engire cutaffimpulse was 578,088 N-s (129.960 Ibf-s) which corresponds te an equivalentVelocity change of 2.74 m/s (8,99 ft/s). Comparisons of flight and pre-dicted values of cutoff impulse anc velocity change are presented inTable 6-6. Two reasons my be given to account for the large discrepanciesThe most significant reason is that the two engines out condition reducedthe 5-11 stage thrust approximately 4G percent, In addition, thrustverformance just prior to ECC was Tower than normal and is partiallyattributed to loner than normal accelerations. The remaining causes ofthis impulse ciscrepancy have not been identified at this time,
Table 6-5. S-II Cutoff Impulse
 

 

 

    

FLicHT PERCENT DEVIATION
PARAMETER PREDICTED (3_ENGTNES) FROM PREDICTED

(S ENGINES) Ewcrne [curo. vara

|

eweine] cura. nace
Cutoff Nes 1,161,742

|

578,088

|

423,049

|

-20.2

|

63.5Impulse (Thf-s)

|

°261,171

|

1237960

|

53286
Yelocity m/s 5.53 2.74 2.01 -30.5

|

63,7Tnerease (Ft/s) Tele 8199 6.59i     
6.5 S-IL PROPELLANT MANAGEMENT

The propellant management system controls Toading and engine mixtureratios (LOX to LH2) te ensure balanced consumption of LOY and LipCapacitance probes mounted in the LOX and Liz tanks monitor the mass ofpropellants. At PU activation (5.5 seconds after J-2 ignition) thesystem senses the LOX to LH2 imbalance and commands the engine to burtat the high rate engine mixture of 5.5:1, When the excess LOX is coneSumed the PU system then commands the engine to burn at a mixture ratioof 4.65:1, striving for simultaneous depletion cf LCX and LH2 formaximum stage performance,
The propellant management system satisfactorily performed the functionsOf propellant loading, mass indication, point sensor level indication,Propellant utilizattcn and programed mixture ratio operation.
The facility Propellant Tanking Control System (PTCS) functionedsatisfactorily during S-IE Toading and replenishment. The best estimatesOf liquid propellant mass in the tanks at [SC are 69,275 kilograms{152,726 tbm} Lig and 359,033 kilograms (791,532 Ibn} LOX based onFlowmeter integration and the masses. remaining at ECO. These provellant
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quantities were 0.7 percent more than predictec fer LOX and 0.31 percent
more than predicted for LH. Best estimate propellant masses at liftoff
were 0.48 percent above predicted values.

‘The "PU Activate" command was received and the FU valves stepped from the
hominal engine start position to the full-clesed pesition at §.5 seconds
after ESC as shown in Figure €-16, This provided a norinal EMR of 5.5
for the first phase of S-II Programmed Mixture Ratio (PHR). Upon shut-
down of engines No. 2 and 3 (approximately ESC +263 seconds} the PU valves
moved momentarily off the high EMR stop, returning at ESC +268 seconds
after an excursion of approximately 5 degrees. No change in EMR or
performance resulted since the PU valves are ineffective in this range
of travel, At ESC +312.3 seconds the PU valves gradually moved to a
position of -24 degrees at ECO, compared to a predicted value of -13,8
degrees. Extrapolation of PU error signal data indicates that this step
would have begun at ESC +268 secends under normal engine operation,
which is well within the predicted step tine of 250 450 seconds.
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Figure 6-16. S-II Stage PU Valve Position

Other than the temporary excursion that occurred at ESC +263 seconds,
the differences between the actual and predicted histories of PU valve
position were caused by the changes in liquid surface angle resulting
from the early shutdown of engines No, 2 and 3. The initial thrust
imbalance at engine failure caused the vehicle to pitch up. This caused
a sufficient decrease in the PU error signal to drive the PU valves off
the high EMR stop. The flight contro] system reacted to keep the vehicle
on course, the engines gimbaled to keep the thrust vector of the remaining
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three engines passing through the vehicle Center of Gravity (C6). Thi
maneuver raised the liquid level at the LOX probe and towered it at the
LHg probe, increasing the PU error signal sufficiently to return the PU
valves to the stop and delay the PAR valve step for 44 seconds. This
delay was aggravated by having only three engines burning to consume the
increase in LOX error indicated by the PU probes, The tilt of liquid
surface was approximately 3 degrees ‘rom a plane normal to the vehicte
longitudinal axis after attitude recovery by the flight control system
decreasing to approximately 2 degrees at ECO as the remaining propellants
were consumed and the vehicle CG moved forward. The difference in LOX
buen-off rate between the AS-501 and AS-502 flights is indicated by
comparing the rates of change of PU valve angles when PHR occurred for
each flight. The ratio of the valve angle slopes between the two flights
is about 3/5. Since two of the five engines were shutdown prior to PHR,
this fs the ratio expected

Analysis of flight data shows that indicated changes in ligu‘d level due
to liquid propellant sloshing were significantly attenuated by the PU
systen, he PU valve response to the indicated change in propellant
levels at 415 seconds (due to shutdown of engines No. 2 and 3} reduced
from 89 to 17 deg/voit. Later in the flight after PMR step, changes in
propellant leve’s due to sloshing at frequencies of 0.4 hertz {contribu-
tion from LHz tank] and 0,6 hertz (contribution from LOX tank) were
observed in the PU error signal but were not observed at all in the PU
valve response, indicating that slosh dynamics were effectively fii tered
from commands to the PU valve positioning system, No changes affecting
propellant utilization system dynamic performance are recommended far
future flights.

The lower than predicted position of the PU valve at ECO was the result
of earlier errors in the measurement of LOX level; the previously mentioned
LOX surface tilt caused a larger LOX mass to be measured and to be con-
sumed by the engines. At approximately ESC +380 seconds. there wa
necessarily a deficiency of actual LOX mass in the tanks relative to LHz
mass. The PU system therefore commanded that less LOX be consumed and
yeduced the mixture ratio below the 4.65 RMR setting. As ECO was ap-
proached, the sensed PU errors became progressively larger based on a
percent of propellant remaining, As a result, the PU valves were driven
to an unusually Tow EMR position causing the cutoff residuals to be
excessively high. This explanation is supported both by the residuals
listed in Table 6-6 and the fact that ECO was initiated by the LOX
depletion sensors.

Figures 6-17 and 6-18 show the PU system nonlinearity es determined by
comparison of mass data from the PU probes and the engine flowmeters with
corrections made for liquid surface tilt. The PU system error at cutoff
signal was 373 kflograms (822 lbm) of LH2 relative to that predicted at
the actual LOX cutoff level. This compares to an allowable LH2 error of
3665 kilograns (#1465 Ibm).
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Table 6-8. S-II Stage Propellant Mass History
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LOX liquid level initiated engine shutdown sequence and the LYDC sensed
ECO at ESC +426.87 secords. LOX remaining in the tank was 1814 kilograms
(4000 1bm) versus 1988 kilegrams (4383 Ibm) predicted. LHz remaining in
the tank was 1598 kilograms (3523 Thr) versus 1276 kilograms (2812 1bm)
predicted. Cutoff residuals were determined by extrapolation of paint
sensor data tc the time af cutoff signal. A normal 0.5 second ECO time
delay (winimize residuals) was not incorporated on AS-502; hence, the
predicted residuals, shown above, do not include this delay.

The test estimate of LOX consumption was 357,219 kilograms (787,532 bm)
as compared to a prediction cf 355,218 kilograms (783,114 Ibm). The best
estimate of LH2 consumption was 67,677 kilograms (149,202 bm) compared
te 67,783 kilograms (149,437 lbm) predicted. These correlations were
made from S~IT ignition ta S-IT stage ECO command using data in Table 6-6
without a 0.5 second time delay incorporated.

Table 6-6 presents a comparison of propellant masses as measured by the
flowreters, point sensors, and PU probes. The best estimate of propellant
ass is based on the propellant residuals at ECO as indicated by the point
sensors, and on integration of the flowmeter data.

The best estimate of Taunch vehicle tatal mass at S-II ignition and cut-
off, as determined from capacitance prohe, point level sensors, flow
meters and the trajectory simulation is 643,856 kilograms (1,419,460 Ibm)
and 210,789 kilograms (464,710 Ibm) respectively, as shown in Figure 6-19,

6.6 S-I1 PRESSURIZATION SYSTEMS

The S-1] pressurization system function is to provide the necessary
positive pressure to the J-2 engines propellant pumps and to increase the
structural capability of the tanks. The systen is comprised of tank
ullage pressure regulators and vent valves, LOX heat exchangers (integral
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part of J-2 engine), interconnecting tubing and manifolds. Prior to
Jaunch, the LOX/LH2 tanks are prepressurized by around source Gaseou:Helium (GHe). During powered Flight of the S-II stage, the LOX tank is
pressurized by GOX from the LOX heat exchanger. The LH2 tank is pres-surized by GH2 from the thrust chamber hydrogen injector manifold andpressurization is regulated by the LH2 pressure regulator and vent valve.

6.6.1 S-II Fuel Pressurization System

The S-II LH2 tank wllage pressure during S-IC boost was sTiyhtiy “ower,
as planned, than for AS-501. Figure 6-20 presents the fuel tank ullage
pressure for AS-502 as compared to AS-50T from prepressurization until
S-I1 ECO,
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Figure 6-20, $-II Fuel Tank Ullage Pressure

The Lip tank vent valves for AS-502 were set ta crack between 21.4 and
22.8 K/cm2 (31 to 33 psia) as compared to 23.4 to 24.8 N/em2 (34 to
36 psia) for AS-501. During prepressurization the LH» tank was
pressurized to 22.0 N/cm2 (32 psia) in 34 seconds.

“Hi-press” was utilized as recommended after the AS-501 flight and was
terminated by the cracking of vent valve to, 1. Vent valve reseat oc-
curred at an ullage pressure of 21.4 N/cm? (31 psia}, Ullage pressuredecayed approximately 0.7 N/em2 (1 psi) to 20,7 N/cm2 (30 psia) at S-I
engine start which is well above the minimum requirement of 19.9 N/eme
{27.5 psia).
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LHg tank pressurization during $-II flight was normal. The regulator
controlled the ullage pressure within the requlator band of 19.65 to
20.70 Nem? (28.50 to 30 psia) up to the time of step pressurization
The ullage pressure increased after step pressurization and at 481 seconds,
vent valve Ho. 1 cracked, controlling the pressure at 22 N/em2 (32 psia}
until S-IT ECO. Yent valve No. 2 did not open during the entire flight

Figure 6-21 presents engine inlet data bands consisting of total pressuretemperature and HPSP. “he band extremes include data from e1l fiveengines during operations; however, after shutdown of engines No. 2 end3, only data from engines No. 1, 4, and § are shown. Engine inlet Liltotal pressure was obtained by adding calculated dynamic pressure toengine inlet LH2 static pressure, The total pressure increase after
468.36 seconds was due to the increase in ullage pressure at step pres-
surization. Engine ‘niet Lz temperature shows 2 gradual increase whicis the effect of stratification. The stratification was well within ac-ceptable limits. Engine inlet LH2 NPSP, obteined by subtractirg the Lzvapor pressure from engine inlet LHz total pressure, was well above the
minimum requirement.

 

The NPSP increased, as shown on Figure 6-21, after 468.36 seconds as the
result of ullage pressure incrcase at step pressurization. The gradual
decrease in available IPSP, commencing at abaut 5GC seconds, was the
result of warmer LH2 entering the fuel pump,

6.6.2 S-II LOX Pressurizatior System

Figure 6-22 presents the LOX tank ullage pressure, comared to AS-501,
from prepressurizaticn until S-II ECO. A pressure decay of only 0.2 N/cm2
(0.29 psia) was recerded during S-IC boost as compared to 3.2 Nfeme
(4.7 psia) for AS-5C1. The reduction of pressure decay was due to the
Pretaunch evacuation of the conmon bulkhead. The LOX tank was pressurized
to the pressure switch setting of 26.5 N/om2 (38.5 psia) in 67 seconds.
LOX tank "hi-press" was not utilized since ullage pressure decay was
predicted to be negligible with the cormon buTkhead evacuated. The LO
tank ullage pressure at S-II engine start was well above the S-I1 engine
start requirement of 22,7 N/emé (33 psia} and above the redline linits
at launch.

LOX tank pressurization system performance through S-I1 boost was adequate
to maintain engine HPSP requirements; however, the ullage pressure
decreased below the regulator control band lower linit at abut the time
of EMR shift at anproximately 900 seconds, and was 24.0 K/cine (34,8 asia)
at ECO.

The engine heat exchangers supplying the pressurant gas do not aave anyexcess capacity when operating at novinal or low EMR. The regulator at-
tempted to keep pace with the demand by fully opening. Slowever, wit!only three engines operating, sufficient pressurant gas wos not availableto maintain the ullage pressure. Although fewer engines were consumingpropellant, the LOX and tank surface areas which caill the ullage gas.

6-30



aT
Hy

AL
Le
g

EN
LE
T

AT
UR
E

,
MP

  

Te
PS
P,

No
m?

VY lye $-11 est, 1 49.76
VY S-IL ENG NO. 2 GuT, a1z.32
Ys tr eso mg. 3 our, 414.18
VY Lave TecLeRUPT

(5-1 ECO SCHSED) AD START OF T,, 576.33
 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

             
 

}- 26

PuENGINE TLE” Lp — 2;TOTAL PRESSURE RAND SSS pe oy

Ew 8

hen *

” . b-070 47
ENGINE INLET LHy Ln ZBTepPeranvee

2

\ Ne2 -\ — 422 SB
f-423 #2

v
ar LET UiWPS ER]

lo BSS

ANS ie
8 Fig i

10 2
6 2

+ RINIMUM NPSP. REQUIREMENT
4 ft ~ 6
; Lb 4
“O50 100 180200250 4007 450

TIME FROM ESC,

159 200” 250300380

 

400460 5008000
RANGE TIME, SECONOS

Figure 6-21. $-II Fuel Pump Inlet Conditions

6-31



 

VY Lunt 5-1 B80, 19.76
Pevwe onereer

(SoU Eco S967) sup S=ERT CF Ty

 

 

 

= bs\ Aes
owe 190 bes

   
 

     
 

Nake a3 mu

/ Le
4 | es2297 “a8 2 7} 00 30 ry to we

PAIGE “URE, SECIS

LOe
U-

aA
SE

eR
ES
SU
RL
,

HZ
or

®

LOE
LL
LS
GL

FRE
SSL

RE,
si

e

           
Figure 6-22. S-IT LOX Tank Ullage Pressure

did not change. Moreover, the uTlage shrinkage created a larcer demard
of pressurant gases from the remaining engines, resulting in colder heat
exchanger outlet temperatures, The data shows thet tovarcs $-II cutoff,
the heat exchanger ex't temperatures were at saturation.

Figure 6-23 presents engine inlet data bands consisting of total pressure
temperature and NPSP, The bands include data from all five encires unti
the time that engines No, 2 and 3 cut off; thereafter, only cata from
engines No, 1, 4, and § are shawn. Engine inlet LOX total pressure was
determined by adding the calculated dynamic pressure anc heac correction
for the location of the pressure pickup to the pump inlet LOX static
pressure neasurerent. The abrupt decrease in total pressure at approxi-
mately 413 seconds is a direct result of acceleration heac loss due te
premature cutoff of engines No. 2 and 3, The gradual total pressure
loss which occurred toward the end of S-II boost is the combined result
of the decrease in liquid head and the decrease in ullage pressure. The
gradual increase in liquid temperature toward the enc of $-II beast shows
that the effect of liquid stratification was well within the acceptable
limit.

 

Engine inlet LOX available NPSP was obtained by subtractire the LOX vapor
pressure from engine LOX inlet total pressure. The NPSP was well above
the minimum NPSP requirement. The abrupt decrease in availatle NPSP at
413 seconds is a direct result of the acceleration liauid head last at
‘the premature cutoff of engines No. 2 and 3. The gradual decrease of
available NPSP toward the end of S-II boost is the combined result of a
dacrease in liquid head, a decrease in ullace pressure, and an increase
in Viquid temperature caused by stratification.
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6.7 S-II PNEUMATIC CONTROL PRESSURE SYSTEM

The pneumaric control pressure system provides pressurized relium fer the
actuation of propellant system valves during flight.

Performance of the pneumatic control system was satisfactory. Figure
6-24 shows receiver pressure and regulator outlet pressure cf the system
from before liftoff until S-I1 ECO. The receiver pressure and regulator
outlet pressure were w'th'n the predicted bends throughcut the flight.
The three step-decreases of pressure represer.ted helium demands for
valve actuations, Only the times at which the demancs for prevalve
closures on engines No. 2 and 3 were made ere unusual. Tatle 6-7 shows
the heliun mass used by the syster.
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Table 6-7. S-II Helium Kass
 

 

 

PNEUMATIC CONTROL PRESSURE S¥STE
VELIUY MASS READINGSLAUNCH etSEQUENCE {as-5C2)

ACTUAL PREDICTED

Launch 1.71 kg 1.65 to 1.76 kgHinus 30 seconds (3.77 Ten} (3.64 to 3.88 Ibm
S-IT Engine 1.70 kg 1.99 to 1,70 kaStart Comrand (3.76 Tom) —|(3.50 to 3.76 Ibm)
S-II Engines No. 2 and 3 1,56 kg Hone
Cuter (3.44 ibm)
S-1] Engine 1.47 kg 1.47 to 1.60 kgCutoff Command {3.25 Tom) (3.25 to 3.52 lbm)   
  
6.8 CAMERA EJECTION SYSTEM

The function of the camera ejection system is to provide GHe, upon command,to eject the camera cannisters. The camera ejection system consists oftwo helium spheres, tubing and valves.
The camera ejection system performed satisfactorily. The ejection sequencewas programmed to start at T3 +38.0 seconds and actually started at13 + 37,97 seconds.

Figure 6-25 indicates a gradual pressure decay cf toth subsystems. The
subsystem located at position III exhibits the greater, but acceptable,
rate of decay anc lower stcrage pressure. However, both subsysters had
sufficient pressure to eject the careras. The same pressure drop
characteristics were exhibited by the systems during ejection, at which
time the pressures decreased 130 N/om@ (190 psid). A discussion ofcamera recovery operations way be found in paragraph 19.6.

6.9 HELIUM INJECTION SYSTEK

The inflight helium injection system supplements natural convecticn re-circulation in the LOX recirculation lines, This system injects helium
into the bottom of the return lines to decrease the return line fluid
density thereby increasing the recirculation driving force.
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In general, performance of the helium injection system was satisfactory
Requirements were met and parameters were in good agreement with predicted
velues. The supply bottTe was pressurized to 2070 Nom2 (3000 psia) prior
to liftoff anc by ESC was 787 N/om2 (1140 psia). This usage of helium
resulted in a helium injection flowrate of 1.67 SCMM (59 SCFI),

As discussed in paragraph 6.2, LOX recirculation was satisfactory except
for the prelaunch chilldown of engines No. 3 and 4, Because of the
problem experienced in chilling these engines to below the prelaunch
red] ine maximum the following changes are being considered for imptemen-
tation priay to AS-503 CDDT:

a. fncrease helium injection system total flowrate from 1.13 to 1.70 SCHM
(46 to 60 SCFM) to 1,70 to 2,26 SCMM (60 to 80 SCFM) by increasing
the prirary orifice size.

b. During checkout, verify that the helium injection flow is distributed
evenly to all engines.

c. Add screens upstream of heliur. injection orifices.

d. Velete the solenoid outlet pressure instrumentation and add new
pressure measurement downstream of the primary orifice. This
easurenent will be more sensitive to heliun flow distribution
while still being representative of total flow conditions,
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SECTION 7

S-1¥B PROPULSION

7.1 SUMMARY

The S-1¥B_stage propulsion system consists of a main and an auxiliary
syste. The main propulsion system consists of a single, bipropellant
J+2 engine, fuel system, oxidizer system, and a propellant managenent
system. The Auxiliary Propulsion System (APS) is provided to control
the vehicle attitude during S-IVB operation and position the propellant
in the stage during first burn cutoff, parking orbit coast, second burn
restart, and cutoff transicnts. The other systems discussec urder thi
section are the Continuous Vent System (CVS) and the pneumatic contro
system,

The J-2 engine operated satisfactorily throughout the operational phase
of first bun, However, a total performance shift of 2.3 percent
decrease in thrust occurred during first burn from 684 to 702 seconds.
The engine continued to operate at the shifted performance level and
had a normal shutdown, 5-1V6 first burn time was 166.52 seconds which
was 28.95 seconds longer than predicted due to the two engines out
condition on the S-II stage. This burn time was computed from Start
Tank Discharge Valve (STDV) open (occurred 3.24 secones after the Launch
Vehicle Digital Computer [LVDC] S-1VB engine start sequence command) to
the LYDC velocity cutoff command,

The stage performance during first burn, as determined from the
propulsion reconstruction analysis, deviated from the predicted at the
60 second time slice by -0.08 percent for thrust and 0.06 percent for
specific impulse.

The S-I¥B stage first burn Engine Cutoff (ECO) was initiated by the
LVEC at 747.04 seconds. The LOX mass measuring side of the Propellant
Utilization (PL) system malfunctioned prior to the attempted restart. The
LOX mass measuring system malfunction caused a 100 percent LOX load
indication prior to and during the restart attempt. The probable cause
of the erroneous 100 percent LOX mass indication may have been due to
shorting of the inner and outer elements of the LOX PU probe from
Metallic debris that could have been in the LOX tank. Also, an
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interm'ttent short in the cable shield betweer. the mass probe and the PU
electronics assembly may have occurred. Additional tests on cable
connector crimping will be canducted aleng with the evaluation of insulat-
‘ing one ar both of the probe elements to prevent shorting by debris.

Engine restart conditions were within limits ever though main chamber
second ignition failed to occur, Results thus far indicate that a leak
in the Augmented Spark Igniter (ASI) fuel supply system probably occurred,resulting in a perfomance shift and the failure to achieve restart.
Additional engine tests have essentially verified the performance shiftand the restart failure. A modification of the ASI propellant feed] ines{both fuel and LOx) and their instaTlation is being accomplished.

All subsystems operationally met all performance and stage requirements.However, there were tuo unexpected deviations which are summarized asfollows?

#. Two LOX ullage pressure makeup cycles were required during S-IC boost.The ullage pressure decay requiring two makeup cycles is partially dueto ullage cooling, tank geometry response to the yehicle axial
acceleration, and possibly vent/relief and/or relief valve intermittent
leakage. Investigation is continuing into the LOX ullage pressure
decay.

b. A possible cold helium leak was indicated after first burn ECO. The
cause of the leak is stil] under extensive investigation with ssecial
interest into the cold helium system conoseals and joints, the LOX
pressurization module, and the cold helium sprere pressure transducer.The conoseals wil} be changed to 7075 aluminum coated with teflon
throughout the cold helium system on sudsequent vehicles.

7.2 S-IVB CHILLDOWN AND BUILDUP TRANSIENT PERFORMANCE =OR FIRST BURN

LH2 and LOX recirculation systems are required for proper prestartconditions. With the required prestart conditions, a start is obtainedby proper engine sequencing of the engine components with the powerobtained from an engine mounted helium control sphere. A hydrogen starttank is employed to spin the turbopumps during the start transient untilthe Gas Generator (30) systen is ooerating properly to continue enginestart and maintain engine operation. During the start transient andengine operation, tne start tank is refilled for another stars. Theignition system initiates combustion in the thrust chamber and GG. Thesystem includes four spark plugs, four spark exciters, an ignitionchamser, an ASI valve, an ignition detector probe, and the necessary
electrical harness and plumbing to join the parts into a system
Tne propellant recirculation systems performed satisfactorily, meeting
start and run box requirements for fuel and LOX as shown in Figure 7-1.
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The thrust chamber at launch was we?l below the maximum allowable
redline linit of 167°K (-160°F). At S-IYB first burn Engine Start Commanc(ESC), the temperature was 159°K (-173°F}, which is within the requiremertof 167 228°K (-160 450°F) as shown in Figure 7-2.

The chilldown and loading of the engine Gaseous Hydrogen (Gz) start sphereand pneumatic control sphere prior to liftoff were satisfactory. Figure7-3 shows the start tank performance fron first burn [SC. At firstburn start command the start tank conditians were within the requiredS-IVB region for initial start of 913.56 451,71 N/cm2 and 161 + 16.7°K(1325 475 psia and -170 30°F). The discharge was completed and the refillinitiated by $-1¥B first burn ESC + 3.85 seconds. The refill was satisfac.tory and in good agreement with the acceptance test. The control bottlepressure and temperatures at liftoff were 2061.6 N/em2 (2999 psia) and160.6°K (-171°F), Nominal chilldown system performance levels were observedduring the chilldown operation. LOX system chilldovn, which was continuousfrom before liftoff until just prior to S-IVB first burn ESC, was satisfactory. At ESC the LOX pump inlet temperature was 91.5°K (-295°F),Nominal chiltdown system performance levels were observed during thechil ldoun operation.

The first burn start transient was satisfactory. The thrust. butldup waswithin the Timits set by the engine manufacturer, A faster thrustbuitdup to the 90 percent level as compared to the acceptance testresults was observed on this flight and is shown in Figure 7-4. Thisbuildup was mainly due to the shorter platees tine during main oxidizervalve opening time. A similar thrust duiTdu> was observed on AS-507Table 7-1 shows the major sequence of events during the buildup transient.The PU system provided the proper null setting of the PB valve duringthe start transtent until system activation, The total impulse fromSTDV to STDV #2.5 seconds was 802,233 Hs (180,350 Ibf-s} compared to604,651 N-s (135,931 Ibf-s) during the same interval for the acceptance
test,

7.3 S-IVB MAIN STAGE PERFORMANCE FOR FIRST BURN

The J-2 engine provides the necessary propulsive performance for theS-IVB stage and is a high performance engine utilizing pump-fed propel-Jants. The J-2 engine used on the S-:¥B has restart capabilities. Ataltitude the engine produces a noriinal thrust to 1,000,850 Newtons(225,000 Ib#) at a LOX to LH2 ratio of 5,5:1. The’engine ts capableof operating between 4.5 and 5.5:1 LOX/tHp mixture ratio for thedesired propellant utilization at stage cutoff. The engine.features atubular-watled, betl-shaped thrust chamber and independently driven,direct-drive turbopumps.

Two analytical techniques were enptoyed in evaluating S-IVB stage propulsion system perfomance. The primary method, propulsion reconstruction
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Figure 7-3. S-I¥B Start Tank Performance

analysis, utilized telenetered engine and stage data to compute Tongi-tudinal thrust, specific impulse, and stage mass flowrate. In the secondmethod, flight simulation, a five-degree-af-freedom trajectory simulationwas utilized to fit propulsion reconstruction analysis results to thetrajectory. Using a differential correction procedure, this simulationdetermined adjustments to the recorstruction analysis of thrust andmass flow histories to yield a simulated trajectory which closelymatched the observed pestflight trajectory.
The propulsion reconstruction analysis showed that the stage performanceduring mainstage operation was satisfactory. A comparison of predictedand actual performance of thrust, total flowrate, specific impulse, andmixture ratio versus time is shown in Figure 7-6. Table 7-2 shows theSpecific impulse, flowrates and mixture ratio deviations from thePredicted at the 60 second time slice. This tine slice performance is
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Table 7-1. S-IVB Engine Start Sequence Events - First Burn
 

 

 

 

TIME OF EVENT IN RANGE TIME (SECONDS)EVENT
PREDICTED ACTUAL

S-1V8 Engine Start Sequence
Command {ESC} 518.69 577.28

Start Tank Discharge
Valve (STOV) Open 521,69 580.52

Mainstage Control
Solenoid 521.94 580.75

Mainstage OK 524.10 882.03
Main LOX Valve Open 524.58 562.940
90 Percent Thrust 523.79 582.79   
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Table 7-2. S-IVB Steady State Performance - First Burn
(ESC +60 Second Time Slice)
 

 

 
 

     

7 PERCENT
PARAWETER PREDICTED 2ECONS™RICT?ON| pressoy OEVIATION

[enon PREDICTO
Thrust N 1,018,864 | 1,017,771 7a |g og

(ibf) 228,980 228,804} -176 2.
Specific Impulse

Nes/kg 4168.5 4167.8 2.3 0.06
(ib¥-8/1bm) 424.97 428.0 0124 :

LOX Flourate j
kg/s 206 .60 206.33 “0.27 0.13
(Tom/s) 495189 455.30 -0.59 *.

Fuel Flowrate
kg/s 37.73 37.65 -0.08 0.21
(b/s) 83.19 3.01 | -0.18 oe

Engine Mixture
Ratio

UGx/ Fuel 5.4e04 5.488 0.0046 0.08
 

the standardized performance which is comparable to engine acceptance
tests. The 60 second time slice performance agreed with the predicted
by -0.08 percent on thrust and 0.06 percent on specific impulse. The
overall propulsion reconstruction average during first burn was -0.77
percent for longitudinal thrust and -0.66 percent in longitudinal
specific impulse compared fo the predicted.

Curing first burn operation the engine showed a 2.3 percent drop in
thrust frem 684 to 702 seconds as shown in Figure 7-5. The most probable
cause for this performance shift was an ASI fuel line leak. The suspected
AS] fuel line leak is discussed in detail under paragraph 7.6. Engine
tests simulating an ASI fuel line failure have been conducted at Marshall
Space Flight Center (NSFC) and the engine contractor's test facility
which have results compatible with the observed performance shift, a
subsequent stabilization, and then a nanral shutdown.

The flight simulation analysis shewed a decrease of 0.20 percent, compared
to the prediction, in specific impulse. Other corparisons are shown in
Table 7-3.

The S-IVE burn time was 28.96 seconds longer than predicted. Table 7-4
shows that the primary contributors ta the longer burn tie were devia-
tions in the preconditions cf flight. Another large contributor was the



Table 7-3. Comparison of S-IVB Stage Flight
Reconstruction Data ~ First Burn
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Table 7-4. $-IVB SimTation Burn Tine Deviations
 

 

CONTRIBUTOR DEvIATION*| —BLAN TIME
DELTA (SELONGS)

Preconditions of Flight (S-II/ 2.1S-1¥8 Separation Cormand)

 

  

Velocity Magnitude /s
{Space Fixed) Fes

Flight
Path Argle deg
Altituee Km

nimi
Overspeed (ECO} ys 81fel
S-1¥8 Tarust 4 0bf
S-I¥O Mass Flow ka/s -2.0Ion/s
S-IVB Initzal Mass kg seeo za13m 1198 — 

explained 32.6
Unexalained -3.65 | 

served ass point trajectory (post‘light) minus final operationaltrajectory (predicted),



overspeed at S-IV8 ECO, The total contributors show a burn time deviation
of 32.6 seconds. This is 3.65 seconds more than the actual deviation
The additional 3.65 seconds af burn time nay be accounted for by
uncertainties in preconditions of flight and uncertaintics in the thrust
average obtained fron trajectory reconstruction

7.4 $-1¥B SHUTDOWN TRANSIENT PERFORMANCE FOR FIRST BURN

S-V8 ECO was initiated at 747.04 seconds by a guidance velocity cutoff
cormand which was 87,78 seconds later than predicted for first burn
This later cutoff tine wes primarily a result of the two engines out on
the S-Ii stage. The [CO transient was satisfactory and agreed closely
with the acceptance test and predictions. The total cutoff impulse to
5 and zero percent of rated thrust was 236,543 N-s (53,177 Ibf=s} and
264,118 N-s (59,376 Ibf-s), respectively. Cutoff occurred with the PU
valve in the fully clased position, high Engine Mixture Ratio (EMR)

The Main Oxidizer Valve (MOV) actuator temperature was 156.9°K (-177.5°F.
at cutoff. The cutoff impulse was adjusted from these conditions to
standard conditions for comparison with the log book values at null PU
valve position and 233°K (-40°F) MOY actustor temperature. After these
adjustments, the flight values were near the log book values. The
thrust during cutoff is shown in Figure 7-6,

Tetemetered guidance velocity data indicated the cutoff impulse
was greater than expected as presented in Table 7-5. The difference
in vehicle mass between the flight and that precicted is the probable
cause for the percentage differerce in velocity increase.

7.8 S-IVB COAST PHASE CONDITIONING

The CVS performed satisfactarily, maintaining the fuel tank ullage
pressure at an average level of 13.6 N/cnZ (19.75 psia). Nozzle pressure
data, thrust, and acceleration levels for first and second revolutions
in the orbit are presented in Figure 7-7. LHp ullage conditions during
coast are shown in Figure 7-8.

The continuaus vent regulator was activated at 806.25 seconds. The tank
ullage pressure dropped from 22.1 to 16.8 N/om@ (32.0 to 24.4 psia) in
65 seconds, and then gradually leveled off to 13.6 Nome (19.76 psia)
Regulation at this level continued, with the expected operation of the
main poppet periodically opening, cycling, and reseating as shown_in
Figure 7-7. CVS thrust and acceleration, also shown in Figure 7-7,
were based on venting parameters. The acceleration was computed from
the calculated thrust and vehicle mass without consideration of any
vehicle drag effects. A different approach for obtaining the thrust
and acceleration is discussed in paragraph 10.4.1, Continuous venting
was terminated at 11,288.49 seconds, which was 326.20 seconds before second
burn ESC. The erroneous CVS readings experienced on AS-801 were not
observed on this flight and a further discussion is presented in
Paragraph 7.10.1.
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Table 7-5. S-1VB Cutaff Impulse - First Burn

PERCENT OLV LATIONFLIGHTPARAMETER oreoccrco | FROM PREDICTED
ensIne

|

suto. ava

|

cucise} suto. sata
Cutoff es 287,177

|

264,118

|

300,669 0Imputse {1bf-s} 64,560 59,376 67 ,593 ~ “7
Yelocity m/s 2.26 2.20 2.50 a3]Increase ift/s} ray 7.24 aia

|

3 10.6       
Note: The parameters quoted are from velocity cutoff command to zeropercent of rated thrust,
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Calculations based on estimated temperatures indicate that the mass vented
was approximately 1270 kilograms (280C Ibm) and that the boiloff mass Kas
approximately 1360 kilograms (3600 Tbm)

Figure 7-9 shows the start tank temperature and pressure during orbital
coast for AS-501, 8C2, and 203. A 180-degree roll maneuver on the AS-502
Flight took place at approximately 837.3 seconds, This orientation of
the vehicle did not appear to have any effect cn the start bottle, Many
of the S-IVB pressure sphere temperature measurements during orbit are
not considered reliable; however, the temperature reading at second start
comand was very near that for AS-501,

7.6 S-EVB CHILLOQWN AND ATTEMPTED RESTART FOR SECOND BURN

The S-IVE stage provided adequate conditioning of propellants to the J-2
engine for the restart attempt. The engine start sphere was recharged
properly and mairtained sufficient pressure during coast to the restart
time. The engine control sphere gas usage was as predicted during the
first burn and maintained sufficient system pressure for a proper restart.

Table 7-6 showing the majer events during the start transient, indicates
that all events cccurred as required and perforrance was as predicted
until the end of the start bottle blaudown which occurred at approximately
ESC 48.5 seconds. At this time, the wain engine should have ignited with
opening of the MCV, and the GG should have bootstrapped to mainstage opera-
tion. The GG was ignited and the MOV opened, however, the main engine
did not ignite as evidenced by the lack of an increase in. fuel injector
temperature. Engine operation was terminated by the Instrument Unit (IU)
monitor from lack of sufficient thrust at 11,630.33 seconds.

The propellant recirculation systems performed satisfactorily and met
start and run box requirerents for fuel and LOX as shown in Figure 7-10.
Second burn fuel lead generally followed the predicted pattern and
resulted in satisfactory conditions as indicated by the thrust chamber
temperatures and the associated fuel injector temperatures shown in
Figure 7-11, The LHp chilldown system performance far second burn was
satisfactory. The LAz pump inlet temperature at second burn ESC was 21.9°K
(-420.6°F). “Second burn LOX pump chilldown was also satisfactory. At
S-IVB second burn ESC the LOX pump inlet temperature was 91.7°K (-295°F),

The start tank perfonned satisfactorily during the second burn blowdown
as shown in Figure 7-12. The proper energy input to the turbine was
provided for-a smooth start. Since there was no ignition of the main
chamber for the second start, the start tank did not refill.

Figure 7-13 shows the predicted engine helium control sphere pressure
compared to AS-501 for the restart attempt. After the normal post test
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Table 7-6, S-IVB Engine Start Sequence ~ Second furn Attempt
 

 

 

  

Command (SC) 11,403.61 11,614.69,

Mainstage OK 17,412.60 Not Attained
Main LOX Valve Open 11,413.58 11,625.20

90 Percent Phrust 11,413,3 Not Attained  
7-16
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T-second blowdown the pressure was 1310 N/om? (1900 psia} at secondburn ESC, The pressure decayed more than the predicted 550 N/om2
(800 psi) during the second burn fuel lead secause of the lower temperatureat the injector. The pressure stabilized at 670 N/cm2 (975 psia) atthe end of the blawdown. This pressure would have been sufficient to
complete the mission.

During the start of the second burn, the GG experienced a tenneraturespike as indicated by Figure 7-14, ‘The spike measured 1278°K (1840°F) ,the upper limit of the temperature bulb, but an expanded plot of fuelturbine inlet temperature suggests the spike actually reached as highas 1389°K (2040°F). Tne spixe resulted from a high start mixture ratio‘in tne GG, which in turn was caused by the failure of the main chamber
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pressure to rise above 27.57 N/om2 (40 psia). With a low main chamber
pressure most of the flow destined for the GG follows the lower pressure
drop path to the main chamber, resulting in a low GG total flowrate.
However, because the start load of the oxidizer pump is lower than that
of the fuel pump, the initial oxidizer flow is less affected than the
fuel flow. Tnus, the GG chamber pressure, a function of both total
flowrate and mixture ratio, is low as shown in Figure 7-15; whereas, the
fuel turbine inlet temperature, a function only of GG mixture ratio, is
high,

Near engine cutoff command, the GG chamber pressure rose slightly. This
fact plus the absence of any unexplained vehicle moment during second
burn Suggests that the temperature spike did not burn through the 66
combustor wall.

Information supporting the suspected ASI fuel line failure is discussed in
the following paragraphs. Table 7-7 lists the chronological events which
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Jed to the failure to restart. The first indication of a problemwasengine area chilling of the MOY closing control line at 645 seconds as shownin Figure 7-16. The second indication was the apparent performance shiftsindicated during first burn as discussed in paragraph 7.5. During theperformance shift at approximately 688 seconds, the yaw actuatorexperienced an abrupt increase in its cooling rate that cannot beattributed to radiation Toss. This may have been cue to the impingerentof a cold gas on the actuator at this time and is discussed in detailunder paragraphs 8.4 through §.6.

The third indication of a problem during first burn operation was theapparent flash fire at 696 seconds. The thrust structure temperaturesdecayed from approximately 222 to 216° (-60 to -70°F) by 696 seconds.At this time, the thrust structure temperature No. 1 showed a rise ofapproximately 16.7°K (30°F) as shown in Figure 7-17. The heat flux requiredto obtain the rise rate shown is approximately 1.1 watts/om® (1 Btu/ft2-s)which was approximately eight times that which can be produced from solar
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Figure 7-14, S-I¥B Fuel Turbine Inlet Temperature - Restart Attempt

heating; therefore, a heat source other than the natural environment

was indicated. Figure 7-17 also shows an interstage gas temperature
probe which showed a temperature rise at the same time. Its response
times were smaller and excursions were larger; however, it does confirm
the presence of an additional heat source, Other measurements in the
same area also confirm these findings. Figure 7-16 also shows @ fire in-
dication between the LOX punp and the start bottle. At approximately
702 seconds these measurements indicated a cooling rate higher than would
be expected from radiation to space and the LOX tank, indicating the pos-
sibility of a cold gas impinging in the area. After the performance
shift, the engine continued to operate at that level until ECO with some
chilling in the area of the fires however, a normal shutdown was stil
obtained.
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During the attempt to start the engine for the second burn, no temperaturechange was noted on the thrust structure temperature No. 2. However, thethrust structure temperature No. 1 dropped from 194°K (-110°F) at 11,622.92seconds (the end of fuel lead) to 190°K (-118°F). The engine main LOXPneumatic line surface temperature dropped from 205°K (-90°F) at 11,623seconds to 169°K (-155°F). The GG fuel inlet line wall temperature rose
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Table 7-7. S-IVE Stage J-2 Engine Failure to Restart
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from 26 to 30°K (413 to -406°F) at 11,618 seconds and then dropped back
to 28°k (-410°F), The engine main LOX valve actuator skin temperature
dropped slightly at 11,625 seconds. These locations are shown an a
diagram of the engine in Figure 7-18.

 

 

Engine reconstruction analysis and engine tests indicated that the initial
performance drop during first burn was probably caused by leakage of the
ASI fuel line and is substantiated by the chilling experienced near the
Lz pump as summarized in Figure 7-18. The engine tests simulating an
AST fueT line fatlure were compatible with the AS-502 observed performance
shift, a subsequent stabilization and a normal shutdown. One test
conducted at an AS! chamber mixture ratio of 7 resulted in injector
damage simulating the performance changes recorded on AS-502 flight.

The propulsion system met all operational requirements during first burn,
cutoff transient, and orbital coast. The conditions for restart were
nominal, except for a hot start af the GG and lack of main chamber
ignition as previously discussed. Figure 7-19 is also presented to
verify that pump operation and performance was acceptable up to the
time for main chamber ignition. However, the failed ASI system caused
the main chamber not to ignite, resulting in the failure to obtain
restart for second burn.
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The ASI is a small chamber which is center-mounted in the thrust chamber
injector. Its purpose is to create and maintain a small ignition flane
for thrust chamber ignition. The AST system is shown in Figure 7-20.
Figure 7-21 sheus the location of the ASI chamber in the engine injector.
At the present time a modification af the ASI propellant feed lines ts
being made as a result of the flight data and the engine tests made to
simulate the failure to restart. A complete report (Rocketdyne fio. Re 7450-
2) titles "J-2 Engine AS-502 (Apollo 6) Flight Report - S-IT and S-1VB
Stages" will be issued covering the flight performance, 5-11 failures
(common to 5-1¥8 failure), S-IVB failure, verification testing, and the
design and modification changes.

7.7 S-IVB MAIN STAGE PERFORMANCE FOR SECOND BURN

(Ne discussion due to failure to achieve restart.)

7.8 $~IVB SHUTDOWN TRANSIENT PERFORMANCE FOR SECOND BURN

(No discussion due to failure to achfeve restart.)

7.9 S-IVB STAGE PROPELLANT UTILIZATION

The privary function of the PU system is to assure simultaneous depletion
of propellants by controlling the LOX flowrate to the J-2 engine. By
controlling the LOX flowrate to the engine, indicated propeltant loading
errors and/or deviations from predicted vehicle flight behavior can be
corrected and the proper proportion of LOX and LHz in the main tanks can
be maintained. Other functions accomplished by the propellant utiliza-
tion system are:

a. Controlling propellant loading

b, Maintaining the propellants at any predetermined level during launch
countdown.

Providing propellant mass indication signals to the telemetry system,

d. Providing a signal signifying the depletion of either propellant,
thereby initiating ECO.

Components in this system include ground and onboard electronics, contin-
uous capacitance probes, a PU valve, and discrete liquid levat sensors.

The PU system successfully accomplished the requirements associated with
propellant loading and management during burn, The best estimate
propellant mass values at liftoff were 88,060 kilograms (194,140 thm)
LOX and 19,254 kilograms (42,448 Ibm) L¥2 as compared to predicted mass
values of 87,655 kiTograns (193,246 Ibm) LOX and 19,268 kflograms
(42,479 Ibm) LH2. These values were well within required loading accuracies.
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A Gomparison of propellant ass values at critical flight events, asdetermined by various analyses, is presented in Table 7-8, The LectPérimate full load propellant masses were 0.45 percent higher forLOX and 0,07 percent lower for Lip than the predicted values, as shownin fable 3-4 of Launch Operations, Section 3. This deviation mes net]iithin the required Toading accuracy, The iarge dispersion in firesbum cutoff propellart mass values from predicted was a result. of areextended first burn tine needed to achieve orbital insertion consitiensfozJouing the early shutdown of twa engines on the Sell stage, Figurecaineons 2 Sraphical representation of the FU nass Sensor nonl inouri tiesduring S-IVB powered flight.
Figure 7-23 is 2 graphical representation of the best estimate, aGatistical weighted average analyses, for ignition and cutott nesses,The third flight stage ignition tiass was 160,690 kilegrane (354,261 1bm)and the cutoff mass was 120,330 kilograms (265,283 Ibn]. The ticepose cement systens used in determining the statistical weighted averagebest estinate masses were:
a. PU indicated (corrected).

b. Flow integral,

. PU volumetric,

d. Level sensor.

€. Trajectory reconstruction,
Extrapolation of propellant level sensor data to depletion, using thePropellant flowrates to depletion, indicated taat a LOX depletion wouldhave occurred approximately 2 seconds after second burn velocity cutof?,
The first burn PU valve positions are illustrated in Figure 7-24. Duringfirst burn the PU valve was positioned at null for stare and renained thereuntil FU activated at first burn ESC +8 seconds. The PU velve was thencommanded to the fully closed (high EMR) position at activation and itrenained there until ESC +171,9 seconds (749.18 seconds).
Fyen though the S-IV8 PU system functioned normally during CountdownDemonstration Test (CDOT), preflight operation, and first burn, ananonaly of 100 percent indicated LOX mass was experienced during the secondgreital revolution. The LOX mass bridge experienced disturbaneas ny ninedifferent eccasicns which caused the LOX bridge to slew toned akefull stop. On each occasion the bridge subsequently recovered except forthe last distrubance at 11,091 seconds of flight when the LOX moos bridge
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Table 7-8, S-1¥B Stage Propellant Mass History
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slewed to the full mechanical stop and remained there for the remainder ofthe S-IVB mission. Had second burn restart been attained with the PUsystem in the malfunctioning mode, the engine would have operated in thehigh EMR mode until velocity cutoff. The erroneous 100 percent LOX massbridge indications are shown in Figure 7-25,

At this time there appear to be two possible causes for the PU systemanomaly. These causes are:
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Figure 7-24, $-1¥B PU Valve Positions - First Burn

a. An intermittent cable shield between the ass probe and the PU
electronics assembly as indicated by an “X" in Figure 7-26.

b. Metatlic debris of some type in the LOX tank which caused a short
between the inner and outer elements of the LO PU probe. Figure
7-27 shows a cutaway of the PU probe and the possible failure
modes.

Debris in the tank during orbital conditions could be distributed
anywhere in the tank and possibly lodge between the probe elements.
Since the PU system operation was normal during powered flight while
the LOX mass probe, its essaciated cable and PU electronics assembly,
were under the highest vibration levels experienced during flight, the
possibility of an intermittent cable shield appears remote. Therefore,
the most probable cause of the PU system anomaly was metallic debris
in the LOX tank shorting the inner and outer element af the LOX probe,
thus causing the LOX bridge to slew at a maximum rate to the “over-fill"
condition.
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Additional tests will be conducted to check the crimping of the cable
connector. The desirability of insulating one or both of the probe
elements to prevent shorting by debris is also being considered,

 

7.10 $~1VB PRESSURIZATION SyS’

The functions of the S-IVS pressurization system are to provide the
necessary positive pressure to the propellant pumps while also supplying
an increased structural capability. The system consists of tank ullage
pressure regulators and yent valves. LOX and LIZ recirculation systems
precondition the propulsion feed system prior to starts.

7.10.1 S-IVB LH) Tank Pressurization

Tae fuel pressurization system provides tank pressur“zation by three
methods. Prior to launch, Gaseous Helium (GHe) from a ground source
is used. After S-IVB engine start, for both first and Second burns,
GH2 for LHp tank pressurization is bled from the thrust chamber hydragen
injector manifold. During orbital coast (parking orbit} seven LHz tankrepressurization GHe storage spheres, attached to the thrust structure,
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supply repressurization gas to the LHz tank to meet second burn engine
start requirements.

The LH2 pressurization system operationally met ali engine performancerequirements. The LH2 pressurization system indicated acceptableperformance during S-IVB first burn, coast phase, and second burnattempt. The pressure measurement deviations experienced on AS-501,within the CVS and LH2 pressurization system, during orbital coastwere not experienced on this flight. Relocation of the CVS transducersgave acceptable readings. The sequence of events and associated systemperformances are discussed in the following paragrashs. The Liztank prepressurization command was received at -36 seconds. The Liztank pressurized signal was received 21 seconds later when the Liltank ullage pressure reached 23.3 N/om2 (33.8 psia). The ullagepressure continued to increase, reaching 25.0 N/ome {36.2 psial atS-I¥B first burn ESC as shown in Figure 7-28.
During first burn an LH2 non-propulsive vent occurred at ESC +7 seconds(584 seconds}. The average pressurization flowrate was approxinately0.28 kg/s (0.62 Ibm/s}, providing a total flow ef 46.4 kilograms (102ibm) during first bum. A slight downward shift in pressurizationflowrate occurred as a result of the engine performance shift at 696seconds.

During the repressurization period the LHp tank was pressurized from14.3 to 23.3 N/cm2 (20.8 to 33.8 psia}. The ullage pressure subsequentlydecayed, reaching 21.7 N/om2 (31.4 psia). At this time, (ESC -16 seconds)a makeup cycle was initiated, increasing the Lllz ullage pressure to 22.6Nyené (32.8 psia) at second burn ESC as shown in Figure 7-29. Approximately20.0 kilograms (43.9 Ibm) of ambient helium were used in the repressuri-zation operation.

After the stage failed to restart, a decision was made to vent the LH2tank in an attenpt to gain additional deta pertaining to stage safing.The LHz tank vent valve was commanded open at 22,024.21 seconds as shownin Figure 7-29,

The LHe pump inlet NPSP was calculated from the pump interface temperatureand total pressure. These values indicated that the NPSP at first burnESC was 10.8 Name (22.8 psia). The NPSP then decreased during poweredflight to a minimum value of 8.3 N/omé (12,0 psia) at first burn ECO.
At the minimum point, the NPSP was 3.9 N/omé (5.6 psi) above the required.Throughout the burn, the NPSP had satisfactory agreement with the predicted.
The NPSP at the end of fuel lead prior to second burn was 8.0 N/eme (11.6psia) which was 3.7 H/em2 (5.2 psid) above the required. The NPSP
increased rapidly after ESC such that it was above the required leval

7-36



 

 

 

 

 

     
 

  
 

  

 

 

 

 
      

 

 

 

 

             

7 2
4a 8

#25 ws
: | | g
= 20 Ye PREPRESS INITIATED, -96 30
a Wy [Ho TERMINATION OF PREPRESS, -75 =
8 FIRST MOTION, 0.38 y
Ss i S-1WB ENG START SEQUENCE COMMAND, 577.28 4,
3 I Ss
20 Ver | Js

200-100 0 Too 200 goo. 400. 500 600
RANCE TIME, SCCONDS

~ T—T TT T_T 40
5 S-I¥B ENG START SEQUENCE COMMAND, 577.28 a

S26 |] S-I¥B VELOCITY CUTOFF COMMAND, 747.04 a
. | I | vo
2 : ACTLAL DATA 36S

Be — { a 3

2a PREDICTION poe “

= i =
320 4 em i 4 5

2 ry be
718 ¥Y | 1 L | -

550 5/6 590 630 630 680 670 590 710 730
RANGE TIME, SECORDS:

5 30 TT G
= LHg TANK CONTINUOUS VENT VALWE OPEN ON, 806.25 40a

= 96 Talik BLOWDOWN TO CYS RANGE, 871.25 doy

B20 | wg

g's el ado =o]=E== 20 S

s10 i 2
3 750 1750 «2750 3750 4780 5750 6750 7750 8760 9750 10,750 a

RANGE TIME, SECONDS

  0:30:00 00:00 1:30:00 2700700

RANGE TIME, HOURS :MENUTES:SECONDS
Figure 7-28, S-IVB LHz Ullage Pressure - First Burn and Orbit

730700 3:00:00

7-37



Lig TANK REPRESS CONT2O1 YALE OPEN ~ OM. 11,487.70Lig Teak REPRESS TERMIWALION, 11,526.69S1vB ENG RESTART COMMAND, 11,614.69S.I¥B ECO COMBAKN, 11,830.33Lig TAUK VENT VALVE OPEN, 22,024,2<
d
d
i
d
g

 

 

 

 
       

  
 

 

     
        
 

   

 

           
  

30 a3 I 08
Bs g
g pa 32 a rb» €

2! 2 =
So L a11,350 i140" 11,459.00 175550 11,650 17,850ANGE TIE, SeooNDS

sea Ye: __sTa70 bo10 RANGE TIME, HOURS:SNUTES:SECONDS
£ wk3

gs THK VENT a8. - ne

2” 4 ie 3
S10 811,609 21,680 11,700 71,750 11.800 11,860 17,909 11,880 12,000RANGE TIME, SECONDS

SieoieEBLE 70:00ANGE TINE, HOURS: INUTES:SELONDSEn 2
2 tUPCRESTART ATTEWPY ajuly - a3 Vows PA a 8
2 10 aaa 2

g \ 10g
3 3
24 o =11,0007 78,000 18,000_ 23,000 27,0007 aT cooRANGE TIME, SECONDS

aEC a 6:50:08 T3050) BraOT00
RANGE T:ME, HOJRS: MINUTES SECONDS

Figure 7-29. S-IVB Li2 Ullage Pressure - Restart Attempt

7-38



during the attempted restart. At second burn ECO the NPSP was 6.0 N/cm2
(8.7 psia) which was 1.6 N/cm? (2.3 psi} above the required. The pump
interface total pressure at the end of fuel lead was 22.5 N/emé (32.6
psia). Figures 7-30 and 7-31 summarize the fuel pump inlet condittons
for first and second burns, respectively.

7.10.2 S-1¥B LOX Pressurization System

The LOX pressurization system provides tank pressurization by three
methods. Prior to launch, GHe from a ground source is used. After
engine start, for either first or second burn, GHe from eight cold Gile
storage spheres located in the LHp tank is warmed by a heat exchanger
and used for LOX tank pressurization. During orbital coast (parking
orbit} ambient GHe, from two high-pressure LOX tank repressurization GHe
storage spheres, is utilized to supply engine restart ullege pressure
requirements for second burn.

The oxidizer system performed adequately, supplying LOX to the engine
pump inlet within the specified operating limits throughout first burn
and responded normally during the attempted restart. The available
NPSP at the LOX pump inlet exceeded the engine manufacturer's minimum
at all tines

LOX tank prepressurization was initiated at -166.5 seconds and increased
the LOX tank ullage pressure from ambient to 28.3 N/cmé (41.1 psia’
within 16.3 seconds as shown in Figure 7-32. Two makeup cycles were
required to maintain the LOX tank ullage pressure before the ullage
temperature stabilized. The pressurization contro] pressure switch
controlled the pressure between 26.3 and 27,7 N/cm® (38.2 and 40.2
psia). At -98 seconds the LOX tank wllage pressure increased from 27.2
lo 29.7 N/em@ {39.8 to 43.1 psia) due to fuel tank prepressurization, LOX
tank vent purge and LOX pressure sense line purge. This caused the vent/
relief va.ve to open, dropping the pressure down to 29.0 N/eme (42.
psia). The pressure remained at this level until liftoff

During $-iC boost there was a relatively high rate of ullage pressure
decay necessitating tuo makeup cycles from the cold helium spheres a
shown in Figure 7-32. This decay is partially due to utlage cooling
and partially due to tank geometry response to the vehicle axia
acceleration. There 1s, correspondingly, a step rise in pressure
proportional to acceleration changes at S-1C Inboard Engine Cutoff (TECO
and Outboard Engines Cutoff (OECO}. There are also indications that
the tank vent/relief and/or relief valve may have experienced intermittent
leakage during the period from 105 seconds to S-IC cutoff. Although
data are not conclusive, it appears that approximately 0.18 kilograms
{0.4 bm) of ullage gas was lost from the tank during this period. Ullage
pressure at S-IC staging was 28.8 N/om2 (41.8 psia).
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During the S-IT boost there was a continuing pressure decay, but at a
much reduced rate, No maxeup cycles were required. Although ullage
cooling continued during thts period, the major cause of the decay
again appears to be response to the vehicle acceleration; there
is a step rise in pressure at S-II engines No. 2 and 3 out, and at
S-II cutoff.

The LOX tank sIlage pressure was 28.8 N/om? (41.8 psia) at ESC,
satisfying the engine start requirements as shown in Figure 7-32
During the start transient the ullage pressure decreased to a minimum
of 24.2 N/on2 (35.1 psia) before the pressurant flowrate became Targe
enough to increase the ullage pressure. During burn the ullage
pressure cycled four times. The ullage pressure was sufficient to exceed
the minimum NPSP requirements during powered flight

The LOX tank pressurization flawrate variation was 0.16 to 0.18 kg/s
(0.35 to 0.40 Ibm/s) during aver-control, and fram 0.11 to 0.14 kg/s
(0.24 to 0.37 Tbm/s) during under-contral system operation. This
vartation is normal because the bypass orifice inlet tenperature changes
as it follows the cold heliun sphere temperature. Heat exchanger
performance during first burn was satisfactory

The LOX tank ambient repressurization system satisfactorily raised the
tank ullage pressure Fron 25.7 to 27.7 W/om2 (37.3 to 40.2 psia) i
19.7 seconds. Helium consumption during repressurization was 2.4
kilograms {5.3 |bm) with the sphere pressure decaying from 2124 to 1327
N/em2 (3080 to 1925 psia}. The tank ullage pressure was 28.7 N/eri2
(41.6 psia) at second ESC, satisfying the engine start requirements

The LOX tank pressurization system operated noninally considering the
boundary conditions during the attempted restart shown in Figure 7-33.
The regulator discharge rose rapidly to 276 N/cm2 (400 psia} and renained
at that level until the system was turned off at second ESC +16 seconds
The helium flowrate was 0.16 kg/s (0.35 lbm/s) and the total mass of
helium used fron the cold helium spheres was 1.3 kilograms (2.9 Ibm)

The LOX NPSP calculated at the interface was 17.2 N/em® (24.9 psi] at
first burn ESC, The NPSP decreased after start and reached a minimum
value of 14.5 N/en? (21.1 psi) at 26 seconds after ESC. This was 0.10
N/om2 (0.15 psi) above the required NPSP at that time. The NPSP ther
increased and followed the LOX tank ullage pressure for the duration
of first burn.

The LOX pump static interface pressure during first burn followed the
cyclic trends of the LOX tank ullage pressure. Values ranged from
24.1 H/ome (34.9 psia) at 26 seconds after FSC to 28.8 N/em2 (41.7 psia)
imnediately after first burn ESC, The NPSP calculated at the engine
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Figure 7-33. S-I¥B LOX Tank Ullage Pressure - Restart Attempt
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interface wag 18.5 N/on2 (26.8 psia} at second burn ESC, At all times
during second burn attempt, NPSP was above the requirec level. Figure
7-34 and 7-35 summerize the LOX pump corditions for the first burn anc
the second burn restart attempt, respectively. The run requirements
for first and second burn were satisfactorily met as previously preserted

The cold helium supply was adequate to meet all flight requirements. At
first burn ESC the cold heliun spheres contained 151 kilograms (332 bm)
of helium at @ pressure 2027 N/oné (2940 psia}. At the end of the
166.52-second engine burn, the helium mess had decreased to 124 kilograms
(273 Thm) at a pressure of $51 N/om2 (1380 psia}. Following first burn
ECO the cold helium sphere pressure data indicated a decay of approximately
2.0 Néeméfmin (2.9 psi/min} as shown in Figure 7-36, resulting in an
apparent pressure at second burn ESC of 593 N/om? (860 psia). The cause
of this decline is still under extensive investigation; areas of interest
include the cold helium system coroseals ard joints, the LOX pressuriza-
tion module, and the cold helium sphere pressure transducer. Figure 7-37
shows these arcas of interest. The conoseals will te changed to 775
aluminum coated with teflon throughout the cold helium system for AS-503
and subsequent vehicles. Conoseal re-torquing rcquirenents are also being
considered.

During the restart attempt the LOX pressurization system was activated
for approximately & seconds, dropping the cotc helium sphere pressure
to 872 Nfom? (830 psia}; mass usage during this period was 1.1 kilegrams
{2.4 Ibm}, Following the restart attempt the sphere pressure data
continued to decrease, reaching 379 K/em2 (55C psia) by 22,023.30
seconds. From this time until loss of stage power the cold helium spheres
were dumped overboard through the LOX tank vent valve. inaccuracy in
the sphere pressure data (negative pressure data during the dump as shown
in Figure 7-36 invalidates mass catcutations during this period.

After the staye failed to restart a decision was made to vent the LOX
tank and cold helium spheres in an attempt to gain additional data
pertaining to stage safing. Tre LOX tank vent valve and the cold
helium shutoff valves were commanded open at 22,023.30 seconds as shown
in Figure 7-33. Tre cold helium pressure began a stracth blondown to
zero psia and the LOX tank ullage pressure began ta blowdown from its 23.8
N/on2 (34.5 psia) level. However, at 22,047 seconds with the ullage
pressure at 16,5 N/om2 (23.9 psia}, the pressure decay abruptly terminated,
and pressure remained constant until 22,061 seconds at which time the
blowdown abruptly resumed and continued as long as data was available.
During the period when the ullage pressure remained constant, both the
tank vent valve and the cold helium shutoff valves remained open. The
reason for this plateau is presently under investigation.

There is « noticeable change ir the rate of pressure decay occurring at
22,085 seconds which is coincident with all of the LOX liquid temperature
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measurenents converging at 91.7°K (-294.5°F). This is the saturationlevel correlating with 12,2 N/om2 (17.7 psiz). The ullage pressure wasindicating 12.5 H/en? (18.2 psia) at this time, suggesting that LOX
boiloff is responsible for the change in the rate of pressure decay,
Although a definitive analysis has not yet been performed, the length
of the pressure decay (approximately 11,600 seconds were required to dropthe ullage pressure to 0.7 Nem[1 psia]) suggests that the vent pathjs highly restricted from its nominal 103 r2 (16 ine). At O.? Nene(1 psi} the flowrate through an opening of this size would be sufficientto vent the tank completely in 500 to 1000 seconds.
Investigation of both the ullage pressure plateav at 16.5 Nom? (23.9
psia} and the vent line restriction is continuing.

7.1] S+IVB PNEUMATIC CONTROL SYSTEM

The pneumatic contret subsystem provides supply pressure for all stagepneumatically operated valves with the exception of J-2 engine valves
but including the engine start tank vent valve. A pneumatic power
control module regulates filtered ambient heliun flowing from the
ambient helium sphere loaded to a pressure of 2136 68.9 N/on2 (3100 4100psia) at 294°K (70°F). The module regulates pressure down to 338 £17 i/cm2(490 425 psia) for operation of the following:

a. Hg directional control valve during ground procedures.

b. Propulsive vent shutoff valve during powered fligat.

c. LOX and LHy 111 and drain valves during ground procedures.

d. d-2 engine GH start subsystem vent-relief valves.

8. LOX and LHp turbopumps turbine purge module.

f. LOX chiTtdown pump purge module control.

g. LOX and Lilg prevalves.

h. LOX and LHy chilldown shutoff valves.

i. LOX tank vent-retief valve.

J. LH propulsive vant valve.

The pneumatic control and gurge system performed satisfactorily during
al] phases of the mission. System performance was nominal during boost
and first burn operations. The AS-502 stage incorporated the redesigned
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pneumatic actuation control modules, and experienced no discernible
leakage as opposed to earlier stages which had significant degrees of
Jeakage. Pnelmatic control bottle temperature. pressure, and regulator
outlet pressure are shown in Figures 7-38 through 7-40, Battle masses
at various pertinent times are shown in Table 7-9.

7.12 S-1VB AUXILIARY PROPULSION SYSTEM

The APS controls the vehicle attitude during S-I¥B operation, and position:
the propetlants in the stage during first burn cutoff, parking orbit coast,
second burn restart, and cutoff transient. Nitrogen tetroxide (N204) and
tionomethy) hydrazine (MMH) are the APS propellants. These propellants are
hypergolic and require no ignition system. The APS system is composed of
two modules Iocated 130 degrees apart on the aft skirt assembly. All require~
ments are suoplied from within the moduies except the electrical power sig-
nals wnich are required from the stage. Each module contains three ablatively
cooled, 667 Newtons (150 Ibf) thrust, attitude control engines; and one
ablatively cooled, 311 Newtons (70 Tbf) thrust, ullage positioning engine.
The attitude control engines control S-1¥B rolt during engine burn and
pitch, yaw, and rol] during orbital coast. The ullage positioning engine
Fires to assure the presence of liquid propellants at the J-2 engine
pump inlets during engine chitldown and restart, and’ to settle the
propellants prior to propulsive venting to prevent the loss of liquid
propellants through the vent systems

The APS pressurization systems demonstrated nominal performance through-
out the Flight and met control system demands as required until APS
propellant, depletion. The regulator outlet pressures were maintained
at 134 N/on® (195 sia}. The APS ullage pressures in the tanks were
approximately 132 N/ané (192 psia).

The oxidizer and fuel supply systems performed as expected during the
flight. The propellant temperatures measured in the propellant control
module were as expected. The maximum temperature recorded was 317°K
(110°F), The bulk temperatures of the propellants in the bladder ranged
from 306 to 311°K (90 to 100°F). The propellant supply pressures were
nominal at approximately 131 N/cm2 (190 psia) during the mission.

The APS engine performance was as expected with the exceptions noted in
the following paragraphs:

The propellants were depleted in both modules as a result of disturbances
induced during First burn and after attempted restart. Because of the
failure to restart, the LOX and LH2 residuals were much greater than
predicted, As a result of this condition and spacecraft separation
the vehicle's moments of inertia were larger, and the Center of Gravity
(CG) further aft than predicted. With the CG Tow, the APS pitch and
yaw moment arms were shorter than expected, resulting in longer APS
burn times.
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Table 7-9. S-IVB Pneumatic Helium Bottle Mass
 

 

 

BOTTLE MASS
TIME

kg Tom

Liftoff 3.87 8.54
First Bura ESC 3.85 8.48
First Burn ECO 3.85 8.48
3500 sec 3,60 7.94
6500 sec 3.57 7.86

Second Burn ESC 11,614.69 sec, (03:13:34.69) 3.43 7.56

Second Burn ECO 11,630.33 sec, (03:13:50.33) 3.43 7.56
17,500 sec, (04:51:40) 3.42 7.54     
 

The propellants in Module No. 3 (at Position 1) were depleted first as
shown in Figura 7-41. The fuel was depleted at 21,953 seconds, while the
oxidizer was depleted at 22,053 seconds. The fuel was also depleted first
in Module No, 2 (at oosition III) (22,602 seconds) as shown in Figure 7-42.
The oxidizer was depleted at 22,634 seconds. The reason the fuel was deple-
ted first in both modules was that the propellants were loaded for a 1.65 EMR
to 1.0 EMR while the attitude control engines normally operate at a 1.60 EMR
during minimum impulse ait pulsing. This EMR was dropped even further
due to the high injector temperatures causing oxidizer vaporization and
reduced oxidizer flow, Tne fuel load for the flight was maximum. Table 7-10
presents the APS oxidizer and fuel consumption at significant events during
the flight. The APS helium bottle oressures and propellant quantities
derived from the helium bottle pressures are presented in Figures 7-43 and
7-44,

The engine chanber pressures were normal and ranged from 64 to 69 N/cm?
(93 to 100 psia) during the initial portion af the flight. However, at
approximately 6000 seconds, the chamber pressure of the first pulse in a
series of pulses on engine No. IT; was 41 N/cmé (60 psia). The chamber
pressure increased to @ nominal value as the series of pulses continued.
Figure 7-45 shows an example of this phenomenon. This initial Tow
chamber pressure has been attributed to a high injector temoerature as
a result of heat soakback of the injector resulting from heavy APS duty
cycles following first J-2 burn.

Engine No. 11] and IIlyy had similar low chamber pressures following the
jong steady state burns on these engines after attempted restart. The
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Table 7-10. $-1VB AS Pronellant Consumption
 

 

 

MODULE AT POSITION T MODULE AT POSITION [11
Tame Peaton ‘OxoTzER FUEL, OXTOTZER FUEL

ko (ibm) ka (bm)} kg (te) ka (br)

Initial Load 05.6 (188.5)] 56.5 (124.4)] 86.0 (189.4)}66,6 (124.7)

First d-2 Burn 0.7 (1.6) 0.5 (1.0} 0.7 (1.8)] 0.5 (1.0)
Roll Contra]

J-2 ECO to End of 12.8 (28.1) 9.8 (21.6) 6.6 (1dE)] 5.0 (TL)
Fiest APS UNaging

Ist and 2n¢ Earth 20,5 (45.3) 12.8 (28.2)}13.0 (28.7) 8.1 (18.0)
Revolutions

Restart Preparatiors |22.9 (St.5} 17.0 (37,4)/23,4 (51,5) 417.3 (38.1)

Attempted J-2 28,7 (63.1) 16.4 (36.2)]42.3 (93.1) 25.7 (56.5)
Restart to
Propel lant.
Depletion

        
injector temperature of engine No. IIIT increased to a maximum tempera
ture of 406°k (270°F) during this period. Although the injector tempera-
tures of engine Na. Ij] could not be obtained at this time because of
Joss of the measurements, it is thought that its temperature also exceeded
382°k (280°F), Both engines had pulses with chamber pressure as low as
38 N/on2 (55 psia). These were the initial pulses in a series. As the
cocler propellants upstream of the injector reached the engine the
chamber pressures increased to nominal values.
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The APS ullage engine operation was normal with exception of the slightly
extended clamber pressure decrease time of the Module 2 engine (following
the second ullage burn cutoff, it required approximately 1 second longer
than the Module 1 engine }. This extended pressure decrease time did not
occur at first ullage burn cutoff.
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 37.9 N/em2 (55 psia) 63.43 N/om? (92 psia)—

0 1 2 3 4
TYPICAL HEAVY APS DUTY BURN TIME, SECONOS

 

4:39:13 4:39:14 4339:15 4:39:16 4:30:17
RANGE TIME, HOJRS:MINUTES : SECONDS

TYPICAL EXAMPLE OF INITIALLY
LOW CHAMBER PRESSURE
{NO TEMPERATURE DAIA ON INJECTOR
WALL OR PROPELLANT MODULES)

  Tag tien? (65 psia) 63 Nene (92 psia}—

0 1 2 3
TYPICAL HEAWY APS DUTY BURN TIME, SECONDS

et
6:16:10 @:to:11 6:15:12 6:15:13

RANGE TIME, HOURS :MINUTES :SECONOS

INJECTOR WALL TEMP = 357°K (182°F) 22,500 TO 22,550 SEC
OXIDIZER MODULE TEMP = 204°K: (87°F) 22,500 TO 22,550 STC
FUEL NODULE TEMP = 304 °K (87°F) 22,500 TO 22,550 SEC

Figure 7-45, S-I¥B Chamber Pressure, APS Engine No. 2 - Modute No. 2

7-89/7-60





SECTION 8

HYDRAULIC SYSTEMS

8.1 SUMMARY

The primary purpose of the hycraulic systems on each of the three booster
stages is to provide vehicle thrust vector contral during powered flight
by controlling the thrust vector angle and direction af each of the move~
able engines on command from the guidance and control syster. In addition
the S-IC stage hydravlic system atsc operates the engine control valves
during engire start and shutdown operations. Since the S-IVB stage has
only one encine, the Auxiliary Propulsion System (APS) modules provide
roll corrections during $-IVB stage flight

In generat, the hydraulic systems performed satisfactorily in that the
vehicle remained stable during al] portions of quidance-controlled powered
flight. flo hydraulic system problems occurred during $-IC powered flight
S-II hydraulic systems performed within predicted limits, and operated
satisfactorily until 280 seconds. At this time, the S-If engine No. 2 yaw
actuator delta pressure transducer began to deviate significantly from
expected values. The engine No. 2 yaw actuator showed a cryogenic effect
between 280 soconds and 419 seconds, From 319 seconds until engine No. 2
cutoff, both the pitch and yaw actuators showed apparent side loads from
the engine. After engine No. 2 cutoff, the yaw actuator performance in-
dicates that it locked up. The engine No. 3 hydraulic system performed nor-
mally until engine shutdown when the system pump stopped operation and the
pressures decayed. The engine No. 1 and engine No. 4 hydraulic systens per-
formed normally throughout 5-11 powered flight. 5-IVB hydraulic system per-
formed within predicted limits during liftoff, boost, and first burn.
During engine restart preparation and restart attempt, the system failed
to produce hydraulic pressure. System temperatures observed during S-IVB
first burn indicated the existence of a cryogenic fuel Teak which Ted to
the freezing of the hydraulic fluid and system blockage. During the
restart attempt, measurements indicated that both the nain and the auxil-
jary hydraulic pumps cavitated during operation and virtually no system
pressure was produced.

At the present time there are no planned modifications to any of the stage
hydraulic systems. The hydraulic system problems that occurred during
this flight were related to the engine failures.
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8.2 S-IC HYDRAULIC SYSTEM

The hydraulic system supplies high-pressure fluid, RJ-1 (kerosene}, from
a ground source to each of the five engines to control the engine starting
sequence ana to the four outboard engines for ground checkout of theThrust Vector Control (TVC) system. During engine operation, high-pressure
control fluid (RP-1) is supplied from the No. 1 fuel discharge of the
turbopump assembly through the filter manifold to the servo valve and
actuators for TYC. The fluid returns througa the checkout valve to the
No. 2 fuel inlet of the turbopump assembly. Hydraulic power is also used
to close the engine control valves for engine shutdown.

The S-IC stage incorporated four gimbal actuators of the Moog model(60884500-1} "and four of tre Hydraulic Research model (50M04050-1). Analy-sis indicates that all actuators performed as commanded during the flight.The maximum actuator deflection was equivalent to 0.7 degree engine gimbatangle at the initiation of the vehicle roll program. The average hydraulicsupply pressure was 1296 N/cm? (1880 psia) and operated in a small bandwithin the operating limits as shown in Figure 8-1. The temperature asdepicted by the return actuator fluid was 205°K (90°F) and operated withina narrow band. The maximum hydraulic engine valve opening pressure was1392 Yen? (2020 psia) and the maximum supply pressure to the actuators
was 1378 N/om@ (2000 psia).

8.3 S-IT HYDRAULIC SYSTEM

A complete, separate, and identical hydraulic system for each outboard
engine provides power for gimbating. The major System components includean engine-driven main pump, an auxiliary electric motor-driven pump, twoelectrically controtled, hydraulica?ly powered servoactuators, and an ac-cumulator reservoir manifold assembly. During $-IC powered flight, $-I1hydraulic lockup yalves are closed, holding the engines in a nullposition. After S-IC/S-1I stage separation, @ signal unlocks the
accumulator Tockup valves! releasing high-pressure fluid to each of the two
servoactuators. This fluid provides gimbaling power prior to main hydrav-lic pump operation, The main hydraulic pump, driven directly from the
accessory drive pad of the engine LOX pump, provides actuator powerduring S-11 powered flight.

S-If hydraulic system performance was essentially normal throughout theFlight on engines No. 1 and 4, and on engine No. 3 until premature shut-down. System supply and return pressures and reservoir volumes were with-in predicted ranges. Reservoir fluid temperatures were close to the maxi-mum predicted. Launch pad redlines were met with ample margins at liftoff
for at7 four systems.

Several anomalies were apparent on engine No. 2 system throughout the
flight. Actuator and reservoir temperatures of engine No. 2 leveled off
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early during S-11 boost and then decayed while the otrer three systemsrose normally. The differential pressure measurement (indicative of force)on the yaw actuator of engine No. 2 exhibited unusual ramp excursionsBoth the pitch and yaw differential pressures ircreased suddenly at319 seconds. At engine No. 2 cutoff, the reservoir velume dropped tozero, and the yaw actuator held its position

Uydraulic system performance for engines Ko. 1, 3, and 4 is shown inFigure 8-2. Reservoir volumes were within the predicted range prior tocutoff of the respective engines. At engine No. 3 cutoff, the engineNo. 3 reservoir yolume increased in a normal manner as a result of accumu-lator depletion followirg spindown cf the main hydrauTic pump. Reservoirtemperature increase was close tc the predicted rate of increase. Tempera-ture data for all four reservoirs and actuators were Tost at 415 secondsas discussed in paragraphs 13.3 and 19.2.2. Accumvlator pressures (indica~tive of system supply pressure) were within the predicted range of 2280to 2620 N/ené (3300 to 2860 psia) prior to Engine Cutoff (ECO), The de-cay in engine ho. 3 accumulator pressure was normal and resulted from theaccumulator depletion. The minimum reservoir volume was 13.0 percent offull versus the redline of 3.0 percent and was within the noninal pre-dicted bands. The hydraulic fluid minimum pressure was 2410 N/cm?(3500 psia). The highest of the three systems fluid temperatures was ap-proximately 306°K (90°F) at 415 seconds and all three were showing anormal upward trend at that time. These were well within the predictedlimits as shown in Figure 8-2. Engines No. 1, 3, and 4 actuator force:were Well below the predicted maximum of 84,509 Newtons (19,000 Ibf}. Theraximun tensile force was 57,800 Newtons (13,900 IbF), which was exertedby the pitch actuator of engine No. 1. The maximum force in compressionwas 36,000 Newtons (8000 Ibf) which was exerted oy the yaw actuator ofengine No. 4,

Prior to engine No. 2 cutoff, hydraulic parameters from all four enginesfollowed predicted values except engine No. 2 reservoir and actuator fluidtemperatures. Figure 8-3 shows that these temperatures leveled off between270 and 290 seconds and then decayed. This fs unlike the normal, con-tinuous rise characteristic shown by the engine No. 3 reservoir tempera-ture and is attributed to an abnormally low temperature environment inthe vicinity of the engine No. 2 hydraulic system.

At 280 seconds, the engine No. 2 yaw actuator differential pressuremeasurement started a positive ramp increase as shown in Figure 8-4. Thiindication was apparently not a measure of increasing pressure, but theresult of cryogenic fluid coming in contact with the transducer. Thieffect has been reproduced in tests performed at MSFC and at the S-I1stage contractors’ test facility. The transducer utilizes two Bourdortubes to sense pressure difference. In the tests. LN2 was sprayed on theactuator and caused the instrument to show a pressure difference asshown in Figure 8-4 although no pressure was applied to the actuatorThe indication rose, peaked, and then decayed apparently beceuse one of
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Figure 8-3. S-II Engines No, 2 and 3 Hydraulic System Temperature

the Bourdon tubes was cooled first and then tke cther. when both tubes
had been cooled to the same temperature, indications are that transducer
was again able to measure differential pressure.

The ramp increase continued until 319 seconds when the apparent force on the
yaw actuator had reached 80,000 Newtons (18,000 Ibf). At 319 seconds, the
engine No. 2 pitch and yaw actuators showed a step increase in pressure which
was apparently caused by a side load an the engine. The apparent forceon the yaw actuator rose rapidly to 10,000 Newtons (22,700 Ibf) as a
constant force of approximately 21,0C0 Newtons (4700 Tbf) was added to thetemperature-induced indication. At the save tine, the force on the
pitch ectuator increased to 32,000 Newtons (7000 Tbf), These constantforces remained until engine No. 2 cutoff. The total yaw actuator forceindication continued to increase fror 101,000 Newtons (22,700 Tbf) and
reached a maximum cf 125,06C Newtons (28,000 Ibf} at 336 seconds, when
it startec a decay which reached 13,000 Newtons (3000 Ib) at 416 seconds
In engine static firing tests conducted at MSFC, these actuator hydraulic
pressure changes and engine novements have been reproduced. In the tests,
a LOX-rich Augmented Spark Igniter (ASI) mixture vatio was used. Thi
caused the main injector to be eroded. This, in turn, made a hole in the
aft portion of the thrust chamber. Expanding gases from this hole created
a side thrust which caused effects very similar to those observed i
flight as shown in Figure 8-4. The engine failure analysis is described
in detail in paragraph 6.3,
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At 423 secends, the yaw actuator force increased to 98,000 Newtons
(22,000 Ibf), it then started to decay and finally leveled off at
-35,000 Newtons (-8C00 Ibf) (tensile force) at 478 seconds, where it re-
mained for the duration of S-II flight. The pitch actuator force dropped
to -22,000 Newtons {-5600 1bf) at 415 seconds and then decayed to
-31,000 Newtons (-7000 Ibf) where it remained to the end of S-IT flight
After engine No. 2 cutoff, both the pitch and yaw actuator pressure
measurements indicated a force which tended to force the engine inboard.
Tris incicated force is stil] under investigation

 

Tre pitch actuator continued to respond to quigance commanas os shown in
Figure 8-5 until 480 seconds when the accumulator was empty of fluid.
Shartly after engine No. 2 cutoff, the yaw actuator failed to respond to
guidance commands. The performance of the yaw actuator incicates that it
jocked up at this time. The probable causes for this were closure of the
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hydrautic lock valve within the actuator or seizure of the piston. Thelock normally closes when the difference between the actuator supply andreturn pressures decays below 900 to 1200 N/cm2 (1300 to 1700 psid). Alow differential pressure could have been caused by highly viscous fluédwithin the actuator or the supply and/or return lines to the actuator,resulting from a low temperature condition. Piston seizure could haveresulted from cryogenic fluid spraying on the actuater cylinder. TheNo. 2 hydraulic reservoir level also appeared to have dropped sharply from9 percent to zero at ECO. Hydraulic system No. 3’shows the expectedreservoir level at this time. The zero volume indication was probablydue to a complete loss of reservoir fluid caused by a rupture somewherein the low pressure side of the system. This is based upon a corresponding
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rapid decay in reservoir pressure to zero, accompanied by a slow decay in
accumulator pressure which is on the high pressure side of the system
Normality, the reservoir pressure decays to approximately 35 N/cmé (50 psia)
after ECO. The cause of the rupture has not been defined, however, an
abnormally ow temperature environment could have subjected a portion of
the system to extreme strains and eventual rupture. The gradual decay
in engine No, 2 reservoir volume before engine No. 2 cutoff (Figure 8-6)
was probably the result of accumulator gas cooling which resulted in a
increase in accurulator oi] volume and produced a decrease in reservoir
volume

8.4 $-1VB HYDRAULIC SYSTEM (FIRST BURN)

Engine gimbating 1s accomlished by an independent, closed-loop, hydraulic
control system consisting af an enging-driven main pump, an auxitiary
electric motor-driven aums, two electrically controlled, hydraulically
powered servoactuators, and an accumulator reservoir. Buring S-IC and
S-H1 powered flight and coast, the auxiliary pump is operating to position
the J-2 engine in the null position and to pressurize the system. The
main hydraulic pump, driven directly from the accessory drfve pad of the
engine LOX pump, pravides the orimary actuator power during S-I¥B powered
Flight.

The S-IVB hydraulic system performed witain the predicted limits after
Liftoff with no overboard venting of system fluid as a result of reservoir
fluid expansion. Just prior to start of propellant loading, the accumula-
tor was precharged to 1570 N/cm? (2200 psia) at 277° (40°F). Reservoir
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oi] level (auxiliary pump off} was 78.5 percent at 270°K (26°F). Therewere no thermal cycles prior to launch. The low Gaseous Nitrogen (GN2)temperature of 278°k (40°F) resulted in a low accumulater precharge pres-Sure of 1517 N/ené (2200 psia). This caused appreximately 66 percent ofthe reservoir volume to enter the accumulator after the auxiliary pumpwas turned on. This effect, coupled with the cil volume shrinkage in thereservoir, resulted in a comparatively low reservoir oil level of 17 percent. Table 8-1 shows minor pressure level variations and compares theliftoff, first turn, parking ortit, and engine restart attempt systempressures.

During S-IC/S-II boost a11 systew fluid temperatures rose steadily (Figure8-7) when the auxiliary pump was operating and convection cooling wasdecreasing. AccumuTator gas and actuator cylinder temperatures remainedlow since they are located on the extreme ends of the systen. The
supply pressure during the first burn was nearly constant at 2482 N/cm2(3600 _psia) as compared to the allowable of 2344 to 2517 N/cm® (3400to 3650 psia}. The maximum actuator torque resulting from vehicleatet tude comand during first burn was in pitch at 12,639 Nem (111,853Ibf-in

System temperatures did not rise normally during the latter portion offirst burn as shown in Figure 8-7, The fallowing characteristics werenot experienced on previous flights:

At 688 seconds the yaw actuator suddenly started to lose temperature
at the rate of approximately 0.28 °K/s (0.5 °F/s).

b. At 707 seconds the pump inlet oi? temserature suddenly jumped 16.6°K
(30°F) in 14 seconds and then decreased 8.3°X (15°F) at cutoff.

¢. The wain pump discharge line temperature began to rise normally atthe start of engine burn. At 670 seconds it suddenly started todrop and then laveled off at ECO.

Table 8-1. S-I¥B dydraulic System Pressures
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8.5 S-IVB HYDRAULIC SYSTEM (COAST PHASE)

During orbital coast there were no thermal cycles of the auxiliary fiydraulicpump.” After ECO, the pump inlet of] temperature increased from 349 to358°K (168 to 185°F) due to continued heat transfer from the LOX turbinedome to the pump manifold as shown in Figure 8-8. Ouring the remainder ofthe coast period this temperature decreased gradually alang withother system temseratures. System bloeddown required 57 seconds and ac-Cumulator srecharge pressure stabilized at 1062 N/cm (2150 psia).
8.6 S-IV3 HYDRAULIC SYSTEM (SECOND BURN)

The auxiliary pump was activated to the flight mode at 10.822 seconds(793 seconds prior to second burn). The pump failed to produce any dis-cernible hydraulic pressure. There was current draw to the pump motorof approximately 12 amperes which is an indication that the pump wascavitating. Normal motor current is 45 amperes. A 6.9 N/cm2 (10 psi)reservoir pressure increase occurred approximately 250 seconds later ashown in Figure 8-9, but this was of short duration
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After engine restart conmand the main engine hydraulic pump failed to
produce any measurable hydraulic system pressure. At the start of LOX tur-
bine spin (at approximately 11,622 seconds), after restart engine command,
there was a small fluctuation in reservoir oi] pressure, the actuator
moved slightly and there was a 15°K (27°F) momentary drop in pump inlet
oil temperature as shown in Figure 8-10. This ind’cated that the main
punp was turning and moving fluid but was unable to develop system pressure

It has been concluded that both the auxiliary and main hydraulic pump
feilures in the period preceding and during Second burn attempt were due
to cavitation. S‘nce the reservoir of1 level and pressure were normal,
it is believed that the condition was caused by localized freezing of
the pump suction line hydraul‘c flud by an impingement from a leaking
cryogenic line. “he pump suction Tine runs across the gimbal plane on
position IIT between the accumulator reservoir on the thrust structure
and the main hydraulic pump on the LOX turbine dome as shown in Figure 3-11.
If this Tine is subjected to cryogenic freezing, a blockage of of] would
result in the line {pour point of MIL-H-5606 of1 is 205°K [-90°F]’ which
would starve the inlets of both pumps, lose inlet pressure head and pre-
vent reservoir fluid from reaching the pumps.

Two attempts were made to start the auxiliary hydraulic pump by ground
conmand with no success. The pump inlet and reservar of] temperatures
continued to sink at approximately the same rates. The pump discharge
line temperature measurement which was located near tre system therma
switch apparently varied with exposure to solar raciatior or earth's
shadow. This shows that abnormal system temperature deviations were no
longer present after the engine restart attempt.



 YY Fux svtnaucse PIMP FLIGHT Moce O04, “0,872.2
WD SLiewG FART Oh, 11,614.69Y stacr or ty (Fco},"11,630.33
WY Auk VvbaRut <C EUPP FLIGET MODE OFF, 12,038.18
aay
 

 

 

 

 

 

 

 

   

 

 

 

 

 
 

  
 

    

 

  
 

     

 

 

 

 

   

 

 

 

      

  

 
         

  

 

 

 

 

cr - - - x0

gp 0 ~ I to mm= sin Pep eater -5 wlaa = ~FSSa Toa im 5
3 “|pSRS = wo #
Aap Lf a 2Q t 7 42 ; " ia= 200[--— Jos5" Trescmvote, z5 LOMITS 820 =

sesb Fume +"Lents Fr
aa | “2

2 Toomade on S& 260 oemArke as£ Vis aciuatan CHLIN gz ecrea stag? ATER ES #Eom t

gy? T T T
SL . actuaroe910m 697 bs-c _

A iuataR PUSTOR p3y Yaw 1
i f |

“610,300 ne 1170 Tao 1 6 7690
vance “ie, scons

ee
WZ 4 4 4 103:00:60 Daa Tea aN thes THT6 00

RANGE TENE, JouRs etre 5 sEcoans  
Figure 8-10. S-IVB hydraulic System Performance

Curing Attempted Restart



 Figure 8-11, d-2 Engine Hydraulic Component Locations
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SECTION 9

STRUCTURES,

9.1 SUMMARY

The AS-502 flight vehicle experienced considerably more structural activity
than the AS-501; however, this activity did not reach suffictent magnitude
to pose a threat to the launch vehicle structural integrity. Areas of
structural activity included:

a. A-slightly more severe vehicle release transient than a
AS-501 (paragraph 9.2.1).

b, Coupling of longitudinal structural dynamics with thrust
oscillations (POO) (paragraph 9.2.3.1).

 

c. Limited amplitude S-IVB panel flutter (paragraph 9.3.4)

d. A shock response type transient which occurred at 133 seconds
{Section aN

e. Inboard Engine Cutoff (IECO) longitudinal acceleration design
value exceedance (paragraph 9.2.1)

f, Premature cutoff of two of the five S-IT stage engines
(paragraph 9.2.1 and 9.2.2).

The transients, due to thrust buildup and vehicle release, resulted in
maximum Tongitudinal and lateral (pitch plane) dynamic load factors of
40.4 and £0.08 g, respectively, at the command module. The maximum
steady-state bending moment condition, 9.89 x 106 H-m (7.29 x 106 Ibf-ft)
was experienced at 66.6 seconds. The maximum longitudinal loads were
experienced at 144.72 seconds (IECQ) at a rigid body acceleration of 4,8 g,
Although the 4.8 g [ECO condition was greater than the 4.68 g design
value, no mainline structural problems were encountered during this
phase of flight.

Theust oscillation-structural dynamic response coupling (POGO) was
evident during the 110 to 140 second region of S-IC range time. The
longitudinal dynamics of the launch vehicle induced lateral acceleration:
of 6.65 Gpeak at the Lunar Module Test Article (LTA). Oscillations in
the First longitudinal mode during the 110 to 140 second time period
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exceeded that exverienced during AS-501 flight by approximately a factorof three. Maximum response occurred in the 5.2 to 5,8 hertz bandwidth,

Fin bending and torsional modes compared well with analytical predictions.
Fin vibrations exceeded the range of the accelerometers but the modal
frequencias did not coalesce and flutter did not occur, $-IC, S-I¥B,
and Instrument Unit (IU) vibrations were as expected. S-I1 stage vibra-
tions were as expected, except that forward skirt vibrations exceededthe sine and random criteria at liftoff, No adverse effects were nated.S-IVG forward skirt experienced limited amplitude pane) flutter. The
stress amplitudes encountered, due to flutter, were about three times higherthan those of AS-204 but were still within a tolerable level.

A pronounced transient was evident at approximately 133 seconcs in manyMeasurements on the vehicle. The transient was also reported by MarnedSpacecraft Center (MSC) to be present on many of the spacecraft measure-ments. Details of this transient are discussed in Section 9A.

9,2 TOTAL VEHICLE STRUCTURES EVALUATION

9.2.1 Longitudinal Loads

The vehicle longitudinal dynamic response due to thrust buildup andrelease ts shown in Figure 9-1, The axial cynamic loads derived fromstrain gage data are shown at the S-IC intertenk and forward skirt. Twoupper stations, where astrongut cowfort is cf prime concern, are givenin terms of acceleration. The simulated response at the command moduleis based on measured forcing functions ard is presented in lieu of themeasured accelerations which were not available.
The measured accelerations shown at the IU were filtered to eliminate
localized high frequencies (higher than 6 hertz) so that overall vehicle
dynamics could be nore accurately established. A frequency analysis of
the filtered data indicated a predominance of 3.8 and 4.4 hertz oscilla—tions. Oscillations observed ir the axial load plots are not as pro-
founced as in the acceleration data because of the low frequency
limitation (2.4 hertz) of the telemetry system from which the strain
data was obtained, The 3.8 and 4,4 hertz oscillations are precisely
as predicted for the first two longitudinal modes at the time of vehicle
Taunch.

In general, the AS-502 vehicle longitudinal dynamic response amplitudesat launch were greater than those experienced on the AS-50). “aximumresponse at the command module was approximately 0.4 g (simulated) onAS~502 and 40.2 g (simulated) on AS-501.

This increased response was due primarily to changes in the controlledrelease device characteristics. The time required to clear the controlledrelease device was 1.17 seconds on AS-501 and 0.54 second on AS-502 witha steady-state acceleration of 1,24. The most significant change wasthe reduction of the number of release rods from 16 for the AS-S01 flight
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Figure 9-1, Longitudinal Structural Dynamic Response Due to Thrust
Buildup and Release



to 12 (€ instrumented) for AS-502. Revised rod lubricating techniques
adopted on AS-502 gave rise to the lower release rod naximum force shown
ir Figure 11-3 (Section 11) which also served to increase the release
transient, Still another minor change in the release parameters was the
slight decrease in release rod preload shown in Figure 9-2.

In spite of the changes in the controlled release device which increased
the dynamic transient due to launch, the response accelerations and cor-
responding loads throughout the launch vehicle primary structure were
well within predicted values. This phase of flight posed no tareat to
maintine structural integrity,

The vehicle longitudinal acceleration measured during flight is shown in
Figure 9-3. The rigid body component of this acceleration was essentially
nominal throughout S-IC burn. This acceleration information, along with
preflight predicted weight distribution and aerodynamic drag, was used
as a basis for longitudinal Toads computations. The maximum Yongi tudinal
dynamic response subsequent to the release transient was experienced
between 110 to 140 seconds and is illustrated by snadina in Figure 9-3.
This aspect of the flight will be discussed in naragraph 9.2.3.1 of this
report. The longitudinal loads which cxisted at the time of maximum
aerodynamic loading (maximum bending moments) and at maximum compression
(TECOS are shin fn Figure 9-8. These Figures illustrate the exceltent
agreement between measured loads and Toads computed from measured flight
parareters. The rigid body longitudinal acceleration at time of maximum
bending moments (66.6 seconds} was 1.93 g. The maximum longitudinal
loads experienced during flight occurred immediately prior to TECO
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Figure 9-2. Slow Release Rod Loads During Release
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(144,72 seconds) at a rigid body longitudinal acceleration of 4.8 g.
Although the 4.8 g JECO condition was, as predicted, greater than the
4,68 g design value, no mainline structural problems were expected or
encountered during this phase of flight. The higher g level was the
result of a longer inboard engine burn to attain LOX Tevel cutoff

Figure 9-§ shows longitudinal acceleration time histories at the S-IC
center engine gimbal block, S-IC intertank region, and the command module
during S-IC thrust cutoff (OECO}, Due to absence of accelerometer data
from the command module, only the dynamic simulation results are presented.

At approximately 413 seconds range time, two of the five S-TT engines
prematurely cutoff. The longitudinal loads corresponding to this two-
encines-out condition are shown in Figure 9-6 and are well below design.

 

9.2.2 Bending Moments

The lateral transient due to thrust buildup and release is typified ty
the S-IG intertank and forward skirt load time histories shown in
Figure 9-7. The 1 to 2 hertz oscillations apparent in this data are
due to the lateral dynamic response, or “twang”, at vehicle release.
The low frequency load buildup and decay subsequent to 1.8 seconds is a

9-5
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Figure 9-4, Longitudinal Loads at Maximum Bending Moment andInboard Engine Cutoff

result of the programmed yaw maneuver. The pitch plane dynamic simulationresponse at the comand module during launch is also presented in Figure9-7. The maximum response acceleration was found to be +.08 9. Neesureddata at the command module was not available due to questionable flightdata.

The conditions which existed during the high aerodynamic Yoading phase offlight were such as to cause near minimum lateral loads. This is
Tllustrated by a comparison of the maximum AS-502 flight bending momentswith design values shown in Figure 9-8. The lateral Toad factor is also
shown, The 9.89 x 106 N-n (7.29 x 108 Ibf-ft)} maximum bercing mement inthe S-IC LOX tank at 66.6 seconds was only one third of the design value.The $-11 engines which prematurely cut off (Engines No. 2 and 2) were in
the upper outboard location and could be expected to preduce relatively
large bending moments. A conservatively high calculaticn cf thesebending moments, shown in Figure 9-8, indicates values well within designenvelopes, A comparison with measured strain cage data at one station
1s shown in the figure.
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9.2.3 Vehicle Dynamic Characteristics

9.2.3.1 Longitudinal Dynanic Characteristics. Frequency versus range
ime for the first longitudinsl mode is compared with the analytica

prediction and data from the AS-807 flight in Figure 9-9, Modal ampli-
tude versus range tine is also shown, Oscillation in the first longi-
tudinal mode was observed on at] longitudinal low frequency instrumenta-
tion in the maximum Gpeak regions shown in the lower part of Figure 9-9
The frequency data agree well with both the analytical prediction and
the AS-501 data. The data shown in Figure 9-6 of NPR-SAT-FE-68-1 Saturn
¥ Launch Vehicle Flight Evaluation Report AS-501 Apollo 4 Mission is
incorrectly identified as being on the IU, when in reality it was obtained
from the command module: therefore, it cannot be compared to the AS-50
data shown in Figure 9-9 of this report.

  

The AS-502 vehicle experienced closed loop structural/propulsion coupling
{POGO; in the letter part of the S-IC flight. The POGO pheromenor is a
closed loop interaction of the three essential interactive vehicle systems:
the vehicle structure, the vehicle suction propellant feed system, and
the engine system,

3-8
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The buildup of longitudinal cyramics started about 110 seconds range time.
The structural oscillations reached a maximum level of £0.18 g at the
S-IC gimbal plane and 40.65 ¢ at the command iedule at 125 seconds, then
decayed to a negligible level ty 14G seconds. This buildup is a result
of the coalescence of the first longitudinal frequency of the vehicle
with the first LOX line frequency in the frequency range of 5.2 to 5.4
hertz. The frequercy coalescence and the resulting structural resnonse
buildup is illustrated in Figure 9-10.

All five F-1 engines were essentially in phase on AS-502 and shoved a
chamber pressure increase from 110 to 125 seconds and then a decrease
back within noise level arplitudes at approximately 138 seconds. Figure
9-11 shcws the charber pressures on the individual engines and also 4
compesite chamber pressure for the five F-1 engines.

A major difference observed in the propulsion data of the two vehicles
(AS-501 and AS-502) is that all engines exhibited oscillatory thrust at
the save frequency and essentially in phase on AS-502; whereas, the
AS-501 engines did not show the same engine-to-engine thrust frequency
The buildup in the structural acceleration response at the S-IC gimba
nlane and the F-T engine chamber pressure is shown in Figure 3-12,
Modal amplitudes during the 110 to 140 second region of S-IC range
time exceeded those experjenced during AS-501 flight by apsroximately a
factor of three as shown in Figure 9-9. Amplitudes at differant vehicle
stations reached peak levels in this time period at various range times
as indicated in Table 9-1. Maximun response occurred in the 5.2 to 5.5
hertz bandwidth, The longitudinal dynamics of the launch vehicle in-
duced lateral accelerations of 0.65 Gpeak at tre TA. The maximum levels
measured in the spacecraft LTA during the 120 to 135 second region were:

  

a. Pitch 0.68 Gpeak

be Yaw 0.30 Gpeak

¢. Longitudinal 0:70 Gpeak

 

The combination of steady-state longitudinal acceleration of 3.7 g nlus
the dynamics at 125 seconds created a relatively critical compression
loading condition for the upver poction of the vehicle. This can be
best illustrated by a commarison of the combined Tvad (Nc) at 125 seconds
with TECO loads.
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Table 9-1, Maximum Modal Accelerations at 5.5 Hertz for 110
to 140 Seconds Range Time
 

 

 

 

 

INSTRUMENT VEHICLE S-1C RANGE ACCELERATION
STATIONS TIME {GPEAK}
METERS (IN. ) (sec)

PITCH
£61-118 16.76 (660, 130 9,03
E59-118 21.67 (853 132 0.04
A4-320 37.08 (1460 132 2.03
6-603 82.55 {gee 134 3.19
GA7015 88.60 (3488, 134 2.65
cAOOOTA 97.41 (3835 134 2.35
LAGOT2A 107.21 (4221) 130 0.49

LONGITUDINAL

£90-115 2.92 (118) 120 0.40
E83-115, 3.67 (121) 123 0.16
E82-115 3.15 {iza} 124, 0.18
£57-115, 5.31 {209} 120 0.12
£92-117 5.72 (225) vig 0.43
£93-119 19:6) (772) 120 0.18
E58-115, 21.62 (851) 128 0.14
6R7011 88.60 (3488) 125 0.70

YAW

47-603 82.55 (3250) 133 0.04
GA7013 88.60 (3488) 133 0.10
LAOOTIA 107.21 (4221) 138 0.12

   
 

 



Where:
‘ircumferential compression shell load (1bf/in.)
xial Toad (1bf)

8M = Bending monent (in.-Ibf!
ocal vehicle radius (in.)
age ullage or venting pressure (Tbf/in.2

  

The combined conpression loads attained the largest relative maximum,
compared to IECO loads, in the S-IVB forward skirt and IU. At the 1U,
Spacecraft interface, the limit compression load at 125 seconds wa
1103.30 fom (630 1bf/in.) compared with 1015.74 N/m (580 Tbf/in.) at
IECO.” the mininum predicted ultimate capability at this time i
1523.60 H/em (870 Ibf/in,) based on a maximum heating trajectory tempera-
ture prediction. AS-502 flight was such that maximum heating was not
experienced, and the minimum capability was only degraded to 2084.01 N/cm
(1190 Ibf/in.}, The minimum factor of safety maintained through thi
condit‘on for AS-502 was well in excess of 1,5, The axial load diagram,
steady state plus dynamics, for this condition is presented in Figure
9-13, Lateral loading at this time was sTight.

  

Figure 9-14 shows a comparison of normalized flight data with analytically
predicted first longitudinal mode shapes. Mode shape data from the LM
analysis have been included on one of the shapes for ccmparison purpases.

9.2.3.2 Lateral Dynamic Characteristics, Oscillations in pitch and yaw
ware detectable throughout S-IC pawered flight. The frequencies of these
oscillations agreed with the aralytical predictions as shown in Figure
9-15. The first three vehicle pitch modes were detectable throughout
first stage boost. The fourth mode came in very strangly near the end of
first stage boost. Spectral analyses were performed ta determine moda
Frequencies using five-secord time slices. Te obtain raximum acceleration
levels, magnetic tane data were filtered using digital filters set at the
modal frequency range. The yaw direction acceleration levels were Tess
in the 110 to 140 second region than the pitch or longitudinal levels:
however, the first moce response in the yaw direction was generally higher
than in the pitch direction throughout first stage flight. Modal data
for the second yaw mode were generally hidden by a two cycle noise which
existed in the yaw instrumerts throughout first stage flight. The noise
appeared in the S-IC stage and [U measurements. A comparison of normalized
flight data with analytically predicted pitch and yaw mode shapes is
presented in Figure 9-16.

9.2.4 S-IC Fin Dynamics

Vibration levels on the fins were high at liftoff and in the high dynamic
Pressure portion of AS-5C2 flight, but the modal frequencies did not
coalesce and there was no evidence of flutter. Figure 9-17 shows that
vibration levels were simflar to those of AS-501, Levels observed
exceeded the range af the instrumentation; however, the range of the
‘instrumentation was below design levels.
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Flight

Measurement range ‘increases were requested after AS-501 flight to
determine fin vibration levels. These are to be incorporated into AS-503instrumentation. Maximum bending moments on the two instrumented fins
(Figure 9-18} were approximately §0 percent greater than those encounteredduring AS-501 flight but were far below design load. Since maximum
vehicle angle-of-attack in the high dynamic pressure reqien occurred in
the pitch plane, it is deduced that all four fins experienced approximately
equal angles-of-attack, zerodynamic Toading, and bending moment,

9.3 VIBRATION EVALUATION

9.3.1 S-IC Stage and Engine Evaluation

The S-IC structure, engine, and componert vibration measurements (locations
of measurements are shown in Figures 9-18 and 9-19) taken on the S-IC stage
are summarized in Figures 9-20 through 9-22 and Table 9-2.

9.3.1.1 S-IC Stage Structure. Vibration levels in the thrust structure
at liftoff were similar to static firing levels but were lower during the
remainder of AS-502 flight. This trend was expected and is similar to
AS-601 flight deta. The intertank structure and forward skirt structure
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$-IC Vibration and Strain Measurements at Fin, Fin
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show vibration levels similar to AS-801 flight data. The jevels for launch
and throughout AS-502 flight were lower than static firing levels.

9.3.1.2 -1 Engines, Four of the five F-1 engine combustion chamber
vibration measurements yielded valid data. Overall rms Tevels were higher
than static firing data. Al) five vibration measurements on the com-
bustion chamber of AS-501 were invalid. The engine turbopump vibration
Jevels, although slightly higher during AS-502 flight, were generally
comparable to static firing and AS-501 flight levels

9.3.1.3 $cIC Stage Components, The responses of components on the S-IC,
engine actiatore- cold heliumTine, and propel lent delivery system are
summarized in Figure 9-22 and Table 9-2. The engine actuator measurement:
showed amplitudes similar to static firing date and somewhat higher than
AS-501 flight data. Generatly, cold helium line measurements shoved
Jevels lower than static firing levels and similar to AS-501 flight levels.
A11 AS-502 flight cold helium data were invalid before 3 seconds. Measurc-
nents taken on the propellant delivery system show data similar to the
static firing and AS-S01 data. The constant level throughout flight
indicates that the vibration was a result of flow dynamics and not af-
fected by acoustics. On the vibration isolated panels, the only valid
data obtained was from one measurement at launch. This measurement in-
dicated very low level vibrations as expected and therefore is not shown
in Figure 9-22.

9.3.2 S-I1 Stage and Engine Evaluation

S-TI structure, engine, and component vibration measurements evaluated
on the S-IF stage are summarized in Figures 9-23 through 9-26 and Table

9-3. AS-501 data shown for comparison have been updated since release
of the AS-501 flight evaluation report. Spectral analyses indicated that
the basic AS-502 spectral shapes were the same as for AS-501. The energy
is concentrated in narrow bands with major peaks occurring near 100 hertz.

9.3.2.1 S-II Stage Structure, The trends were as expected on the aft
skirt, thrust cone, and interstage; however, forward skirt in the liftoff
environment on the flame bucket side away from the tower exceeded the
sine and random criteria. These exceedances occurred at frequencies near
100 hertz on both AS-501 and AS-502, The exceedances were more proncunced
on AS-502 but no adverse effects were noted on either flight.

9.3.2.2 S-1l Stage J-2 Engines, The 1 S-11 engine vibratien measure-
ments (combustion domes, LOX pump, and LHg pumps) for AS-501 and AS-602
were considered invalid because of amplifier saturation at frecuercies
above 3000 hertz.

9.3.2.3 S-I] Stage Components, Results were within design levels except
for the forward Shift containers which, Vike the forward skirt structure,
axceaded the design criteria for about 1 second during the liftoff period.
No failures occurred in the affected equipment.
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Figure 9-23. S-IT Stage Structure Vibration Envelopes at ForwardSkirt Stringers and Interstage Frames
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Figure 9-24, S-II Stage Structure Vibration Envelopes at Aft Skirt
Stringers and Interstage Frames
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Figure 9-26. S-I1 Stage Component Vibration Envelopes
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9.3.3 S-IVB Stage and Engine Evaluation

Nine vibration measurements were made on the structure, twenty-two at
components and six on the engine. Measurement locations are shown in
Figure 9-27. The maximum composite (50 to 3000 hertz} vibration levels
on the structure, forward components, aft components, and engine are
summarized in Figure 9-28 and Table 9-4. For comparison purposes, the
vibration levels are shown with measurements taken during AS-501 flight.

9.3.3.1 S-IV8 Stage Structure and Components, The maximum vibration
levels measured on the S-[78Seructureware <Tightly. lover on AS-802_ than
on AS-501, Forward component maximum vibration levels were greater on
AS-502 than measured at similar locations during the AS-S01 flight. The
maximum vibration levels measured at the aft components were 70 percent
of those measured at similar locations during the AS-501 flight.

9.3,3,2 S-1VB Stage J-2 Engine, The maximum vibration levels measured
‘on the engine were almost identical to those measured during the first
S-IVB burn of the AS-501 flight,
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9.3.4 S-IVB Stage Forward Skirt Dynarics

Sixteen dyramic strain gage weasurerents were placed on the AS-$02/S-IVE
forward skirt for the purrase of investigating possible panel flutter
characteristics during the supersonic flight regime, These measurements
were located at vehicle station 79.64 weters (3135.8 in.) and placed ap-
proximately every 22.5 degrees around the circurference of the skirt
section as shown in Figure 9-27, The measurement nurbers were SQ086-426
through S0101-426, Positioning of each strain gage was such that it was
mounted 10.16 certimeters (4 in.} forward of the panel trailing edge.
This location was ckosen because data was obtained at the same point during
earlier wind tunnel tests. The envelopes cf the naximur and rinimur cor-
posite (0 to 800 hertz) strain levels measured at these locations are
shown in Figure 9-29. The envelopes from the AS-204 flight are alsc shown.

The time history of the composite dynamic strain levels from most of the
measurements followed the same trend as the acoustic levels measured on
the forward skirt shown in Figure 16-18 (Section 16).

Angle-of-attack and differential pressure across the paneis are important.

parameters to consider when assessing panel flutter severity. Figure 11-10

{Section 11) shows the angle-of-attack history for AS-502 and Figure 9-30

shows the differential pressure history. For angles-of-attack smaller

than two degrees, all the panels are assumed to be buckled due to axial

loads alone. At larger angles-of-attack, a load relief ts experienced on

the windward side of the vehicle and a higher axial load exists on the

Teewsrd side. The panets would be most susceptible to flutter near the
critical buckling load of the panel.

The differential pressure time histories across the panels at station:
80.49 meters (3196 in.} and 78,99 meters (3110 in.} are shown in Figure
9-30. The dynamic strain gage location is approximately midway between
these stations. These differential pressure loads were calculated by
using the internal compartment pressure measurement 00051-411 and externa
aerodynamic data obtained from the AS-204 flight. The presence of a
pressure differential across a panel will tend to decrease the flutter
potential and/or suppress the resulting panel flutter stress amp? itudes.
Angles-of-attack greater than about two degrees will decrease the pressure
differential loading on panels on the windward side of the vehicle making
conditions more favorable for flutter to occur.

 

 

The flight data showed a random response during the liftoff, Nach 1 and
Wax ( regimes. This response is typical and results from engine acoustic
and inflight fluctuating pressures. In the regime after Max Q,
77 seconds s t < 92 seconds, measurement numbers $-90, $-92, S93, S-94,
5-97, 5-100, and S-101 show a complex periodic waveform and a corresponding
incréese in'strain amplitude. These waveforms are characteristic of
buckled panel flutter and indicative that panel flutter did occur during
flight. Typical examples of these strain time histories are shown fn
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Figure 9-30. Pressure Differential Across $-IVB Forward Skirt Panels

Figure 9-31, $-100 and S-101 exhibited the highest strain awplitudes
during flight. These values were 1750 y in./in. and 2000  in./in. of
Strain and occurred at 88 seconds (2.2 5 Mach < 2,4) and 80 seconds
(1.7 «Mach < 1,9), respectively, The flutter frequency was approximately
150 hertz for 5.100 and 300 hertz for S-101. An mis strain history for
these respective flutter frequencies is shown in Figure 9-32, The dif
ferential pressure across the panels at this time was approximately
0,83 N/om2 (1.2 psid).

It is concluded from these data that pane} flutter did occur on the above

S:1VB forward skirt panels. The pressure differentia) across the panels

Suppressed the stress amplitudes to a tolerable level for the AS-502

Fright, Although these “Tuster amplitudes tended to be sunpressed by the

very high aP, they were about three times higher than those measured on

28-204, Detailed analysis and evaluation of these data will provide

guidance for future action with respect to vent area criteria and/or

structural fixes.

  

9.3.5 Instrument Unit Evaluation

Eight measurements were used on the IU for monitoring structural vibration

at the upper and lower interface rings. Twenty measurements were used to
monitor 1U component vibration levels. For comparison purposes, the IU
Structure and component measurements are shown with those taken during
the AS-501 flight. Figure 9-33 shows the Grms time histories of these
measurements.
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9.3.5.1 Instrument Unit Structure, The structural vibration levels at
liftoff ware higher on the AS-5OT. At Mach 1/Max Q, the levels were
higher on AS-502. After S-IC powered flight, the levels became negligible.

9.3.5.2 Instrument Unit Components. The instrument unit component
vibration datsindicated«broader range of data than that of the structure
vibration measurements. This is due to different response characteristics
of the various components. The AS-01 component vibration Tevels exceeded
those of AS-502 from liftoff to approximately 56 seconds range tire. Fror
56 seconds range time through maximun in-flight load to approximately
120 seconds range time, AS-502 component level exceeded those of AS-501.
The vibration levels during S-IT and S-IVB powered flights were negligible.

There were no vibration induced malfunctions of the ST-124¥-3 inertia
platforr on AS-S02. Available data indicates that the ST-124V-3 composite
vibration levels at liftoff on AS-502 were very near these of AS-5C1 or
the inertial gimbal. The composite levels of the inertial gimba
vibrations are shown in Figure 9-34.
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SECTION 9A

133 SECOND TRANSIENT

9A.) SUMMARY

At approximately 133 seconds abrupt changes of strain, vibration, and
acceleration measurements were indicated in the S~IVB, Instrument Unit
{IU}, Spacecraft/Lunar Module Adapter (SLA), Lunar Module Test Article
(LTA}, and Command and Service Module (CSM). Photographic coverage,
Airborne Light Optical Tracking System (ALOTS), and ground camera film
showed pieces separating from the area of the adapter. There were no
known structural failures noted on the launch vehicle

Al] data from both the launch vehicle and spacecraft relevant to this
133 second anomaly have been investigated by a joint task group at the
Manned Spacecraft Center (MSC). The results of this investigation are
being published in a separate anomaly report by MSC.

QA.2 INSTRUNENT UNIT

Attempts were made to establish a timeline correlation showing where the
disturbance started and its propagation through the vehicle. A timetine
of events from each data signal correct to the nearest millisecond would
have been necessary in order for the timeline to be valid. Problers
associated with the accomplishment of this task are enumerated below:

a. The primary problem is the interpretation of the start of the event.
These differences vary from 1 or 2 milliseconds to as much as 20
milliseconds. Forty-inch-per-second oscilTograms were used to ald in
this determination.

b. Delays inherent in the transducer, telemetry link, and receiving
station were identified with a step function input at the 10 percent
and 90 percent levels; however the input to the vartous transducers
was not necessarily a step function, but a slow changing Direct
Current (DC) level followed later by a high frequency shack. This
Could cause additional undetermined delays up to 20 milliseconds
depending upon the Inter Range Instrumentation Group (IRIG) channet
and the type of input.

c. Signals that should have had close correlation did not always show
correlation.

SA-1



d. Submu7tiplexed data had a time span over which the event could have
occurred.

Despite problems with establishing a meaningful timeline, an IU timeline
was wade. Figure 9A-1 shows that the single sideband measurements (wit!
the prefix E) responded earliest to the disturbance, This is expectad be
cause the transient is readily discernible due to tie low level noise and
the BC signal level prior to the disturbance and the viga (3 kilohertz
response of the vibration measurements. Note that the first measurement
to indicate a change was on a Radio Frequency (RF) assembly rather than
a hard mounted transducer. It would be expected that the hard mounted trans-ducer would note the shock first. This indication, coupled with relation-
ships of times of vibration measurenents on the upper and lower mounting
ring, illustrates the difficulty in attempting to locate the source of the
disturbance by the use of a timeline. As shown in Figure 9A-2, measure
ment E14, which is on the upper ring, has a higher G level and precede:
E16 which is on the Tower ring; however, £39, wnich is on the upper ring,
has a higher G level but occurs after E41 which is on the Tower ring,
Also, £43, on the ST-124M-3 bracket, preceded all the upver and Tower
ring measurements as shown in the timeline.

An attempt was made to see which axis was affected first but this resulted
in the same type of inconsistencies as listed above. The investigation
resulted in a list of all the IU related measurements that exhibited a
response at the time of the disturbance. This list is given in Table
QA-1. The indication column of Table 9A-] briefly describes the data
response to the disturbance for eaca signal. A blip is defined as a small
excursion from the nominal that returns shortly to the nominal.

The tolerance column indicates the accuracy of the time but does not account
for the problems previously discussed. Tne adjusted time colum takes into
account. transducer, telemetry, transmission, and receiving station delay:
in order to show when the transducer actually detected the event, Each of
the parameters will not be discussed separately but will be grouped for
more meaningful presentation.

98.2.1 Mechanical Versus Electrical Disturbance

A discussion of the nechanical versus the electrical effects at the time
of the disturbance points toward a positive mechanical primary event with
most secondary electrical effects readily understood. Table 9A-2 show:
the disturbance to be primarily a mechanical shock because the equipment
mentioned oscillated at their respective resonant frequency. Measurement:
46 and A7 were limited by the telemetry to a 25 hertz response. The
equipment would not respond at their resonant frequencies if the disturbance
had been purely electrical.

The ST-1244-3 servo loops, in reaction to the shock, drew a higher thannormal current from the 56 volt power supply. The supply in turn placeda larger current demand than normal (greater than 9,5 amperes) on the

9A-2



 

Je13-607 YIGRAII04 RADIO FREQUEMY ASSEMBLY LOCATION 9

{43-603 VIBRATION ST-174 GRAGKET, LONGITUDINAL LPPER LEFT LEG LOCAT:ON 21
7-602 VIBRATION $¥-124 SUPPORT, LONGITUDINAL LOCATSON 21
E14-603 VIBRATION UPPER MOUNTING RING, LONGITUDINAL LOCATION 18
[37-603 VIBRATION ST-124 SUPPORT, LOWER RIGHT RASE, LONGITUDINAL LOCATION 21 
16-503 VIBRATION LOWER MOUNTING RING, LONGITUDINAL LOCATION 18
E28 803 {GRATION LVDC/LVOA TANGENT LOCATION 19
41-03 VIBRATION LOWER MOUNTING RING, LONGETUDINAL LOCATEOR 21

 

[44-603 CUTPUT, Z GYRO SERVO

38-693 VIBRATION UPE2 MOUNTING PING, LONGITUDINAL LACATLON 7

 

|e2-e03 VIBRATION ST-124 INERTIAL GIMBAL X-AKIS

€1-603 VIBRATION St-124 INERTIAL GIMBAL Z-AXIS
3-603 VIBRATION ST-124 IYERTIAL GIMBAL Y-AXIS
F9-603 VIBRATION ST-12d SUPPOST, PERPENOTCIL AR LOCATCON 24
Ni4-603 1-124 X ACCELERATION SERVO
NiS-603 ST-124 ¥ ACCELERATION SERVO
H95-603 OUTPLT, ¥ GYRO SERVO
26-603 VIBRATION VOC/LYDA, LONGITUDINAL LOCATION 19
H10+603 $T-12¢ 7 ACCELERATION PICKUP

H12-603 S1-124 ¥ ACCEL ERATION PICKUP
H13-603 $T-124 2 ACCELERATION SERVO

 

ME
AS
UR
EM
EN
TS
:

HY6-602 Z ACCELERATION, Al
H46-603 OUTPUT, Y GYRD'SCRYO

[1-601 SUBLIMATOR Hg0 FLOWRATE
20-602 x ACCELEKATION, a1
133-602 COE MONITOR ANGULAR VELOCITY, ROLL GROUP NUWGER 11-300 EDS ELIA PRESSURE PITCH, O°6ALLD3-00 EOS ELTA PRESSURE YAM G-BALL
[62-101 yaw acTuaror 2osrT4oN

| 7-603. YAM ACCELERATION
H27-603 Y ACCECERALLON, B1

6-603. PITCH ACCELERATION
26-602 ¥ ACCELERATION, 42

[H11-603 ST-124 X ACCELERATION PICKUP

1Gt-101 PITCH ACTIATOR POSITION

[92-663 LONATTUDIWAL AcCELERATION
1 ~   133.27 133.28 135.29 733,30

RANGE TIME, SECONDS

Figure 9A-1. First Instrument Unit Measurements Affected by the
133 Second Disturbance
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Table 9A-1. List of IU Measurements With 133 Second Response

 

 

 

 

  

iw OATH ADOUSTED
MeRsUROHENT - rouerawe rine Time

NUMBER MEASUREMENT NAME, FISICA sec) (a3 sce) (093 seco)
92-602 Lorgi tudinal Accelerometer “soo FP) +z, -8 oz 0.209
26-603 Piten Accelerometer searing 15 0.295 0.289
27-603 Yow Accelerometer searing 35 0.293 0.288
1-601 Accustie 23° OFF Position f

to Position Rings $20 om 0.29
e202 Flight Contre! Computer (FCC)

Hethanol Water (W/W) ExitTenperature +aup 2, 63} 0.207 0.705
216-01 1 Anbient Temperature inflection #1000 D te 0.1) oteo7
70.602 FCC Temperature Blip so, -100 0.3 0.8
2-601 Thermal Conditioning Syscem

{TCS} 642 Tewperature = B10 va, 10 0.3 03
plo-s03 Gos Bearing System (388) ON2

Regutator Pressure Inlet Steps down 450, -a9 0.3 0.3
Die-601 S-IVE M/W Exit Pressure Rings. re ee ce)
28-601 WIN Puro Inlet Pressare Steps UpsLevels bt +80, -100 bt oe
25-60 Gig RequlatorInlet Pressure

(tts) = he +80, 100 0.3 03
43-01 Sublinator Veter trlet Pressure + Sten 42, 23 0.207 0.205
1-608 Inertial Z Axts GinbaT Vebratton 12 6 PP Rings 25 0.262 0.280
2.603 Inertial X éxts GinbaT Webratton 12.6 PF Rines 25 oz 0.279
3-603 Inertial ¥ Aas Ginbal Yebration 206 PP Rings 35 o.2ez 0.280
7-608 Longitudinal $t=12@M Support,

Vibrator 23.6 PP Rings 45 0.2% 0,278
es.609 Perpendicular ST-124K Support

vibration. 316 PP Rings 95, p.2az 0,200
514-603 Longt tuding Upper Mounting

Ring Vibration 47.6 OF Rings 45 0.276 3.274
16-602 Long {tudinal Lower Mounting

Ring Vibration 326 PF Rings 45, v.27 9.276
rre-6oe Long’ tudinal Radte FrequencyTEED Aesenoiy Vibration

42 Panel) 96 PP Rings 25 om 0.272
26-603 Longitudinal aigital Computer

Data Adapter Vibration 4.5.6 PP Rings!) 45 oa 28
28-603 Tangent Digital Corputer Data

Aéapter Vibration 5.56 PP Rings 25 oe 0.275
£37-603 Low Right Base ST-128 Support

Vibra tien 7.56 PP Rings| 45 oz over
39-603 LLongt tudina] upper Mounting

Ring Vibratton 16 6 pP Rings 45 oa 0.277
ee1-603 Langstudina Loner Move ing

ing Vibration 2G rr Rings 35 oz? 0.27
3.608 ‘Upper ST-124M Bracket vibration 136 PP Rings 25 piers 0.273
H-60r eo Flowrate Rings 8 o.ae 0.284
2-608 Bypass W/L + mip 2, 93 ous 0,387
3-601 Cold Plate Inlet Coolant

Location § + aMp 42, 09} 0.356 0.358
F4-603 Cold Plate Inlet Coolant

Location 20 + ap 42, -nx oes 0.087
F5-603 ST-126M Shroud tnlet Coolant] + Blt 2,33 ows os      
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Table 9A-1. List of IU Neasurements With 133 Second Response {Continued}
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Table 9A-1. List of IU Measurements With 133 Second Response (Continued)

 

 

 

   

cance utaY toausieneeasuRenexT sur Touswance Time TNEMER PFASURERENT NAME INDICATION sec) (933 see+) (093 sece}
2b-ie Pr Retiactive Fewer, FT Televeter (Stayed Un) +2, a 0.388 0.357
327 6b RE Power Guteut, F2 Telewter | asp 42, 08 nas 0.3m
38-602 PF peflactive Power, F2 Teleneter |- alip 42,| cas ose
29-602 RF Power Output, FI Teteneter [+ offset 42, 8a na 04
330-602 RE watlacttve Power, PI “eleneter + offset 7, a oss 0.397
a1 -602 RF Power Cutput, SI Teteneter [+ offset +2, 3 0.309 0.a02
2-402 BF Rotlective Power, SI Teleneter |- 8112 +50, -100 os o.309
1175-13 State Phase Error + Bie a2, 6a o.zsr o.a56
376-693 Comrand and Communication System

(CcS) Autoratic Gein Contrel (AGC
ines ey sein +2, 22 ost 0,587

el 603 Summation Gyro Currents + Blin +2, 29 oer o.se6
stream)

62-603 Syrmation Accelerometer currents |+ B1ip +2, 2 oss 0.308tersran
3-808 YeTt, $6 EDC Surply +51 +2, 03 oa 0.480
6-603 Yerts 280 Yolt Arpere (A)Inverter, Phase AB - B50 v2, a3 oan 3.310
nes VeTt, 260 A inverter, Phase cA [4 Blip wz. ga foes o.a6e
viz-en 6C11 Sus voltage “Be 2, | ase one
13-691 e021 Bus Yortage +p $60, 100 03 03
14-60 BNE Bus VoTtage - Blip +0, ton 08 0.8
18-601 6010 Battery Current, + Blip +2, 83 0.30 0.344
17-601 6020 Hattery Curcent + Ele +50, 100 a 0.3
18-60" 6000 Battery Current + mip +2, 2 o.ser 0.350
3-60 6041 bus Voltage + Offset, 450, -109 td 0.3
20-60 6040 Gattery Curent: + Blip +2, 63 0.295 o.200
ver-003 Bata Adapter WY Sunwly on 8, a] oa 0.376
Re.602 angular Velocity Pitch Control + Elin 6 oss 0.33
rse6ae Angular Yatectty Yaw Control ~ Blip 8 0.308 0.305
Ron? Angutar Yetoc*ty Rall contrat - Tip 8 0.297 0.208
87-602 Angular velee*ty Pitch Fmergency

Detectfen System (FOS) GroupNusber 1 spare + ulin sso <0 0.3 2.2
Ra-698 Angular velocity Yaw EOS Graun

aber 1 + our 8 0.322 0,321
a Angylar Veloc! ty Yaw EDS Group

anber 2. (Spare + Bip #100 08 a3
12-602 Angular Velocity Roll EDS Groupharber’ 2 (Reference) + Bin 8 0,309 0.208
Ra3-02 Angular Velocity Piteh EDS Groun

pumer 3 (Reference up Fa 0.30 a.36
Rya-602 Anqutar Velocity fav EUS Groun

Munber 3 {Comane) woicy $80 oie ets
is-60 angular velocity Roll EDS Groun

umber’ 3 (Spare) + oltp v2, 1] ose 0.340
33-602 EOS Monitor, Angular velocityGroup hunker’? = BNP +2, «8 0.206 0.285
R34-802 EDS Monitor, Angular Velocity

R Group Nimber 2 = Bite ve, 80 o.san o.ae9        
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Table 9-1. List of IU Measurements With 133 Second Response (Continued)
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oe
36-602 Angular Velocity, Piten (EDS

nut) + Bup ca s.s o.ara
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Input) + Eup 6 ons

|

asia
ga-6n2 Anqutar VeToctty, Yaw (EDS.

Input) + Ble 8 baa 0.37
1-800 FOS «P Q-Ba1l Bees nec

‘Then Returns 8

|

oa

|

0.286
3-800 EUS 4P Quba1 Goes Nec

Then Retuens a] ozee

|

a.ae5
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|

42, 93

|

0.31

|

0,280
Ho-6n3 Gutdance Computer Operattars

Fine Sinbat Argies
x (R071) 7 Are #0 o.2e0e

|

0.280"in Geet Tate
¥ (item) 40.8 Are $80 0.26

|

0.262Hin crrset
2 (yaw) “5.5 Are +0 nase

|

o.asoewin cfFeet
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0.265
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|
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Table 94-2, 133 Second Transient Survey, IU Stage
 

 

 

MEASURENENT FREQUENCY

NUNBER NAME RESONANT

|

133 SECOND
{HERTZ} (HERTZ)

46-603

|

Pitch Body Fixed Accelerometer 190 *

7-603

|

Yaw Body Fixed Accelerometer 100 .

£7-603 |S7-124 Leg Vibration,
Longitudinal 100 100

£9-603

|

ST-124 Leg Vibration Tangential

|

About
(Stiffened in Radial Direction)

|

140 140

#10-603

|

Z Accelerometer Pickup 40 30-40

H11-603

|

X Accelerometer Pickup 40 30-40

H12-603

|

¥ Accelerometer Pickup 40 30-40

4-502

|

Pitch Rate Gyro 17-21 WV

R5-602

|

Yaw Rate Gyro 17-21 W

R6-602

|

Roll Rate Syro 17-21 W7
  
“Measurement Bandwidth Limited at 26 Hertz.    
 

6D10 bus. A momentary short in the 6D91 bus may have a1so contributed
to the problem (see paragraph 94.6). These could result in transient
electrical effects throughout the IU and may account for some measure-
ment changes that vere smal1 and unrelated to the mechanical disturbance.

Analysis of the 56 volt power supply regulation and efficiency factor
proves that a surge of greater than 10 amperes on the 6D10 battery can
easily happen. Worst case condition of ST-124N-3 servo loop drain on the
supply would be close to 9 amperes, Normal system operation shows
approximately a 1.4 ampere drain. With a 65 percent efficiency, the input
current to the 56 yolt power supply from the 6D10 bus would be 4.3 amperes.

For normal operation there is an input current of 4.3% amperes at 28 ¥DC
assuming 65 percent efficient output current.

1, = (22449) (0.65) = 1.4 amperes

9A-9



Assuming the input current did go to 14 amperes at 28 VDC, the outputcurrent was;

1, = 428204) (0,65) = 4.55 amperes at 56 vnc

Therefore, this is normal operation under vibration conditions.

When the current surge on the 6010 bus with its conseouent voltage dropoccurred, there were excursions of a lesser nature noted on the 6030 andS040 buses. These fluctuations were apparently caused by other IU ponersupplies reacting to the changing voltage on the 6D10 bus. As a resultof these fluctuations, transients were induced throughout the IU asevidenced by fluctuations in many measurements,
To discount the possibility of a measuring system problew causing the‘indications observed, an analysis of the various measurerent paths wasperformed. It was proven that no commonality of measurement discrepanciesexists. Measurements are powered by various buses, and are not signal-conditioned in any one measuring rack. Multiple cables, multiplexers,and telemetry transmitting equipments are involved.

Figure 9A-3 is a composite of vartous electrical indications in responseto the disturbance. The electrical effects are first noted on the 6040bus at 133.211 seconds. Also, it can be noted that an electricaldisturbance occurred at 133.261 seconds at the 6D10 bus.

The 6030 and 6040 bus current increases are considered to be due to loadsharing in the Launch Vehicle Data Adapter (LVDA) and Flight ControlComputer (FCC). When the 6D11 bus voltage dropped, the 6030 and 6D40buses assumed the Toad momentarily but returned to’ normal when the 6011voltage came back up.

9A.2.2 Pressure, Flowrate, and Temperature Measurenents

AN] of the 11 flowrate measurements and 5 of the pressure measurementsindicated a change at the time of the disturbance. The threshold for theflow measurements is Tow enough that they would readily measure accelera-tion changes due to the hammer effect. The pressure measurements alsoare susceptible to G-level changes of the magnitude noted.

It is not known whether the temperature measurements that changed were
real temperature fluctuations or ter‘ tary electrical effects, The levelsinvolved were so smaTl they are negligible.
The sublimator inlet water pressure transducer, 043-601, sensed a suddenchange in pressure beginning at 133.307 seconds. This change was either@ plus pressure applied to the positive pressure port connected to the
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water system or a negative change in pressure applied to the minus pressureport which was open to the internal IU compartment. The pressure increased9.069 N/emé {0.1 psid} from 133.3 to 133.8 seconds as shoyn in Figure 9A-4,
Since the IU compartment shares a common pressure environment with theS-IVB forward skirt and the SLA; and ALOTS film showed pieces separatingfrom the area of the SLA, the question of measurement validity was raised.The conclusion that the measurement was valid and did in fact detect aPressure change at about 133 seconds was based on the following facts.
a. The 0,5 psid pressure transducer has been used previously on sevenSaturn IT misstons (SA-4 through SA-10) with seven transducers used pervehicle. Tt was also used on the uprated Saturn I first stage onAS-201 through AS-204 with at least four transducers used per vehicle.Failure occurred on only one transducer, It is suspected that thetransducer may have been electrically unconnected,
b. The transducer has been tested by MSFC under vibration and shock levelswhich significantly exceeded any IU vibration and shack requirements.No DC shift occurred during any of these tests.

¢. The maximum friction between wiper and pot would be two resolutionsor 0.66 percent full scale or 0.03 psi3 however, friction betweenwiper and pot is never considered to be a contributing error whenthere is @ known vibration present on the transducer.
d. The effect of temperature and acceleration would not have produced anymeasurable amount of error. The smaliest measurable error would be9.33 percent full scale or 0,015 psi representing one resolution(wire turn) of the transducer’s potentiometer.
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Figure 9-4, Sublimator Inlet Water Differential Pressure
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i
e. Vibration is not considered a contributing error because vibration will

not produce a change in DC level.

9.2.3 Radio Frequency (RF) Measurements

Several telemetry system pover measurements exhibited leve! changes at
approximately 133 seconds range time. The DS1, DP1, and DF] power outputs
changed by approximately 0.8, 0.15, and -0.15 watts, respectively. The
corresponding reflected powers changed 0, 0.05, and'0.1 watts, respectively.
The OF2 power measurement levels did not change even though they showed
a slight transient.

Only DFI showed a characteristic which may be directly attributed to a
slight impedance change causing an electrical mismatch in RF components
beyond the transmitter output; however, the same impedance change could
have improved the Voltage Standing Wave Ratio CUSWAY on DST and OPI
resulting in the observed changes. Acoustic noise, vibration, or antenna
structural stress changes could have caused a slight impedance change

The causes of tae observed level changes and transients have not been
identified.

9A.2.4 ST-124N-3 Stabilized Platform Subsystem and Control Subsystem
Analysis

9A.2.4.1 Platform. Of the data available, the accelerometer pickup
measurements seemto provide very significant insight into the phenomenon.
These measurements indicate that a disturbance began at approximately
133.3 seconds and continued for a period of about 100 milliseconds. The
nature of the deflection indicates an impulse type disturbance; however
because of the short duration of the input, the accelerometer response
would be of a transient type regardless of the nature of the input.

Factors that indicate a physical disturbance in the platform area are:

a. The platform required additional current load with servo disturbances
seen. At least part of the additional current drawn from the 5010 bus
was due to increased requirements of servo loops.

b, Platform accelerometers showed disturbances of approximately the same
ratios as seen during vibration. This would be highly improbable in
the case of an electrical disturbance.

©. Phasing was not the same for the three accelerometer loops. For an
electrical disturbance, the phasing would very likely be the same.

d. There was no irregularity on the 56 volt power supply that would save
caused the servo disturbance sean.
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The platform gimbal angle analysis indicates the following changes :
a. Pitch. An aporoximate 0.8 arc-minute shift at 133.280 seconds.
b. Yaw. An approximate 4.5 arc-minute shift at 133.350 seconds.
¢, Rall. An approximate -4.7 arc-minute oscillation at 133.262 seconds

returning to null.

NOTE: LVDA times on these parameters cannot be accepted as factual dueto the problems in establishing LYDA times.
The yaw and pitch transients responding to vehicle movement corroboratethe angle-of-attack changes that occurred as measured by the Q-Bat]. Thedelta pressure changes indicate that the vehicle nose moved in both pitchand yaw attitudes and then returned to null. The ladder outputs and gimbalangles indicate vehicle movement in pitch, yaw, and roll. (The Q-Balldoes not measure roll.)

In both pitch and yaw the vehicle assumed a slicht offset; whereas in roll,there were oscillations after which the vehicle anc gimbal showed realign-ment. The offsets in pitch and yaw did not affect guidance and navigationas evidenced by nominal S-IC stage cutoff conditions.
9A.2.4.2 Control Rate Gyros. All of the rate gyros that were not toonoisy to evaluate exhibited @ response at the time of the disturbance.The effects on the rate gyros at this time are summarized below:

a. Pitch. & slow buildup of 0.7 degree peak-to-peak signal level at §hertz beginning at approximately 120 seconds range time until 133.32seconds, The signal level reached 4.1 degrees peak-to-peak over 0.7seconds tapering off ta less than 0.5 degree by 136 seconds. A 17-21hertz gyro resonance noise was superimposed on the 5 hertz signalsof 0.5 degree peak-to-peak during this period,
b. Yaw. Steady-state 0.26 degree peak-to-peak signal level at 5 hertz

before the disturbance becoming negligible afterward. The signal level
reached 1.4 degrees peak-to-peak over 0.4 seconds of the distursance.A 17-21 hertz noise was evidenced but hardly discernible.

¢. Roll. Slow buildup of 2.0 degrees peak-to-peak signal level at 5 hertzfrom 120 seconds until the observed disturbance, The signal levelpeaked at 8.2 degrees peak-to-peak over 0.4 second diminishing to 1.0degree peak-to-peak after 136 seconds, A 17-21 hertz noise wasevident throughout this period of 9.8 degree peak-to-peak.
Rate gyro signal indications at 133.3 seconds tend to indicate thedisturbance te be a physical vibration and/or resonance close to the rategyro package as opposed to an electrical transient. The initial disturbance18 seen as a buildup and not an immediate peak as an electrical transientwoutd produce.
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9A.2,5 Structures and Dynamics

Because the IU was not instrumented with strain gauges, a corventtonal
strain analysis cannot be performed; however by deductive reasoning, the
structural integrity of the IU during the 133 second transient can be
cetermined.

a. Any IU structural collapse would result in 2 catastrophic failure.
This has been demonstrated by structural testing.

b. The IU is an entarglement of electrical cables and Environmental
Control Subsystem tees) Plumbing. Any structural failure would most
likely break an electrical cornector or cause a leak in the ECS
plumbing. Since no malfunction occurred in the IU during the expected
lifetime, no structural failure occurred,

c. The vehicle trajectory performance was nominal assuring that no abnormal
structural deformation occurred which would influerce the ST-124M-3
stabilized platform subsystem,

d. The IU structure has been qualified for vehicle loads which exceeded
those experienced on AS-502.

e, Vibrational responses experienced during the 133 second transient were
of shorter duration and no worse than those occurring during the max-
‘imum inflight load condition of AS-5OT or AS-502.

In conclusion, no IU structural failure occurred on AS-502 since it would
have been detected in the electrical or ECS areas, and no known anomalies
existed.

9A.3 S-IVB STAGE

The S-I¥B stage experienced an unusual load distribution at 133 seconds
as indicated by strain gage measurements at forward skirt stringers.

Thirty two axial strain gages were installed on external hat stringers.
The gages were located at vehicle station 3145 of the forward skirt and
station 2821 of the aft skirt as indicated in Figure 94-5. Eight measure~
ment locations at each station were approximately equally spaced around
the circumference. The recorded data from the strain gages were deter
mined to be valid by the S-1¥B Data Qualification Review Board. These
data were reviewed thoroughly and in detail and no electrical anomalies
were detected. In particular, the unusual strain changes which occurred
at 133 seconds and which remained through ECO at about 145 seconds were
found to be valid by the Review Board,

The strain histories for the eight side-mounted gages on the aft skirt
are presented in Figure 9A-6, At range time zero seconds, all measured
strains were adjusted to the computed correct strain corresponding to the
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Figure 9A-5. S-IVB Strain Gage Locations

1g axial load condition preceding liftoff. The maximum and minimum de-sign strain envelopes shown in Figure 9A-6 were calculated from designconditions and include the effects of maximum expected aerodynamic gustsand wind shears. It 1s to be noted that the aft skirt strain traces in-cate no unusual strain changes at 133 seconds. It appears that thestructure distributed loads from the forward skirt uniformly to the aftskirt,

The strain histories for the eight side-mounted gages on the forward skirtare presented in Figure 9A-7. the histories for the eight top-mountedgages are shown in Figure 9A-8. A number of strain measurements expert-enced load shifts at 133 seconds, These strain shifts at 123 secondsare summarized in the polar bar chart of Figure 94-9. In the chart, negativevalues indicate increases in compression; positive values indicate de-creases in compression. The shift at stringer 81 was 0.00120 in./in.which corresponds ta an increase of the stringer axial compression loadof approximately 15,124 Newtons (3400 1bf). Stringer 95 experienced an
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increase of 3781 Newtons (850 Ibf) in compression, and stringer 27 an
increase of 2669 Newtons (600 lbf) in compression. Striagers 27, 54, al,
95, and 108 experfenced relatively small changes in strain at the top
mounted gages. These gages reflected the conbined effects of axial loads,
local stringer bending, and location shifts of the apoTied axial stringer
loads. Changes in the structura? character of forward skirt to instrument
unit interface could result from changes in stiffnesses or Toad paths of
structure above the $-IVB stage forward skirt.

A review of the possible causes for the sudden strain changes (Figure 9A-9)
at 133 seconds resulted in the following observations:
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The strain changes were not thermally induced because:

(1) The changes were too rapid to be from thermal effects.

{2}. Ten temperature transducers in the forward skirt did nat reveal
any sudden or drastic changes in skirt temperatures

The strain changes were not inertially induced since vehicle acceler~
ometer recordings were normal at 133 seconds,

The strain changes were not induced by sudden changes in grass mass
or engine thrust as indicated by the continuity and constant slope
of the plotted curve from accelerometer readings.

The strain changes were not induced by sudden changes in body bending
moments because:

(1) Airloads were negligible at 133 seconds

(2) Engine gimbaling was negligible at 133 secends

(3) Gody bending would be transient from engine gimbaling; whereas,
the strain disturbances were substantially steady state from
133 seconds to IECO.

The strain changes were not induced by faulty strain gage system
electronics because:

(1}, The data were carefully reviewed by electronic specialists with
respect to steady voltages, shorts, gage debonding, wiring
identifications, data transmission, data reductin, etc. The
data were evaluated as being valid.

{2} The pattern of strain changes at 133 seconds was not the type
expected of faulty electronics which would produce offscale or
zero readings, or result in all similarly wired gages shifting
in the same direction by the same amount.

The S-IVB stage forward skirt did not fail and cause the strain changes
observed at 133 seconds because:

{1) The strain gages continued to respond in normal manner through-
out the remainder of powered flight.

(2) The applied flight Toads and temperatures did not exceed design
loads and temperatures.

(3) A detailed stress analysis using measured total strains in the
forward skirt stringers indicated 2 minimum margin of safety of
78 percent.
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g- The strain changes at 133 seconds in the S-IVB forward skirt stringers
appear to be due to a change in load path through the skirt

h. The strain changes at 133 seconds involved eight strain gages; how-ever at 107 seconds, there was an indication of a similar sudden shiftof strain From the single measurement of side gage 66 at stringer 95.This strain shift is shown in Figure 9A-9, The cause af this localizedincident remains to be determined.
Causes of these strain changes have been investigated by a Zoint taskgroup at the MSC where all relevant telemetry data from the AS-502 vehicleand spacecraft were reviewed and analyzed. The results of that investiga-tion will be published in a separate report by MSC.
QA.4 $-I1 STAGE

The S-II stage vibration and acoustic measurements do not indicate ageneral response to shocks near 133 seconds as has been observed on theInstrument Unit, Only two measurements, E83-219 at vehicle station63.348 meters (2494 in.}, and E81-219 at vehicle station 62.433 meters(2458 in.), on the forward skirt, showed appreciable shocks occurring at133.8 and 134.1 seconds. The energy appeared to be concentrated atfrequencies of approximately 400 and 800 hertz.
9A.5 RF SYSTEMS

A transient in RF signal level at. approximately 133.3 seconds was observed
at Grand Bahama Islapds on IU VHF telemetry links DF1, DF2, DS},
and DP] as shown in Figures 15-1 and 19-2, Section 19.5. No effects were
noted at this time on the Cape Tel 4 (TEL 4) recorded data. The most
Tikely cause for these transients was that a piece of debris from the SLA,
shown by the ALOTS film, fell past the IU at this time and momentarilyshielded the antennas from the ground receivers. To be effective, thispiece would have to:

a. Be fairly large; at least 0.186 to 0.279 m@ (2 to 3 ft2),

b. Fall fairly close to the antenna,
¢. Be of a conductive material.

Figure 94-10 shows how passage of a piece of debris from the spacecraftcoincides with these transients. Times on this figure were derived fromthe ALOTS film.

9.6 EMERGENCY DETECTION SYSTEM (EDS)
Although Taunch vehicle EDS indications were normal, there are reports ofanomalies indicated in the spacecraft. Most significant of these spacecraftanomalies was an indication that one of the three abort Tines noted automatic
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abort in the EDS logic. Two of the three circuits must give this indication
before an automatic abort fs initiated. This single abort indication
accurred at the time of the 133 second transient and remained throughout
the duration of the flight. There were other apparently erratic indication:
in the spacecraft which occurred subsequent to the transient primarily during
the period from 133 seconds to S-II ignition. ATl functions in these cables
are not monitored,

Figure 9A-11 is a simplified diagram to illustrate the interrelationship
between the IU and spacecraft EDS power and auto abort interfaces.

Power to operate the IU relays is always derived from IU batteries, although
the signa? to actuate the relay may come from the spacecraft. The same
philosophy halds for spacecraft networks. As a result, the launch vehicle
EDS buses 6091, 6092, and 6093 are fed to the spacecraft. Conversely,
spacecraft ES buses No. 1, 2, and 3 are fed to the IU. Since the Taunch
vehicle buses are powered by the three operational IU batteries, a short
on an EDS bus would be reflected in the measurements associated with the IU
bus which furnishes power to that particular EOS bus, A current spike
measured in the 6DI0 battery bus which occurred at 133.3 seconds (Figure
13-19, Section 13), could be attributed to a momentary short in the 609
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bus; however, a more likely cause was the additional current drawn by
the platform servo system to stabilize the platform (see paragraph 9A.2.1).Since the 6091 bus power is transmitted to the spacecraft through the
same cable that contains the line which indicated an abort condition,
it fs conceivable that the same disturbance which caused an abort indi-
cation could have caused a momentary short on the 6091 bus and the
resultant transient in the 6010 battery.
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Figure 9A-11. Simplifted EDS Power and Auto-Abort Interface
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SECTION 10

GUIDANCE AND NAVIGATION

10.1 SUMMARY

10.1.1. Flight Program

The performance of the guidance and navigation system was as predicted
from liftoff to 412.92 seconds. S-I] engine No. 2 cutoff at 412.92
seconds was followed by cutoff of S-If engine No. 3 at 414.18 seconds.
When engine No, 2 cut off a discrete signal was recognized by the IU
indicating an engine failure, However, due to a ground rule that
only single engine failures be considered, no program action was
taken for engine Nox 3 failure. The change of vehicle acceleration
was detected. With the discrete signal and loss in acceleration the
program entered a guidance mode where guidance and navigation compu-
tations were made based ona thrust change which was 50 percent of
the total actual change. This mode (artificial tau) Tasted until the
Tl sensed an acceleration change due to S-II Programned Mixture Ratio
{PMR} shift. Guidance computations responded to variations in altitude
and velocity caused by the decrease in thrust during the S-IT burn
period, The control system responded well to the guidance commands
for the renainder of the boost period. Due to the two-engine-out
perturbation, flight path angle and velocity were not optimum at
the time guidance commanded 5-1¥8 Engine Cutoff (ECO). This resulted
in an overspeed of 48.9 m/s (160 ft/s). A parking orbit which was
acceptable though off nominal was achieved.

AN1 orbital guidance maneuvers were satisfactorily performed. IU
commands were properly executed for S-IVB restart, but the engine did
not reignite. Since acceleration test conditions were not met, Time
Bose 7 (17) was initiated and a cutoff command was issued to the
S-IVB stage.

10.1.2 Instrument Unit Components

The Launch Vehicle Data Adapter (LDA) and the Launch Vehicle Digital
Computer (LYBC) performed as expected for the AS-502 flight. The
ST-124N-2 inertial platform and associated equipment performed as
designed, A transient occurred in dynamics at approximately 133
seconds (see Section 9A). Outputs of the servo loops indicated the
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disturbance at this time and that the platform responded properly to
all transients. Qutputs of the accelerometer servo loops indicated
nominal performance. The accelerometers correctly measured vehicle
acceleration throughout the boost phase, Telemetry signals from the
gyro servo loops indicated that the inertial reference was maintained
throughout flight untfl the yaw gimbal reached its limit (460 degrees)
at 2,112.4 seconds as a result of the loss of vehicle attitude
control at 22,023 seconds. Loss of attitude control was due to fuel
depletion in the Auxilfary Propulston System (APS) module at position I
at 21,953 seconds ard in the module at position {I at 22,602 seconds,
The module at position III wes not able to offset the LOX venting
forces after 22,023 seconcs.

10.2 GUIDANCE AND NAVIGATION SYSTEM DESCRIPTION

This subsection describes the function of the IU components and the
basic flight program.

16.2.1 Instrument Unit System Description

A block diagram of the Navigation, Guidance, and Control System is
shown in Figure 10-1.

The LVOC is a high-reliability general-purpose random-access digital
computer which contains the logic circuits, memory, and timing system
required to perform arithmetical operations necessary for navigation,
guidance, and vehicle flight sequencing. The LYDC is also used for
prelaunch and orbital checkout,

The LVDA is. the input/output device for the LYUC. It is designed to
transform signals to be compatible with the receiving equipment,
perform minor computations, and provide temporary data storage. the
LYDA contains the power supplies used by the LVDC,

The ST-124N-3 platform system is a three-gimbal configuration with
gas bearing gyros and pendulous integrating gyro accelerometers
mounted on the stable element to provide an inertial space-fixed
coordinate reference frame for attitude control and navigation measure~
ments (see Figure 10-2}. Vehicle accelerations and rotations are
sensed relative to the stable element, Gimbal angles are measured
by resolvers which have both fine and coarse outputs, Inertial velocity
is obtained from measurements of the angular rotation of the acceler-
ometer measuring head. The data are in the form of encoder outputs
which have redundant. channels.

10.2.2 Flight Program Description

The flight program controls the LYDC from Guidance Reference Release
(GRR) or initiation of Tg until the end of tre mission. The program
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performs seven primary functions: navigation, guidance, event sequencing,
attitude control, data management, ground command processing, and
hardware evaluation. The program can be describec in twa parts, bocst
routines and orbital routines,

10.2.2.1 Boost Routines, In general, the boost routines perform!
navigation and guidance, event sequencing, and attitude control, Boostnavigation encompasses the computations and logic necessary to determinepositon, velocity, and acceleration of the vehicle during powered
flight phases.
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The boost guidance is divided into two distinct modes, pre-Iterative
Guidance Mode (pre-IGM) and Iterative Guidance Node (16M). Pre-IGM
is used from initiation of Ty to S-IC OECO plus 42 seconds. Programmed
commands include a yaw maneuver for tower clearance, voll to align
the vehicle to the flight azimuth, and tilt comands, The yaw maneuver
is initiated at IU umbilical disconnect sensed by LYDC (T]) plus
1,0 second, Rott and tilt are initiated when the vertical component
of space-fixed position changes by 137 meters (449.5 ft) approximately
11 seconds after T], A time backup of T] plus 13 seconds is provided
in case of an accelerometer failure, After the tover is cleared and
the vehicle fin-I/fin II axis is aligned to the flight azimuth, the
roll and yaw commands are set to zero for the remainder of pre-IGM.
Tilt comands are computed from one of four third-degree time-tiit
polynomials, Nominaily, tilt arrest tfme is T) plus a preset time
and guidance commands are frozen until Tnttiation of 16M

The IGM guidance scheme is a modification of the multi-stage, three-
dimensional form of IGM, IGN is a near optimal scheme based on a flat
earth optimum steering function for planar motion of a point-mass
vehicle, The approximate thrust vector steering function is imple-
mented in both the pitch and yaw planes. IGM is implemented in two
Flight modes, boost-to-parking-orbit IGM and out-of-orbit 16M
However, only the boost-to-parking-orbit mode is applicable to AS-502,
since the S-IVB stage engine did nat reignite, IGM is initiated at
T3 (S-IC OECO} plus 42 seconds. Based on the state vector at ‘nitia-
tion of ICM, guidance conmands are computed and implemented to steer
the vehicle to preset termnal conditions. Alternate logic and
backup procedures are provided for thrust level shifts and vehicle
staging. These procedures are discussed in more detail in paragraph
10.4.2 along with applicable portions of the Flight Program Evaluation,

The Steering Misalignment Correction (SMC) compensates for the misalign-
ment of the thrust vector and for the time lags in output of the steering
commands, The SMC terms are only used during active IGM guidance.
SMC is not used for any computation cycle in which the reasonableness
test on both velocity words faits, turning rates are limited, or when
both crossover detectors for the gimbal angle readings are determined
to be bad.

Event sequencing is accompl {shed by the switch selector routine on a
stored table basis. The routine determines if it is time to issue a
switch selector command, verifies that no switch selector stage was
hung, verifies that the correct address is sent to the stage switch
selactor, and issues the read comands,

Attitude control is accomplished in the minor loop support section of
the major loop on an interrupt basis. The minor loop support routine
includes calculations of such parameters as steering rates to be applied
in the minor loop. Limiting of the ladder outputs is accomplished
when necessary, and backup and failure paths are provided in case
ginbal angle discrepancies occur,
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10,2.2.2 Orbital Routines. The orbital program consists of two inter-
ruptable monitor Foutines, The first is the Instrument Unit Hardware
Evaluation Program (HEP), and the second is the Telenetry Executive
Program (TEP). Navigation, guidance, event sequencing, attitude
control, and ground conmand processing are initiated on an interrupt
basis from etther HEP or TEP, During orbital flight and when the
vehicle is not aver a ground station, the HEP routine is exercised.
That is, the computer will be engaged in addressing the Computer
Interface Unit (CIU), compressing CIU and LYDC data, and executing
computer self-test. Once the vehicle acquires a ground station, TEP
is entered as the program major loop. This routine orovides time
sharing telemetry of compressed and real time data. In addition,
command system data and various special data are telemetered on an
interrupt basts. Data from the LVDA are telemetered automatically.
The orbital guidance routine controls the computation of the commanded
vehicle attitudes, This routine is initiated at Ts (LVDC sensed first
S-IVB engine cutoff) plus 15 seconds for the parking orbit and reentered
at Ty for the waiting orbit. Orbital navigation encompasses the
computations necessary to determine position, velocity, and
acceleration in the space-fixed coordinate system during earth
orbit. These computations are carried out in an indirect fashion,
making use of mathematical models of the earth, its atmosphere, and
the vehicle. A routine for switching the C-band antenna as a function
of position is included. This routine is also entered upon exit from
the minor Toop at B-second intervals,

  

Event sequencing in orbit is accomplished in exactly the same manner
as in the boost phase but with the added capability to receive time
base updates and special outsut sequence commands from ground stations.

Attitude control for orbital operation is accomplished in the same
manner as in the boost phase with the exception of the rate of entry
into the minor loop. The orbital minor loop #s entered 10 times per
second, The First and fifth pass are the attitude update passes
(cycled through twice per second), and the remaining eight passes are
for attitude hold (cycled through eight times per second) to minimize
drift problems.

Ground command processing is accomplished by the Command Rece‘ver
interrupt with the Digital Command Subsystem {DCS} routine, The DCS
routine processes ail ground commands, provides data and mode veri fi-
cation, and supplies the necessary information to the various affected
routines, Flight program differences between the AS-501 and AS-502
flights are described below:

a, One M/F smoothing filter was used for all stages on AS-502.

b. Anew curve fit for the orb{tal vent model was incorporated.
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c. New orbital guidance maneuvers were planned for Tg.

d. Tp was initiated by the inboard engine cutoff interrupt instead of
a fixed time in Ty.

@. Five additional CCS commands were provided.

f. The Apallo Standaré Coarcinate System was implemented.

g. The second S-IVE cutoff parameters were representative of translunar
trajectories.

h. ho artificial tau steering mode was used for the second S-1¥2 burn
pertod.

The roll ladder limit was 7 degrees from Ty +0 to Ty +600 seconds,
and 15.3 degrees fer all other flight times. The pitch and yaw
ladcer limits were increased from 2,5 te 7 degrees from T7 +15 to
T7 +600 seconds,

 

10.3 GUIDANCE INTELLIGERCE ERRCRS

The postflight guidance hardware error analysis is based on comparisons
of the ST-124N-3 platform measured velocities with the postflight
trajectory established by tracking. Figure 10-3 presents comparisons
of the platform measured velocities with correspondirg values from
tre final postflight trajectory (ONPT). Comparisons were made hy
subtracting guidance values from trajectory values, The differences
shown for the pitch plane, (range and altitude) are well within the
accuracy of the data compared. The range velocity difference was
within + 0.1 més (0.3 ft/s) for the SIC and S-IT flight pertod,
At S-IVB velocity cutoff comand the difference was -0.3 m/s (-0.98 ft/s).
The altitude velocity difference increased to a maximum of 0,45 m/s
(1.49 ft/s} at about 280 seconds and changed slope. At S-IYB cutoff
the difference was -0.7 m/s (-2.3 ft/s).

The crossrange velocity difference was well within the accuracy of
the data and 3 sigma hardware errors, At S-IVB velocity cutoff command
the crossrange velocity difference was -1.85 m/s (-6.07 ft/s). Several
attempts have been made to establish errar terms that would produce
the velocity differences shown, The curves have been simulated to
within 20.1 m/s {0.3 ft/s} for all three components. A more complete
error analysis w'll be performed and published as a classified memoran-
dum for linited distribution, An estimate of acceleration bias asso-
ciated with the guidance accelerometers was made using plots of the
telemetered velocity outputs during orbit. Although venting was
essentially continuous, the general slope of the oscillating curve
gives a reasonable estimate of the acceleration bias, Bias errors
determined by this method and by calculations in the postflight Orbital
Correction Program {OCP} indicate error magnitudes within 41,0 x 10-4 m/s2
{3.3 x 10-4 Ft/s2) of the preflight measurements for the platform S/N 13,
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10.4 NAVIGATION AND GUIDANCE SCHEME EVALUATION
16.4.7 Inertial Platform and Navigation Parameter Comparisons

ST-124N-3 platform measured velocities and LVDC velocities at several
flight event times are shown in Table 10-1, along with corresponding
valles computed from the postflight trajectory data, Trajectory data
were smoothed through the transient areas to be compatible with the
velocity differences shown in Figure 10-3. No discrepancy was noted
between data telenatered from the accelerometer pickoffs and the
accumulated velocities from the LYDC,

Table 10-1. Inertial Platform Velocity Comparisons

 

 

 
  

   

  

TELEMETERED GUTDARCE POSTFLIGHT
EVENTS VELOCITY*

}

ACCELEROHE: ER COMPUTER TRAJECTORY
ms (ft/s) ms {4/8} nfs (ft/s)

SIC x 2482.00 2482.00 2482.35
BECO : (8143.04) (8343.04) (8144.19)
Sensed by LVOC y 712.95 12.95 “13.12
148.41 sec : (242.49) (42.49) (-43.04)

i 2252.75 2232.75 2292.68
(7328.30) (7325.30) (7328.07)

Sell Cutoff j 3627.50 3627.50 3627.29
Sensed by L¥OC, (41901 .25) (11901 .25) (11900.56)
576.33 sec -10.80 1-19.80 12,25

(-35,43) (-35.43) (-40.19)
i 6648.95 6648.95 | 6648.87

(27814.14) {21814.14) (21813.88)

5-1V8 Velocity k 2144.85, 3144.85 3144.18
Cutoff Comand . (10317-75) {10317.75) (10315.45)
747,04 sec ¥ 1.78 1.75

“ (74) (5.74)
i 7659.05, 7659.05

{25128.12) (25178112) (25177. 70}

Parking Orbit 2145.75 3145.76 344.97
Insertion, (10320. 70) : (10318.14)
757.04 see 1.75 0.27

. (5.78) (-0.89)
i 7661.45, : 7661.17

(25135.99) (25135.99} (25135.07}     
*These coordinates are as defined in the Apollo 13 coordinate system:

R= Altitude velocity
Crossrange velocity
Downrange velocity
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Navigational positions and velocities determined from the preflight
trajectory, postflight trajectory, and telemetered LVDC data are shown
in Table 10-2. At S-IC/S-I1 separation, the guidance data were in very
good agreement with the postflight trajectory values. The differences
Between the actual and preflight data reflect nonstandard flight condi-
tions and S-IC performance. An apparent yaw bias that built up during
S-IC burn contributed significantly to the 21.94 r/s difference in
crossrange velocity at $-IC {LVDC sensed) 0ECO. The vehicle drift
fn yaw resulted froma small thrust misavignment and slight off-nominal
engine verformance, It should be noted that pre-IGM guidance does
not provide path guidance and that the relatively large crossrange
velocity difference posed no problem for 16H guidance.

There was good agreement between quidance and postflight trajectory at
S-I1/S-IVB separation, S-IVB cutoff, and parking orbit insertion.
However, due to the perturbation caused by premature cutoff of S-II
engines No. 2 and 3, the agreement between preflight trajectory positions
and velocittes and either guidance or postflight trajectory values is
not as good. Measured velocity gain due to thrus+ decay after first cut~
off of the S-IVB stage engine was 2.50 m/s (8.20 ft/s) compared to
a predicted value of 2.26 m/s (7.41 ft/s) (see Section 7.4}. The
velocity outputs of the guidance accelerometers from orbital insertion
to 1g were curve-fitted with tine polynomials. The velocity polynomials
were differentiated and then evaluated to determine measured accelera~
tions, A Root-Sum-Square (RSS) of the acceleration components is shown
as a solid line in Figure 10-4 along with the predicted acceleration
(dashed line), taken from the final operational trajectory (preflight
predicted), and the programmed vent model. The guidance acceleration
components were also adjusted for estimated bias, and the circled
points represent adjusted accelerations. The thrust produced by the
Continuous Vent System (CYS) based on venting parameters is shown
in Figure 7-7 (Section 7.5).

Oscillations of the measured accelerations appeared to be out of phase
with the predicted values, This Was probably due to some combination
of inaccuracies in the predicted values, curve fits of measured data,
off-nominal propellants onboard at insertion, and off-nominal orbit,
Further investigations are being made to varify the oredicted accelera-
tions, The measured accelerations, with minor adjustments for bias,
were used in establishing the postflight orbital trajectory (see
Figure 4-6 and paragraph 4c3.2)) Figure 408 1 sintlar to Figure 10-4
jn its comparisons of accelerations in parking orbit, except that
Figure 4-6 includes an adjustment for predicted drag,

10.4.2 Flight Program Evaluation

The flight program performance was as expected for the flight pertur-
bations experienced, The navigation scheme functioned correctly in all
phases of flight, control calculations were corract, and orbital operation
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Figure 10-4. Predicted and Measured Accelerations in Parking Orbit

  

was as expected, Guidance schemes functioned as designed. Investtga-
tions have demonstrated that an overspeed of 48.9 m/s (160 ft/s) was
a direct result of premature shutdown of the to S-II stage engines.

When the premature $-IT outboard engine shutdown was detected by the
Flight program, bit 15 was set in mode code word 25 (MC25). This bit
was improperly identified as inboard engine out in the program docu-
mentation. Since this bit is not used in any of the program logic
flow, the improper description had no effect on the operation of the
flight program; only an erroneous indication in real time telemetry
resulted, This problem has been corrected for future Flight prograns.

Pre-IGM guidance was nominal. The yaw maneuver for tower clearance was
initiated at 1.9 seconds and properly executed before pitch and roll
comands were initiated at 11.1 seconds. The yehicle was rolled from its
90 degree launch azimuth to the 72 degree flight azimuth by 31.3 seconds.
Upon completion of the yaw and roll maneuvers these guidance commands
were set to zero for the remainder of pre-IGM guidance made. No backup
nodes were required for the S-IC stage, and tilt arrest occurred at 140.9
seconds. From this time the pitch cenmand (Chi ¥) was frozen until IGM
initiation at 191.0 seconds.
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A roll bias of -0.5 degree was observed from approximately 30 seconds to
Inboard Engine Cutoff {IECO}. A negative yew bias was noved at approxi
mately 15 seconds and slowly reduced to zero by 70 seconds, then gradually
increased from 88 seconds to IECO. The yaw and rol? biases were probably
the result of allowable thrust deviations during S-IC burn. The pre-IGM
guidance does not provide path guidance corrections and the vehicle yaw
drift was the major contributor to the 21.94 m/s (71.98 ft/s) off-nominal
crossrange velocity at S-IC (L¥DC sensed) OECO.

The performance of closed loop guidance (16M) was nominal until 412.92
seconds, when the S-IT stage engine No. 2 shut down, followed by cutoft
of engine No, 3 at 414,18 seconds. The flight program detected an S-I
outboard engine failure based on both an external discrete and an ace?
eration test. Although the engine faitures occurred in the sane computa:
tion cycte that the PMR shift was expected, the program properly identified
the change in acceleration as an engine out. At this time two modifica
tions were made to the nominal S-II guidance equations

a. An artificial tau made was entered in which preset (versus measured)
acceleration values were used as guidance inputs. Tau is a calculated
IGM parameter representing time-to-go required to burn al) remaining
vehicle mass at a constant mass flow rate. Tau is the product of
average exhaust velocity (preset value) and the reciprocal of total
acceleration,

b. All parameters based on time of S-I1 fuel depletion were adjusted to
reflect the longer burn time expected on four engines. This modi fica-
tion resulted in a change of the time-to-go to S-II stage cutoff
fron 101.0 seconds to 126.3 seconds.

The second engine failure that occurred was not acted upon because a basic
ground rule in designing flight program backup modes for hardware failures
was to protect only against single engine failures. No logic was pro-
vided to check for multiple engine failures through acceleration changes
Thus the guidance parameter adjustments which revised time-to-go for
S-II stage cutoff underestimated the time by approxinately 45 seconds
Vehicle guidance remained in the artificial tau mode until Programmed
Mixture Ratio (PMR) shift occurred at 490,8 seconds, At PUR shift, a second
artificial tau mode was entered to smooth the transition to the lower
thrust evel. At termination of the second artificial tau mode (510.2
seconds), due to quidance sensed PMR shift, the measured accelerations
were lower than the artificial values used. Guidance commanded nose-up
attitude in response to the lower acceleration. Seven and one-half
seconds later, a chi freeze was properly initiated in preparation for
S-II/S-1VB staging.
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Because of contro? considerations at S-1I/S-IV3 staging, the flight pro-
gram normally freezes the guidance commands 5 seconds prior to S-II stage
cutoff. For AS-502 the freeze period was entered as specified, but the
actual remaining burn time exceeded the time-to-go, which resulted in a
88 second period of constant attitude hold rather than the nominal 5
seconds. This constant vehicle attitude led to a buildup in radial veloc-
ity which, in turn, caused an altitude overshoot,

The perturbation duc to loss of two SII engines had two effects on the
vehicle performance: the reduced acceleration resulted in lower than
nominal velocities, and the lengthened attitude freeze led to higher than
nominal altitude. Thus at 28,2 seconds after initiation of guidance
in the S-I¥B stage, velocity was 172.1 m/s (564.6 ft/s) lower than
nominal and altitude was 9,1 kilometers (29,850 ft) higher than nominal.

The IGM flight program normally steers the S-IVB stage to preset end
conditions of radius and vector velocity optimally. Steering angles to
achieve the vector velocity end conditions are added to steering angles
to satisfy the radius constraint in order to form the total commanded
yehicle attitude. For AS-502, the highly perturbed state vector which
resulted from the two S-II stage engine failures led to inconsistent
steering angles to achieve velocity and radius end conditions. The
composite of the two pitch steering angles is shown in Figure 10-5. This
total commanded vehicle pitch attitude is not rate limited. The corra-
sponding rate limited conmands are presented later, As can be seen from
Figure 10-5, the commanded attitude on AS-502 was a pitch down to reduce
the radius. The radius was corrected, but a resultant negative radia?
velocity was achieved. A nose-up pitch command was given to compensate
for the excess radial velocity. By 712.3 seconds, when terminal guidance
wode was entered, pitch attitude had changed 46 degrees nose-up to 13
degrees above the local horizontal. The sensitivity of IGM to changes
in acceleration increases as the desired terminal parameters are approached.
A terminal guidance schewre (chi bar steering) is required which uses only
the velocity constraints. Curing chi bar steering, altitude constraints
are set to zero,

With IGN calculations now constrained only to component velocity in the
terminal guidance mode, 3 continued nose-up pitch was commanded to achieve
the desired radial velocity. Chi commands increased +96 degrees until
S-IVB stage cutoff. Vehicle pitch attitude was rate limited through the
35-second duration of terminal guidance. S-I¥B stage cutoff occurred
with pitch attitude approximately 49 degrees above the local horizontal.
S-IVB stage cutoff occurred 88.0] seconds later than the nominal predicted
time and with total velocity 48.9 m/s (160 ft/s) greater than desired
terminal velocity.
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Referenced to Local Horizontal

Figure 10-6 is a plot of the radial velocity (aky) te-be-gained versus
the horizontal velocity (sZy) to-be-gained. The circle about the
origin represents the cutoff loop which is entered when total veloctty-
to-be-gained falls below approximately 65 m/s (213 ft/s). Entry into
the cutoff loop {s made only from calculations of component velocity-
to-be-gained. Once in the loop, cutoff 1s effected as a function of
the magnitude of total velocity, The difference in the actual and
nominat velocities-to-be-gained is a result of pitch down attitude
commands to correct altitude during the initial portion of S-IV8 guidance.
The pitch down attitude tended to increase the radial velocity-to-be-
gained rather than decrease it. This increase led to an inconsistency
in the components of velocity-to-be-gained, and, as a result, both
could not be driven to zero simultaneously, The radical attitude changes
near S-IVB cutoff finally reduced the velocities-to-be-gained sufficiently
to cause entry into the cutoff loop.
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On entering the cutoff loop, the AS-502 total velocity was in excess ofthe desired value of 7790.9 m/s (25,560.7 ft/s), and cutoff signal wasimmediately given at 747.94 seconds with an overspeed of 43.9 m/s (160
ft/s). This overspeed did not represent an error in the guidance programoperation but merely reflected the radial velocity-to-be-gained constraintwhich had to be satisfied before entry into the high speed cutoff loop,
AN] commanded attitude outputs were rated limited to 1.0 deg/s. This
limit serves to make the vehicle less responsive to program attitudecommands. Table 10-3 gives the times the commands were rate limited.
Note that they were limited for about two-thirds of the S-IVB activeguidance.

Table 10-4 summarizes the start and stop tines of the modes used to com-
pute guidance commands. Note that from the $-[I-engines-out until $-1VB
Cutoff, the guidance was either in an artificial tau mode, rate limited, or
frozen for all but 62 seconds.

Commanded attitude angles (rate limited) during the boost phase of flight
are summarized in Figure 10-7, Both actual and commanded attitude (rate
limited) angles during S-IC burn, S-IT burn, and S-IVB first burr are
shown on expanded scales in Section 11.
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Table 10-3. Rate Limited Steering Conmand Times
 

 

START TIME STOP TIME
SEC SEC
415.4 419.1

510.2 514.0

582.9 644.1

699.0 747.0 
 

Table 10-4. Start and Stop Guidance Commands
 

 

EVENT TeH PHASES ARTIFICIAL TAU

|

CHI BAR CHI FREEZE
(SEC) (SEC) STEERING (SEC)

(SEC)
START STOP [START STOP

|

START STOP

|

START STOP

First 191.0 418.4 1415.4 490.8

|

=== wee Poem o
16H

second

|

490.8 517.7 [490.8 510.2

|

wr- vrs

|

517.7 582.9
IoM

Third se4.@ 747.0 [564.8 594.3 1712.3 746.41 746.4 762.3
16H

Fourth 11628.4 11630.3
1GH        

IU commands were properly executed for S-IVB restart but tne engine did
not reignite. The Flight program immediately initiated T7 through negative
results from the acceleration test as programmed. The fifst event scheduled
in Ty was a cutoff conmand to the S-IVB stages this was executed. A stmu-
Jation using actual AS-502 flight data and a nominal S-IVB second burn
thrust revealed that an acceptable waiting orbit could have been achieved
from the perturbed parking orbit had the $-I¥B engine reignited.

10.4.3 Orbital Guidance

Al] orbital guidance and sequencing functions were performed correctly.
The vehicle response to the guidance commands in Tz was sluggish because of
the inertial characteristics of the vehicle resulting from no second burn
of the S-IVB stage and early separation of the spacecraft on ground conmand.
The predicted attitude timeline for the AS-502 flight is shown in Figure
10-8, Comparison of parking orbit attitude commands shown in Section 11
with the attitude timeline yields good agreement.
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Vehicle control was exercised until 22,112.4 seconds, at which time
attitude reference was lost. Partial control was Tost at 21,953 seconds
due to loss of fuel tn the APS module at position I. The opening of
the LOX vent valve at 22,023 seconds produced a thrust which overcame
the remaining thrust capability of the APS module at position III.
Loss of fuel in the APS module at position III occurred at 22,602 seconds.

The minor Toop performed as expected during flight. The rate at which
the yaw gimbal changed when the APS ran out of fuel was insufficient to
cause the program to switch to backups or set the guidance fatiure
discrete.

10.4.4 Orbital Routines

The TEP routines performed as expected. This was proven by the real
time and compressed data telemetry which has been reduced. No problems
were found with the LYDC self-test or in CIU processing. All DCS
comands received by the flight program were processed correctly.
10.4.5 Event Sequencing

AVL program sequencing was proper. All switch selectors were issued in
tolerance. The Environmental Control System logic monitored the thermat
switches and opened and closed the control valve properly.

10.5 GUIDANCE SYSTEM COMPONENT EVALUATION

10.8.1 LVDC Performance

Data analysis indicated the LVOC perforned as predicted for the AS-502
mission. No valid error monitor words and no self-test error data have
been observed that indicate any deviation from correct operation.

10.5.2 LYDA Performance

The LVDA perfarned satisfactorily for the AS-502 mission. With the
exception of the error monitor word related to the interrupt processor
no deviations from correct operation have been found. Two error monitor
wores were observed which indicated apparent disagreements in the
Triple Modular Redundant (THR) Orbital Check Ready (OCR) latch. One
disagreement occurred within 0 to 30 seconds prior to 8618.2 seconds
and the other at approximately 9218 seconds. For each OCR latch
disagreement a TMR Interrupt Control (INTC) error monitor word indi-
cation might also be expected. However, the flight program inhibits
the OCR interrupt and processes it on a cyclic basis. Since the OCR
interrupt is inhibited, no disagreement between logic channels can
be sent to the INTC latch. The apparent dfsagreement in the OCR latch
was attributed to a difference between rise delay times for the THR
interrupt input logic channels, Two error monitor words were observed
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in compressed data which indicated apparent disacreerents in the INTC
latch. Thase disagreements occurred within 0 to 30 seconds prior to
14,984.7 and 15,044.7 seconds.

The real time and interrupt countdown processers performed satisfantort ly.

10.5.3 Ladder Outputs

The ladder networks and converter amplifiers performed satisfactorily.
No data have been observed that indicate an out-of-tolerance condition
between channel A and the reference channel converter-ampli fiers.

10.5.4 Telemetry Outputs

Analysis of the available analog telemetry buffer and flight control
computer attitude error plots indicated symmetry between the buffer
outputs and the ladder outputs. The analysis of the available L¥DC
power supply plots indicated satisfactory performance of the power
supply telemetry buffers.

30.8.5 Discrete Outputs

No valid discrete output register words (TAGS 043 and 052) were observed
to indicate guidance or simultaneous memory failure.

10.5.6 Switch Selector Functions

Switch selector data indicate that the LVDA switch selector functions
were performed satisfactorily. No error monitor words were observed
that indicate disagreement in the TMR switch selector register positions
or in the switch selector feedback circuits. No wode code 24 words or
switch selector feedback words were observed that indicated a switch
selector feedback was in error. In additton, no indications were
observed to suggest that the B channel input gates to the switch selector
register positions were selected.

10.5.7 ST-124M-3 Inertial Ptatform Performance

The inertial platform system performed as expected with the only davi~
ation being in the gasbearing supply system. This deviation is
described in Section 18.5,

The XK, ¥, and Z accelerometer servo loops maintained the accelerometer
float within the measuring head stops (#6 dagrees) throughout liftoff
and MAX Q (see Figure 10-9), The accelerometer encoder outputs indicated
that the accelerometers measured the vehicle acceleration properly.

The X, Y, and Z gyro servo loops for the stable element functioned as
designed. At no time during liftoff and MAX Q were the operational

limits reached, There were several perturbations observed in the servo
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gyro Toops which cannot be fully explained at this times however, the
gervo loops responded to these perturbations in the proper manner and
maintained the stable reference. Periodic ievel changes in the servo
signals are attributed to servo loop deadband lim't cycling associated
with vehicle attitude changes.

The fine backup ginbal angle resolver output indicated nominal
performance -

There were no vibration-induced malfunctions of the ST-124M-3 Inertial
Platform on AS-BO2, Tre effects of vibration on the gyro and accelerometer
servo output signals are illustrated by the graphs of maximum vol tage
variations shown in Figure 10-19, These voltages were sufficient to
maintain inertial reference and prevent a vibration-induced malfunction
of any accelerometer or gyro. This figure also ilTustrates the large
vibration experienced at 133.3 seconds.

 

Avatlable data indicate that the ST-124N-3 composite vibration levels
at liftoff on AS-502 were very near those of AS-501 on the inertia

gimbal, However, the structural vibration was lower on AS-502. The

Yibrations at Mach 1 and MAX Q were higher on AS-S02. The composite
levels of the inertial gimbal vibrations are shown in Figure 9-34 in
Section 9. The vibration experienced at 133.3 seconds fs not shown
due to its short duration.
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SECTION 11

CONTROL SYSTEM

11,1 SUMMARY

The AS-502 Flight Control Computer (FCC), Thrust Vector Control (TYC}, and
Auxiliary Propulston Systen (APS) satisfied all requirements for attitude
control and stability of bending and propellant slosh modes in both the
boost and orbital coast modes of operation. During liftoff, all vehicle
clearance requirements were met satisfactorily with less than 20 percent.
of the clearance margins being required. The programmed 1.25 degrees yaw
maneuver to provide adequate tower clearance and the 18 degrees roll
maneuver to the 72 degree flight azimuth were satisfactorily initiated
and executed.

The wind-biased pitch tilt program was satisfactorily initiated and
executed. The control system was required to correct for a steady-state
roll attitude error of anproximately -0.5 degree through first stage boost.
This roll torque was not observed on AS-501, as the attitude error was
essentially null after about 60 seconds.

S-IC/S-IL separation was satisfactorily accomplished, as was second plane
seoaration. Control system performance was consistent with events which
occurred during S-II boost. The performance shift of engine No. 2 at
319 seconds was evidenced in the TYC as well as in the FCC parameters.
However, this varformance shift caused no control problens and resulted
only in a new steady-state trim condition.

 The Steering Misalignment Correction (SMC) was initiated at 212.0 seconds.
The performance shift at 319 seconds had a negligible effect on SMC, and
the maximum SHC's in pitch and yaw prior to engines No. 2 and 3 shutdown
were -0.7 and 0.2 degree in pitch and yaw, respectively. The FCC and TYC
responded satisfactorily to the perturbations caused by the shutdown of
engines No. 2 and 3 at 412.92 and 414.18 seconds, respectively. This
shutdown resulted primarily in a large pitch plane disturbance during
which the pitch rate built up to a maximum of 2.8 deg/s (nose-up) and the
pitch attitude error reached a maximum of 13.4 degrees. A maximum engine
deflection of 5.95 degrees was required to stabilize the attitude
excursions. The maximum SHC's required at this time to compensate for
the thrust vector misalignment were -13.2 degrees in pitch and -0.6 degree
in yaw. The nose-up trim condition resulted in a 7.4 degree pitch
attitude error at separation.

 



At S-IT/S-IVB separation, the guidance coxputer switched to the S-1VB
coast mode for 0.3 second. The 7.4 degrees pitch attitude error caused
a@ full-on APS pitch-engine firing of 0.3 second duration to correct the
attitude. At 0.3 second after separation, the guidance computer switched
to the S-IVB burn mode. The pitch attitude error was trinmed out by the
TW after S-IVB stage J-2 engine ignition. Contral system performarce
was nominat for the reriainder of S-IVE first burn.

Orbital attitude control requirements required considerably more APS
activity than anticipated. The APS system was required to overcome a
50 degrees nose-up fron loca: horizontal attitude and a 1 ceg/s rose-u
angular rate to align the vehicle along the local horizontal. ire vehicle
was subsequently exercised through a sequence of four maneuvers as
follows: 180 degrees roll, 20 degrees pitch down, 20 degrees pitch up,
and 180 degrees roll. The pitch and roll maneuvers were planned to
produce information on the S-IV6 restart bottle repressurization and
propellant stosh excitation vnile qualifying these maneuvers for
manned flight. Each maneuver was executed as planned. LHsloshing
was not appreciable during any of the maneuvers. Significant LOX
sloshing existed at the initiation of each pitch maneuver; however,
the initial amplitude was not sustained due to high damping,

 

An auxiliary hydraulic pump failure prevented the $-IV stage J-2 engine
from being centered at the time of S-IVB Engine Start Command (ESC). The
engine position at ESC was approximately 1.8 degrees in pitch and -2.3
degrees in yaw. Appreciable attitude errors resulted from this engine
position during restart attempt; however, vehicle control was maintained
by the APS systen following the switch from thrust vector to coast mode
control,

Subsequent to spacecraft separation (Section 12) the APS system waintained
control until module © fuel depletion at approximately 271,553 seconds
Vehicle attitude rates began to build up significantly feltawing rodule 111
fuel depletion (22,602 seconds) and continued to increase as indicated hy
reduced radar data unt'? a tumble rate of 180 deg/s was recarded by the
ninth day following launch.

11,2 CONTROL SYSTEM DESCRIPTION

Figure 10-1 (Section 10) shows the interconnection ard signal flaw paths
of the control components as they relate to the guidance ccmpcnents.

Vehicle attitude correction is accomplished in accorcance with the require-
ments of the guidance system through attitude error signals. These signals
are generated by the Launch Vehicle Digital Computer (LVOC) and Launch
Vehicle Data Adapter (LVDA). During S-IC stage burn, attitude steering
cormands are the result of the preprogrammed yaw and roll maneuvers and
the time tilt pitch program. At the initiation of Iterative Guidance
Mode (16M), attitude steering commands become the result of guidance
system computations,



Angular vate ‘nputs are present when the control system has responded to
attitude error commands or forces acting on the vehicle. Commanded vehicle
attitude changes during powered flight are limited to rates of 1 deg/s or
Jess, depending upon requirements of the guidance system.

Control system outputs are valve currents (Iy) ta first, second, and third
stage engine actuators and relay currents to the APS.

The vehicle engine, actuator, and nozzle arrangements and axts definitions
are shown in Figure 11-1.

The AS-502 Flight Control Computer, which is essentially identical to the
AS-501 FCC, is an analog computer which generates the proner conmands for
the S-I¢, S-IT, and S~1VB stage engine actuators and S-IVB stage APS. In
generating the engine commands, the FCC processes and combines attitude
error signals from the LYDA and angular velocity sfgnals from the Contro}-
EDS Rate Gyros/Control Signal Processor {CSP}. Ta inaut channels accept
the contro? signals. ach channel amplifies, scales, and filters it:
respective signal according to a predetermined time-variable set of gai
factors.

The FCC also provides $-IVB stage attitude control commands to the APS
This control is provided to the roll axis during 5-1V3 stage burn and to
all three control axes during coast

The Control-EDS Rate Gyros/CSP used on AS~502 were essentially identical
to those used on AS-501. The Control-E0S Rate Gyras/CSP combination
provides angular velocity signals to the FCC for dynamic feedback. The
Control-EDS Rate Gyros contain nine rate gyros, three in each axis.

11.3. S-IC CONTROL SYSTEM EVALUATION

The AS-502 control system performed salisfactorily during S-IC powered
flight with mast parameters near oredicted. The 1.25 degree yaw bia
tower clearance maneuver was executed as planned and resulted in adequate
tower clearance.

Vehicle liftoff acceleration was greater than that of AS-501, Simulation
with measured stow release forces and theust verified this result. Ac-
caleration was greater than AS-501 because 12 lubricated slow release rods
were used instead of 16 non-lubricated rods. Less than 20 percent of the
available clearances were used during liftoff.

The vehicle performed within flight dynamic constraints throughout flight
In the region of high dynamic pressure, pitch angle-of-attack peaked at
3.1 degrees, and pitch engine deflection peaked at 0.47 degree. Absence
of any divergent bending or sloshing frequencies in vehicle motion indicates
that the bending and slosh dynamics were adequately stabilized, The
control system sufficiently rejected two prominent disturbances near the
end of S-IC flight: the 5.3 hertz longitudinal oscil¥ation that coupled
into pitch (see Section 9.2.3.1), and the transient at approximately
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133 seconds (see Section 94). Vehicle dynamics pricr to S-IC/S-II first
plane separation were well within reouired levels.

11.3.1 Liftoff Clearances

Positive clearance existed between the vehicle and the mobile launcher
structure, as shows in Table 11-1. Vehicle clearances were at least
80 percent of those available. Positive clearances resulted froma
favorable combination of vehicle-system misalignments. The ground wind
direction was 132 degrees east cf north, and the magnitude was approxi -
mately 53 percent of the design wind. The launch ground wind +s compared
with the design grourd wind in Figure 11-2. The launch ground wind had
a Steacy state magnitude of 7.5 m/s (24.6 ft/s) at the 18.3 meters (60 ft!
Tevel, anc 12,5 m/s {41.0 ft/s) at the top of the launch tower. The com-
bination of offset center of gravity, thrust imbalance, and thrust mis-
alignment in yaw cancelled the yaw manent from inboard engine cant.
Table 11-2 compares the vehicle misalignments measured during flight with
preflight measurements.

Liftoff vertical motion and soft release forces are shown in Figure 11-3
Liftoff accelerations were greater than predicted. The slow release
forces reduced from continuous analog recorder measurement provide an
excellent match between simulated vertical motion and the vertical motion
observed by the liftoff cameras. The AS-502 vertical rise was ahout 0.5
secend faster than the AS-501 because the AS-502 had 12 lubricated slow
release rods as corpared to 16 non-lubricated rods on the AS-501. Figure
11-4 shows that the actua? (photographed) trajectory of the S-IC thrust

Table 11-1. Summary of Liftoff Clearances
 

 

 

 

    
 

  

POTENTIAL TATERFERENGE WacoTeyED MIN ACTWAL
‘ueanance™ |cLeaRayces|

WEnTCLE. a0uN0 EQUIPMENT erin.) enfin.)
Tiras Structure WotasounPowe a2 7 sa

an ean
Thnat Structure Holédoun Post Hood w.16 22.06

(ao) ©)
Thrust, structure Lirtott switches variable * 12.7
Insulation 6)
Engtoe 6e11 Noldaoun Post yey 38.10 03-22(85'3) (isa) aso}
service Module SM Stag Arn Versable 191.6 ed

(49.8)
SL Stage S-1V8 Forward Swing varteble 101.6 “

ane (40.6)
ST/Se1¥B latarstage SH1V8 ATL Setng Arm variable a] ”

SHI Sage S11 Foneard Swing Am Yarfable 116.86 ”
46.3)

ST Stage S11 tntemedtate Sving vartable 116.06 “am (46:3)
Fle Tp Swing Am 262.79 499.58 70),0¢

(39.68) a3) (276.0)
WSeiten remains on stritar plate For Soalgna.condvta
os Conara data indicates clearance —no quantitative dats avatlable.   

ns



tw Ren, Ais

    

 

  

ee Tgau
ay onsaeSieIne he te)

ned

de |

 

20 acTE
R

  

  

    
Moa Bob

{180 DHGy si 4

i Att yt fa

mr
, i |

WHE S200, m7
Figure 11-2. Surface Wind Speeds

Table 11-2. AS-502 Misalignment Summary
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structure (position 1) was almost vertical, with a maximum lateral drift
of less than 20 centimeters {7.9 in.) after 180 centimeters (59 in.]
vertical rise. The simulated data also shown compare favorably with
the camara data.

Figure 11-4 also presents the clearance between engine bell 4 and the
holddown post at position I and shows that the simulated vertica’ motio
of the bell is almost a duplicate of the actual motion. The motion
picture camera monitoring Ground Support Equipment (65E} operation con~
firmed that the horizontal motion of engine bell 4 was less than 15
centimeters (5.9 in.) after 600 centimeters (236 in.) vertical rise

Figure 11-5 shows that the combination of the yaw bias and wind blowing
toward the tower resulted in a clearance of 10.0 meters (32.8 ft} between
S-IC Fin tip A and the top of the tower. Flight data were taken from a
tower camera located 426,7 meters (1400 ft) due east of the mobile
launcher.

Center engine translation and the exhaust plume angles “or each of the
five S-IC engines during the first 220 meters (722 ft) of vertica
flight are shown in Figure 11-6, Center engine translation was a
maximum of 7 meters (23 ft) south and 1 meter (3.3 f+} west. Maximum
deviations of the plume were 1.5 degrees north and 0.6 degree east for
engines No. 3 through 4 and 1 degree north and 0.7 degree west for
engine No. 5. The exhaust plume angle is the angle between the exhaust
plume of an engine and the vertical, taken at the engine gimbal point
For both translation and plume angle, positive motion is considered to
occur toward the north and the east.

11.3.2 S-IC Flight Dynamics

Table 11-3 lists maximum control parameters during S-IC burn, Dynamics
in the region between liftoff and 20 seconds occurred prinarily from the
yaw bias maneuver, the start of the pitch tilt and roll maneuver, and
the end of the roil maneuver, As shown in Figure 11-7, during this time
span, maximum pitch attitude error of 1.07 degrees and engine position
of 0.52 degree occurred at 13.3 seconds and 12.9 seconds, respectively,
The maximum yaw attitude error of -1.28 degrees and engine position of
-0.49 degree occurred at 3.5 and 3.2 seconds, as shown in Figure 11-8
These were the largest yaw dynamics encountered during S-IC flight
Figure 11-9 shows toe maximum rot] dynamics during S-I¢ flight were -1.37
degrees attitude error at 13.0 seconds and 1,44 deg/s attitude rate at
13.4 seconds, Dynamics in this region occurred as predicted

In the region between 30 seconds and 140 seconds, maximum dynamics were
caused by the pitch tilt orogran, differences between the wind-bias wind
and actual wind magnitude, ahd wind shears. Figure 11-7 shows that
maxinum pitch dynamics were 1.14 degrees attitude error at 70.5 seconds,
-1.03 deg/s attitude rate at 60.2 seconds, and 0.47 degree engine
position at 70.9 seconds. The maximum pitch angle-o*-attack of 3.1 degrees
occurred at 51.7 seconds, the time of maximum difference between the wind-
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Table 11-3, Maximum Control Parameters During $-IC Burn
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bias wind and actual wind. Yaw dynamics during this region were caused
by the wind, The maximum yaw plane component of anglc-of-attack shown
in Figure 11-10 wes 1,6 degrees at 84.5 seconds, the time of maximum yaw
wind, Figure 11-11 shows winds encountered during flight as given by
JIMSPHIERC and Q-Ball reduced data. Q-Ball reduced winds were determined
using Ball angles-of-atteck in pitch and yaw, Observed Mass Point
Trajectory (OMPT) data, and vehicle characteristics data, Maximum pitc
winds in the high dynamic pressure region were 26.8 n/s (87.9 ft/s) at
77.8 seconds from JIMSPIIERC data as compared to 20.2 m/s (66.3 ft/s) at
77.8 seconds from Q-Ball reduced data, Yaw winds were 12,9 m/s (42,3 ft/s)
at 84.3 seconds from JIMSPHERE data as compared to 13,5 m/s (44,3 ft/s}
at 84.5 seconds from Q-Ball reduced data. It is necessary to introduce
a time varying roll moment into the simulation to match the flight data
The rol] moment would have to reach a value of 228,000 N-m (168,200 Ibf-ft!
at S-IC Outboard Engine Cutoff (QECO)

 

Significant longitudinal oscillations occurred during the latter part of
S-IC flight. These oscillations were coupled into the pitch, yaw, and
roll planes. The largest coupling occurred in the pitch plane, a:
evidenced by the pitch accelerometer and pitch rate gyro outputs. Fre~
quency spectrum analyses of pitch ratc, command to the actuator, and
actuator position indicate that the 6.3 hertz oscillation was present in
the rate gyro signal but was absent from the conmand to the actuator
Control system attenuation of 32.4 decibels at this frequency cffectively
reduced the signal sent to the actuator magnetic amplifiers. The small
response of the engine position at the 5,3 hertz frequency was duc to
direct vibration of the actuator by the engines. Maximum vibration of
the actuator was 0.0085 degree peak-to-peak.

A transient occurred in dynamics at approximately 133 seconds as dis-
cussed in Section 9A. Oscillogram traces shown in Figures 11-12 and
11-13 show the effect on the control system. The transient was observed
in pitch and yaw IU accelerations and rates but not in the nitch and yaw
engine positions. The transient was not obvious in pitch acceleration
and rate measured in the S-IC stage.

The transient due to Inboard Engine Cutoff (LECO) was used to determine
the inbeard engine cant of -0.36 degree in pitch and -0,26 degree in yaw
Other misalfgments were thrust vector angles required to match flight
data. The equivalent thrust vector misalignments were 0.0 degree in
pitch, 0.17 degree in yaw, and 0.093 degree in roll, Table 11-2
skmmarizes AS-802 misalignments.

Dynamics from 14C scconds to separation were caused by tilt arrest and
TECO. Table 11-4 lists $-IC dynamic end conditions.

Observed ard predicted slosh frequencies are shown in Figure 11-14.
Predicted slosh frecuencies are syster modes associated with slosh in the
closed Toop control system. Because the tanks are coupled through the
vehicle and control system, it is difficult to associate them with a
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*
Table 11-4. $-1C Dynamic End Conditions
 

 

PARAMETER UNITS PITCH YAH ROLL

Attitude Error deg -0,42 0,84 0.75

Attitude Rate deg/s 0.06 0,005 -0.70

Average Actuator deg 0.08 -0.16 0.10
Position       
* Conditions at separation command, 149.08 seconds.

particular tank. An attempt was made to do this, and se they are labeled
“coupted". They are different from the individual tank frequencies which
should not be present during flight. Presence of other modes was detected
in the tanks, as was expected, These were bending and control system
modes. Predicted curves for these are also shawn where required.

Propellant slosh amplitudes in the $-I¢ tanks are shown in Figure 11-15,
Measured peak-to-peak amplitudes were derived from opposing pairs of
liquid level probes in the pitch and yaw planes. Simulated data shown
as a comparison were derived using first mode slosh models in the pitch
and yaw planes. The figure shows the oscillating slash wave peak-to-peak
magnitudes in addition to low frequency effects due to non-zero lateral
accelerations during flight. Maximum peak-to-peak slosh amplitudes in
the fuel tank were -0.3 meter {-0.98 ft) in pitch at 65 seconds and 0.25
meter (0,82 ft) in yaw at 2.5 seconds. $-IC LOX peak-te-peak amplitudes
teached ~0.3 meter (0.98 ft) in pitch at 72 seconds and 0.15 meter
{0.49 ft} in yaw at 19, 28, and 85 seconds. Simulated data for the S-IC
tanks showed close agreement in phasing but measured sTosh amplitudes
were larger, which may indicate tess slosh damping than predicted,
Figure 11-16 shows propellant slosh in the S-II and $-IVB tanks. Ampli-
tudes shown for the S-11 slosh give only the oscillating slosh wave
peak-to-peak amplitudes. Static, or low frequency osci}lations, have
been removed from the data. Only S-IVB LH2 stosh data are available.
There was poor agreement between measured ard simulated slosh amplitudes
in the S-IT LOX and S-IVB LHe tanks, Because the S-IT LOX probe was
located very near the center of the tank, it was difficult to correlate
measured and simulated data using only first mode simulation data,
Maximum peak-to-peak amplitudes in the plane of the Propellant Utilization
(PU) probes were 2.7 degrees at 90 seconds for the S-IT LOX tank and
1.4 degrees at 95 seconds for the S-11 LH2 tank. Maximum $-I¥B LH2 slosh
was 0.084 meter (3.30 in,} peak-to-peak at 85 seconds. There was no
evidence of unstable buildup.

Peak-to-peak engine response to propellant slosh is shown in Figure 11-17.
The response was derived by passing measured and simulated engine deflec-
tion time histories through bandpass filters, retrieving only slosh

11-20



n-21

    
    

  
 
 

  

06
 

 
 

 
 

 

 

  
 

 
 
 

BH “aonags SETS AB) 1-3

 
 

 

 

 
 

  
 

 

 
 

 

Bow 401zu * ananogta

 

 
 

 
 

oe

 
 

 

 
   

2H TAIN MCL HSOTS BHT OATHS 7A AINARLE HOTS AGT ANTS
 
  

 

 

 
 

 

 
 

 
  

 
 

 

vEMDans HOTS TAN TI'S

  
21 *amwanoges HDS THT 11-5

 

 

IN
GE

TI
ME

Fi
gu

re
11

-1
4,

Pr
ed
om
in
an
t

Sl
os

h
Fr
eq
ue
nc
ie
s

Du
ri
ng

S-
IC

Bu
m



TSL-LL
BanBry

wang
91-$

Suing
[Lea

y
y

ae
Sapngetduy

ysols
weLLadorg

91-5

SONDI3S
“3HIL

aHYY
35

“SAIL
Java

sane

2-11

SUEL_PITCHPLANE {POSLTIVESLOSH_UPRANGE),
m(pp)

  

    

FUELPITCH2La¥E
(POSITIVESLOSHYPRANGE),

te(p-pj

FUEL74MLANE
(POSIT-VESLOsHTORIGITT:,

{pp}

OZt_wyl_oe
09

op
ave

 

oat

FUELYAWPLANE
{POSITIVESLOSHTORIGHT),

ft(n-p}

LoxPITCHPLANE
(POSITIVESLOSHUPRANGC),

m(p-p)

 

   

LOXPITCHPLANE
[POSTIVESLASHUPRANGE},

ft(pep)

LDSYAMPLANE
(rosir1¥eSesToera),

rm{p-P)

       

LokvaySLANE
(ensiTT¥E_SLOSHTORIGHT)

ftIp-p}



-+----~ SIMULATEDMEASURED. 

(d-d)
‘ur

*390ua
1¥

BOLI
T
y

2H1
BAI~S 9.10

2
8

8
&

S
6
6

6
(d-d)

w
‘agoud

Ly
3ONLT

T
a
w
2
H

YAI-S

0.6

0.8
(a-d)

bap
‘390'%e

Ly
a
N
.

1dby
¢H7

11-S
0.2

=

  

3

 
 
 

  

=
2

(d-d)
bap

‘a90ud
Ly

FQNLITdNY
XOT

11-S

RANGE TIME, SECONDS
S-II and S-IVB Propellant Slosh Amplitudes During S-I¢ BurnFigure 11-16.

1-23



11-24

(SvaN} d534 ON HOLIG
NOG ASCH 43318 3NTLISOd)

(WIS) 4524 9NI-HOLId

BE
GI

N
YA

W
MA
NE
UV
ER
,

1.
9

EN
D

YA
W

MA
NE
UV
ER
,

9.
8

BE
GI
N

PI
TC

H
AN

D
RO
LL

MA
NE
UV
CR
,

11
.1

EN
D

RO
LL

MA
NE

UV
ER

,
31

.3
0

MA
CH

|
AC

HI
EV

ED
,

60
.5

OC
CU

RR
EN

CE
OF

MA
X

GY
NA
MI
C

PR
ES
SU
RC
,

75
.2

NO
TE
:

BA
ND
PA
SS

FI
LT
ER
ED
,

0.
34

TO
0.
20

He

bap ‘int

  
  

 
 

Bp ‘(NOD asQN

  
°
i
r
e
t
h
e

b
y

l
y

W
e

a
60

«
#
1
0
0

12
01
40

16
0

RA
NG
E

TI
ME
,

SE
CO
ND
S

 

4321S 3AILISOG)

 

 
 

 
  

 
 

 
 

Fi
gu
re

11
-1
7.

FL
IG

HT
CO

NT
RO

L
CO
MP
UT
ER

SW
IT
CH

PO
IN
T

NO
.

1,
10

5.
86

FL
IG
HT

CO
NT
RO
L

CO
MP
UT
ER

SW
IT
CH

PO
IN
T

NO
.

2)
12
0.
84

EN
D

PI
TC
H

MA
NE
UV
ER
,

14
0.
9

S-
IC

HE
CO

(S
OL
EN
OI
D

AC
TI
VA
TI
ON

SI
GN
AL
),

14
4.

72
S-
IC

DE
CO

SE
NS

EG
BY

Lv
DC
,

14
8.
41

-0
.0
5

fap “(1431 3504 Y3I1S JAILISCd)
(S¥3M) dS3a 93 A

 
-0
.1
0

0.
98

+ i
60

a0
_10

0
12
01
40

18
0

RA
NG
E

TI
ME
,

SE
CO

ND
S

    

Rap “(1431 aSOW H33L$. 3A1L1S0d)
(WIS) asa ona Ava

    

20
0.

10
8

o

S-
IC

En
gi
ne

De
fl
ec
ti
on

Re
sp
on
se

to
Pr
op
el
la
nt

Sl
os
h



frequency components. Since frequencies of signiftcant slosh modes lay
within a relatively narrow band, the engine responses shown were due to
all tanks collectively. Maximum pitch engine resnonse to slosh was
=0.12 degree at 13 secorids. Maximum yaw engine response to slosh was
0.1 degree at 11 seconds. The disagreement between measured and
simulated engine response to slosh shown on Figure 11-17 tends to
support the indication of smaller slosh damping than predicted. The
small actuator activity at slosh frequencies other than at the time of
known disturbances confirmed that slosh was adequately stabilized.

Peak-to-peak engine response to first bending mode was determined by
passing measured and simulated engine deflection time histories through
bandpass filters, retrieving only bending frequency components. Maximum
response to first bending was 0.026 degree at 85 seconds in pitch and
0.02 degree at 90 seconds in yaw. Results indicate that bending dynamics
were adequately stabilized throughout flight.

11.4 S-TT CONTROL SYSTEM EVALUATION

The S-II stage attitude control system performance was satisfactory.
Analysis of the magnitude of modal components in engine deflections
revealed that vehicle structural bending and propellant sloshing had
negligible effect on control system performance prior to cutoff of
engines No. 2 and 3, The maximum values of control parameters occurred
jn response to shutdown of engines No. 2 and 3. The shutdown of engine:
No. 2 and 2 caused attitude errors of 13.4 degrees in pitch, 2.7 degrees
ir yaw, and 4.2 degrees i roll. Attitude rates for pitch, yaw, and
roll were 2.8 deg/s, -C.8 deg/s, and -2.2 deg/s, respectively. The
response at other times (such as S-IC/S-II separation and initiation of
IGM guidance) were within expectations.

11.4.1 Attitude Contre] Dynamics and Stability

Attitude control commands were computed in the minor Toop section of the
LYDC. For 42 seconds following S-iC Q&CO these cormands were held
constant. Significant events occurring during thet interval were S-IC/S-1
separation, S-I] stage J-2 engine start, second plane separation, and
Launch Escape Tower (LET) jettison. The attitude control dynamic
throughout this interval indicated stable operation (see Figures 11-18
theough 11-20) Simulated data shown for comparison in these figure:
generally leads actual data by about 2.6 seconds because of a 2-second
bias in telenetry data used as input commands to the simulation and a
0.6-second bias in the actua? data. The maximum control excursions
occurred in the roll axis following S-IC/S-I1 separation when 2,0 deq/:
attitude rate and -2.3 degrees attitude error occurred, as shown in
Table 11-5. Steady state attitudes were achieved within 10 seconds from
S-IC/S-I] Separation. The principal attitude error of approximately
0.5 degree for the roll axis was maintained until cutoff of engines No.
2'and 3, Absence of roll rate during this time indicates a combination
of center of gravity offsets and thrust or engine misalignments producing
a constant roll torque, Similar roll offsets existed during AS-501 S-I
stage flight.
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Table 11-5. Maximum Control Parameters During S-II Burn

 

 

PARANETER Sale/s-lt | ge| sO. 2 83) TERMINATE 2no S11
SEPARATION

|

aytStrrow

|

ENG FAIL

|

ARTIFICIAL TAU| CUTOFF

Pitch Plane
Attitude Error,
deg 0.5 “19 13.6 32 nA
Body Rate, deg/s] 9.9 1.0 28 10 0.1
Iwerage Cnbal
Angle, deg 0.24 0.9 5.95 4.37 3.5
Slosh Conponent
of yerage Ginbal
Angle, deg 0.01 0.06 0.18 9,02 :

fay Plane
Attitude Error,
deg “0.8 “0.4 27 0.2 0.0
Body Kate, deg/s 0.3 oO “0.8 “0.15 0.2
Average Ginbal
Angle, deg 0,83 -0.23 0.62 0.19 an
Stosh Conponent
af Average Gimbal
fogle, deg 0.03 4.05 0.8 0.01 -

Poll Plane
Attitude Frror,
deg 2.5 08 4.2 “07 0.2
Body Rate, deg/s 2.0 “04 222 oa 02
Average Gimbal
Angie, deg -0.49 0.23 0.39 0.1 “ole         

IGM was initiated at 190.95 seconds, and the flight contro] computer
received thrust vector control commands to pitch the vehicte up.
Following IGM initiation, a -1.9 degrees pitch attitude errar, 1.0 deg/s
pitch rate, and 0,9 degree pitch gimbal deflection occurred, These
responses were similar to those obtained during AS-501 flight. The
effects of steering misalignment corrections (initiated at 212.0 seconds)
and flight contro? gain switch point 3 had no noticeable effect upon
attitude control performance. The thrust reduction on engine No. 2 at
319 seconds {see Section 6.3) had a minor effect on attitude control,
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Subsequent to a drop in thrust in engine No. 2 @ discrete signal wareceived by the IU from the S-I1 stage that indicated thrust not OK onat least one engine, During successive LVDC computation cycles, aceceleration decrease due to cutoff of engines No. 2 and 3 wes confirmedThis confirmation and the external discrete caused the guidance systemto enter an engine-fa¥'ure-mode artificial tau, The principal dynamicsfollowing cutoff of engines No, 2 and 3 occurred in the pitch axts andwere attributable to a pitch disturbance moment which acted on thevehicle as a result of the two engines out. The pitch rate built up toa maximum of 2.8 deg/s before the control engires could be repositioned
to counteract this moment.

Pitch axis control was stabilized within 16 seconds from time of theengine cutoff. The pitch attitude error reached a maximum of 13.4 degreesand remained above 6 degrees until final engine cutoff prior to $-I1/S-IVBseparation, This attitude error was reouired by the contro] system inorder to keep the centrol engines positioned to counteract the effects ofengines No. 2 and 3 hein inoperative. With only two outboard engines(engines No. 1 and 4} operating, the yaw and rol? axes control systensinteracted, A domfnant mode with a period of 20 seconds and dampingfactor of 0.7 was apparent in their responses following the shutdown ofengines No, 2 and 3.

The effects of terminating the second artificial tau mode at 510.2 secondswere most apparent in the pitch axis when a 1 deg/s pitch-up responserate occurred. This was a consequence of the change in conmand angle atthts time, Seven seconds later 2 cai-freeze mode was entered. Afterthis time the vehicle rates were reduced to Tess than 0.2 deg/s for therenaining 40 seconds of the S-II stage flight, At S-II stage enginecutoff (prior to S-IVB separation), the vehicle attitude errors (excentpitch), and attitude rates were at or near null

Steering Misalignment Correction mode became operative at 212.0 seconds,as shown in Figure 11-21. Its principal effect upon the contro] systemwas to introduce a low frequency mode {approxinate"y 0.05 hertz) belowthe rigid body control mode {approximately 0.11 hertz). During steadystate attitude control operation the magnitude of SMC is a measure of thrustmisalignment. and center of gravity offsets. Following cutoff of engine:No. 2 and 3 the SMC angles increased to a maximum of -0.85 and -13 degree:for the yaw and pitch axes, respectively. The low frequency mode presentin the yaw and roll axes vehicle responses shown in Figures 11-19 an11-20 is also apparent in the SMC yaw command angTe corrections shown érFigure 11-27,

At 319 seconds a load increase of 32,000 Newtons (700C Thf) appeared onboth the pitch and yew actuatars of encine Ke. 2 (see Section 8.3). Thiswas precisely the time engine No. 2 chamber pressure dropped, signifyinga reduction Of thrust in the engine cf 33,806 Newtons (7600 Tbf). (SeeSection 6.3.) Figure 11-22 skows the load pressures, input commandcurrents, and the actuator positions for the pitch and yaw actuators of
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engine No. 2, These data show the reactions of these actuators to the
loads. The engine No, 2 pitch actuator retracted a maximun of about 0.12
degree and'the engine No. 2 yaw actuator retracted a maximum of about
0.2 degree. The actuators retracted with no input command because of
applied compression loads. A nozzle side load generated during a test
firing with a hole in the thrust chamber nozzle resulting from an ASI
fuel Tine failure (reference "SFC memo R-P8VE-PA-68-N-367) very closely
simulated the 414 N/cn2 (600 psi}: change in differential pressure measured
on both pitch and yaw actuators. A moment of 16,380 N-m (145,000 Ibf-in.)
was measured on the test firing, compared to 14,970 N-m (132,500 1bf-in.}
on the S-II engine. Vehicle control parameters ‘confirn that a side load,
as indicated from the test, was in evidence subsequent to the S-I1
engine performance shift at 319 seconds.

After cutoff of S-II eng‘ne No. 2, the yaw actuator no longer responded
to commands (reference Section 8, Figure 8-5),

11.4.2 Liquid Propet-ant Dynamics and Their Effects on Flight Contra

Estimates of liquid nvopellant dynamics were extracted from the fine nas
probe liquid sensor measurements. Assuming planar wave propel tant slosh,
the LOX probe measures 98 percent of the pitch component and 20 percent
of the yaw component. The Lig probe measures 16 percent of the pitch
component and 99 percent of the yaw component.

Estimated LOX and LHz slosh amplitudes during S-II boost are shewn i
Figure 11-23. These data were extracted from the fine mass probe liquid
sensor measurements by a data processing technique specially developed
for this purpose. The amplitude plots show periodic biasing (non-
sinusoidal) which should be ignored because it is a consequence of the
processing technique. The top two plots are for the Lt2 slosh amnlitudes
at the probe and wall, respectively. The bottom plet is for the LOX
surface angle, The slost modes were excited after S-I1 stage J-2 engine
start, IGN initfation, cutoff of engines No. 2 and 3, and termination of
artificial tau cuidance mode, as indicated in the figure. The largest
Lig slosh amplitude was 15 centimeters (6 in.) at the probe, and
occurred after cutoff of engines No. 2 and 3. The LOX sTosh amplitude
was more sustained than Lig sleshing throughout S-II boost.

S-IVB stage slosh date are shown fn Figure 11-24. Lp sloshing was
discerrible at S-II engine ignition (149.8 seconds) and at engines No. 2
and 3 cutoff (412.9 and 414.2 seconds). The LH2 slosh quickly damed
cut (within 15 secends). This corresponds to an estimated damping factor
of ©.26. The S-1VB LH2 slosh frequencies were near the natural uncoupled
frequency as shown in Figure 11-25. LOX sloshing in the S-IVB tanks was
not discernible.

The slosh data were also analyzed for frequency content. Figure 11-25
depicts slosh frequencies estimated from fine mass probe measurenents in
the S-II stage liquid oxygen and liquid hydrogen tanks. The Liz frequency
plots show that sloshing occurred near the natural (uncounted) LH2 slosh
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frequencies. The Lig sloshing was initially excited during S-IT stageJe2angine ignition {149.8 seconds) end initiation of 1am {191.0 secondsand then oscillated independently with slow decay due to damping. Theobserved LOX frequencies were in the range of 0.4 to 0.6 hertz. Thesefrequencies were also evident in the S-II pitch and yaw gyros. The LOsloshing was apparently coupled with the flight contra} system response.it is theorized that snal1 amplitude (less than 0.02 degree) attitudelimit cycling of the Flight control system was forcing the LOX sloshdynamics. A small amplitude attitude limit cycle was predicted ky theanalog simulation of the S-IT stage flight dynamics control systemAttitude control timtt cycling is possible because of the quantizationof flight control data by the LYDA and the non-linearity of the LVDA-LDC. The results of simulation of Lig amplitude at the wall are plottedin Figure 31-23 for comparison with flight cata. The cornarison indicate:good agreement during the initial excitation of the slosh modes; however,the decay characteristics of the simulation show mare attenuation. Thisindicates that less damping of the slosh modes occurred in flight thananticipated by the simulated flight dynamics
The effect of liquid propellant stcsh non the control system was
estimated from the component of the slosh mades in the engine deflections,presented in Figure 11-26, The engine deflections were analyzed usingbendpass filtering.

The largest slosh component magnitudes of 0,18 and 0.15 degree occurredwith the yaw and pitch ginbaT angles following cutoff of engines No. 2and 3. The yaw magnitude was approximately 30 percent of the total yawgimbal angle at this tive (see Table 11-5).

S-IL stage J-2 engine No. 1 pitch and yaw actuators position data werebandpass filtered at five selected Flight times to detect the presenceof any structural bending mode frequency components. The results indicatenegligible engine deflection due to structural bending of the vehicle.This result was to be expected and indicates the flight control computerelectronic filters were effectively attenuating any bending mode effectsin the rate gyro or other control system inputs.
11.5 S-IVB CONTROL SYSTEM EVALUATION

The S-IVB Thrust Vector Control System and APS provided satisfactory
pitch, yaw, and roll contro! during S-IVB first burn and parking orbit.
buring restart attempt the auxiliary and main hydraulic pump cavitated,
precluding operation of the T¥C system. ‘With this exception, the vehicleattitudes correlated well with actual commanded attitudes, and demands
on the control system were well within the capabilities of the system,

11.5.7 S-I¥B Control System Evaluation Sefore and During First Burn

From 118 to 133 seconds during S~IC burn, a 5.5 hertz oscillation atapproximately 276 N/cmé (400 psid) peak-to-peak was observed on the S-IVBPitch actuator differential pressure. Figure 11-27 presents a comparison

11-36



11-37

S-
IC

/S
-I

T
SE

PA
RA

TI
ON

CO
MM
AN
D,

14
9.
08

 S
-I
LE
NG

NO
.

2&
8

3
OU
T,

41
2.

92
,

41
4.

18
;

S-
L1

SE
CO
ND

PL
AN
E

SE
PA
RA
TI
ON

CO
MM
AN
D,

17
9.
1

FI
RS
T

AR
TI

FI
CI

AL
TA
U

IN
IT
IA
TE
,

41
5.
4

I
N
I
T
I
A
T
E

I
G
M

P
H
A
S
E

I,
1
9
0
.
9
5

W
Y

F
I
R
S
T

A
R
T
I
F
I
C
I
A
L

T
A
U

T
E
R
M
I
N
A
T
E
,

S
E
C
O
N
D

A
R
T
I
F
I
C
I
A
L

T
A
U

I
N
I
T
I
A
T
E
,

4
9
0
.
8

EL
TG
HT

CO
NT
RO
L

CO
MP
UT
ER

SW
IT
CH

PO
IN
T

'Y
SE
CO
ND

AR
TI
FI
CI
AL

TA
U

TE
RM
IN
AT
E,

51
0.
2

FL
IG
HT

CO
NT
RO
L

CO
MP
UT
ER

SW
IT
CH

PO
IN

T
IN
IT
IA
TE

CH
I-

FR
EE
ZE
,

$1
7.
7

NO
.

4,
33
3,
76

W
S-
11

EC
O

SE
NS
ED

BY
Lv

DC
,

57
6.
33

PEPE Bb 3

 
T

7
a
l

|
=
L
re

ms
it

ur
IN
TE
RV
AL |

r
o

TR
AN
SI
EN
T

IN
TE

RV
AL

,
‘
+

J
=
—
TE

LE
ME

TR
Y

|I
NF

LI
GH

T]
T—

CA
LI
BR
AT
IO
N

TE
LE
ME
TR
Y

IN
FL
IG
HT

CA
LI
BR
AT
IO
N
>
|

 

3
Bap ‘(d-d)

NOTLI37IIG HOLId

   
 

 
 

TR
AN
SL

EN
T

|
—

IN
TE
RV
AL

TR
AN
SI
EN
T

IN
TE
RV
AL
,
-
f
{

TR
EL
LE
HT
CA
LI
BR
AT
IO
N
~
E

j
e
t

IN
FL
IG
HT

.
w
l

—
e
e
n

U
w
v
r
y
o
i

1
1

F
i

1
7

L
V

1
v
y

0
~
«
7
1
9
0
”
~
0
~
S
~
«
~
S
S
*
«
S
*
~
C
S
*
«
S
C
*
«
a
S
C
*
«
S
I

S
S
C
S

RA
NG
E

TI
NE
,

SE
CO
ND
S

Fi
gu
re

11
-2
6.

$-
IT

En
gi
ne

De
fl
ec
ti
on

Re
sp
on
se

to
Pr
op
el
la
nt

Sl
os
h

 

3
Bap (4-4)

NOILO31430 MYA

 
 

 
  

 
   

 
 
 



 

 

  

 

 

 

             

400 600
2 a0Be 200 th i ta ; Re
=e 200 58

Ee 9, 0 Se
BO ono -200 82 +200

2

= 40 soo

a KALALKAd TA wa PA 200 52
ES oo o ES
R -200 200 &
2 Us 120 122 la 126 128 130 132 134 136 138 2RANGE TIME, SECONDS

Figure 11-27. S-1VB Pitch Actuator Cxcitation During S-IC Burn

of AS~502 and AS-501 pitch actuator differential pressure during this
time interval. The §.5 hertz oscillation was not evident on the yaw
actuator differential pressure data, Section 9 contains a discussion
of the POO phenomenon which caused this.

At 877.1 seconds (S-11/S-IVB seperation command), there was a 0.3 secondAPS firing by the pitch engine at position I (Ip}. The pulse wasterminated at approximately 577.4 seconds by the S-1VB Burn Mode ONswitch selector command. This command places the flight control computertn the S$-IVB burn mode, which enables J-2 engine gimbaling for nitch andyew control during S-1VB burn, and enakles the APS to control in roll.Because the flight control computer was in the S-IVB coast mode for this0.3 second interval and the pitch attitude error signal was of sufficientmagnitude, the Ip engine fired as conmanded. This is a normal occurrenceon Saturn V. AS-801 had a simflar unsynchronized yaw/roll pulse on the
APS ergine No. 4 at position 1 {Iry) during staging.

The conditions on Saturn ¥ are not the same as on Saturn IB, in which
the flight control computer goes directly into S-IVB burn mode from
S-IB burn mode and cannot go to coast mode and trigger the APS unless
commanded to coast mode.

The TVC responded satisfactorily to flight contro] computer commands
during first burn. The maximum attitude errors and rates occurred at
S-II/S-IVB separation. A summary of the maximum values of critical
flight control parameters is presented in Table 11-6.
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Table 11-6. Maximum Control Parameters During S-IVB Burn

 

 

S-1T/S-1VE
SEPARATION, BEGIN S-1¥8

PARAPITER SUID. INITI- CHI FIRST
ATION, AND BAR CUTOFF
ART. TAU

Pitch Attituce Errar, de 79 -1.0 -0.9

Yaw Attitude Errar, deg -2.3 -1.0 -0.8

Rol] Attitude Error, deg -0.9 0.5 0.4

Pitch Rate, deg/sec -3.5 Mw 1.0

Yaw Rate, dag/sec Ww -0.2 0.1

Roll Rate, deg/sec -0.6 0.0 0.0

Pitch Actuatar Pos., deg 6.7 0.2 0.2

Yan Actuator Pos., deg 1.3 -0.5 -0.6      
The large attitude error at S-II/S-IVB separation resulted in a pitch

actuation position requirement of 6.7 degrees, but the separation
transient was within the capabilities of the T¥C system. The S-I¥B pitch,
yaw, and roll dynamics, including command angles, attitude errors,
angular rates, and actuator positions, are presented in Figures 11-28,
11-29, and 11-30, respectively. The pitch and yaw effective thrust vector
misalignments were +0.25 degree in pitch and -0,4 degree in yaw. The
steady-state roll torque was 54 N-m (40 Ibf-ft). The powered flight APS
‘impulse requirements are included in Table 11-7.

LOX and LHz slosh parameters are presented in Figures 11-31 and 11-32,
respectively, LOX sloshing exhtbited the coupling found in prevtous
flight data, LH2 sloshing indicated a large slosh wave following S-IT/
S-IVE separation due to the large control systen transient which occurred
at that time. The slosh wave was highly damped by the deflector located
in the area of quiescent surface level, Variations in LH2 sloshing
parameters were also noted at approximately 645 seconds, due to the nose-
up command which occurred at that time. The LOX and LH2 sloshing did not
significantly affect the control system operation during S-IV8 burn
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11.5.2 Control System Evaluatior During Parking Orbit

Evaluation of existing crbital data indicates that the APS attitudecortrel perfarmed satisfactorily during orbit.

Pitch, yaw, and rol] control attitude errors, angular rates, and APS
pulses following first burn are shown in Figures 11-33, 11-34 and 11-35,respectively.

Orbital attitude control requirements were much larger than on previousflights, which can be attributed primarily to initial conditionsexisting at S-IVB first and second cutoff.

Initial conditions at S-IVB first cutoff (80 degrees nose-up fram thelocal horizontal and 1 deg/s nose-up angular rate} required considerablymore APS activity than anticipated. Following activation of the APS,the pitch engine fired F411 on for approximately 43 seconds orimarilyto correct for the rate condition. At 762 seconds (Ts +15 seconds) thepitch engine was conmanded to verform the relatively large maneuver ofaligning the vehicie with the local horizontal. At 837 seconds (Ts +90seconds) the S-1VB began a sertes of maneuvers planned to produce informa-tion on the S-I¥B restart bottle repressurization (Section 7.5 andFigure 10-8) and propellant slosh excitation while qualifyina theseManeuvers for manned flight (see Mission Plan}, This sequence ofmaneuvers consisted of a 180 degree roll, 20 degree pitch dovn, 20 degreepitch up, and a 180 degree roll, At 837 seconds (Ts +90 seconds) theS-IVB was commanded to roll countercTockwise 180 degrees to alignposition III toward earth,

The 20 degree pitch down maneuver was initiated at 3207 seconds (T5 +2460
seconds) for the purpose of evaluating propellant sloshing during a
maneuvering period. The commanded and actual vehicle attitudes, attitudeerrors, angular rates, and APS puises for pitch are shown in Figure 11-36Following initiation of the maneuver, the pitch attitude error increased.
as expected, to the -2.5 degree attitude error limit, which establisheda maneuvering rate of 0.3 deg/s. APS engine Illy fired to establish therequired maneuvering rate, which was maintained until the vehicle attitude
approached the commanded attitude, when engine Ip fired to reduce the
angular rate to the desired orbital sitch rate,

High frequency (19.5 to 22 sertz) rate signals having a maximum amplitude
of 0.5 deg/s peak-to-peak were experienced, particularly on the roll rate
gyro, commencing at 331] seconds and terminating approximately 15 secondslater. This time correlates with the time period of high frequency{ansroximately 5 to 6 firings per second) APS engine firings required toterminate the pitch maneuver. The high frequency rate signals appearedto terminate as the APS engine Firing frequency reduced to a lower level
(less than 4 ffrings per second). Correlation of the high frecuency
rates and APS firings indicates that the high frequency signals wererelated to the APS engine firings, The high frequency rate signals,
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which were not of sufficient magnitude to affect attitude contro] system
operation, appeared to be similar to those experienced on previous flights
and during other intervals of the AS-502 missicn. The APS response
appeared normal during this maneuver.

LH sloshing was not appreciable during the 20 degree pitch down maneuver.
Significant LOX slosh existed at the initiation of the maneuver; however,
LOX sloshing was not sustained cue to the high LOX damping,

The 20 degree pitch up mareuver to the local horizontal was initiated
at 6427 seconds (T5 +4680 seconds). The cormanded and actual vehicle
attitudes, attitude errors, angular rates, and APS pulses are presented
jn Figures 11-37, 11-38, and 21-39. APS pitch engine Ip fired to remove
the existing orbital pitch rate and establish a pitch up rate. The pitch
attitude error increased to the attitude error limit of 2.5 degrees,
establishing @ maneuverine rate of -0.3 deg/s. As the actual vehicle
attitude approached the commanded attitude, APS engine IIIp fired to
remove the maneuver rate and establish an orbital pitch rate (nose down).
High frequency oscillatiors were also observed during this maneuver,
particularly on the pitch and roll rate gyros, Again, the high freouency
rate signal (0,2 deg/s peak-to-peak for approximately 25 seconds) existed
predominantly during irtervals of high frequency APS engine firings
(approximately § firings per second) and damped out at approximately
4 firings per second. The APS operation appeared normal during the 20
degree pitch up maneuver.

LHg sloshing was negligible during the 20 degree pitch up maneuver, as
was true during the pitch down maneuver. Significant LOX slashing occurred
at the maneuver inttiation but was not sustained due to large LOX damping.

A distinct difference in pitch attitude errors was noted between the
pitch down and pitch up maneuvers (see Figures 11-36 and 11-37). The
pitch up maneuver exhibited considerably more overshoot than the pitch
down maneuver. This was attributed to the greater impulse required to
terminate the pitch up maneuver and establish the orvital pitch rate
than for the pitch down maneuver. Only part of the maneuvering vate
during the pitch down maneuver must be removed due to the requirement.
for the orbital pitch rate, whereas all of the maneuvering rate must be
removed and an orbital rate established in the opposite direction for
the pitch up maneuver. APS impulse requirements to initiate and terminate
each of the pitch maneuvers were as follows:

Pitch Down

Initiate Terminate
Module at 4775 Nes Module at $026 Nes
Position III (1060 lbf-s) Position 1 (1130 1bf-s)

Pitch Uy
Initiate Terminate

Module at 10,097 N-s Module at 9B75 NesPosstion I (2870 1bF-s) Position 111 (2220 1bf-s)
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Figures 11-37, 11-38, and 11-39 show pitch, yaw, and roll control dynamics,respectively, during the 180 degrees counterclockwise roTT maneuver torealign position I toward earth at 5787 seconds (T5 +5040 seconds). Nohigh frequency (19.5 to 22 hertz) oscillations were exerienced duringinitiation or recovery phases of this maneuver.
11.5.3 Control System Evaluation During Restart Attempt
Pitch and yaw commanded and actual attitudes, attitude errors, angularrates, and actuator positions during S-IV3 restart are shown in Figures11-40 and 11-41. The roll attitude error, angular rate, and attitudecontrol system engine firings during this interval are shown in Figure11-42," An auxtliary hydraulic system failure (see Section 8.6) preventedthe J-2 engine from being centered at the time of S-IVB engine startcommand. The engine position at ESC was approximately 1.5 degreesin pitch and -2.3 degrees in yaw. Disturbances experienced during chill~down were relatively small but increased to a significant magnitudeduring a short time interval when the thrust built up to approximately44,482 Newtons (10,000 Ibf}. This can be seen on both pitch and yawrates at 11,626 seconds, The apparent discontinuities in yaw and pitchattitude errors at 11,630.33 seconds were due to the shift from Té te TyAt T7 initiation the cormanded attitude was set at the instantaneoucutoff attitude, thus nullify?ng any attitude errors which were presentat S-IVB main engine cutoff. The thrust vector control system did notprovide pitch and yaw control during the short time interval that thisystem was active due to the aforementioned lack of hydraulic systerpressure,

 

11.5.4 Control System Evaluation After Restart Attempt

With failure to achieve restart, the LVDC went into Ty and initiatedthe planned maneuver to the attitude desired for snacecraft separation.The spacecraft was actually separated by ground command to the spacecraftJust after initiation of the maneuver. This caused the S-IVB/1U centerof gravity to move further aft than normal due to the large LOX massstil] onboard. This condition reduced the available APS contro? moment,thus requiring longer APS firings and greater propellant consumptionthan normal to complete the separation mancuver and to control propellantsloshing.

The pitch and yaw channels of the APS were activated at approximately11,633.8 seconds (T7 +3.5 seconds) after which the pitch engine atposition III (Itt) and yaw engines [yr and [111] care full on. Theditch engine remained on for approximately 67 seconds. The extendedcontrol engine firings were attributed to initial rates at S-IVB cutoff(pitch -0.5 deg/s, yaw 0.45 deg/s), the spacecraft separation maneuver(11,650 seconds), spacecraft separation, propellant sloshing, and LOXventing, The attitudes, attitude errors, and body rates about the threeaxes are shown in Figures 11-40, 11-4, and 11-42,
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Figure 11-40. S-IVB Pitch Attitude Errors and Rates

‘During Attempted Second Burn
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Figure 11-41. $-IVB Yaw Attitude Errors and Rates
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APS engine chanber pressure was used to determine the times when the
APS modules ceased to function. At 21,953 seconds, the APS module at posi-tion I showed total fuel depletion, followed by oxidizer depletion at 22,053
seconds. At 22,053 seconds, the yaw angular rate began to diverge due to a
LOK vent initiated at 22,023 seconds. Fuel depletion occurred in the moduleat position IIT at 22,692 seconds; oxidizer depletion occurred at 22,634
seconds. At this time the pitch and roll rates began to increase and
reached anproximately -8.5 deg/s and 1.0 deg/s, respectively, at 22,800
seconds. The vehicle continued to roll, resulting in osciliatina pitch
and yaw angular rates. Deoletion of the APS propellants and subsequent
Joss of attitude control is reasonable when considering the relativelylarge and unexpected demands on the control system, particularly following
S-IVB first cutoff and following the attempted restart and spacecrat
separation. The large LOX mass remaining following spacecraft separationreduced the APS control moment arm which resulted in greater propellant
consumption for maneuvers and slosh induced disturbances. The attitude
dynamics for this time period are shown in Figure 11-43, The offscale
measurements in pitch, yaw, and roll shown in Figure 11-43 are due to LYD
software limitations,

Pitch and yaw attitude rates began to increase after depletion of pro-
pellant in the APS module at position III as shown at the top of Figure
11-44. Corresponding APS firing commands during the pronellant depletion
in this module are shown in the center of Figure 11-44, $-LVB/IU tumble
razes obtained from reduction of radar tracking data for a period of nine
days following launch ate presented at the bottom of Figure 11-44, The
rate buildup to 180 deg/s as indicated on the ninth day 7s attributed topropellant venting.

11.6 INSTRUMENT UNIT CONTROL CONPONENTS EVALUATION

11.6.1 Control-EDS Rate Gyros/Control Signal Processor Analyst

The analysis of the Control-EDS Rate Gyros/CSP indicated that the per
formance of this combination was normal. The highest detected rates
occurred between §9 and 61 seconds and were excursions of apprex imately
1B hertz which reached peak amplitudes of -3.5 and -5.1 deg/s in thepitch ond roll axes, respectively. Analysis incicates that the rate
switch filters in the CSP performed nominally.

11.6.2 Flight Control Computer Analysis

The FCC performed normally throughout boost and coast phases of flight.
Analysis of the argular velocity and attitude error signals indicated
that these signals, as telemetered from the FCC, were similar to the
same signals telemetered from the originating component.

The maximum FCC output current was 46.5 milliamps and occurred at 419
seconds, as evidenced on the four pitch 50-milliamps servo amplifier
telemetry signals. This resulted from the premature cutoff of two
S-IT_ stage engines. This value represents 93 percent of the current
available from the FCC servo amplifiers
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SECTION 12

SEPARATION

12.1 SUMMARY

S-IC retro motor performance was satisfactory with negligible thrust im-
balance in the pitch and yaw planes. The S-IC retro motor data indicate
that some parameters were either above normal or possibly above the maxi-
mum limits but caused no problem, S-1C/S-II separation and associated
sequencing occurred as planned with adequate clearance between stages.

Available data indicated that the S-II ullage motors operated as expected.
The loss of S-II main engines No. 2 and 3, with a consequent longer stage
burn time, caused loss of ullage motor data on the post S-11 cutoff on-
board tape recorder playback. Photographic coverage and simulation analy-
sis showed that no problems were encountered during second plane separation.

The S-II retro motors performed as desired; minor deviations from nominal
performance in no way impaired their function. The S-I¥B ullage motors
performed satisfactorily, with performance values very close to those
predicted and within design specifications.

The S-I¥B separated from the S-II faster than predicted, primartly because
of the 40 percent loss of S-II tailoff thrust. The loss of tailoff thrust
resulted in a moment on the separating S-II stage. The pitch attitude
error caused the S-IVB engine to be gimbaled 6.5 degrees during separa-
tion; however, this resulted in no clearance or control problems.

Spacecraft separation was initiated by ground command to the spacecraft
during the maneuver to separation attitude. There were no Service Module
Propulsion System (SPS) engine bell clearance problems during spacecraft
separation; however, there may have been a momentary interference between
the Command and Service Modules (CSM) and the Spacecraft Lunar Module
Adapter (SLA) panel at the separation plane. Any momentary interference
was not detrimental to the separation. Therefore, initiation of space-
craft separation during the maneuver to separation attitude did not re-
sult in any significant problems.

A sunmary of separation events and times of occurrence is given in
Table 12-

 

12-1



 

Table 12-1. Separation Event Times
 

ACTUAL TIME {SEC} PREDICTED TIME (SEC)
 

 

EVENT RANGE TIME RANGE TIME
TIME BASE + TIME BASE +

LVOC Interrupt (S-IC OECO Sensed),
Start of Time Base 3 {T3) 148,41 - 147.56 -

S-II Ullage Notor Fire Signal 148.87 0.45 148.06] 9.50

S-IC/S-1I Separation Command 149.08 0.67 148.26] 0.70

S-IC Retro Motor EBW Fire Signal 149.10 0.59 148.43 0.87

S-IS/S-II Physical Separation 149.14 0.73

S-I Engine Start Command 149.76 1.39 148.96 1.40

S-II Second Plane Separation Conmand} 179.06 30.68 178.26 30.70

J.VOC Interrupt (S-I] ECO Sensed),
Start of Time Base 4 (Tq) 576.33 = 817.69] --

S-IVB Ullage Motor Burn Time
Initiation (Avg. of 2) 876.98 0.65 $18.39) 0.70

75 Percent Ullage Tarust 577.07 0.74

S-II/S-I¥B Separation Command 577.08 9.75 518.49 0.80

S-II Retro Mator Fire Command 577.08 9.75 518.49 0.80

10 Percent Retro Thrust 577.11 0.78

S-1I/S-IVB Physical Separation 877.13 0.80

90 Percent Retro Thrust 877.13 0.80

S-I¥B Engine Start Sequence
Command 577.28 0.95 518.69] 1.00

S-II/S-I¥B Separation Complete 578.07 1.74

S-I¥B £C0 Interrupt, Start of
Time Base 7 (T7) 11,620.33 = V,728.09|  --

Spacecraft Separation Command 11,666.02 35.69

S-T¥B-IU/CSM Physical Separation
Complete 11,667.82 37.49 11,908.09 180,00     
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12,2 S-IC/S-I1 SEPARATION EVALUATION

12.2.1 S-IC Retro Motor Performance

Ignition signal to the retro motors occurred at 149.10 seconds. The per-
formance of all S-IC retro motors was satisfactory, although a review of
the data, shown in Table 12-2, indicates that some parameters were either
above normal or possibly above the maximum limit, Computed effective
impulse values based on combustion pressure data were apparently above the
maximum limit shown in the model specification but caused no problems
The average effective pressure and average effective thrust were generally
higher than normat, although all were within the upper limit allowable
according to the model specification. These higher than normal data are
being given further study but are bevieved to be caused, at least partially,
by differences between static and flight measurement conditions which
could cause higher than "real" pressure records, If, on the other hand,
the pressure transducers were reading actual chamber pressure, the retro
rotors and the stage attachnent hardware were structurally adequate to
withstand the higher loads. A test program has been initiated to compare
the chamber pressure transducer used in flight and <ts environment with
the transducer used and environment encountered during the qualification
testing. The qualification testing established nominal performance and
3 sigma limits.

Thrust imbalance in the pitch and yaw plane was negligible, Figure 12-1
shows thrust versus time for the retro motor with the highest maximum
thrust (fin D, position Lv) and for the retro motor with Towest maximum
thrust (fin B, position IIL}.

12:2,2 SIT UVage Motor Performance

The S-IC onboard camera system which viewed the S-IC/S-1] separation pro-
vided evidence that all four S-II ullage motors fired.

This evidence agrees with the thrust buildup observed from $-I1 telemetry
data. No additional information about performance can be determined from
telemetry data, since the quality of S-II ullage motor chamber pressure
data was inadequate for detailed analysis because of telenetry attenuation.
This attenuation was due to S-IC retro motor firing. The ullage motor data
25 normally obtained fron onboard tape recorder playback after S-I1 cutoff
Due to the longer than planned burn time, this taped information was not
played back.

12.2.3 S-IC/S-II Separation Dynamics

S-IC/S-II separation and associated sequencing was accomplished as planned.
Subsequent S-IC and $-I1 dynamics provided adequate positive clearance
between the stages. The predicted and measured dynamic pressures at sepa-
vation were 0.1123 and 0.1189 N/em2, (23.46 and 24.84 Ibf/#t2), respectively.
Dynamic conditions at separation fell within estimated end conditions and
well within staging limits.
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Table 12-2. $-IC Retro Motor Performance
 

 

 

 

 

 

 

 

 

 

 

 
  

PARAMETER
vero woron [PRETag eppecnnee] yom] errecruve [ro cere

Peessune Mbutse uwpluse TaRUST
ae Ment tes ae N
GE, tester caves?! ces! dee?

Fink Post 3.09} 1161 209.935 266,02 398,959
(1528) ius,ieo}

|

(58,586)

|

(69,692)
ros 1 [o.see tige zaa,ao¢ 262,204 495,008

a7) tea,sa6) (58,466) (91.053)
Fin #- Pos 11 |0.686 1196 2e2.373 262008 405,057

(738) 65,420) (58,366) (91,239)
pos tit 6.668] 1163 z7a,ase 255,991 395,199

1887) 462,354) (57,349) (@e,é24)
fin c- Pos mt 9.560 [rat ze.ai9 265,750 492,0581 a7en, ie7.tz7) (59,743) (90,888)

posty [user] 149 253,369 258.811 398,023
(asery 3.04 Gaia 7.230}

Fin = Pos tv [0.a56| 1207 zes.te2 266,007 406,994
078} wer83a) (60,512) (3t-496)

tos. 0.605 1173 zars21 57.005 398,765
cet} (63.in)_ (57,377) (as,648)

Average oss | uve 200,090 201,905 ao0,2n
ano} 64,850) 58.882) 3,57)

Nomina? 298.1"
GIF} Motor 0,633] 1120 ‘io Seve 297242 351,055

(1836) (35.605) (87,913)
~3u Linge 277.9%
Gor Hotor o.ss1e] 1009 No spec 242,172 352,426

oath (54,443) (79,209)
7p Linty 321, 9|
Gao Motor” “To.ssueed 1208 No spec |252,507 |440,096

(9362) {36,766) (98,938)

¥ at 221.9% (120'F)
¥ At 271.9°K (30°F)    Effective Burning Tine = The effective burnieg tine fs the Interval fron at~taiment of the initial 75 percent of maxinum pressure on the ascending por=Uon of the pressure trace to the sane level on the decay portion of the pressure trace.

Average Effective Pressure - The average effective pressure 4s the pressuretine integral betwaen the linits of effective burning tine divided by the ef=fective burning tine.
* Total Impulse - Total impulse is the area under the thrust-tine trace fromzero tine untit the thrust returns to zero.
Effective tnoulse - The effective smgulse is the area under tae thrust-tinecurve, between the limits of affective burning time.
Average Effective Thrust - The average effective thrust 1s the effective impulse divided by the effective burnirg tine.
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Figure 12-1, 5-IC Retro Motor Thrust

The first plane separation was monitored by accelerometers and rate gyros
on each of the two stages, Separation rate transducers (extensometers )
provided relative separation rate and distance data. In addition, motion
picture film provided a visual indication of the clearance between the
two stages as they separated. For evaluation purposes, first plane sepa-
ration dynamics were caiculated using a computer program which took into
account F-1 thrust decay, S-IC retro motor thrust, $-I1 ullege motor
thrust, initial trajectory conditions, engine gimbal angles, and mass pro
perties. The simulated first plane separation dynamics and separation
distances agreed very well with the actual data.

Figure 12-2 shows separation distances and relative velocities of the two
stages and their respective contributions to the total. These velocities
are changes in velocity magnitudes from time of physical separation, The
plot for separation distance also shows the point where the S-IC stage
clears the J-2 engines, which extend beyond the separation plane by
0.41 meter (16 in.). Very close agreement between the AS-501 and AS-502
flights is seen. The separation time for the AS-802 flight was sTightly
Jonger than for AS-501 because only four ullage motors were used on AS-502
instead of the eight motors used on AS-501.
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Figure 12-3 shows lateral clearance and longitudinal accelarations for
the separation, The minimum clearance was calculated to be 1.33 meters
(52.4 in.) between engine No. 1 and the S-IC stage. The longi tudina
acceleration indicated that physical separation occurred approximately
0.1 second earlier than AS-501, This was due to the retro motor thrust
rising to full thrust 0,1 second earlier. Good agreement between calcu-
lated results and flight data existed for this flight.

S-IC angular dispersions during $-10/S-II separation are shown in Fig-
ure 12-4, S-IC attitude deviations after separation were derived by
integrating the measured angular rate. Figure 12-5 presents the angular
dispersions of the S-II stage during separation. No significant difference
existed between the AS-501 and AS-502 flights.

12,3. S-[1 SECOND PLANE SEPARATION EVALUATION

Photographic coverage provided the only means of adequately monitoring
second plane separation. However, the dynamics of both the second stage
and the separating interstage were calculated using a computer. These
calculations utilized appropriate initial trajectory data, postflight
mass characteristics, and J-2 engine plume characteristics obtained from
flight data, The only flight data from film analysis available were rela-
tive velocity and relative displacement. All other data are catculated
results,

The relative separation velocities, the relative velocity contribution
of each body to the total, and relative separation distance between the
ta bodies are shown in Figure 12-6. Very good agreement is seen between
AS-502 and AS-501 flight data. The velocities are the changes in veloc’~
ties from time of physical separation and are calculated results. As wa:
the case for the AS-501 Flight, better agreement in relative velocity data
between calculated and flight data was obtained by using an electrical
disconnect force of zera pound, The relative separation data also indi-
cate very good agreement between AS-501 and AS-502 flight data. The sepa~
ration was complete when the interstage passed the bottom of the J-2 en-
gines and was calculated to have occurred at approximately 180.12 seconds.

Figure 12-7 presents the angular dispersions af the S-II stage during
separation. Attitude errors remained near zero for both flights during
second plane separation.

The lateral clearance between the interstage and the engines was computed
and is shown for each engine in Figure 12-8, The figure shows the lateral
clearance, i.e., the clearance projected in the Y-2 plane, versus the
body station on the interstage at which the least distance occurred. An
arrow indicates direction of increasing time. There was a minimum clear-
ance of 1.07 meters (42 in,) between engine No. 1 and the interstage
rings at vehicle station 43,79 meters (1724 in.}. The separation plane
is located at vehicle station 44.70 meters (1760 in.}. Figure 12-8 also pre-
sents the calculated body rates of the separating interstage, which are
compared with those calculated for AS-501,
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12.4 S-11/S-IVB SEPARATION EVALUATION

12.4.1 S-IT Retro Motor Performance

The four retro motors mounted on the S-II stage performed satisfactorily
and separated the $-I] stage from the $-IVB stage. The pressure buildup
for all four retro motors began within 0.02 second of each other at
577,08 seconds. The thrust and chamber pressure arofiles for the four
wotors were very sinilar, and the maximum difference in burn times was
0.04 second. Prior to the flight a correlation between thrust and chamber
pressure had been obtained from previous ground tests of similar retro
motors. This correlation was used in a computer program to determine the
retro motor torust from tae chamber pressure data during the AS-502 flight,

Table 12-3 presents the performance parameters for the individual motors.
All parameters were within the nominal performance limits except for the
burn time total impulse for motor A, which was slightly greater than the
nominal maximum value but which had no detrimental effect on motor per-formance.

Table 12-3. $-II Retro Motor Performance
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A tarust orofile for the retro motors is shown in Figure 12-9. The smooth-
ness of te thrust traces for motor B and motor D is due to the fact that
the chamber pressure data for these two motors were not good on the tape
used for the computer program and therefore had to be entared in tabular
form from other telemetered data.

32.4.2 S-IVB Ullage Motors

‘JVage motor performance was satisfactory. The ullage motor ignition
command was given at 576.98 seconds, with the jettison command at
589.08 seconds. These times, relative to engine start command, were very
close to predicted. Table 12-4 presants the individual motor performance
parameters. A comparison of tnese data with nominal performance Timit
indicates that voth motors performed within design specifications.
Figure 12-10 presents the thrust profiles during burn.

12.4.3  S-I1/S-1¥B Separation dynamics

Separation of the $-IVB stage from tae S-TI stage was accomplished
0.07 second faster than predicted time for a nominal separation (0.99 sec-
ond). This was caused by lower than nominal $-II tailoff thrust leve
due ta two engines out. Physical separation occurred 0.05 second after
the separation command (established from extensometer data). Engines No, 2
and 3 out resulted in a moment on the separation S-II stage which caused
a positive S-II pitch rate and caused the critical separation point to
be on the position T side of the S-I¥B thrust structure. This moment re-
duced the clearance distance to approximately 15.2 centimeters (6 in.)
in the direction of positian I.

Table 12-1 contains significant times and events for the S-II/S-IVB
separation. Figure 12-11 presents the axtal separation history and rela-
tive velocities between the two stages during S-II/S-IV8 separation. Also
shown are the predicted and actual AS-S01 separatfon histories.

Figure 12-12 shows the longitudinal acceleration for the S-II and S-IVB
stages. The reconstructed acceleration histories were obtained from
S-II and $-I¥B accelerometer data.

The angutar rates for both the S-IT and the S-IVB stages are presented
‘in Figures 12-13 and 12-14. The S-II rates were all approximately zero
at physical separation. The S-I1 pitch rate increased to almost 2 deg/s
by separation complete. ‘The yaw rate increased to 0.95 deg/s by separa-
tion complete and the roll rate remained approximately zero throughout
separation, The S-IYB rates were all small with pitch and yaw rates Tess
than £0.2 deg/s.

The path of the interstage lip during separation is shown in Figure 12-15,
The closest approach point was a point on the S-IVB engine bell at posi-
tion 1, The 7.6 degree pitch attitude error existing at S-I[/S-IV8 sepa-
ration caused the $-I¥B engine to be gimbaled 6.5 degrees in the direction
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Table 12-4. S-1¥B Ullage Motor Performance

 

SPECIFICATION LIMITSMOTOR A
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MOTOR B
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Average Burn Time
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|

{psia) (975) (1001) (1075) {910)
 

Maximum Thrust? 15,684 18,916

|

17,344 14,185N
(bf) (3626) (3578) (3899) (3189)
 

 

Average Burn N 15,088

|

15.449

|

16,847

|

13,745Tine Thrust* (bt)

|

(3383)

|

(3473)

|

(3786)

|

(3090)
Burn Time Nes 57,333

|

58,703

|

60,45)

|

55,603Total Impuise® {ibf-s) (12,889)

|

(13.197)

|

(13,590) (12,500)      
 } Burn Time - Time beginning when the pressure has risen to 10 percent ofthe maximum chamber pressure and ending when the pressure has drappedto 78 percent of the maximum chamber pressure.
2 Average Burn Time Chamber Pressure - The area under the pressure-timecurve during burn time divided by burn time.
3 Maximum Thrust - The highest thrust developed by the rocket motor underany normal operating condi tfon excluding the first 0.20 seconds of
operation.

* Average Burn Time Thrust - The burn time total impulse divided by theburn time,
5 Burn, Time Total Impulse - The integral of thrust with respect to timebetween the burn time limits. 
 

of position I during separation. The gimbaled engine and S-11 momentresulted in a total clearance of approximately 1.60 meters (63 in.) outof @ total available clearance of 2.06 meters (81 in.), presenting noclearance or control problems.
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2,5 S-IVB/IU/SPACECRAFT SEPARATION EVALUATION

Tz was established at 11,630.33 seconds. At Ty +20 secands the prepre-
grammed maneuvers to separation attitude were initiated. However, at
71,866.02 seconds spacecraft separation was initiated ty ground comand
to the spacecraft.

The $-1VB attitude errors and rates during S-IVB/It/Spacecraft separation
are shown in Figures 11-40, 11-41, and 11-42 for pitch, yan, and roll,
respectively. The S-IVB pitch, yaw, and roll attitude errors at space-
craft separation were -7.0, +6.5, and -7.0 degrees, respectively. The
S-IVB pitch, yaw, and roll angular rates during spacecraft seperation
were #0.4, -0.8, and +1.3 deq/s.

Telemetry from the spacecraft and the S-1VB/IU indicated that unexpected
disturbances were applied to toth vehicles imediately following physical
separation. The spacecraft pitch rate increased from 0,3 deg/s ta 1.83 deg/:
in the nose-up direction over a period of 0.1 second following physica
separation, The 1.53 deg/s rate change may be attributed to a momentary
interference between the Spacecraft Lunar Vodule Adapter (SLA) panel located
at position I ard the spacecraft at the separation plane. The S~[V8/IU
pitch rate decreased fram 0.38 deg/s to 0.1 deg/s nose-up pitch rate in the
the same time interval. This rate change may be attributed to the above
momentary interference between the vehicles coupled with asynmetrical forces
and moments resulting from: delayed deployment of the SLA panel located
at position I. The 5-IVB/IU pitch rate increased from 0.1 deg/s to 0.4 deg/s
nose-ve 1,0 second after physical separation. This may result from the
deceleration of the SLA panel at position III on hitting the deploynent
position stop prior to the SLA panel at position I. The SLA panels
reach an angular rate of approximately 40 deg/s within 0.09 second
of physical separation and are fully deployed by 1.3 seconds, Longi-
tudinal acceleration impulses in the aft direction were detected by the
IU accelerometer inmediately following physical separation and 1.0 second
later.

Spacecraft attitude rates and linear acceleration data provided by MSC
were utilized to reconstruct the relative motion of the service module
engine bell with respect to the $-I¥B/IU during spacecraft separation.
The resultant relative motion as a function of time from physical sepa-
ration ¥s shown in Figure 12-16.

Even though there were no SPS engine bell clearance problems there may
have been a rorentary interference between the CSM and a SLA panel at the
Separation plane as discussed above. However, the momentary interference
was not detrimental to the separation. Therefore, initiation of spacecraft
separation during the maneuver to separation attitude did not result in
any significant problems.
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SECTION 13

ELECTRICAL NETWORKS

13,1 SUMMARY

Each stage has its own electrical system which includes the battery
power supply, power distribution systems, switch selector, etc. The
stage electrical system supplies and distributes power to all electrical/
electronic equipment on the stage. Details of stage electrical systems
are presented in the individual stage descriptions

In general, launch vehicle electrical systems performed satisfactorily
during powered flight. Stage deviations are detailed in the individua
stage descriptions.

S-IC stage deviations included:

a. Battery No. 2 voltage drop at about 158 seconds which continued
for 11 seconds,

b. Power supply ‘bus 1086 voltage drop From a nominal 5 vde to zero vde
lasting from 160 seconds until loss of telemetry signal

S-II stage deviations included:

a. A 34-ampere current spike at 412.7 seconds on the main battery.

b. Instrumentation battery positive currént spikes of 47 and
37 amperes with corresponding voltage drops of 1.2 and 0.5
volts beginning at 414.2 seconds.

The only S-IVB stage electrical deviation was that the PU static inverters
converter 5 vdc exceeded the upper limit of 5.1 vde by fram 30 to 90
millivolts; however, no adverse effects resulted from this deviation

Instrument Init deviations included:

a. Acurrent surge of 9.5 amperes, lasting 400 milliseconds, at
133.3 seconds on the 6D17 bus, with a corresponding voltage
drop of 1.8 volts in the 6010 battery,

b. A current step of 1 ampere at 22,112.4 seconds on the 6011 bus.
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13,2 S-IC STAGE ELECTRICAL SYSTEM

The S-IC stage electrical system is composed of five 28 vde batterieswhich supply the various systems and components through the power
distribution system as shown in Figure 13-1. The system includes
seven 5 vde instrumentation measuring power supplies, distributors,and a switch selector.

The electrical system performed satisfactorily during $-IC poweredflight. Battery voltages and currents are shown in Figures 13-2 and13-3, Both battery No. 1 and battery No. 2 stayed within design limitsof 26.5 to 32 vdc (as read on buses ID10 and 1D20, respectively}, andbelow 64 amperes for battery No. 1 and 125 amperes for battery No, 2
(as read at each battery), until approximately 168 seconds. At thistime, approximately 19 seconds after S-IC/S-I1 stage separation,
battery No. 2 voltage dropped to 25.8 vdc and the current rose above175 amperes, the upper limit of range on the ammeter. After 11 seconds
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the battery voltage and amperage returned to normal. A somewhat similarsituation occurred on AS-501 S-IC battery No. 1 immediately after -S-IC/S-II separation. Tape recorder performance was not affected sincethe voltage remained above the minimum required by the tape recorder,Investigation is underway to determine probable cause of this deviation,and corrective action to be taken,
S-IC stage batteries No. 1 and 2 outputs in ampere-minutes and as apercent of rated capacity were well within desicn limits, as shown inTable 13-1, Batteries No. 3, 4, and 5 were not instrumented to givethis information.

The seven 5 vde measuring power supply voltages for instrumentationvaried from 4.96 to 5.04 véc curing powered Flight, This was withindesign parameters of 5 30,05 vde. At approximately 160 seconds,11 seconds efter S-IC/S-II separation, measuring voltage power supplybus 1D86 dropped from a nominal 5 vdc to almost zero vdc and remainedat this level until loss of telemetry signal. This deviation is beinginvestigated,

All S-IC switch selecter channels functioned as commanded by theInstrument Unit.

Separation and retro motor Exploding Bridgewire (£BH) firing units werearmed and triggered. Charging time and voltage characteristics of theEBM firing units were within design specifications. Separation andretro motor ignition charging time and voltage characteristics werewithin required parameters.

Table 13-1, S-IC Stage Etectrical System Battery Performance
During Flight

 

 

 

 

 

cousin7104 |
CAPACITY* AMP-MINS:BATTERY 4(AMP-MINS) yay Tom ACT Ja

expectcn |"+t J8~

Battery No. 1 (Qperational] 640 aa 32.00% 5.0
Battery No. 2 1250 384.2 a04.gree

|

31.6
(instrumentation)

Batteries No. 3, 4, 5 1250 Not instrumented to give
(Optical Instrumentation) 1250 sonsumptton data

640     
 

*  Aupere-minutes ratings are approximate values.** 0 to S-IC/S-11 separation,
*** 0 to 210 seconds.
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13.3 S-EI STAGE ELECTRICAL SYSTEM

The S-I1 stage electrical system contains four 28 vde batteries, two
of which are connected in series to furnish 56 vdc to the recircula-
tion inverters, The batteries furnish power to the various stage
systems and comoonents through the power distribution system, a
shown in Figure 13-4, Five 5 vdc power supplies furnish measuring
voltage to the telemetry and other instrumentation. The five Lz
recirculation pump inverters convert 56 yde to 42 vac, 3-phase, 400 hertz
power for the ac induction motors on the LH recirculation pumps. The
system includes various controllers and a stage selector switch

The S-II electrical power system performed satisfactorily throughout all
phases of the AS-502 flight. Operation of the batteries, power transfer
switches, and LH2 recirculation inverters was normal.

All bus voltages stayed within specified limits during the prelaunch and
flight periads. Voltage and current profiles for the main bus are shown
in Figure 13-5. Main bus current stayed within specified limits except
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for ar instantaneous current spike of 34 amperes at 412.7 seconds, ap-
Proximately the time given for J-2 engine No. 2 cutoff. Since there
was no significant change in bus voltage at this time, the soike wasprobably caused by one of the following:
a. Awild data spike, indicating false data.

b. Instantaneous short in the stage wiring or bus loads. The possibilityof wire damage in this area is indicated by voltage spikes on othermeasurements and loss of measurements routed by vehicle station 42.57
meters (1676 in.) and stringer 108.

Instrumentation bus voltage and current are shown in Figure 13-6,Instrumentation bus current stayed within specified limits except fora 47-anpere positive spike at 414,2 seconds which lasted for 1.2 secondsand a subsequent 37-anpere spike of shorter duration, with correspondingvoltaga decreases of 1.2 and 0.5 volts. The time of this deviation corresponded approximately with cutoff of J-2 engine No. 3, The cause wasprobably shorting of distribution wires in the region of vehicle station42,57 meters (1676 in.) and stringer 108, where loss of measurements indicatesdamage to wire cables.

Voltages and currents profiles for recirculation and ignition busses arepresented in Figures 13-7 and 13-8. Recirculation and ignition buscurrent stayed within specified limits.
Battery temperatures (see Table 13-2) remained well within the predictedrange. S-II stage batteries consumption in ampere-hours and as a percentof rated capacity are given in Table 13-2. All four battery ampere-houroutputs were well within design Timits. The Five 5 vde power suppliesprovided proper measuring voltage to the telemetry and other instrumentation.

 

Table 13-2. S-I] Stage Battery Consumption:
 

      

  

  

 

BATTERY oesranarion

|

creacrty™| consumPrion

|

rencent [__TENPERATURE(REFERENCE)

|

(RNP-HR)

|

{AMP~HR)

|

CONSMER Fay AIN

Main an 35 8.83 244 310°k 304°K
38°F)

|
Gaer)

Instrumentation 2021 3B 10.60 30.3 311K 4303.5°KGover)
|

Grrr)
Rectrewiation fo. 1

|

2951 % 8.17 14.8

|

302%

|

300°k(5°F)
|

Goer)
Recirculation No, 2 2051 35 6.21 14.9 301°K |298,5°%

and @3eF)

|

Garr)6      
 

* Anpere-hour ratings are approximate values.
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Performance of the switch selector was satisfactory during the flight.
The switch selector tclenetry output measurement was not available during
portions of the flight due to a malfunction in the measurement; however,
events indicated that the switch selector correctly sequenced the S-I
stage as commanded by the IU computer. The LH recirculation inverter:
operated satisfactorly within acceptable limits during the J-2 engine
chiTldown period.

Performance of the eiéctrical portion of the separation system was

satisfactory during the flight. EBW firing units charge and discharge

responses were within the predicted tine and voltage vimits.

 

13.4 S-IVB STAGE ELECTRICAL SYSTEM

The $-1VB stage electrical system is composed of three 28-vde and one 56-
vde batteries which supply the various stage systems and components throug
the power distribution system, as shown in Figure 13-9, Two S-vdc excita
tion modules furnish measuring voltage to instrumentation measurement trans~
ducers and signal conditioners, Seventeen 20-yolt excitation modules supply
signal conditioning power for event measurements, excitation power for tem
perature and voltage measurements, and amplifier power to various measurement:
that use a de amplifier. The static inverter/converter converts 28 vde from
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forward battery No. 2 to 116 and 2 vac, 400 hertz, single phase, andto 5, 22, and 117 vde power for the propellant utilization system. TheLOX and Lz chilldown inverters convert 56 vde from aft battery Yo. 2to &6 vac 400 hertz for the chilldown pump motors. Power is routed
through various distributors and a switch selector.

The $-1¥B stage electrical system performed satisfactort ly during Firstburn and through restart attempt. Al] systems responded normally to theInstrument Unit commands.

Battery voltages, currents, and temperatures are presented in Figures13-10 through 13-13, Battery temperatures stayed below the 347°K (165°F)limits for the powered portion of the flight (the 347°K limit does notapply after insertion into orbit). The highest temperature reached was341° (154°F) on forward battery 1, unit 2, during the sixth revolution,as observed on PCM data from Hawaii (see Figure 13-10). All battery ten-peratures were within their specified limits through the sixth revolution
The output voltage of forward battery No. 1 was 18 vdc and decreasingaccording to sixth revolution Hawaii data. The other three batteryvoltages were nominal through the sixth revolution, $-IVB stage batteryconsumption in ampere-hours and as a percent of rated capacity are givenjn Table 13-3. Forward battery No. 1 furnished 6 percent more anpere-hours than the battery was rated for. The other three battery ampere-hour outputs were well within design limits.
The two 5-vde excitation moduies provided proper excitation voltage at3,40,03 vde to the transducers through fifth revolution Hawadi data,(27,680 seconds). The sixth revolution Hawaii data (33,380 seconds }showed" both voltages offscale high at 5.50 vde. However, this isattributed to a signal conditioning drift rather than an actual cut-of-range condition. The 17 20-vde excitation modules performed satisfactorily.
The switch selector decoded the Instrument Unit signals property andactivated the desired relays, valves, etc. at the proper times, throughthe sequencer. The LOX and Lp chilidown inverters performed satisfactorilyand met their toad requirements, The 5 véc PU static inverter/converterexceeded the upper limit of §.1 vde and ranged from 5.13 to 5.19 vde.However, no degradation of mass calculation occurred since ratios ofvoltage levels are utilized in the calculations.

All EBW firing units responded as expected to their respective commands.The ullage motor ignition £BW firing units were charged at 482.88 secondsand fired at 576.98 seconds. The ullage motor jettison EBM firing unitswere charged at 586.09 seconds and fired at 589.08 seconds, to jettisonboth ullage motors. The Secure Range Safety EBN firing units were notcharged or fired, since they were not required for AS-502.
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Figure 33-13. $-IVE Stage Aft Battery No, 2 Voltage, Current
and Temperature
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Table 13-3. $-IV3 Stage Battery Consumption
 

 

 

wap CONSUMP 108;
ACITY CAMP-HRS} PERCENTBATTERY 1

| AMP-HRS)"Taxtwun [ACTUAL HRg] USAGE
EXPECTED? 6.53 9.34]

=
Fud No. 1 350 279 268 370) 106

Fwd No. 2 25 13 13.4] 43.1] 52.4

Aft Ho. 1 300 55 63| 137] 45.7

Aft No. 2 78 a4 20,6 20.6] 26.4       
 

NOTES: 1. Ampere-hour ratings are approximate values
2. Predicted usage tased cn maximum expected values for 6.5

hour flight.
3, Actual usage for 6.6 hours based on available flight data

Total usage through sixth revolution (9.3 hours)

13.5 INSTRUMENT UNIT ELECTRICAL SYSTEM

The Instrument Unit electrical system includes four 28-vde battertes
which supply the various IU systems and components through the power
distribution system, as shown in Figure 13-14. A S-vde power supply
converts 28 vde from an auxiliary power distributor to closely requlated
5 vde for use as a signal conditioning reference voltage and also to
supply various IU transducers. The 56-volt power supply converts 28
vde from battery 6D10 to 56 vde for the ST-124-M gyro and accelerometer
servoloaps and for the accelerometer signal condittoner. The platform
ac power supply converts 28 vde from battery 6D10 to 26 vac, 400 hertz,
3 phase and 20 vac, 4.8 kilohertz for the ST-124-M gyro, and to 20 vac
at both 1.92 kilohertz and 1.6 kilohertz for electrical support equip-
ment. Power is routed through six distributors. The switch selector
activates the circuits necessary to execute commands received.

IU battery voltages, currents, and temperatures are presented’ in
Figures 13-15 through 13-18. In general the IU electrical system
performed satisfactorily during the flight. The only major difference
from AS-501 data was the 133 second anomaly mentioned below.

The 6D10 battery performed as predicted except for a current spike at
133.3 seconds and a current step at 22,112.4 seconds. The 133.3 second

anomaly involved 2 400 millisecond current increase of 9.5 amperes with
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Figure 13-14. Instrument Unit Power Generation and Distribution

Systems Block Diagram

@ corresponding 1.5-vde voltage drop, as shown in Figure 13-19. SeeSection 9A, °133 Second Transient," for a discussion of this anomaly andits implications. The 22,112.4 second current step of 1 ampere resultedfrom the gimbal torquer motor trying to drive the yaw gimbal off the 60degree mechanical stops, where it had hit due to loss of effectivenessof one auxiliary propulsion system medule in combination with the openingof the LOX vents

The 6D20, 6030 and 6040 battery performance was normal, although 6030current was somehwat higher than predicted,

All battery temperatures were within normal limits. The maximum observed‘temperature was 321°K (118.4°F) on the 6030 battery at 9.4 hours,
Instrument Unit battery consumption in ampere-hours and as a percent ofrated capacity is given in Table 13-4. At the time data were lost, battery6030 had furnished 1 ampere-hour more than the battery was rated for, andthe other three battery ampere-hour outputs were well within rated limits.
The 5-vde power supply operation was satisfactory. The 56 volt powersupply operation was nominal except for the effect of the 6010 battery
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spike already discussed (see Figure 13-19). The effect of the 6010
battery spike was also felt on the platfarm ac power supply (see
Section 9A).

There is no indication of any discrepancy in distributor performance.

The switch selector functioned in a satisfactory manner throughout the
flight. Al] commands to the switch selector were received properly and
no complement commands were necessary.

Table 13-4, Instrument Unit Battery Consumption
 

 

 

 

TARE 10K

CAPACITY * ANP-HRS}) PERCENTBATTERY
(AMP-HRS) Thaxtwss Tartuxrs] USAGE

expected [6.5 |9.4

epia 350 NA wa

|

295] 8a

6020 asc NA na

|

310

|

88.5

6030 360 NA wa} 361

|

100

6040 350 NA na

|

205] 87.2       
 *— Based on 350 ampere-hours at a 35 ampere discharge rate.
** Total usage through 9.4 hours.

wrt Based on the decrease in terminal voltage.
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SECTION 14

RANGE SAFETY AND COMMAND SYSTEMS

14,1 SUMMARY

Data indicated that the redundant Secure Range Safety Cormand Systems
(SRSCS) on the S-IC, S-[I, and S-IVB stages were ready to perform: their
functions properly an command if flight conditions during the launch
phase had required vehicle destruct. The system properly safed the
S-I¥B SRSCS an comand from Kennedy Space Center (KSC). The performance
of the command and communications system in the Instrument Unit (IU) was
very good.

14.2 RANGE SAFETY COMMAND SYSTEMS

The SRSCS provides a means to terminate the flight of the vehicle by
radio command from the ground in case of emergency situations in
accordance with range safety requirements. After successful insertion
into earth orbit, the system is deactivated (safed) by ground command.
Each powered stage of the vehicle was equipped with two command
receivers/decoders and necessary antennas, The SRSCS in each stage was
completely independent of those in other stages.

‘Three types of SRSCS commands were required for this unmanned flight as
follows:

a. Arm/fuel cutoff - Charging of the Exploding Bridge Wire (EBH)
firing unit and thrust termination.

b. Destruct - Propellant dispersion by firing of the EBW.

c. Safe - Command system switched off.

During flight, telemetry indicated that the conmand antennas, receivers/
decoders, and destruct controllers functioned properly and were in the
required state of readiness if needed. Since no arm/cutoff or destruct
commands were required, all data except receiver signal strength
remained unchanged during the flight. At 5889 seconds the safing
command was initiated, deactivating the system. Both S-IVB stage
systems, the only systems in operation at this time, responded properly
to the safing conmand.
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The Launch Vehicle-Lunar Module Test Article/Command Service Module (L¥-Lim/CSM) was inserted in earth orbit with the range safety system armed, whichis normal. The safing command which normally follows shortly afterinsertion was not sent, however, since the S-IE and S-IVB extended burnPeriods resulted in insertion occurring further downrange, leavingInsufficient time before Loss of Signal (40S) to safe the vehicle atthe normal post insertion time. The system was safed during the firstorbital pass over KSC,

RF performance of the system is discussed in paragraph 19.5.3.2.
14.3 COMMAND AND COMMUNICATIONS SYSTEM

The IU Command and Communication Systen (CCS) is a phase-coherent receiver-transmitter system capable of establishing a communication link betweenthe Unified S-Band (USB) ground stations and the IU! of the Ssturn ¥launch vehicle, The operational requirements of the CCS include commandup-data and downlink telemetry. Turnaround ranging, although notmandatory, can be performed. “Specifically, the CCS receives anddenodulates conmand up-data for the guidance computers in the IU,transmits Pulse Code Modulated (PCM) missian contro] measurementsoriginating in the S-IVB and the IU to the USE ground stations forprocessing, and coherently retransmits the pseudo raridom noise rangeGode that is received from the USB ground stations. The CCS physicallyconsists of a transpendor, power amplifier, and antenna system.
The performance of the CCS command functions was, in general, verygood, despite the vehicle anomalies.
The command portion of the CCS transponder performed flawlessly, asindicated in Table 14-1. Fifty-two flight commands and 600 test wordswere transmitted by the ground station, and all were received by thevehicle.

The Mission Control Center-Houston (HCC-H) Command History shows thatattempts were made to send two additional flight commands from Carnarvonduring revolution 3. The first occurred at 16:12:16 Greenwich MeanTime tant) and the second at 16:12:30 GMT,

Records indicate that Carnarvon was unable to transmit either command.The 70 kHy subcarrier was off when the first attempt was made(Carnarvon was sweeping in order to acquire the downlink), and thetransmitter was off during the second attempt.

14-2



Table 14-1. CCS Command History, AS-502
 

 

 

 

 

 

 

 

FLIGHT COMMANDS TEST WORDS

RECEIVED AND RECEIVED AND
ISTATION PASS SENT VERIFIED SENT VERIFIED

Re rmuda 2 340 340

Carnarvon, 3 2 23

Canberra 1 133 133

Hawai i 3 7 7
a 15 15

IGuaymas 1 127 127
3 9 9

frotal 52 52 600 600       
 

Adequate signal strength for good telemetry was achieved throughout most
of the mission, Exceptions occurred at:

a, Bermuda during passes 2, 3, and 4, where it appears that the CCS
receiver remained connected to the acquisition antenna, causing low
signal strength.

b. Carnarvon during pass 3, as previously described.

c. Handover problems at several stations caused some data loss. The
most notable example occurred during Guaymas first pass, when handover
vas attempted before Texas was ready.

RF performance of the system is discussed in paragraph 19.5.3.1.

14-3/14-4





SECTION 15

EMERGENCY DETECTION SYSTEM

15.1 SUMMARY

The space vehicle Emergency Detection System (EDS) was flight tested in
the automatic abort closed-loop configuration on AS-502. Launch vehisle
measurements indicated that no EDS limits were exceeded and the system
functioned properly. There were some anomalies indicated in the space-
craft. {See paragraph 15.4.)

15.2 SYSTEM DESCRIPTION

The AS-502 EDS configuration was the same as AS-501, with the exception
that the avtomatic abort mode was active. There are two parameters
which are monitored for automatic abort, These are: angular overrate
and two or more S-IC engines out. These are deactivated by the Instrument
Unit (IU) switch selector prior to S-IC inboard cutoff. After automatic
abort deactivation, overrate and S-IC thrust are manual abort parameters.
The remaining manual abort parameters are:

Angle-of-attack (aP).

Launch vehicle attitude reference failure.
SI thrust.
S-1VB thrust,
S-I¥B propellant tank pressures (orbital phase only).
Vehicle attitude, attitude rates, and attitude error (spacecraft
sensed).

>
e
a
o
g
e

Figure 15-1 is a functional diagram of the AS-502 EDS.

35.3 SYSTEM EVALUATION

15.3.1 General Performance

The excursion of the parameters monitored by the EDS sensors remained
within EDS limits for proper time periods throughout flight, with the
exception of premature cutoff of $-II engines No, 2 and 3.
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15.3.2 Propulsion System Sensors

Three thrust OK sensors are used in each of the F-1 engines and two are
used on each of the J-2 engines. The F-1 thrust OK switches are voted
two out of three to give indication of engine out, and the J-2 thrust
OK switches are vated one out of two in the logic circuitry. Al] thrust
measurements from the launch vehicle indicated proper operation of the
thrust OK logic. Table 15-1 shows the thrust switch operation times.

On marned Saturn ¥ vehicles the S-I¥B propellant tank pressures will be
monitored by the flight crew during the orbital phase of flight.
Although no provision was nade for pressure display in the Block I space-
craft, the sensors functioned properly. and the tank pressures remained
within acceptable limits.

18.3.3 Flight Dynamics and Control Sensors

The angle-of-attack dynamic pressure product is sensed by a redundant
Q-Ball mounted atap the Launch Escape Tower (LET). One output is displayed
in the conmand modute and telemetered from the spacecraft; the other out-
put is routed to the IU from which it is telemetered. The maximum aP
recorded during the AS-S02 flight was 0.60 Nene. 86 psi) at 66.5 seconds.
The preliminary Saturn V abort limit is 2.21 N/eme (3.2'psi), Figure 15-2.

A failure of the launch vehicle inertial reference is indicated when
the platform gimbal angles are displaced excessively for a given increment
of tie, The limits for AS-502 were such that an angular displacement in
excess of 0.4 degree must occur in at Teast three minor computation cycles
of a major computation cycle. Reasonableness test failures must then
occur 15 times during the next second before an inertial reference
failure is considered to exist. The maximum gimbal displacenent during a
single minor computation cycle for AS-502 powered flight was 0.144 degree.
This represents 36 percent of the rate required for a failure indication
as stated above.

Angular rates are sensed by three rate gyros in each axis, The outputs
of the gyros are fed through filters to rate switches. The rate switch
settings for AS-502 were +4 10.49 deg/s in the pitch and yaw axes and +20
41,5 deg/s in the roll axis, When two of three rate switches in any one
axis indicate an overrate, an overrate indication is given to the space-
craft; and, prior to overrate auto abort disable, an automatic abort is
initiated,” The maximum angular rates (unfiltered) measured on AS-502
during the period in which the overrate automatic abort was active were as
follows: 42,5 deg/s in the pitch axis, £0.5 deg/s in the yaw axis, and
$5.0 deg/s in the roll axis, There was no indication of any rate switch
Closures on flight records,
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Table 18-1. Performance Summary of Thrust OK Pressure Switches
 

 

 

  

ME CLOSED
STAGE encrne

|

swrtck teeTe, (RANGE.TIMEbec)

S-IC 7 7 ~1.64 148.60
1 2 -1.64 148.60
1 3 “1.73 148,60
2 1 “1.31 148.60
2 2 “1.31 148,60
z 3 “1.23 148.60
3 1 -1.64 148.69
3 2 -1.68 148.69
3 3 “1.56 143.60
4 1 a 148,60
4 2 -1.33 148.57
4 3 -1.33 148,57
5 1 -2.00 144,90
5 2 -1.92 144.90
6 a -2.00 144,90

S-II ? 1 183.70 576.49
1 2 183,79 576.43
z 1 183.77 412,88
2 2 153.74 412,92

3 1 183.77 aaie
3 2 183.74 at
4 1 153.70 576.43
4 2 183.74 576.45
5 1 182.70 576.49
5 2 153,71 576.51

S-1¥8 1 1 582.03 747.27
Lip 1 2 582.03 747.27      



15.3.4 EDS Sequential Events

The sequential events pertinent to the operation of the EDS were normal.
Table 15-2 lists the discrete event times for AS-502 and Table 15-3 lists
the switch selector event times for AS-502.

15.4 INTERFACE CONSIDERATIONS

Although launch vehicle EDS indications were normal, there were reports
of anomalies in the spacecraft. These anomalies apparently are related
to the transient events which occurred at approximately 133 seconds and are
discussed in Section 9A.
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Table 15-2. Discrete EDS Events
 

 

DISCRETE MEASUREMENT DISCRETE EVENT ON/OFF

|

RANGE TIME (SEC
K73-602 ECS or WAN. Cutoff of

|

on 20.7
LV Engines Armed

K74-602 Ets or MAN. Cutoff of

|

on 40.95
LY Engines Armed

kei -602 EDS S-IC One Engine Gut) On 144.89
Re2-602 EDS $-IC One Engine Out| on 14.89
K79-602 EDS S-1C Two Engines on 148.64

lout
k80-602 EDS S-IC Two Engines On 148.63

lout
Ka8-602 S-IC Stage Separation

|

orf 149.99
k57-603 Q-8a71 on Indication ort 150,71

(+5021)
K58-603 Q-Ball on Indication ofr 150.76

(+6041)
k87-602 LET Jettison "A" On 184.78

LET Jettison "A" orf 184.81
«87-602 LET Jettison "B" on 184.98

LET dettison "BY orf 188..3¢
«75-602 EDS or NAN. Cutoff of

|

On 11,666.
IL¥ Engines from S/¢

K76-602 EOS or MAN. Cutoff of

|

on 11,666.

 
L¥ Engines from S/¢
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Table 15-3. Switch Selector EDS Events
 

FINCTION  

 

 

Start of Time Base |
Auto-Abort Enable Relays Reset
Multiple Engine Cutoff Enable
Launch Yehicle Engines EDS
Cutoff Enable

S-IC Two Cngines Qut Auto-Abort
Inhibit Enable

S-1C Two Engines Gut Auto-Abort
Innibit

Excess Rate (P, ¥, R) Auto-
Abort Inhibit Enable

Excess Rate (P, ¥, R} Auko~
Abort Inhibit

Start of Time Base 2
Start of Time Base 3
Q-Ball Power OFF
LET Jettison "A" On
LET Jeteison "8" On  
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SECTION 16

VEHICLE PRESSURE AND ACOUSTIC ENVIRONMENT

16.1 SUMMARY

The vehicle internal, external and base region pressure environment was
monitored by a series of differential and absolute pressure gages. These
measurements were used in confirming the vehicle design external,
internal, and base region pressure environments. The flight data were
generally in good agreement with the predictions and compared well with
the AS-501 data. The pressure environment was wetl below the design
level.

The vehicle internal and external acoustic environment was monitored by
a series of microphones positioned to measure both the racket engine and
aerodynamically induced fluctuating pressure Tevels. The measured
acoustic levels were generally in good agreement with the liftoff and
inflight predictions and with AS-501 data. The S-IC stage internal
acoustic levels at liftoff and during flight were somewhat lower than
static firing levels. No detrimantal effects due to the acoustic Tevels
have been determined at this time

16.2 SURFACE PRESSURE AND COMPARTMENT VENTING

16.2.1 S-IC Stage

External and interna? pressure environments on the S-IC stage were
recorded by 43 measurements which were located on and inside the engine
fairings, aft skirt, intertank, and forward skirt, Representative data
from a portion of these instruments are compared with the AS-501 flight
data and predictions in Figures 16-1 through 16-4. The ambfent pressure
history of the AS-S02 flight is approximately 0.10 N/cn2 (0.15 psi}
greater than the history based on AS-501. The predictions are based on
aut able wind tunnel data and the 48-hour Observed Mass Point Trajectory
NPT) .

The AS-502 S-IC engine fairing compartment pressure differentials are
shown in Figure 15-1. The AS~502 pressure data were generally Jess than
the data for AS-501. This was expected as a result of removing the base
flow deflectors on AS-S02. However, the agreement {s good and the trend:
are the same.
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Figure 16- 1, S-IC Engine Fairing Compartment Pressure Differential
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~ The $-IC engine fairing pressure loading is shown in Figure 16-2. The
AS-502 and AS-501 data agree very well in magnitude and trend. The
shrouds experienced a crush loading over almost the entire flight because
their geometry is intended to deflect the air stream away from the S-IC
engines.

The S-IC engine, intertank, and forward skirt compartment pressure dif.
Ferentials are shown in Figure 16-3 as a function of range time. Due to
the flow deflector removal the AS-502 engine compartment pressure dif
ferential was less than that experienced on AS-501 throughout flight
hig resulted from the compartment being vented inte the shroud base
region, which also experienced slightly lower pressures on AS~502 as
compared to AS-501, as will be shown in paragraph 16.3. The intertank
and forward skirt pressure differentials show good agreement as a func-
tion of range time. The predicted bands ware derived analytically using
maximum and minimum leakage areas. The intertank and forward skirt
pressure differentials show a drop between 60 and 70 seconds on bot
flights. This wes associated with the vehicle passing through Mach
and wes probably the result of a normal shock moving rapidly down the side
of the S-II and S-IC stages. On each Flight Mach 1 occurred between 60
and 61 seconds.

The S-IC engine, intertank, and forward skirt compartment pressure
loadings are shown in Figure 16-4. The engine and intertank pressure
loadings agree well with the AS-501 data. The forward skirt loading wa
greater on AS-502 throughout. flight but presented no problem since the
maximum value of approximately 0.25 Nfem2 (0.36 psi) was well below the
aerodynamic design value of 1.38 N/om2 (2.0 psi). The predictions were
based on wind tunnel data and predicted internal pressures

16.2.2 S-II Stage

Surface pressure and compartment venting analyses were conducted using
the AS-502 final OMPT and angle-of-attack data obtained from the S-IC
Flight Control Conditioned Data Tape (Q-ball}. Atmospheric data were
obtained from the final Meteorological Data Tape (Met Tape).

The external flow field at a discrete point on the S-II stage was
analyzed by means of the semi-empirical digital computer flow field
program. Since the flow field program assumes that the velricle has a
Clean configuration the flow disturbances created by the existence of
multiple protuberances cannot be predicted. The internal pressure was
analyzed by means of a multiple venting digital computer program.

Comparison plots of the pressure loading, acting across the forward skirt
wall, are presented in Figure 16-5. The design, AS-502 flight, and post-
flight prediction data are presented in the form of maximum-minimum data
bands. AS-501 flight data are also shown for comparison. Both flight
and predicted pressure loadings were obtained by taking the difference
between the respective external pressure values and an internal pressure
which wes measured at vehicle station 74.53 meters (2934.25 in.) and
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Figure 16-3, S-1C Compartment Pressure Differential
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assumed to be uniform within the interstage. The flight and predicted
values were in fairly good agreement and well within design limits,

Comparison plots of the pressure toading, acting across the interstage
wall, are also presented in Figure 16-5. The design, AS~502 flight, and
predicted data as well as the AS-501 flight, data are shown. The pre-
dicted loadings were approximately 1.0 N/cm? (1.5 psi) higher than the
corresponding flight values, however, both fell within the design limits
This apparently large discrepancy was primarily due to the method and
value of the discharge coe“ficient used te predict the internal pressure,
The method was identical to that used ‘or the forward skirt analysis
where fairly good agreement was obtained. However, since the boundary
layer is considerably thicker on the aft skirt region an increase in the
venting efficiency, with a corresponding lower internal pressure, may
result. Note also that a uniform internal pressure was assumed to exist
throughout the aft skirt compartment for purposes of inflight venting
analysis.

Comparison of the AS-502 flight and postflight predicted pressure loading
acting across the LHz sidewall insulation at vehicle stations 54.2 and
59.8 meters {2733.86 and 2354.33 in.) is presented in Figure 16-6. The
Flight data for vehicle station 48-0 meters (1889.76 in.) is to be cone
sidered unreliable pending further investigation and is shown in thi
figure for reference only. AS-501 flight measurements for vehicle station
59.8 meters (2354.3 in,) are also shown and compare well with the cor-
responding AS-502 measurement,

The predicted internal pressure histories were computed by means of the
multiple venting digital computer program using 2 math model to simulate
the Liz sidewall insulation venting, The math model was developed
empirically by matching S-11-1, S-II-3 and S-II-4 ambient blow down test
data.

16.2.3 S-1¥B Stage

Pressures on the S-IYB stage were measured by one internal transducer
in the forward compartment and 21 external and 3 internal measurements
for the aft compartment.

Figure 16-7 shows the predicted internal minus ambient pressure differ-
entials for the forward compartment together with flight data for both
AS-501 and AS-502. The vent area for AS-502 was 0.097 m2 (150 in.2) as
compared to 0.129 m2 (200 in.2) for AS-501. With the trajectories flown,
the smaller vent area on AS-502 should have resulted in higher interna
pressures than AS-501 and correspondingly higher pressure differentials.
The lower internal pressures for the first 60 seconds of the AS-502
flight, 0.034 N/en2 (0,05 psid), are attributed to instrumentation
accuracy (40.52 N/cm2, £0.75 psi).  
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Figure 16-6, S-II Lig Sidewall Insulation Differential Pressure

Figure 16-7 also shows the absolute pressure history in the forward skirt
for a time interval centered on 133 seconds. The abrupt pressure drop
at this time is thought to be associated with the 133 second anomaly as
discussed in paragraph 9A.2,1,

Figures 16-8 and 16-9 show predicted and measured pressure differentialsand pressure loadings for the aft compartment as internal -minus-ambientand internat-minus-external respectively. The flight data fell withinthe predicted band during the critical flight. period and the maxtmum
bursting and crushing pressures, 2.0 and 0.55 N/en@, (2,9 and 0.8 psidrespectively) are well below the design values, 3.23 and 1.54 N/cm
(4.69 and 2.24 psid).
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Figure 16-9, S-1VB Aft Skirt and Interstage Pressure Loading

16.3 BASE PRESSURES

16.3.1 S-1C Base Pressures

Static pressures on the S-1C base heat shield were recorded by 11 measure-ments, 2 of which were heat shield differential pressures. Representativedata from a portion of these instruments are compared with AS-501 flightdata and predictions based on the 48-hour OMPT. The predictions includethe effects of the base flow deflectors since wind tunnel data on a con—figuration without flow deflectors were not available.

The S-IC base pressure differentials are shown in Figure 16-10, Ingeneral, the agreement is good. The AS-502 base pressures were slightlyless than AS-501 up to approximately 20 kilometers (10,8 n mi) altitude.Beyond this altitude only small differences existed. The lower pressurebelow 20 kilometers (10.8 n mi) was a result of removing the base flowdeflectors on AS-502.

The S-IC base heat shield pressure loadings are shown in Figure 16-11,Again the AS-502 data were less than AS-501 Selow 20 kilometers
(10.8 n mi}. The flow deflector removal on AS-502 lowered the basepressure ta which the engine comoartment vents. These heat shield dif-ferentials were well within the 1.38 N/cm2 (2.0 psid} design differential.
16.3.2 S-IT Base Pressures

The postflight oredictions of the S-Ii base heat shield aft face staticpressures are evaluated from a semi-empirical correlation of base
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Figure 18-12, S-IC 3ase Pressure Differentials
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pressures and heating rates derived fron the hot flow scale model test
results and AS-501 flight data. The effects of the interstage on the
base pressures are accounted far in the analysis. The postflight pre-
dictions of the thrust cone region pressures were based on the AS-50
flight data.

Figure 16-12 presents the predicted and measured static pressures on the
aft face of the base heat shield. It is noted that the pressure distri-
bution on the base heat shield was more uniform prior to second plane
separation, The pressure reached a peak value during interstage separa-
tion because the J-2 exhaust plumes were confined by the interstage
resulting in high impingement pressures and increased reverse mass flow
rates.

After engines No. 2 and 3 cutoff, the pressure distribution on the base
heat shield aft face became highly unsymmetrical. This was because
positions IT, II1 and IV on the heat shield no longer exeertenced direct
reverse flow impingement, The pressures at these positions drozved to
the ambient level while the reverse flow impingement pressure wa:
maintained in position 1 quadrant.

Figure 16-13 presents the predicted and measured static pressure on the
heat shield forward face and on the thrust cone surface. The sressure
distribution was more uniform in this region as compared to that on the
heat shield aft face. The pressure rise resulting from S-IC/S-IT inter~
stage separation was also apparent in the thrust cone region; however,
it was not as pronounced as that on the base heat shield aft face. Note
that the pressure in the thrust cone region dropped by a factor of 20
after interstage separation.

Figure 16-13 also shows that a considerable pressure rise existed in the
thrust cone and heat shield forward face region immediately prior to and
during J-2 engine No. 2 cutoff at 412.92 seconds. Note that the maximum
indicated pressures were above the pressure transducer range of 0.0689 N/em?
(0.1 psi} and that they were also above the pressures recorded prior to and
during interstage separation. Therefore, it is concluded that the measured
pressure rises could not result from the J-2 engine exhaust reverse flow.
Since the base heat shield aft face/thrust cone region is open to the
atmosphere, and because the measured pressure rise appears to be uniform
through the base heat shield forward face region, it appears that a very
sudden and substantial mass injection into this region occurred causing
the measured pressure rise. For further details see paragraph 6.3

Figures 16-14 and 16-15 present an overall view of base region pressure
instrumentation together with the flight data recorded prior to and
during the engines No. 2 and 3 cutoff time interval. It is seen that
the recorded pressure rise on the thrust cone surface was considerably
smaller than the pressure rise on the base heat shield forward surface
and that a relatively small pressure rise was also-recorded on the heat
shield aft surface at this time, This was probably due to engine
gimbaling associated with the cutoff of engines No. 2 and 3

16-15,
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~ 16.4 ACOUSTIC ENVIRONMENT

16.4.1 External Acoustics

The external fluctuating pressure environments for the AS-S02 vehicle
were recorded by nine instruments located on the instrument unit,
S-I¥B forward and aft skirts, S-11 forward and aft skirts, and S-IC
intertank, aft skirt and fin D. Representative data for these
instruments along with AS-501 data and applicable prediction curves
are shown in Figures 16-16 through 16-19.

Both the Digital Spectral Analys*s program (Ravan) and acoustic analyzer
data have been used in determining the plots shown in Figures 16-16
through 16-19. Due to incomplete data, overall pressure levels were
obtained by integrating the 1/3 octave band fluctuating pressure level
time histories for each instrument. Ravan data have primarily been used
to determine time slices where maximum aerodynamic fluctuating pressure
occurs. Acoustic analyzer overall levels were computed at these time
slices to verify the Ravan results. These data remain relatively quick-
Took and may be revised after further analysis.

The AS-502 externa? acoustic environment at liftoff is shown in Figure
16-16. Both Ravan and acoustic analyzer data are plotted for comparison
with predicted and AS-501 curves. Agreement is generally good, The
scatter of Ravan, acoustic analyzer, and AS-50] data points is below
6 decibels except at vehicle stations 2.06 and 63.98 meters (87.10 and
2518.90 in.) where an approximate difference of 10 decibels existed
These differences are still under investigation.

VEMICLE STATION, 1

 

 

 

 

  

007 raya Tala tsrd.8 1968.5 238.2 56.9 3149.8 2849-9
0“ TT 2 5-301. Lon . : _, 8 832502 av

Ze 1 aS-s02 ACSTIE ANALYZER
cn i ee PREDICTED.
eel +

ae

gx

    

 

 
 a w 20 30 40 30 ey 0 w 0

VEMICLE STATION,

Figure 16-16. Vehicle External Overal} Sound Pressure Level at Liftoff
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Liftoff sound pressure spectral densities are compared with AS-5G1 datain Figure 16-17. Frequency characteristics appear similar fcr both AS-501and AS-502 with the exception of an apparent level shift in three of theS-IC stage instruments. Instruments 8005-200 and E0CC4-200 are locatedat the same vehicle station but on opposite sides cf the S-Il stage.Data from both measurements were similar. The maximum levels indicatedat launch were 148 decibels and 183 cecibets for 60005-200 and B0004-200respectively. Therefore, data are shown for B0004-200 only. In thisreport B0013-426 on the AS-501 is compared with B0025-426 on the AS-502flight, since they are at the same location, and appear to indicatenormal ‘operation,

vevall fluctuating pressure levels are shown in Figure 16-18. 4S-502acoustic analyzer and Ravan data are both compared with predicted andAS-501 data. Generally higher levels are indicated on the AS-507.Notably excepted is the IU instrument which shous pointwise drans of uoto 10 decibels. Further analysis appears necessary. The AS-501 overalllevel for instrument B0002-115 terminated at 90 seconds due to instrumentfailure,

A 5 hertz component shawed up in the data for two measurements on theS-II aft skirt and S-IC intertank section, shown in Figure 16-19, Theappearance of this § hertz component requires investigation because thelowar frequency limit, where the telemetry system began to attenuate thedata signal, was 50 hertz.

The Occurrence of the 133-second transient in the acoustic data channe’sis similar to other data records which are discussed in Section 9A, Thesignal Increase at this time was significant and requires further analysis.
Pressure Spectral Densities (PSD) for AS-802 at maximum aerodynamicfluctuating pressures are shown in Figure 16-19. Acoustic analyzer datawas used in the PSD calculations while Ravan data fixed the time at whichmaximums occurred. Similar distributions are evident between AS-~801 arcAS-50? data with sone level shifts noted.

16.4.2 Internal Acoustics

16.4.2.1  ScIC Stage. The S-IC stage intertank internal acoustic datafrom a single measurement is shown in Figure 16-20. Liftoff levels weresomewhat Tower than those for static firing and were similar to those forAS-501. Flight levels were much lower than static firing levels andgenerally the same as flight levels on AS-5C1.

16.4.2,2 S-I1 Stage. Two internal microphones were located on the S-ITstage as foTTaws:
Measurement Saturn ¥ Station Azimuth RadiusAveaNumber m Cin.) (deg) om Cin.)
2001-206 Thrust Cone 42.6 (1677.2) 133.50 (138)B002-219 Forwarc Skirt 63.3 (2892.1) 1744152. (178)

16-20
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Figure 16-20. §-IC Internal Acoustic Environment
Figure 16-21 presents the measured overall decibal levels versus range
time. Also indicated in the figure are the raximum expected levels for
liftofF and inflight acoustics, which are values obtained from Saturn ¥
Vehicle Acoustic Environment, R-PAVE-SVE-64-191, August 10, 1963.

The measured acoustic levels were well under the naxinum expected values,
particularly in the thrust cone area. The thrust cone internal acoustic
level was also well under the external acoustics measured on the inter-
stage, as indicated in Table 16-1. The differential at liftoff was 13
to 19 decibels between the aft external and internal measurements. “his
differential was somewhat larger than expected and is under investigation,

The forward internal measurement 1s considered valid. The forward
external measurement is considered questionable, and is under investigation.

16.4.2.3  S-IVB Stage. The $-1VB acoustic environment was measured at
four positions, internal and external on the forward skirt and internal
and external on the aft skirt.

Envelopes of the composite, 50 to 3000 hertz levels time histories are
presented in Figures 16-22 and 16-23. The shading between the external
and internal responses indicates the structural transmittability for

16-27
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Figure 16-21, $-II Internal Acoustics

sound pressures at liftoff and for boundary layer pressure fluctuationsin the transonic portion of flight, Also presented are data “ror the
S-IVB acoustic measurements of the AS-501 flight.

The AS-502 forward skirt levels were in yeneral equal to or less than
the AS-501 levels. Also the transmission loss for the AS~502 forward
structure was greater than for the AS-501,

Table 16-1. S-II Acoustic Noise |evels Comparison
cf AS-501 and AS-502 Gata
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SECTION 17

VEHICLE THERMAL Ef IRONMENT

17,1 SUMMARY

The AS-802 $-IC base region radiation and total heating rates were more
severe than those measurec on AS-5C1 flight; also the base heat shield
and engine gas temperatures were greater and increased more rapidly.
Loss of M-31 to the level of the crushed core on the base heat shield
was visually observed on this flight via the television cameras which
viewed the heat shield. The S-IC forward skirt thermal environment after
S-IC/S-II separation was higher than design.

Tre eerodynamic heating ervironrent on the S-IC forward skirt, inter-
tank, engine fairings and firs was slightly higher than AS-501 data but
within the predicted bands. The AS~502 trajectory was a higher heating
trajectcry than that flown by AS-501.

The effect of the prevature shutdown of engines No. 2 and 3 on the S-II
heat shield and base region envfrorment was minor. With the exception
of abrupt spikes due to the engine anomalies, the base reqion thermal
data compared favorably with AS-501 data.

Protuberance induced heating effects on the S-1I stage were generally
below the design and postflight predictions. The temperatura data
from AS-502 was in general very similar but slightly higher than that
for AS-S01.

The AS-802 $~I¥B aerodynamic heating environnent was slightly more
severe than the AS-501 but temperatures were well below the design values.

17.2 S-IC BASE HEATING AND SEPARATION ENVIRONMENT

Thermal envtronments in the base region of the S-I¢ stage were recorded
by 39 measurements which were located on the heat shield, F-1 engines,
and base of fin D, This instrumentation included 6 radiation calorimeters,
19 total calorineters, and 14 gas temperature probes. Representative
data from a portion of these instruments are compared with AS-501 Flight
data in Figures 17-1 through 17-3.

The calorimeter radiation and total heating rates measured in the base
region were more severe than those measured during the AS-501 flight.
This increase ts attributed to tre removal of the flow deflectors on the

W7-1



AS-602 vehicle. The removal of these flow deflectors allowed the
exhaust gases to recirculate into the base at a lower altitude. An
‘increase in heating had been anticipated from model test results.

The radiation hunp which was observed at adout 30 kilometers (16 n mi)
altitude in the AS-501 base flight data was also present in the AS-502
flight data. The AS-501 flight evaluation indicated thet the radiation
hump may have been caused by a combination of increasing view factors,
diminishing afterburning with increase in altitude, plume interaction
regions and hot gas recirculation. AS-502 video taves from S-IC base
TV cameras indicate that the hot gas recirculation was the main cause
of the radiation hump. The TY data shows that hot recirculated gas
reached the base heat shield at an altitude of 12.2 kilometers (6.59 mi)
which correlated with the rise in the radiation heating rates as shown
in Figure 17-1. This recirculated exhaust flow is fully established in
the base region at 18.5 kilometers (9.99 n mi} which correlates wit the
peak in the radiation heating rate data. The TV data also indicated
that after 36.6 kilometers (19.8 nmi), the base region was clear,
in¢icating a Significant reduction in the burning of the fuel rich
exhaust gases in the area. This fact correlates with the dropoff in
measured heating rates.

Results from the total and radiation calorimeters indicate that a
corvective cacling rate was measured by the base heat shield instruments
to an altitude of 19.8 kiloreters (10.7 n mi) and then changed to a
smz11 corvective heating rate at the higher altitudes (Fiqure 17-1}.
However, the average calorimeter effective wall temperature is 350°K
(170°F) which, wren compared with the lower gas temperature curve in
Figure 17-1, irdicates that the calorimeters should experience convec-
tive heating at altitudes above 10 kilometers (5.4 nmi), A different
trend is nated in Figure 17-2 for the f-1 engine nozzle extension
calorimeters near the nozzle Tip, where convective heating was present
from liftoff to 2 maximur value of 11.36 watt/em@ (10.0 8tu/ft2-s} at
an altitude of 18.3 kilometers (9.88 1 mi]. Comparison of the average
calorimeter wall temperature with the gas temperature curve in Figure 17-2
also indicates that the engine nozzte extension calorimeters received
convective heating throughcut the flight but at altitudes above
24.4 kilometers (13.7 9 mi) was negligible. No appreciable difference
was noted in the canvective heatirg measured by the calorimeters on
the heat shield or engines when comparing the two Saturn ¥ flights. The
base heat shield and engine gas temperatures were greater and rose more
tapidly than those measured an the AS-5C1. This, however, is not
reflected in the total and radiation calorimeter data.

The total heating rates measured by the celorimeter on the base of
Fin D are compared with the AS-501 flight data in Figure 17-3 and show
the tvo to be approximately the same, The initial rise in heating
occurred at 12.2 kilometers (6.59 n mi] which correlated with the
recirculated exhaust gases reaching the heat shield as observed on the
TV cameras. The second rise and peak in the curves occurred at about
the time that Flow sepavation occurred and was probably caused by the
hot gas from the plime moving up the side of the vehicle.
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The heat shietd tenoerature history is {llustrated in Figure 17-4.
Average cold side and bondline (honey comb/ti-31 interface} temperatures
were 345 and 458°K (161 and 364°F), respectively, versus 333 and 380°K
(139 and 224°F) for the AS-501 flight. This increase may be attributed
to the deletion of the base flow deflectors on the AS-502 vehicle
resulting in higher total heating, However, as indicated by the dashed
Hines showing predicted maximums, the data is well within design limits
except for the measuramants CO32-106 and C033-106. These bwo thermo-
couples were located 4.22 meters (166 in.) radially fron the heat shield
center on Position Line 11. At 96 seconds, the sudden increase in
temperature could be caused by local loss of M-31 to the level of the
crushed core. A similar failure occurred on the AS-501 vehicle. Note
the response of €033-106 in Figure 17-4 indicating that i# suddenly
became exposed to the base region gas but did not fail. Loss of M-31
is substantiated by the correlation of the output from C032-106 conpared
in Figure 17-4 to a reconstructed curve. This curve was computed using
the AS-502 radiation and gas temperature data and the desiqn heat trans-
fer coefficient assuming 0.407 centimeters (0.16 in.) of M-31 was Tost
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fron the aft surface (to the level of the crushed core} at 95 seconds
The reconstructed temerature of the forward surface using the same
assumptions is also shown in Figure 17-4. M-31 loss to approximately
the level of the crushed core was visually observed on AS-502 va the
television cameras wich viewed the heat shield. These cameras also
showed tearing of the inboard flame curtain fiberglass cloth protective
covering. This was expected and does not indicate flare curtain
degradation.

‘4-31 insulation loss occured at 110 seconds on AS-507 and 95 seconds
‘on &S-502 which appears to be a random process and may occur at almost
any time during flight. The effects of this loss at various times was
comouted and the results presented in Figure 17-5. ‘ote that the loss
of H-31 at 20 seconds would result in outboard engine cutoff temperatures
of B63°K (1094°F) at the aft honeycomb face sheet and 535°K (50°F) at
the forward honeycomb face sheet. The maximum allowable temperature
for the forward face sheet is 423°K (302°F], However, this is inter-
preted as a design goat and testing showed the heat shield capable of
withstanding temperatures above this level. Actual limits for ef ther
Face sheet ave not defined at this time but are being examined to
determine whether a potential problem exists,

Correlation of computed temperatures with heat shield data, as shown
in Figure 17-4, for the first 70 or 80 seconds of flight was not good.
Examination of the data indicaced that the actua’ M-31 conductivity
tust differ from the published data. Laboratory testing has shown
that the M-31 insulation is hygroscopic and the wet conductivity would
therefore differ fron the published dry value. The heat shield tem-
perature at the M-31-honeycomb interface for both AS-501 and AS-502
increased rapidly after engine ignition to approximately the boiling
point of water. Thereafter, the temperature followed the saturation
curve for water as ambient pressure decreased with altitude until about
70 seconds, and then the temperature increased as would be exnected
when the water was completely boiled avay. The fast rise tine of the
interface tenverature early in flight is only partially accounted for
by the increased conductivity of the wet N-31, If it is assumed that
the transmissivity of the #-31 is greater than zero, this difficulty
can be resolved. Hence, there are four factors that acting together
could account for the observed temperature history,

a. Increased conductivity early in flight due to the presence of
water in the N-31

b. Transpiration cooling due to water boiloff in the M-31.

c. N31 transmissivity greater than zero.

4. Decrease in conductivity later in flight due to outgassing as
altitude is gained.

Analyt'cal verification of these factors is now under way.
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It is apparent that the heat shield is capable of withstanding the thermal
environment with the flow deflectors removed. The bandline and cold side
temperatures were below levels to which the panels have been subjected
in corb‘ned therma?-acoustic qualification testing.
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Figure 17-5. S-IC Thermal Environment Effect of M-31 Loss
on Heat Shield Temperatures at OECO

Temperatures measured on the engines were very close to the AS-501 flight
data. Temperatures under the insulation on the qimbal actuator and on
an outrigger remained below 313°K (704°F). Temperature on a fuel dis~
charge line reached 315°K (107°F) and the ambient ai temperature under
the engine cocoons ranged from 293 to 328°k (68 to 131°F) at the end
of flight. The time-temperature data from che thermocouples located
‘on the heat exchanger bellows, turbine exhaust manifold, and nozzle
are plotted in Figure 17-6 for both flights.
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Figure 17-6. Thermal Environment, Temperature Under Insulation
On Inboard Side of Engine No.1

17.2.1 S-IC/SIE SEPARATION

As shown in Figure 17-7, gas tenperacures during separation were similar
to those measured on AS-501. Two spikes in gas temperature were pre-
Sent, corresponding to separation and J-2 engine ignition. The fact
that the first spike peaked at a lower temperature on AS-502 than on
AS-501 may be due to the elimination of four of the eight S-II ullace
motors on AS-802. The second spike is related to J-2 engine ianition.
Data from the separation extensometers indécate that the separation
rate for AS-502 was slightly slower than for AS-501.

The forward skirt skin temperatures measured during separation are
shown in Figure 17-7 and are similar to those experienced durinc the
AS-501 flight. The LOX tank dome temperatures during separation are
shown in Figure 17-7. These temperatures were considerably lower than
those measured on AS-501 which were as high as 473°K (392°F). This is
arimarily due to the fact that the LOX dome thermocouples were covered
with an insulating material on AS-502 thereby isolating then fron the
thermal environment causing them to read near the actual dome temper-
ature. Three of the four measurements show a temperature drop at
Separation which is attributed to residual LOX impinging on the
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dome. Most of the pressure data in the forward skirt area during
separation was lost due to the Radio Frequency (RF) blackout, however,
pressures of 0.857 N/cm@ (1,243 psia) were measured as compared to a
5.18 N/em(7.52 psia} waxtmun on AS-501,

Several ‘vinor failures occurred after separation an both AS-501 and
AS~502 which are attributed to the separation enviroment. These
include a shorted casle on AS-501, loss of two LOX tank ullage pressure
measurements on both AS-501 and AS-502, failure of a 0X vent and
relief control pressure line an AS-502, and failure to eject three of
the four S-IC cameras on AS-502 as discussed in oaragraph 5.9. Suf-
ficient instrumentation was not available on AS-502 to determine the
severity of this environment.

Assuving that these failures were due solely to overheating, extensive
studies were made that indicate a separation environment of about twice
the design values would be required to cause failure of the aluminum
tubing associated with the LOX tank ullage pressure measurements and   1480. ExTRAPOATED
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Figure 17-7. S-IC/S-IL Separation Thermal Environment, Sheet 1 of 2
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the contra’ pressure line, This closely correlates with the environment
required to match LOX dome thermocouple data from AS-501. This severe
environment may exist only in isolated locations in the $-IC forward
skirt. “his condition cou’d exp’ain the fact that on"y a few fai ‘ures
occurred. Efforts to more accuratey define the separation environment
are continuing.

17.3. 5-31 BASE HEAT SHIELD AND SEPARATION ENV: RONMENT

‘The post flight predicted total heating rate values are based on hot
Flow scale model test data. These data include the effects of the
cold turbopump exhaust gas injection in the J-2 nozzle on base heat
shield total heatina rates. The postflight predicted radiation heating
rates were analytically obtained by means of a digital computer program
which uses the method of totel hemispherical emissivity derivatives, to
corpute the incident radiation, Engine performance, i.e., Engine
Mixture Ratio (E42), chamber pressure, temperature, and gimbaling
effects on convective heating rates are taken into account.

The AS-502 flight base region total heating rates nave been normalized
to the 295°K (71°F) cold wall condition.

Figure 17-8 shows the moximun-minimum band of total heating rates to
the aft face of the base neat shield taroughout S-II boost. The post-
Flight prediction and AS-501 flight data are also shown for comparison.
It is seen that, initially, the postflight prediction heating rates
are higher than’ the flight data, otherwise, good agreement was obtained
Initially, the AS-501 actual heating rates were higher than the corres-
ponding AS-802 values. The sharp increase in heating rates during
interstage separation was due to the interstage-cxhaust plume impinae-
ment whith resulted in a higher reverse mass flow rate, increased 92
temperatures, pressures, and hence heating rates

A small abrupt increase of base heat shield total heating rates was
abserved at approximately 319 seconds in the vicinity of the No. 2
engine, as shown in Figure 17-8, Sheet 2. This figure shows that at
the same time the heat shield temperature qradient also increased ir

this region. It should be noted that at 319 seconds a slight drop
in No. 2 engire chamber pressure occurred. Since no changes in engine
ginbaling were observec during this tine period, it appears that the
only possible cause for this increased heating could be an abnormal
change of the engine performance, for example, an increase in the EMR
Under norma] operations this would result in a corresponding increase
in chamber pressure. The opposite trend was observed in this case
for further details see paragraph 6.3.

Figure 17-8 sheet 2, shous the AS-502 flight radiation heating rate
to the base heat shield in the vicinity of No. Z engine. It is seen
that a slight abrupt increase in heat rate occurred at approximately
319 seconds. This increase is insignificant with respect to the base
heat shield total heating rete. However, it is noteworthy that thi
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increase accurred at the time when:

a. No. 2 engine charber pressure registered a slight decrease.
b. One surface temperature transducer and two total heating ratetransducers in the same region showed an increase.

Analysis of engine performance and gimbaling data for this tine period
indicates that an EMR increase is the most probable cause for theincreased radiation heating rate.
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Figure 17-9 presents the AS-502 flight and postflicht total heatirg
rates to the thrust cone surface. AS-501 flight data is indicated for
comparison, It is seen that the postflight predicted total heatirg
rates are in very good agreement with flicht data. Prior te secondplane separation, the AS-501 heating rates were slightly Tower than. the
corresponding AS-502 values, however, the Lasic heating rate trend is
repeated very closely during both flights.

Figure 17-9, sheet 2, has a comparisen plet for three indivicual thrust
cone total heating rate reasuremerts for the AS-501 and AS-502 flights.
It is seen that at approximately 225 seconds the AS-502 flight total
heating rate transducers indicate a gradual heating rate decrease, as
compared to the AS-501 data. Sirce no change of the J-2 engine
deflectians or performarce was ratec during thts time in flight which
cauld cause this reduction tr heating rate, it is believed that this
was caused ty @ cryogenic leak in the base reaion.
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Figure 17-10 presents an overall view of the thrust cone reating rate
reasurement locations and their performance during the time period orior
to and after engine No. 2 cutoff. All the instruments indicate that the
thrust cone experienced a sudden increase in heating rates and tem-
peratures during a very short interval at the time of engine No. 2 cutoff.
The increase appears to be spread over a very wide region and is
unrelated to the location of the instrument with resnect to engine No. 2.

A carresponding plot of engine curtain gas temperatures and base heat
shield forward face surface tenperatures is snawn in Figure 17-11. It
is seen that a1] but one of the gas temperature transducers exceeded
their maximum range of 422°K (300°F). Several discrepancies are observed
jn Figure 17-11. These are:

a. The indicated heat shield surface temperature in the vicinity
of engine No. 3 exceeded the recarded gas temperature value in
that region.

b. The surface temperatures appear to "veak out" at approximately
370°k (206°F) while the transducer is set for a maximum yalue
of 590°K (482°F).

c. The "peaks" have a different duration, and several of the
indicated values finally droo below the value recorded prior to
engine No, 2 failure.

4 similar trend was exhibited by the base region pressure instrumentation,
as shown in Figures 16-13 and 16-14. Therefore, it appears that the base
heat snield forward face temperature transducers indicate the correct
trend, if not tre correct level.

In general, base region temperatures at lifto*f were colder for AS-502
than for AS-501. This was due to controlling the oneration af the
engine compartment conditioning system to a Tower temperature during
prelaunch operation. AS-502 ambient, structural, and component
temaerature characteristics were similar to those for AS-S01 for the
First 225 seconds of flight. After 225 seconds, data from AS-502
ambient, strictural and component temperature transducers lacated in the
region forward of the heat shield and outboard of engine No. 7, as noted
in Figure 17-12, show an abnormal cooling zrend ‘ndicating a cryogenic
teas near No. 2 engine.

The normal S-11 boost temperature history trend far ambient temperatures
in the region forward of the heat shield is shown by the AS-501
temperature data in Figure 17-12, The amb‘ent temperatures increase
with the interstage on and then decrease after interstage separation
along with a decrease in base heating. Ambient temperatures forward
of the heat shield leveled out and began increasing 250 seconds after
AS-501 liftoff. On AS-502, the tenperatures followed the same trends
as the AS~501 temperature data until 225 seconds after liftoff when,
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instead cf leveling out and increasing, they began decreasing at anincreasing vate as shown in Figure 17-12. AS-502 hydraulic systemtemperatures for engine No. 2, container 206A31 equipment mounttemperature and center engine beam temperature also showed coolingtrends between 250 and 290 seconds when compared with reszective AS-501data. Since AS-502 hydraulic system temperatures for all enginesexcept engine No. 2 appeared normal and the only container tenperaturewhich appeared abnormal was a container Tocated on the thrust coneover engine No. 2, it is believed that a cryogenic leak occusred nearthis engine during the flight.

In the region forward of the heat shield and below the thrust cone andLOX tank, flight data show soikes occurring in the heat shield Sorvardface temperature. The ambient temperature in this region, shown inFigure 17-12, exhibits a spike at 412.6 seconds, just prior to thetime of engines No. 2 and 3 cutoff. These tenperature sp‘kes correspondto the time of pressure increases discussed earlier in paragraph 16.3.2.Smaller temperature spikes were noted on the thrust cone, Thesetemperature spikes are believed to have been caused by release of hotgases from engine No. 2 just prior to its shutdown. Thrust conetemperatures also spiked at second plane separation due to the increasein base heating exptained earlier in this section.
The temperature spikes indicated by structural temperature measurementswere probably more of an indication of transducer temperature rather thanactual structural temperatures.

Center engine beam temperature, and LOX tark external skin temperatureappeared to erratically fluctuzte between 412 and 455 seconds. Sincethe heat capacities of these structures ave large, it 1s doubéful thatthe recorded temperatures were actual structural temperatures. It ispossible that the transducers separated from the structure to whichthey were originally bonded, in which case, a very small change inheating and cooling would cause the fluctuations and these transducerswould then irdicate arbient temperature after debonding.
Temperatures recorded during the AS-502 flight on the aft face of thebase heat shietc are compared in Figure 17-13 with design, AS-501 actualand AS-502 postflight predicted temperatures, The AS-502 data were wellbelow the design and compared favorably with the AS-501 data and AS-502postflight predictions. The lower temperatures in the 4S-501 band weredue to the added heat capacitance of a special steel transducer mountused on AS-501. The actual AS-502 tenperatures deviated from the actualAS-501 data at the time of engines No. 2 and 3 shutdown (approximately413 seconds) due to a decrease in base heat rates presented eartier inthis section. The naximum AS-502 actual temperature af 736°K (865°F}Occurred at 413 seconds, and is in agreement with the maximum of 741°K(876°F) recorded on AS-801. The design temperatures were calculatedusing the maximum design environment, and the postflight predictionswere based on postflight oredicted heating rates.
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Thrust cone temperatures were Slightly lower on AS-502 than on AS-501
as shown in Figure 17-13 which presents a typical thrust cone surface
temperature measurement. This was due to Tower base heat rates on
AS-502. Design and AS-502 postflight predicted temperatures are also
shown in this figure, and were based on the maximum design environvent
and postflight predicted heat rates

V7.4 S-I1/S-1VB SEPARATION ENVIRONMENT

During separation, the retro motor heating rates of the S-IVB structure
for AS-501 and AS-502, listed in Table 17-1 were similar, indicating
only small differences in the plune impingement environment. Dat:
from the calorimeters indicate that the heat flux to the J-2 engine
was somewhat higher on the AS-502 than on AS-501 {but three to six time:
lower than that experienced on uprated Saturn 1 flights). Predicted
heat fluxes are also shown in Table 17-1 and indicate that they were
within the maximun envelope expected

Table 17-1. Retro Motor Plume ‘ieating
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17.5 VEHICLE AEROHEATING THERMAL ENVIRONMENT

17.8.1 S-LC Stage Aeroheating Envi ronment,

The aerodynamic heating environments were measured using thennocouple
attached to the backside of the structural skin an the S-IC forward
skirt, intertank, engine fairings and fins. Generally, the aerodynamic
heating environments and, consequently, che skin temperatures were
within prediction bands, below design limits and slightly higher than
AS-501 flight data

Figures 17-14 through 17-16 show comparisons of AS-S0} and AS-502 skin
terperatures and the heating rates derived from these temperatures .
Post*light sinulated skin teuperatures are ‘ncluded for comparison
The sicwlatign o* the “in skin cemperatures includes 0.284 watt/cm?
(0.26 Bru/fte-s) for plune radiation, but did not consider effects of
flow separation. Skin tenperatures on the forward skirt remained
at a nearly constanz level throughout powered flight as seen in Figure
17-17. The slight downward trend of skin temperature until about
80 seconds follows the trend of the forward skirt compartment gas
tenperacure. At 80 seconds, the free stream recovery temperature
begins io rise rapidly causing the slight upward trend in skin tem-
peratures from this po‘nt on.

  

Intertank temperatures closely followed the trend of AS-501 flight data
As shown in Figure 17-17, intertank temperatures were within predicted
values throughou: flight, and initial temperatures were slightly les
than ambient due to the cooling effect of the gas in the intertank
compartmenz. The cool‘ng during the first 70 seconds of fight followed
the trend of compartment and free stream ambient gas temperatures. At
70 seconds, the ‘ntertank area started to respond ta aerodynanic heating
and temperatures continuously increased until separation, reaching a
maximum 343°K (158°F), The results of an integration of the calculate
heat‘ng raves on the intertank and fin indicate that the AS-502 vehicle
received a slightly higher tota’ heat input than AS-501

The aerodynaric heating to the body, fins, and engine fairings wa
interrupted at approximately 110 seconds by flow separation. The flow
separation results from expansion of the F-1 engine plumes and, con:
sequent'y, hot gases are recirculated up the vehicle side. The aas
temperature and heat-transfer coefficient in the separated reafon are
expected to be less than those which would have been experienced if
separation had not occurred, The temperature increases during separa:
tion were most likely caused by the radiation from the hot recirculated
gas. The hot gas radiates energy because of the high emissivity of the
carbon partic’es present in the recirculated flow. The resulting change
in the heating rates can be noted in Figure 17-14 through 17-16 between
110 and 135 seconds. The increased heating due to flow separation did
not constitute a detrimental heating environment. Flow separation and
subsequent hot gas recirculation up the side of the vehicle has been

37-23
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Noted in AS-501 and AS-502 Flight optical data. Flow separation wasgoserved an the Satura I and I8 flights and was anticipated on theSaturn ¥.

flow Separation results from the expans‘on of the F-1 engine plumes atthe higher altitude. The plumes create what could be considered 2 salidwall to the oncoming Free stream. At the lower altitudes, the freestream flow can be deflected around the exhaust plume ty the extecralplume shocks but as the plumes increase in size, the free stream Flowcan no longer turn near the plume Surface. Consequently, the flow onthe side of the vehicle separates or begins to turn before it reachesthe plumes. Figure 17-18 iTlustrates the flow field which is obtainedafter separation occurs. Hot gas is fed into the separated reaionfron, the base region and plure interface. The base region hot gasresults from the ergine exhaust flows impinging upon one anothes andforcing some of the exhaust gases toward the base heat shield.Separation, once induced, will continue until outboard engine shutdown.As the plume diareter expands with altitude, the point of flowseparation moves forward along the vehicle.
Flow separation on the AS-501 and AS-502 flights was first observedbetueen 105 and 110 seconds. Measurements have been made of the pointof flow separation for various flignt times and are shown in Figure17-18. Tt is noted in this Figure that the separation region extendedbeyond tne too of the S-I¢ forward skirt. just prior to stage separation,The observed blackness on the stage may be a carbon deposit rather thenpaint being burned.

Temperatures on the aluvinun portion of the fairings (forward of theheat shield) fell within a narrow band reaching a maximum of §73°K(872°F) at the end of powered flight as seen in Figure 17-19.Temperatures at the end of flight were about 40°K (72°F) hianer thanthose attained on AS-501. This was due to the higher heating trajectoryflown by AS-502 as seen in Figure 17-20 which compares aerodynamicheating indicator for AS-501 ond AS-5CZ. The initial rise in temperatureat zero seconds is attributed to iritia? incident plume radiation.Predicted maximum temperatures were not exceaded on the forward fairingand no severe temperature gradients were observed.
Temperatures cn the titanium portion of the fairing are shown in thelower graph of Figure 17-19. Tenperatures followed the expected trendand are well below the predicted maximum. The slightly higher tenperaturesexperienced on AS-502 compared to AS-50? were to be expected due to thehigher aerodynamic heating trajectory flown by AS-502 and the slightlymore severe base environment. The narrow flight data band indicatesthe lack of any severe temperature gradients on the aft fairing.
Temperatures on the thrust structure followed the expected trend andaTthough the prediction was slightly exceeded at 125 seconds, thispresented no problem as the temperatures were within design capability.Since aerodynamic heating effects in this area are thought to be less

17-28
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Figure 17-18, Forward Location of Separated Flow
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Figure 17-20. $-IC Thermal Environments Aerodynamic
eating Indicator (AKI)

severe than the design levels it is concluded that radiation fromthe
plume and burning gases in the separated flow region accounted for the
fact that temperatures execcded the predictions in this area.

Temperatures on the wedge section of the fins were about 60°K (108°F)
higher on AS-502 than on AS-SOT as shown in Figure 17-2) due to the
higher heating trajectory. However, the predicted maximum temperature
was nat exceeded and the relatively narrow flight data band indicates
an absence of any severe temperature gradients on the fin wedge section.
The initial wise in ternerature at liftoff was due to burning exhaust
gases ard initial plume radiation.

Temperatures on the flat section of the fins were of the same order of
magnitude ag those on the wedge section reachirg 622°k (680°F) at the ene
of flight as chown in Figure 17-21. Predicted maximums were exceeded crly
near liftoff where a sharp rise in temperature was observed dle to turning
exhaust gases and plume radiation. Convective cooling occurred until
about 70 seconds when recovery temperature began to rise and cerodynamic
heating effects caused a skin temperature rise. for the most part, higher
temperatures were obtained on the fin flat section on AS-S02 than on AS-501
again due to the higher heating trajectory flown by AS-502. No harmful
temperature gradients were observed an the flat section of the fins.
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7.5.2 S-1t Stage Aeroheating Environment

Aeroheating rates on S-IT stage and its protuberances were analyzed
using the AS-502 Final Observed Mass Point Trajectory (OMPT) and angle-
of-attack data obtained from the S-IC Flight Control Conditioned Data
Tape (Q-ball). Atmospheric data were obtained from the final meteoro-
Jogical data tape.

The aeroheating rates on the S-EI stage cylindrical surface and it:
protuberances were calculated by means of an aeroheating digital computer
program. The program includes turbulent flow flat vlate heating rate
theory and real gas therrodynamic and transport properties for air

The heating rates to the protuberances were obtained by increasing the
basic flat plate neat fiux by the aporopriate experimentally determined
protuberance factors. The aredicted aeroheating rates were corrected to
the calorimeter conditions for aurooses of direct comparison. These
transient calorimeter heating rates were determined by first computing
tha sensor temperature corresnanding to the nominal aeroheating rates
and then applying the temoerature mismatch correction to obtain the
Final sensor tenperature. The finat indicated calorimeter heating rate:
were obtained from the calorimeter sensor-body temperature differentials
and the calorimeter calibration curves.

In general, the postflignt prediction transient heating rates were higher
than the corresponding fligat values. The validity of protuberance
factors used, which may have contributed to these discrepancies, are
under investigation in arder to improve the prediction techniques.

The heating rate design values are omitted from these presentations
because they are not corrected ta the calorimeter conditions. Since the
structural surface temperature response plays a key role in transient
heat flux predictions, the comparison of design heating rate values for
the structure with the calorimeter indicated heat flux is meaningless.
However, it has been established that the AS-502 flight aeroheating
rates were considerably lower than the design valves

The corparison of AS-502 flight and postflight prediction of the aero-
heating rates experienced by the calorimeters mounted on the LHz feed-
line fairings are presented in Figure 17-22, AS-501 flight data is also
indicated and it is seen that it is enveloped by the AS-~502 flight
data. Reasonably good agreement of flight and postflight prediction was
obtaired for the reasurements installed on the fairing boattail section
However, the predicted heating rates to the fairing nose cone section
are considerably higher than the corresponding measured values. There-
fore, the experimentally obtained wind tunnel mode? test protuberance
factors will reauire further odification in order to obtain improved
correlation.
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Figure 17-22. S-IT LHy Feedline Fairsng lotal Heating Rates

The comparisons of AS-&02 flight and postflight predicted aercheatingrates experienced by the calorimeters mounted on the fairing conicalnose sections are presented in Figure 17-23. AS-50) flight data erealsa skown for comparisen. Again, the predicted data are considerablyhigher than the corresponding flight values as was shown to be the casefor the LFp feedtine fairings.

 

The comparisers of AS-502 flight and postflight predicted values of theaerodyramic heating rates sensed by the calorineters installed on tieinterstage structure and first plane separation fairing are presentedin Figure 17-23, AS-S01 flight data, which envelops the 45-592 Flightdata, are also included. The predicted values are higher than the
Corresponding flight values during the maximum heating portion of the
flight. A qualitative disagreament exists between fligat and predicted
data beyond 125 seconds. The flight data at this time shows decreasingheating rates which approach a constant level, It is believed that
this phenemenon was caused by the scorching of the surrounding cork
insulation. The scorching of cork insulation, due to the aercheating,was also observed in the photographic coverage of insulation tests
performed on the X-15 flights. This phenomena was not accounted for
in the analytical postflight prediction, heace the resulting discrepancy,Tt shoukd be noted that tre same trend was obsevved in the AS-501 Flightdata.
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Figure 17-23. $-II Ullage Motor Fairing
and Aft Skirt Total Heating Rete:

Representative structural, fairing, and surface tenperature measurement:
influenced by AS-502 aerodynanic heating are show in Figures 17-24 and
37-25. Each plot gives the actual flight data alang with desiqn and
postflight predictions. AS-507 flight data is included, where appropriate,
for comparison. Design predictions are based on S-Ii stage contractor
design heating trajectory with a high anale-of-attack. The postflight
predictions were based on the heating rates discussed earlier in this
section.

The temperature data fron AS-502 are in general very similar to that
from AS-501. A slightly higher temperature environment and slightly
more severe trajectory resulted in hiaher temperature and a larger
temperature rise for AS-502.

Figure 17-24 presents typical interstage structural temperatures.
Postflight predicted and flight values are in good anreement.

Feedline fairing temperature and ullage motor fairing temperature data
are presented in Figure 17-24. The postflight predictions of temper-
ature for both these fairings are higher than flight data. Revisions
in the protuberance factors used to calculate the aerodynamic heating
are expected to result in predictions that will ‘tore closely match the
flight data.

Figure 17-25 presents the data together with design and postflight
predictions for CO27-219 forward skirt skin temperature. The post-
Flight prediction is only slightly lower than the flight data.
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Figure 17-24, 5-11 Structural Temperatures

LHy tank insulation surface temperature measurements for five differentloCatians are presented in Figure 17-25. The abrupt shift in themeasured values after the data dropout at approximately 150 seconds iunexplained so far, Up to this shift the postflight prediction andmeasured values were in good agreement. The significantly Tower valuesobtafned from measurement (893-218 were similar to data recorded orAS-601 and may be attributed to cooling due to venting of cold heliumgas within the ‘nsulation. Investigation into this and other anomaliesis continuing.

17.5.3 S-IVB Stage Seroneating Environment

The AS-502 aerodynamic heating environment was slightly more severethan AS-501. AT} temseratures were well below the design values for
the maximum heating trajectory. Figure 37-26 shows the data andpostflight simulation for four skin sensors and one stringer sensoron the forward skirt and data correlations for the LH tank measurements. All simulations use the design method of analysis exceptthat boundary layer transition is determined as the time at whichTwall/Trecovery = 0.5. The maximum recorded temperature was 384°K(232°F). The Liz tank measurenents were noted to have frost or iceto some degree at liftoff. Unlike AS-501, the frost appears to haveoersisted for this flight with the exception of one measurement whichrecorded the maximum temperature of 301°K (82°F)
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Figure 17-27 shows data and correlatians for selected skin and stringer
teriperatures on the aft skirt. All measurements were covered with
Korotnerm and the analysis assumed 9 srotuberance heating factor of
1.5. The maximum temperature recorded was 353°K (176°F} on the skin
The date and correlation for two adjacent measurements othe af
interstage, one on a stringer and one on the skin are also presented
These measurements were also covered with Koratherm and the maximum
recorded temperature was 360°< (187 The data and correlation for
tie measurement on the feadline fairing forebody is also shown. The
maxinum recorded temserature was 411°< (280°F)

 

Tae net heat transferred to the LH2 during boost was analytically
determined by twa mathods, A comparison between the results obtained
fron these two methods and the maximum and minimum design heating
values is shown in Figure 17-28. Curve 4 is a simulation using the
recovery tenperature aad tan< wall heat transfer coefficient historie
based on tre flight trajectory. Initial LHz tank skin temperature:
from fight data and maximum values of insulation thermal conductivity
(k} as a function of teraerature, as determined from $-I¥B loading and
acceptance firing test data, were used. The maximum and minimum design
values of LHz veating are also based on the maximum and mivimum k curves
The neat transferred tiraugh heat shorts (i.e., heating paths other than
the cylindrical tank) was taken fram a recent $-I¥3 2rozel lant heating
analysis. Curve B was calculated by integrating LHz bulk temerature
cnange resulting from aerodynamic eating during ascent, The Lllz
heating values fall within tie design range.

17.5.4 Instrument Unit Aeroreating Environment

Tne Instrument Unit (IU) aeroheating environment was monitored by eight
thernocauples mounted on the _inner surface of the ‘oneycomb structure
on the low density, 49.7 kg/m (3.1 Thm/fts), core, Seven of the eight
measurenents indicated temperature rises due probably to interna
radiation or local convective heating during the first 30 seconds of
flight, This is shown in Figure 17-29, The two sensors located near
position Iv at station 82.47 meters (3247 in.) and station 82.14 meters
(3234 in.) indicated increases of 5°K (9°F) and 8°K (14°F), resaectively

After 30 seconds, these measurements indicated a cooling trend. The IJ
compartnent ambient gas temperature dropped to 283°K (50°F) at 80 seconds.
After that tine the sensor output was somewhat meaningless since the com-
partnent pressure was approaching 2.1 ¥/em2 (3.0 osia). The inner ski
tenperature indicated a maximum 369°K (189°F) at approximately 190 second
at the sensor Tocated near position I and a minimum of 339°k (151°F) near
position If. The simulation in Figure 17-29 indicated a maximun externa
temperature approxinately 24°X (76°F) higher than the inner sensor
tenperature for the no solar heating case. From 160 to 550 seconds, the
effects of solar radiation could be noted in the measured data. The
simulation of the data was for no solar heating. The sensors located at
positions I and IV would have experienced the greatest solar heat flux;
this was indicated in the measured data. These trends due to solar
heating were noted in the AS-501 data
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17.6 VEHICLE ORBITAL HEATING ENVIRONMENT

17.6.1 $-1¥B Orbital Keating

The orbital temperatures for the Aux? liary Propulsion System (APS)
were determined by ten sensors mounted internally to the APS fairingon various components and propellant transfer lines and four sensors
mounted on the fairing.

Table 17-2 lists the maximun and minimum temperatures during the flightfor the APS measurements. The values for the AS-501 flight are included
for comparison. It can be seen that all components, with the exceptionof the propellant transfer lines, remained within their allowable limitduring the mission. Thermal radiation from the APS engines caused fourline measurements to exceed the maximum alloweble temperature of 324°K(125°F}. Greater than expected APS engine operation was required dueto anomalous flight conditions which accurred about the time of theattempted restart of the S-IVB J-2 engines.
Figure 17-30 shows a comparison of the fairing flight cata with resnectto the predicted desicn temperature envelore. The fairing data falwithin the analytically predicted maximum and ririrur values. Acorrelation of @ measurement located an the APS fairing is aiso shownFairly good correlation was achieved far the first two revolutions .After this time, it is believec that the Flight simulation parametersused to establish the vehicle orientation did not match the actual
flight parameters.
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Figure 17-30. S-IVB APS fairing Temnerature
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Tigure 17-31 shows a correlation of a measurenent located on treoxidizer control nodule filter bedy housing. The measured and pre-dicted values compare fairly well and were within the ooerationallimits for the component. Thernal radtation from tha 89S engines(brought about by the heavy duty cycle imposed by the anomalous flightconditions mentioned previously) caused the flight data and analyticalvalues to diverge during the portion o* the missian after 13,000seconds -

17.6.2 IU Orbital Heating

The IU inner skin temperatures are shown in Figure 17-32 for the first36,009 seconds. The time szent in the earth's shadow is shown by thevertical shaded bars. The highest skin temperature experienced duringascent was 15°K (27°F) higher than that of AS-501. This was prinarilycaused by a 25 percent highes atmospheric density at the higher alt‘ -tudes during AS-502 ascent. Also contributing +0 th’s heating effect
were the higher initial temperatures and a 4 percent higher velocity forAS-502 from 60 to 150 seconds.

 

Based on the time of year far launch, AS-502 was predicted to be in a
somewhat colder orbit than AS-501. The maximum inner-skin temperature
measured in orbit for AS-502 was 325°K (125.6°F) compared with 363°K
(194°F} for AS-501, Figure 16-29 shows the inner-skin temperatures for
AS-502. The large temperature excursions prior to 22,112 seconds were
normal, After 22,712 seconds, APS control was Test and LOX ventirg
caused high pitch and yaw rates, This motion of the vehicle tended tedamp out these temperature excursions.
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SECTION 18

ENVIRONMENTAL CONTROL SYSTEM

18.1 SUMMARY

The S-1C canister conditioning system and the aft environmental condi tion-
‘ing system performed satisfactorily during the AS-S02 countdown with
only one canister and one ambient temperature measurement dropping below
the minimum requirement.

The §-I1 thermal control and compartment conditioning system maintained
temperatures within the design limits throughout the prelaunch operations.

Temperatures monitored on the S-1VB aft skirt components were slightly
cooter than on the AS-EC1 flight but within design limits. Temperatures
of all components mounted on the forward skirt cold plates were within
design limits at liftoff.

The IU Envirormental Control System (ECS) performed well throughout the
flight. Coolant temperatures, pressures, and flowrates remained within
the predicted ranges ard design limits for the duration of the flight
data. One specificaticn deviation was observed which was expected. At
11,670 seconds, the platform gas bearing pressure differential was 0.069
Néem2 (0.1 psid) above the 10.7 N/cm2 (15,5 psid) maximum allowable and
vemained there throughout the remainder of the flight period for which
data is available (33,780 seconds).

18.2 SIC ENVIRONMENTAL CONTROL

The 5-1C stage ECS is usec tc centrol terperature in the instrumentatton
canisters of the forward skirt compartment, and thrust structure compart-
ment during preflight operations. The conditioning and purge agent (air
until -8 hours and 30 minutes, GN2 thereafter} 1s provided to the stage
from a central ground supply.

The S-IC canister temperatures remained within the required Timits during
the countdown except for canister No. 6, The temperature in this canister
dropped slightly below 288.7°K (60°F) during the last minute of the
countdown. It reached a minimum of 287.9°K (58.5°F) at -16.7 seconds
(forward unbilical disconnect).

18-1



The other canister temperatures varied fron a maximum of 300.7°K (81.5°F)
to a minimum of 289,2°K (60.8°F) during prezaunch activities as shown in
Table 18-1.

Table 18-1. S-IC Environmental Control System Canister

 

 

   

Temperatures

MAXIMUM MINTHUN
TEMPERATURE °K (°F} TEMPERATURE °K (°F}

Canister No. 1 C212-120[ 296.2 (73.4) 289.2 (60.8)
Canister Ho. 2 €213-120 295.2 (1.6) 291.2 (64.4)
Canister No. 3214-120] 300.7 (81,5) 298.9 (78.4)
Canister No. 4 €215-120] 299.2 (78.8) 295.4 (72.0)
Canister No. 6 217-120] 294.7 (70.7) 287.9 (58.5)

Extremes from -20 min to -16.7 sec   
The most difficult control condition occurs during J-2 engine chill¢own
which starts at -8 minutes and continues until umbilical disconnect.
Within this t'me period the anbient temperature in the interstage
(Forward compartment) area dropped as shown in Figure 18-1, All the
temperatures were above the 206.4°K (-90°F) predictcd minimum except
for (207-120 which reached a minimum of 168.2°K (-187°F). This tempera-
ture probe is located under a J-2 engine and receives the maxinun effect
of the cold helium.

Temperature plots during flight are not presented because the compart-
ment and canisters are only conditioned until -16.7 seconds. A band
of canister temperatures versus time is shown ir Figure 18-2.

A characteristic aft compartment temperature is shown in Figure 18-3.
Temperature extremes for 11 measurements are given in Table 18-2,
All temperatures were within the required limits of 299.8 £11,2°K
{80 420°F} except that C-202-115 was 3.5°K (6.5°F) below the minimun
requirenent prior to liftoff. This instrument is located at Position III
facing Position IY. This quadrant has two LOX suction ducts passing
through it and C-202 is near the inboard suction duct. The maximum
temperature recorded wes 301°K (82.4°F) at instrument location €204-115.
The flight batteries ore located 26.5 degrees from Position J toward
Position II, There is no telemetered instrumentation in this quadrant.
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  Figure 18-1. S-IC Environmental Control Systems Forward Compartment
Canister Conditioning System
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Figure 18-2. S-IC Forward Skirt Canister Temperatures

Table 18-2, S-IC Environmental Contral system
Aft Compartment Temperatures

[TIME AFT COMPARTMENT TEMPERATURES °K (°F)
JSECONDS C107 toa C202 €203 C204 C205
-240 298(77.0))293(68.0)1285.5(54.5)|290.5(63.5)| 301 (82.4) |298.5(77.9)

0 298(77.0)/293(68.0) |285.0(53.6)] 290.5(63.5) 301(82.4)|298,5(77.9)
63 268 .0(23.0) |
6 275.5(36.5):
70 288(59.0)
75 283.0(50.0)
80 283(50.9))278(41.0)        
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Located on the battery container are four thermistors which control the
anbient tenperature, near the batteries, within the limits of 299.8 +2.8°K
(80 45°F). Figure 18-3 presents the temperature recorded at instrument
location 12K10, which is a hardwire measurement. The compartment tempera-
ture was maintained within the required limits until LOX loading. After
LOX loading until umb‘lical disconnect, the temperature decreased to
291.9°K (66.0°F}. This is 2.2°K (4.0°F} below the compartment requirements
of 299.8 -5,6°K (80 10°F). All interface requirements of flowrate, pres-
sure, and temperature were met by the ground support equipment.

 

18.3 S-I1 ENVIRONMENTAL CONTROL

The S-II stage Environmental Control System consists of two parts.

a. The engine compartment conditioning system provides a means of
purging the engine and aft interstage area of explosive mixtures
during propellant loading operations, and maintaining proper tempera-
ture control for stage components, The compartment purge is effected
by means of warm Gly and is operational only during the prelaunch
period. The compartment vents have been designed to meet these
objectives and to reTieve internal pressure during S-IC boost.

b, The thermal control system is designed to pravide both temperature
control and an inert atmosphere for the electran{c equipment.

containers in the aft compartment. Graund equipment provides
conditioned air for cooling during ground checkout, and GN2 for
purging and heating during and after propellant loading. The
conditioned gas is directed to the equipment containers through
ducting and exhausts to the interstage area. The flow is fixed
by orifices and is continuous until terminated 2t umbilical
disconnect. During flight, thermal inertia and cortainer insulation
will preclude out-of-tolerance ecuipment temperatures,

To verify that the thermal control system provided adequate temperature
control in the electrical equipment contairers, measurements of the
equipment mounting surface temperature were made in all the containers,
As shown in Tables 18-3 and 18-4, all the equipment mount temperatures
were well within tre required temperature limits during both the
prelaunch and launch operations.

Equipment mount temperatures in the forward and aft systems were within
7k (13°F) of their corresponding liftoff temperatures on the AS-501
Flight and showed the same type of temperature profiles throughout the
As-£02 flight with the exception of container 206431, The equipment
mount temperature of this container was very similar to the AS-501 flight
up to approximately 325 seconds. From 325 to 425 seconds, the container
equipment mount temperature dropped approximately 7°K (13°F) and continued
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Table 18-3. S-1] Forward Thermal Control System AS-501 and AS-502
Prelaunch and Flight Data
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to drop another 4°k (7°F) during the remainder of the flight. This compared to a drop of only 1°k (2°F) for the same measurement over the saretime span on the AS~501 flight indicates the presence of cryagenics inthe container area. Considering the proximity of container 206A31 toengine No. 2, together with the fact that none of the ather containerswere affected, would indicate a cryogenic line failure in the engineNo. 2 area. Plots of container 206A31 equiprent mount temperatures
during both AS-501 and AS~502 flights are shown in Figure 18-4,

The engine compartment conditioning system maintained the compartmenttemperature Within the design limit throughout the prelaunch operations.The thrust structure wes below 256° (OF) at. launch which met the designrequirements. A comparison of AS-801 and AS-602 engine compartmenttemperatures at three time frames during both prelaunch and flight periodsis presented in Table 18-5. The measurement locations employed throughoutthe engine compartment are given in Figure 18-5. The interstage tempera-ture control thermistors were set to control to 275°K (35°F) in comparisonto the 278°K (40°F) value employed for the AS-501 launch. This resultedin slightly lower temperatures throughout the interstage at the startof engine chill for AS-502 than during the AS-597 launch; however, thetemperature history characteristics through engine chill and 5-IC boostwere quite similar to the AS-501 flight data, There were no indicationsof abnomatities through S-IC boost.

From the initiation of tanking tarough launch, there were no indicationsof hydrogen or oxygen in the engine compartment.
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18.4 S-1VB ENVIRONMENTAL CONTROL

The forward skirt area of the S-I¥B is conditioned by the IU ECS. The
aft skirt and interstage ECS provide the following:

a. Thermal conditioning of the atmosphere, during ground operations ,
around electrical equipment in the aft skirt.

b. Thermal conditioning of the Auxiliary Propulsion System (APS),
hydraulic accumulator reservoir, and ambient helium bottle.

¢. Purging of the aft skirt, aft interstage and thrust structure,
and the S-II stage forward skirt of oxygen and combustible
gases.

Tenperature-controlled air or GN2 is supplied at the rate of 3500 SCFM
to accomplish the thermal conditioning. The Gkpurge is initiated at
LOX loading and is continued until umbilical disconnect.

38.4.1 Ascent Powered Flight Phase

The temperatures monitored at launch for the aft skirt components, mounted
on fiberglass panels, ranged from $.6 to 11.1°K (10 to 20°F) cooler than
those recorded an AS-501, The forward skirt components, mounted on cold
plates, ranged up to 9°k (16°F) wanrer than those on A5-501. AT terpera-
tures at liftoff were well within the components’ upper and lower tempera-
ture limits.
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18.4.2 Parking Orbit Phase

The data monitored throughout the flight for the bridge modules, prozellant
utilization, and static inverter assemblies appear to be valid. The
temperature extremes recorded during the first 23,800 seconds of flight
ave presented in Table 18-6.

During orbit, al components remained within their temperature Timitsduring the first 24,000 seconds of flight, The cnilldown invertersexceeded their lover temperature limit at this time. This is not. con-sidered to be a problem because the chilldown inverters’ nomial operationperiod extends only over the first 16,200 seconds of a nominal Saturn VFlight. The propellant utilization assembly exceeded its low temperaturelimit at 33,400 seconds. This is attributed te the cold plates beinginoperative at this time and is not considered to be a problem,

Table 18-6. Forward and Aft Skirt Component Temperature*
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Ground hold and orbital data, through the first 16,000 seconds of flight,
ave presented in Figure 18-6 for the chilldown inverters. The result:
of the postfligat analysis, simulating the environment experienced by
the LOX inverter, are also presented. As indicated in this figure there
is satisfactory correlation between the flight data and the analytica
results.
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Figure 18-6. LOX and LH, Childown Inverter Temperatures

18.5 IU CNVIRONMENTAL CONTROL

Prior to launch, a purge duct, located circumferentially above the IU/
spacecraft interface, uniformly distributes tenperature-condi tioned air
from a ground supply prior to fueling, and tenperature-conditioned GN2
subsequent to fueling. Four sensors, located in the IU, monitor the
compartment terperature and feed a signal to the ground equipment to
control the inlet gas temperature which maintains the compartment tempera-
ture within the specified Timits, 290.2 to 295.8°k (63 to 73°F).

The Thermal Corditioning Subsystem (TCS) provides temperature-controlled
heat sinks to which the electronics reject waste heat. A coolant pump
circulates the 60 percent methanol-40 percent water by weight coolant
fluid Methanol/water (M/W) to the IU and S-IVB TCS. Coolant distribution
is controlled by fixed orifices within the IU to 16 coldplates and 4
internally cooled components: the ST-124M-3 Inertial Platform Assembly,
Flight Control Computer (FCC), Launch Vehicle Data Adapter (LVDA), and
Launch Vehicle Digital Computer (LVEC), The IU and S-IVB stage return
Flows converge before entering a heat exchanger assembly, which is com-
posed of a preflight heat exchanger and a sublimator as shown in Figure
18-7,
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Pressure is supplied to the ICS through regulators and filters to a M/tl
accumulator from a 2068 N/em? (3000 psi), 2700 cm3 (165 in.3) sphere. The
M/W accumulator prevides for fluid expansion and contraction, compensates
for fluid losses due to leakage, and iraintains coolant pump inlet pressure
An orifice regulatcr further reduces the GNz pressure to an acceptable
range. This pressure expels waler from the water accimulator to the
sublimator. The GNz continually vents tu the Vehicle compartment throug}
the orifice regulator.

Quring prelaunch operatian, M/M from a Ground Support Cooling Unit (GSCU)
circulates te and from the preflight heat exchanger through the umbilical.
A Nedulating Flow Control Valve (MFC¥) controls the onboard fluid tempera-
ture by varying the arount of coolant flowing through or around the heat
exchanger. “Continuous valve operation maintains a stable M/N temperature
of 288°+ 0.86°K (59 41°F).

In flight, heat expulsion is achieved in the sublirator. Water, which is
supplied under pressure from the water accumulator, freezes upon exposure
to the space environment and then sublimes, removing heat from the M/h
coolant.

At T) +5 secends, a switch selector command enables the sensor bias
This command places RI, shown in Figure 18-8, in paraltel with the elec-
tranic contreller asserbly input, causing the MFCY to be driven to zero
bypass, and all coolant is forced to flow through the sublimator. At
Ty 475 seconds, a switch selector command disables the electronic con-
troller assembly. The M/W temperature is measured by two thermal switche:
whose outputs are sensed by the LYDA/LVDC. The LYDC is programmed to
sense the condition of these discretes once every 300 seconds, starting
at 7] +180 seconds. This allows sufficient time to elapse after littott
for the ambient pressure to drop low enough for the water sublimator to
function, If the temperature af the coolant is above the upper tempera
ture setting, 2€8.3°K (59.55°F), a switch selector command is issued to
open the water solenoid valve to allow sublimator cooling. If the coolant
temperature falls below the lower limit 288.1°K (59.16°F), a switch
selecter comand is issued which closes the water solenoid valve, halting
sublinater operation.

AS-502 was the first vehicle to utilize sublimator water-feed regulation
for tengerature control fror liftoff. The system was verified on AS-208
as an after-rission experiment. Previous vehicles utilized 4/l nodula-
tion, as described for ground operation. ‘The change was made to eliminate
the undersirable minium sublirator cooling rate. AS-502 also had seven
140-watt heaters, flown previously on AS-501, as a temporary fix to
ipreve the ECS heat balance.

18.5.1 Thenral Conditioning System

higher prelaunch purge-gas temperatures were provided on AS-502 to
elininate the low compartment ambient temperature experienced on AS-B01
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following S-IVB LHz loading. This higher purge-gas temperature, coupled
with higher skin temperatures, resulted in a conpartment temperature at
Taunch of 295°K (71.6°F) for AS-502, as compared with 287.4°K (58°F) for
AS-50]. The average skin temperature at launch on AS-502 was 5.12°K
(11°F) above the AS-501 average.

The available data shows proper functioning of the TCS, as shown in Figure
18-9. The present indications are that the M/W control temperature
remained within the 280.2 to 293.0°K (45 to 68°F) control band.

 

Figure 18-9. Temperature Control Parameters

Figure 18-10 shows a sublimator water inlet temperature rise at 111 seconds.
This was 71 seconds prior to sublimator startup and was related to a
pressure differential (D43-601) increase at 116.6 seconds. This perform-
ance deviation has heen attributed to water droplets trapped in the tubing
‘on the sublimator side of the water solenoid valve. By 111 seconds, the
IU compartment pressure and sublimator cavity pressure, as indicated by
the zero differential reading of 043-601, had decreased to 0.276 K/cné
(0.4 psia). This was approaching the vapor pressure of water at tne
temperature within the cavity. The warmest water droplets in the
sublimator and Tine cavity would be those adjacent to the water valve
which dissipates heat during the time it is closed. As these droplets
changed phase, the warm vapor was sensed by the temperature measurement
and finally by the pressure differential measurement as the gaseous
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molecules filled the sublimator cavity. Water, at the pressure and tem-
perature indicated, will experience a volume increase of approximately
50,000 times as it changes into the gaseous state. The pressure
differential increase shown by 043-601 in Figure 18-10 resulted from a
constant vapor pressure in the sublimator and tubing while the decreasing
IU ambient pressure was approaching zero.

   jo        

   

e
s

    

ru
ss
es
,

to
e?

 

    
Figure 18-10. Sublimator Water Inlet Per*ornance

A step increase in the differential pressure measurement is noticeable
at 133 seconds, which consequently recresents 2 corresponding decrease
in the IU internal ambient pressure. If no change had occurred in the
IU ambient pressure, a temperature increase of 4.4 to 5°K (9 to 10°F)
would have had to occur at this time if the vapor pressure within the
water Tine had increased by the magnitude shown in Figure 18-10. The
temperature and pressure decrease after 149 seconds indicated that all
the water within the tube had vaporized. This pressure decay is
characteristic of the sublimator normal crying cycle. At 18 seconds,
when the water solenoid valve opened, the pressure differential response
led the tenperature resporse as the vepar bled out of the water line,

Figure {8-11 shows the sublimator start-up characteristics during ascent.
Not shown is the position of the MFCV, which began driving to the full
sublimator flow at 1] +5 seconds as progranmed. Full heat sink flow was
achieved at Ty +16 seconds.

: 182.29 seconds (first interrogation of the thermal switches), the
coolant temperature was 290.2°K (63°F), which was 1.94°K (3.5°F) above
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Figure 18-11, I AS-502 Sublimator Startup Characteristics

the control point, and the water valve opened. This was verified by the
yalve position, increasing water inlet pressure, and water flowrate
measurements. ‘The sublimator inlet temperature reached a calculated
293°K (68°F) during ascent, and a 10 kw (34,140 Btu/hr) heat rejection
rate was required to bring the coolant temperature back te the control
Tevel. Subsequent sublimator cycling can be identified from the curves
in Figure 18-9. Seven water coolant switch selector operations in
Section 2, Table 2-3, verify proper operation of the trermal cortral
switching system.

None of the water system deviations {i.e., erratic low-level water
flowrates and pressures) experienced on AS-204 were present in the
AS-502 data. Fluid pressures and flowrates were within the desired
ranges, considering the 5 percent possible measurement error, as shown
in Table 18-7. Punp outlet pressure, D17-601, was erratic. However,
this was a transducer problem and the weasurement was waived prior to
Jaunch.
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Table 18-7. IU TCS Flowrates and Coolant Pressure Data
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The TCS GNz sphere pressure decay is seen to be nominal and the excessive
GN2 consumption rate of AS-204 was not observed, as shown in Figure 18-12.

Figure 18-13 shows selected component temperatures for AS-502. Therewere greater fluctuations in component temperatures for AS-502 than AS-S01during the orbital phase of the flight, This was caused by the water-feed control method of temperature contra] used on AS-502 which alloned
5°k (9°F) variations in the M/W temperature. The continuous contro)method employed on AS~&01 allowed variations of Tess than 1°K (1.8°F)
in the M/W temperature. The variations in the component temperatureson AS-502 had no detrimental effect on the operation of any of thecomponents.
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Figure 18-12. TCS GHz Supply Pressure and Temperature

18.5.2 Gas Bearing Supply System

The Gas Bearing System (GBS) supplies regulated Gaseous Nitrogen (GN2)
to the ST-12éM-3 Inertial Platform Assembly for lubrication of the gas
bearings during preflight and flight operation as shown in Figure 18-7.
During preflight operations, GN2 at 2068 N/cm@ (4000 psig) flows from
a ground source through the GNo fill coupling on the umbilical and
through the open GN2 solenoid valve to the 0.057 ms (2,0 ft8) sphere.
Should the GNp storage sphere pressure drop below 637.3 N/am? (925 psig)
during prelaunch subsystem operation, a signal from the low-pressure
switch would be initiated to shut off electrical power to the platform.
The low-pressure switch is inactive during flight.

During system operation, GNo flows from the storage sphere at an initial
pressure of 2068 N/em2 (3000 psig). After the GN2 is filtered, the gas
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bearing pressure reculator drops the pressure to the acceptable value for
ges bearing operaticn, The GN2 flaws through the heat exchanger and a
second filter to the plotform gas bearing inlet. The heat exchanger
thermally conditions the Giz. A line frer. the platform to the dome of
the pressure regulator cuppiies the reference pressure required to control
the pressure differential across the gas bearings.

The GBS pressure differential drifted above the 10.35 40.345 N/en®
(15 40.8 psid) specification as expected. Figure 18-14 shows the differ-
ential pressure to be €.069 N/om2 (0,1 psi) above the maximum specification
value after 11,670 seconds, The gas tearing pressure regulator is
sensitive to a chenging reference pressure, recuiring a series of
calibration curves for each different reference pressure. The calibration
curves generated during component acceptance testing (to modify the flight
deta) yield the following result:

The 10.35 N/cm2 (15.0 psid) at launch became 10.24 N/cm? (14,85 psid).

b. The 10.76 N/om? (15.6 psid} at 33,780 seconds became 1¢.85 N/a?
(15.725 psid).
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The fact that the 5 percent possible measurement error can account for
a 0.69 N/omé (1.0 psid) correction further obscures the actual flight
performance data. The following facts should be noted:

a. The pressure differential was predicted to drift to 11.04 N/em2
(16.0 psid).

b. The desired 10.35 N/on2 (15.0 psid) regulator set point is consistently
in error because of the transducer sensitivity to the reference
pressure.

¢, No conclusion about regulator performance can be reached until the
flight data can be accurately assessed and transducer problems resolved.

The GN2 delivered to the platform was well within the 274.7 to 310.8°K
{35 to 109°F) temperature requirement. The GBS GNp sphere pressure decay
as shown in Figure 18-15 is seen to be near nominal. Calculations indicate
a 0.388 SCFM usage rate (within the 0.3 to 0.5 SCFM allowable range)
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SECTION 19

DATA SYSTEMS

19,1 SUMMARY

The data system consists of the measurement systems, telemetry systems, tape
recorders, RF systems and optical instrumentation. ‘There were 2753 telem-
etered measurements active at the start of the AS-502 automatic countdown
sequence. Of the 2758 measurements, 58 failed in flight, resulting in an
overall system reliability of 97.9 percent.

The Airborne Telemetry System operated satisfactorily, including preflight
calibrations and inflight calibration.

Tape recorder performance was good; however, due to the extended burn time
of the S-II and S-1¥B stages, the S-IC/S-I! separation data playback was
not recovered from the S-II, S-IVB,and IU recorders. This was because
insufficient playback time was programmed to cover the anomalous situation
caused by the S-II two-engines-out condition.

Performance of the RF systems was good. Approximately 2 seconds of rea
time data on all S-IC stage telemetry links were Tost due to a data drop-
out at 146.0 seconds. This condition was also noted on AS-501 and appear:
to be related to S-IC inboard engine cutoff (ECO)

Grourd camera coverage was good as evidenced by 84 percent system efficiency.
Hovlever. only two of the six onboard film cameras were recovered. Three
of the cameras on the S-IC stage failed to eject and one of the S-II cameras
was not recovered due to a weak recovery beacon signal -

19,2 VEHICLE MEASUREMENTS EVALUATION

The measurement system is composed of the transducers, signal conditioners
and power supplies necessary to transform the physical quantities being
measured into electrical signals suitable for telemetering, and of the
measuring distributors necessary to route these signals to the proner telem-
etry channels.

The AS-5G2 measurement systems operated satisfactorfly. Lost measurements
did not adversely affect vehicle postflight evaluation, except in isolated
cases such as J-2 engine vibrations, since sufficient data were acquired
to complete the evaluations.
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There were 2788 measurements scheduled far AS-502 Twenty-six measurements
were watved/scrubbed prior to start of the automatic countdown sequence and
4 measurements were not considered in devernining measurement reliability.
Of the remaining 2758 measurements which were used for reliability determin:
nations, 880 were on the S-[C stage, 951 on the S-IT stage, 597 on the S-IVB

Fifty-eight measurements failed in flight, resultingand 336 on the IU.
in an overall measuring system reliability of 97.9 percent In addition to
the failed measurements there were 54 partially successful measurements,
57 measurements with improper range and 2 questionable measurements. Four-
teen of the waived/scrubbed measurements provided good data during flight.
A summary of vehicle measurements is presented in Table 19-1.

19.2.1 S-IC Stage Measurement Analysis

There were 888 flight measurements scheduled for the S-IC stage. OF these
8 measurements were waived/scrubbed prior to the automatic countdown se-
quence, 15 failed in flight, 21 were partia:ly successful, and 19 hed im
proper range. Five of the waived/scrubbed measurements provided useful

Based upon 880 measurements active at the start af
automatic countdown and 15 failures during flight. the reliability was
data during flight.

98.3 percent.

Neasurenents waived/scrubbed prior to launch, measurement failures (includ-
ing partial failures), and measurements of improper range are summarized
in Tables 29-2, 9-3, and 19-4, respectively

 

 

 

Table 19-1. Yehicle Measurements Summary
ESTE)

Suc sol STAGE INSTRUMENT

|

TOTAL
TASE Sings Domase ar) UNE VEHICLE

No. Scheduied 888] 958 604m) 60MM) 338, 275Gee*
No. Waived/
Scrubbed 8 7 9 9 2 26
No. Failures 15 26 10 i c 58
No. Partial
Successes a 33" 0 a 0 54
No. Improper
Range 19 24 8 8 57
No. Questionable a a 2 1 2
Measurement,
Reliability 98.32 97.5% 92.3% 96.9% 1008 97.98       
 

* Includes measurement faitures which were a consequence of engine
malfunctions.

** Fourteen of these measurements provided useful data during flight.

*** Four of these measurements are not wholly on the stage and are not
used in calculating measurement reliability.
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Table 19-2. Measurements Waived/Scrubbed Prior to Launch
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Table 19-2, Measurements Waived/Scrubbed Prior to Launch (Continued)
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Tha crystal accelerometers and emitter followers used on AS-501 for 17engine area Vibration measurements were replaced with crystal acceler-
ometers with integral emitter followers for this Flight. This change didnot completely eliminate hign amplitude, low frequency noise problems
noted on AS-591. However, a significant improvement was noted in the
amount of useful data obtained.

19.2.2 S-II Stage Measurement Analysis

There wore 958 flight measurements scheduled for the $-iI stage. Of these,
7 measurements were waived/scrubbed prior to the automatic countdown se-
quence, 24 failed in flight, 33 were partially successful, and 24 hadimproper range, Two of the Waived/scrubbed measurements provided useful
data during flight, Based upon 951 measurements act‘ve at the start of
automatic countdown and 24 failures during flight, the reliability was
97,5 percent,

Measurements waived/scrubbed prior to launch, measurement failures (in-
cluding partial failures), and measurements of improper range are sum-
marized in Tables 19-2, 19-3,and 19-4, respectively.

Eleven temperature measurements which failed during flight indiceted a
possible bonding problem. The bonding technique for these transducers is
being investigated.

Erratic behavior of two temperature measurements on fuel turbine inlets
was suspected to have been caused by melting of solder in the transcucer
connector, resulting in an open circuit to the dc amplifier. ECP J2-422
effective on engines installed on A5~504 end subs, has been released, re-
quiring that these wires be brazed to the connector.

Interaction between measurements on a common power supply which had been
Aoted on AS~501 was not present on AS-502 even though events similar to
those which caused the interaction on AS-501 were experienced. This and
static firing data from S-11-4 at Mississippi Test Facility (MTF) demonstrated
the effectiveness of the design change to eliminate interactions.
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Several vibration measurements experienced short transtents. These tran-
sients were sufficient to invalidate the data on two measurements. Exton-
sive tests are under way with individual components and a complete stage
system cenfiguratian to determine the cause, Transients similar to those
noted on the flight data have been reproduced in a number of different
ways; however, no conclusions as to the specific cause have been formulated.

It was also determined that al] engine vibration measurements saturated
their respective measurement channels. As a resuit, an engineering change
is being processed te change the range on all of these measurements.

The camera light battery monitor measurement decreased to 88 amperes
at intersLage separation instead of the expected zero amperes. The
probable cause was a cable short to the structure at interstage separation.
Since cameras will nct be flown on future missions and this measurement
will not be used, no changes are conterplated,

The high percentage ef strain measurement failures experienced, with five
scrubbed measurements and one inflight failure, indicated a possible in-
stallation protlem. tnvestigaticn indicated thet the present installation
was highly susceptible to moisture absorption, which could create the fail-
ure mode experienced by these measurements. An engineering change is
presently being processed to moisture-prcof these instal laticns.

A number of measurements malfunctiored as a result of the failure mode
of engine No. 2. Tests are being conducted in an attempt tc determire
the particular failure mode of the transducers and signal conditicni
equipment. Thus far, it kes teer determined that similar failure indice-
tions could be obtained with a diverse number of unexpected envircnmental

or failure condittons.

 

Fifteen temperature measurements fatled as a result of the engine No. 2
failure mode at approximately 412.9 seconds. Of these, 12 hydraulic tem-
perature measurements were believed lost due to at least ane wire from the
conmon 428 vdc regulated power supply being shorted to its shield or to
the structure. Some of the wires from the power supply to the transducers
were located in the area of vehicle station 42.57 meters {1676 in.),
stringer 108, where damage to wire bundles was considered tc have occurred.
The other failures were considered to Fave been caused ty transducer open
circuits.

In addition to the 15 temperature measurement failures discussed above, four
Pressure measurements did not exhibit normal shutdown characteristics at
engine No. 2 shutdown. These measurements provided gcod data until engine
No, 2 shutdown; however, after engine cutoff, they did not indicate expected
values, Data indicated possible open transducers or oper circuits.
An apparent failure occurred on the measurement monitoring switch selector
telemetry output. Investigation of the problem indicated that the wiring
between the switch selector and the telemetry package, whick runs by ve~
hicle station 42.57 meters (1676 in.), stringer 1U8, probably caused an
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open circuit and was associated with the engine No. 2 failure. Switch
selector operation was verified using another measurement.

AIT measurement failures asspciated with the engine No. 2 failure mode are
grouped separately in Table 19-3.

19.2.3  S-1VB Stage Measurement Analysis

There were 604 flight measurements scaeduled for the S-IVB stage. Of these,
four measurements were not wholly on the S-IVB stage and nine measurement:
were waived/scrubbed prior to the automatic countdown sequence.

During Phase I (liftoff to parking orsit insertion) there were ten neasure~
ment failures in Flight. During Phase II (liftoff to 5-1YB/Spacecraft
separation) there were nine additional failures. One measurement whi cl
failed in Phase I1 is considered questionable in Phase I. Eight measure-
ments had improper range and two ware questionable. Five of the waived/
scrubbed measurenents provided useful data during flight. Based upo
591 measurements active at the start of automatic countdown and wholly on
the S-IVB stage and ten failures during Phase 1, the measurement relia
bility was 98.3 percent. Based upon 591 measurements active at she start
of automatic sequence and 19 failures during Phase II (including the 10 Phase
I failures), the measurenent reliability for this period was 96.8 percent.

Measurements waived/scrubbed prior to launch, measurement Failures, measure-
iments of improper range, and questionasle measurements are surmarized in
Tables 19-2, 19-3, 19-4, and 19-5, respectively.

Failure of measurements C10-493, 5162-403, and £209-401 is considered to
be associated with the engine failure to restart anomaly, and these measure-
ments are grouped separately in Table 19-3

19.2.4 Instrument Unit Measurement Analysis

There were 338 flight measurements scheduled for the Instrument Unit. OF
these, two measurements were waived/scrusbed prior to the automatic count-
down sequence. There were no failures in flight, either partial or total
Six measurements had improper range. Both of the waived/scrubbed measure-
ments provided useful data during flight.

Based upon 336 measurements active at the start of launch and no failure:
during flight, the reliability vas 100 nercent, Measurements waived/scrubbed
prior to launch and measurements with imorover range are summarized in
Tables 19-2 and 19-4, respectively

19.3. AIRBORNE TELEMETRY SYSTEMS

The telemetry systems of each stage of tre vehicle operate independently
of the other stages. These systems modulate the signals from the measure-
ment system onto RF carriers for transmission to ground stations. The
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Table 19-3. Measurement Malfunctions During Flight
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Table 19-3. Measurement Malfunctions During Fligst (Continued)
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Table 19-3. Measurement Malfunctions Curing Flight (Continued)
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Table 19-3. Measurement Mal functions During Flight (Continued)
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Table 19-4. Measurements With Inproper Range (Continued)
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Table 19-4, Measurements With Improper Range (Continued)
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different modulation techniques employed provide a means for efficient
transmission of a large quantity and variety of measured data requiring
different bandwidths and accuracy, There were 23 telemetry links used to
transmit flight data on the AS-502 launch venicle: six on the $-IC stage,
six on the S-IT stage, five on the $-1VB stage, and six on the Instrument
Unit. Performance of the telemetry systems was generally satisfactory

 There were approximately 4.4 seconds of real time data lost on all S-1C
telemetry links due to RF blackouts. Critical data were recovered, bow-
ever, by airborne tape recorder playback. The $-[1 stage, $-IVh stage,
and IU lost approximately 1 second of data on all telemocry links due toRF blackout during $-I¢/S-II staging. None o” these data were recovered
Since tape recorder dlayback did not reach this tine period due to a pro~
longed recording >erfod brought about by S-II extended burn time and in-
sufficient recorder playback time.

 

 

A summary of the telemetry system performance is presented in Table 19-6
19.3.1 S-IC Stage Telemetry System

There were six telemetry links used to transmit flight data on the S-IC
stage: three Pulse Anplitude Modulation/Frequency Noduletion/Frecuency
Modulation (PAM/FM/FM) links: one Pulse Code Nodutation/Frequency Modul a-
tion (PCM/FM) link; and two Single Sideband/Frequency Modulation (55/FM)
links, Transmission of data from all six links was generally satisfac-
tory during flight with the exception of three significant cata dropcut
periods when data were lost from all links. These data dropouts cccurred
at approximately 146.0 seconds (2 seconds), 149.2 secends (1.2 seconds),
and 152.3 seconds (1,2 seconds), and corresponded with the RF blackout
periods discussed in detaii in paragraph 19.5.1, Data from the AF] and AF2
Tinks were recovered from the airborne tape recorder playback.

The interna: calibrator within the 270-chenne] multiplexer assemhly for
PAM/FH/FH Tink AF2 initiated a sixth calibration step, approximately
26 percent of full scale, after completion of each pregranmed five step
calibration sequence. This resulted ir 83.3 millisecands of interrupteddata on each PAM channe] after each inflight calibration. No further hin-drance to data transmission was exhibited. This condition was noted prior toflight and a waiver granted.

 

During ground checkout, the frequency of the upper and lower band edges ofthe PCM/FH Tink RF assembly were found to be above their specified limits
by 2 kilohertz and § kilohertz, respectively, This out-of-tolerance con-
dition was waived and produced no adverse effect on the PCM data transmitted.
The signal strength from PAM/FN/FM link AFT became erratic and exhibited
a marked reduction in level at approximately 350 seconds. The incident and
reflected power measurenents for this Tink Indicated an erratic mismatch
in impedance between the Voltage Standing Wave Ratio (VSWR) monitor and
the RF multicoupler at this time. It is suspected that the problen is
associated with the cable interccnnecting these two components.
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Table 19-6. Launch Vehicle Telemetry Links
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Programmed inflight calibrations indicated that all telemeter channels
were within the accuracies specified.

19.3.2 S-II Stage Tetemetry System

There were six telemetry links used to transmit flight data on the S-IIstage: three PAM/FH/FM links, two SS/FN links, and one PCM/FM Tink.Transmission of data from all six links was generally satisfactory withthe exception of expected dropouts during 5-IC/S-II staging when a1] datawere lost. These data were not recovered by airborne tape recorder play-back for the reasons discussed in paragraph 19.4.2,

 

Selected measurements and osciltograph recordings were evaluated to deter-mine the proper functional operatior of the telemetry equipment to theblack-box level. This selective review verified the proper operation ofthe telemetry equipment.

Four programmed irflight calibrations indicated that all telemeter channelswere within the accuracies specified.

Transients were noted on several channels of both SS/FM telemetry links.Comparfson of the data processed from all sites verified that the tran-
sients were the result of a stage problem and not a data processing pro-blem. Studies are underway to determine the source of these transtents,

19.3.3 S-IVB Telemetry System

There were five telemetry inks used to transmit Flight data on the S-IVBStage: three PAM/FM/FM links. one PCM/FM Tink, and one SS/FM ink. Trans-mission of data from all five links was generally satisfactory with theexception of expected dropouts during S-iC/S-II staging when all datawere lost. These data were not recoverad ay airborne tape recorder play-back for the reasons discussed in paragrapa 19.4.

The performance of the PCM system was excellent. All multiplexers wereproperly synchronized and tneir outputs properly interlaced as confirmedby the reduced data. PCM was utilized as the prime data acquisition
system.

The performance of the PAM system was excellent. There were no systen or
component malfuncttons and synchronization was good.

Performance of the FM system was excellent. ‘The Voltage Controlled Os-
cillators (VCO) performed well. VCO center and band edge frequencies were
well within their specified limits.

The $S/FM systems performed well during the mission, The SS/Rt transla~
tor calibrated as specified, and all calibration signals were clean and
easily distinguishable for evaluation.
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19.3.4 Instruvent Unit Telemetry Systems

There were six telemetry Tinks used to transmit flight data in the IU:
one FX/FH/FM Tink, one PAM/FM link, one SS/FM link, one PCH/FM Tink (VHF),
one PCM/FM Tink (UHF), and one POM/FM link which used the Cormand and Com-
munications System (CCS) transponder. The three PCM links al] transmitted
the save data. Examination of available data indicated satisfactory per-
formance of atl Tinks with the exception of expected drop out during
S-IC/S-11 staging when all data were lost. These data were not recovered
by airborne tape recorder playback for the reasons discussed in paragraph
19.4. The reflected power in the FM/FM/FM link measured by the VSWR was
above the specified 9 percent of the forward power; however, this measure-
ment was above the specification prior to launch. Transmitted data were
of good quality and indicated low noise Tevels.

Performance of the PAM/FM and PCM/FM (VHF} Tinks was nominal. Al] data
transmitted were of good quality. Because of the abnormal flight profile,
no satisfactory data were available to check out performance of the
redundant UHF and CCS PCM systems,

The performance of the $S/FM link was satisfactory. The reflected power
far this link was above the specified limits prior to launch but dropped
to within specified limits after approximately 200 seconds of flight.

19.4 AIRBORNE TAPE RECORDERS

The airborne tape recorders recorded and stored for subsequent transmis-
sion portions of the data that would otherwise have been lost due to flare
effects or visibility constraints at receiving stations. Not all of the
recorded data were recovered due to factors discussed below. A summary
of vehicle tape recorders is presented in Table 19-7.

19.4.1 S-IC Stage Recorder

One two-channel magnetic tape recorder recorded data from the S~IC stage
AF] and AF2 PAM/FM/FM telemetry links during S-IC/S-TI staging, The re-
cord and playback commands were initiated on schedule as shown in Table
19-7. Data were recorded for approximately 123.7 seconds. The duration
of the airborne timer which initiated playback was 24.7 seconds, falling
within the design limits of 24 41.5 seconds. Airborne recorder playback
amplifier gain was within specified limits of 43 decibels of the
corresponding real time data,

The 3 sigma noise errors for recorded links AFI_and AF2Z were 2.73 percent
and 2.08 percent of full scale, respectively. This compared with respec-
tive 3.50 percent and 3.85 percent of futl scale noise values for the
AS-501 flight.

19.4.2 S-II Stage Recorders
Two two-channel magnetic tape recorders recorded data from the BFl, BF2,
and BF3 PAM/FM/FM telenetry links and selected discrete data pertinent to
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Table 19-7. Tape Recorder Sumary
 

RECORN TIME PLAYBACK TIME
 

 

 

 

 

    

RECORDER peconpen (RANGE TIME, Sec) (RANGE TIME, SEC)
START stop start _5T0P

LAUNCH PHASE
S10 Recorder AFI 50.15] 173.62] 173.82] 298.66

aF2
S-I1_ Recorder BF 74.74] 169.78] 599,38] 699.60
Nee BFZ 453.67| $87.59
S-IT Recorder BFS 74.74] 159.78} 599.35] 699.60
Ne, 2 BT 483.67] 587.69
5-1V6 Recorder cr 135.16] 193.78] 835.75] 908,75

tre 483145] 588.25
crs

TU Recorder DF 135.95] 162.17] 836,45] 920.45
pre 463.46] 595.75

ORBITAL PHASE
SuTVE Recorder wT
Playback at:

Tananarive 909.45} 2392.75 2397,95 2560.75

Guaymas 2560.95) 5at7.95 5418.35 5774.75

Tenanarive 8775.18] 7933.75 7939.97 8210.55
Hawaii 8219.75] 10,442.75 to,a4z.95 flo,707.75
Guaymas 10,707.35
Hawati 16,929..72416 990.6271 967.42"   

* Ground command.
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the separation sequence. The discrete data were time division multiplexed
by the BT1 multiplexer, and the playback wes transmitted on the BS1 5/FN
telemetry Tink.

The record and playback commands were initiated 2s shown in Table 19-7.
The recorders and associated hardware performed 2s required, with the ex-
ception of the record/playback capability due to the extended S-11 stage
burn time.

Due to the extended S-II burn time the only receiver station to receive
playback data was Bermuda: hence, this evaluation was limited to the flight
data received from that station.

Several problem areas were encountered because of te prolonged S-II powerec
flight time. The normal record periods arc 85.04 secords for S~IC/S-II
separation and 58 seconds for S-11/S-1VB separation folloved by a 100-sec~
ond playback interval as determined hy S-11 stage onboard timer 3. This
time sequencing was to ensure that the recorded calibrations occurring
approximately 18 seconds prior to S-IC engine cutoff and approximately
18 seconds after S-II engine cutoff would be returned in addition to the
separation data. However, since the S-II stage burned longer than nominal,
the record intervals for recorders 1 and 2 during S-I1/S-1¥B separation
were 103.93 and 99.48 seconds, respectively, rather than the nomina
58 seconds. Tt should also be noted that recorders 1 and 2 stopped re-
cording 17.2 seconds and 6.82 seconds after S-IT engine cutoff, respec.
tively, instead of the nominal 23 seconds. The recorders were stopped at
these times because tape on the supply reel was exhausted. Additionally,
Since the playback incerval was limited to approximate-y 100 seconds and
the recorders play back backwards neither the S-IC/S-17 separation data
nor the calibration 18 seconds prior to $-IC engine cutoff were retrieved
during playback. No catibration data, therefore, were recrieved on tape
recorder playback for comparison with the corresponding real time dat:

To ensure that these problens encountered on AS-502 would not recur on sub-
sequent flights, Master Change Record (NCR) 5669 has been initiated to
disable t'mer 3 by tieing back the output from the timer, thereby e]1imi-
nating the 100-second limited playback interval. Although this would not
rectify the failure to record the calibration cycle 18 seconds after S-I
engne cutoff, which is a function of the amount of tape in she supply
reel, it would ensure resrieval of S-IC/S-II separation data and the calf
bration cycle 18 seconds prior to S-IC engine cutof?. Presently the tape
recorders are equipped with sufficient tape to cover a burn time approxi-
nately 40 seconds longer than nominal

The analysis of the tape recorder system was accomplished by evaluating
oscillograph recordings of continuous IRIG channels of BFl, BF2, and BF3
plus certain PAM channels of Multiplexers Al, AZ, and A3. The present
requirement is that the tape recorder playback shall be within 3 percent
of che real time flight data.
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The data on the continuous IRIG channels of BF1, BFZ, and BF3 varied from —
the real time data only to the extent that additional noise was present on
the signal. Tre amount of noise present during playback above that pre.
sent during real time data was 2 percent for ‘3F] and BF2, and 1 percent
for BF3. The PAM data atso displayed a nominal data level difference of
the order of 2 percant for multiplexers Al, AZ, and A3. The comparison
of the calibration levels for the IRIG channels plus the PAM channels wa
not performed since no calibration data were transmitted during payback
due to the extended burn time,

The discrete measurements transmitted via the B71 multiplexer were analyzed
utilizing a 3 percent trend tab and oscillograph recordings. These wer
then compared with the PCM discrete tab for correlation between the two
data links. Analysis revealed that the 120 sample per second discrete
measurements correlated with the PCH data and the noise content did not
exceed the 3 percent figure. The 12 sample per second discrete measure-
ments transmitted via channels 24 through 27 of BT1 multiplexer, however,
contained excessive noise not evident on the PCM data. Further analysis
is required to resolve the source of the excessive naise. The cavibration
was not transmitted during playback.

19.4.3 S-I¥B Stage Recorder

Three of the fourteen available tracks in the S-1VB tape, recorder were
utilized to record PAM/FM/FM Tinks CF], CF2, and CF3 during S-IC/S-II and
S-I1/S-1YB separation. The recorder was commanded to play back the re.
corded data after S-IYB first cutoff. Five of the 24 available tracks of the
S-IVB tape recorder were utilized to record the PCN/FM telemetry link in
orbit.

Tape recorder performance was generally good throughout the mission.
S-IC/S-IT separation data were not recovered due to the extended S-11 bur
time for reasons similar to those previously discussed on the S-II stage
recorders. The tape recorder recorded a1] analog data on fast and slow
record commands and played it back for the t'mes specified with the ex-
ception noted above. Although the orbit was perturbed as a result of the
S-IYB overspeed at first burn cusofr, the ground track timeline over re-
ceiver sites recording S-IVB tape recorder playback data apparently re-
mained close to nominal since nearly 90 percent of the airborne recorded
data was received on the ground

19.4.4 Instrument Unit Recorder

One two-channel magnetic tape recorder recorded data from the IU DF] and
DF2 telemetry links during S-1C/S-1] and $-11/S-IVB8 staging. The recorderresponded properly to record and play back commands. The quality of theplayback data received by Apollo Range Instrumented Aircraft (A/RIA) waspoor, probably because of poor signal reception. S-IC/S-II staging data
were not recovered due to the S-IT extended burn time for reasons similarto those previously discussed on the S-IT stage recorders.
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19.5 RF SYSTEMS EVALUATION

The launch vehicle RF systems consist of telemetry, tracking (includingC-Band, ODOP, Azusa/Slotrac and CCS), conmand, and television systems trans-mission and reception. Not all of the data required to perform a totel RFanalysis were available for tais evaluation. 3ased on available data theoverall performance of launch venice RF systems was good. Measured flightdata with fev exceptions agreed favorably with expected trends. Telemetrypropagation was good, a5 was tracking performance. Due to the extended
S-I1 burn period tape recorder playback was not accomplished, and data lostduring S-IC/S-II staging were not recovered, as discussed in paragraph 19.4.Preliminary data indicated that the Command and Communications System per-formed well, Insufficient data were received to evaluate the video system.
19.5.1 Telemetry Systems RF Propagation Evaluation

The telemetry transmission system provided the means for transmitting modu-lated measurement data from the vehicle to the ground receiving stations.The RF carriers were chosen to provide an appropriate ba‘ance of data trans-
mission capability to handle the quantities and varieties of data originat-ing on the Saturn ¥ vehicle. The performance of the telemetry systens on
AS~502 was excellent,

Gross main engine effects causing attenuation and signal strength flunctua-
tions were observed between 120 and 145 seconds at Cape Telemetry 4 (TEL 4)
and Central Instrumentation Facility (CIF) as predicted. Grand Bahama
Island {G81} also experienced these effects due to separation flow up the
side of the vehicle. The average attenuation at TFL 4 was about 20 to 25decibels, which was less than the signal strength fluctuation experienced
by Saturn I and 1B vehicles and was comparable to AS-507

A transient in signal level occurred at 133.3 seconds but did not result
in any data loss. This transient was observed on the Instrument Unit OFI,
OF2, DS1, And DP1 YHF telemetry Tinks at GBI and is stown in Figures 19-1
and 18-2. No effects were observed at this time on the TEL 4 recorded
data. This transient is discussed in detail in Section 9A.

A drop of approximately 8 decibels was observed on IU Tirks DF, OF2, 0S1,and OPT at 141.2 seconds. This drop in signal level was indicative of apparent antenna ionization problems. Antenna recovery on these Tinks wasobserved at 165.5 seconds. A drop in sigral level fer 2 seconcs similar
to that experienced on AS-501 occurred at 146.0 secancs and resulted i
loss of signal from the S-IC VHF telemetry at TEL 4, CIF, and GBI. VHF
telemetry effects in the other stages were progressively less severe. Taperecorder playback data on the S-IC telemetry links at this time generallyindicated an increase in reflected cower and a decrease in forward power
The time of this anomaly feltewed within 1.3 seconds of S-IC inboard
engine cutoff and appeared to be directly related to this event.
Staging effects at 149.1 seconds were as. expected, resulting in VHF tele-metry dota loss to al] supporting Taunch sites for approximately 1 second.
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S-II stage ignition effects on the VHF telemetry systems were observed at
approximately 162 seconds. 5-IC telemetry links experienced greater tan
60 decibels attenuation at all sites and approximately 1 second data loss.
S-I1 telemetry experienced attenuation up to 15 decibels, and the Instrument
Unit and the S-IVB stage had up to 5 decibels attenuation at TEL 4 and CIF
No effects were observed at GBI for the S-II, S-I¥B, and IJ telemetry Tinks.

Three drops in RF signal level occurred at 165.7, 168.1, and 169.5 seconds
on S-IC links AF1, AF2, and AF3. Duration of these drops were 2, 0.4, and
1.6 seconds, respectively. Since these three links are transmitted through
the same antenna system, it appears that this antenna system may have suf-
fered an RF breakdown, This effect did not occur for tne other S-IC WHE
telemetry antenna system. The drops in signal level did not cause any loss
in significant data since recovery to normal level occurred prior to tape
recorder playback.

S-II second plane separation at 179 seconds resulted in approximately 25
decibels signal degradation of the S-II, S-IVB, and IU telemetry signal
transmission to the Cape sites. Transmission to GRI was not affected,

Launch escape tower jettison did not result in any adverse effects to the
RF telemetry transmission.

lonospheric effects were as observed on orevious Flights, posing no threat
to reception of telemetry data. This phenomenon resulted in signal fluctu-
ation to those ground stations loo<ing through the S-II exhaust plure and
was presumed to have been caused by interaction of the plume and ionospheric
layers.

Detailed analysis of S-IV¥3 and IU telemetry data during the orbital flight
phase was at accomalished because of insufficient orbital flight data at
the time of tais report.

A summary of telemetry coverage from launch to approximately 28,800 seconds
45 snown in Figure 19-3.

19.5.2 Tracking Systems RF Propagation Evaluation

The purzose of radio tracking was the determination of the vehicle's tra-
jectory. The AS-502 vehicle carrfed severa? tracking transponders, as shown
in Table 19-8,

Tracking performance throughout the flight was satisfactory, eccording to
data received to date. No major anomaly occurred, although minor effects
were observed which are being evaluated to determine the potential impact
on systems performance and possible impravenent for subsequent flights.

19.5.2,1 Offset Frequency Doppler (Q0UP;. The ODOP tracking system is a
phase-coheren=, muTtistation doppler tracking system which measures posi-
tion of the vehicle equipped with the ODOP transponder. The OCOF trans-
ponder was carried in the S-IU stage of the vehicle, therefore CCOP tracking
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Fégure 19-3. VHF Telemetry Coverage Summary, Sheet 1 of 2
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Figure 19-3. VHF Telemetry Coverage Summary, Sheet 2 of 2
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Table 19-8, AS-502 Onboard Tracking Systems
 

 

vente ONBOARD ONBOARD
TRANSMITTER RECEIVER

LOCATION SYSTEM FREQJENCY ERLQUE HY
(MEGAHERTZ) (MESAUT RZ)

s-I6 pop 960 290
Te Azusa/@lotrac 5000 5069. 199
wu C-Band Radar 5765 Seae
1 ccs 2282.5 2101.8     
 

was limited to the flight of the firsl stage only. ODOP evaluation was
based an limited data received from tie MARGO station and telecon with KSC.

The ONOP tracking system obtained doppler data for trajectory analysis from
vehicle liftoff untii S-IC/S-I] separation at 149 seconds. All ground
stations maintained continuous track of the vehicle during this period.

The erratic data and large variation between predicted and actual ODOP
transponder received signal strength experienced on AS-501 from 35 to 45 sec-
ands did nat recur on Lhis flight.

S-IC main engine flame attenuation on the ODGP transponder up-link signal
strength occurred from 80 seconds to S-IC/S-II separation. The flame cf-
fects were sufficiently severe during the period from 110 to 145 seconds
te cause excessive phase modulation of the interrogator RF signal, thus
causing roisy data at the various ODOP receiving stations. This also
occurrec curing the AS-501 flight and resulted in poor OLOP tracking analy-
sis after 110 secorcs.

Phase Tock between the grounc interrogation station and the ODOP transponder
was lost at S-IC/S-II separatior due to staging flow field. Recovery was
made shortly efter staging, at approximately 154 seconds, compared to
192 seconds on AS-507.

19.5.2.2 fzusa/Glotrac. The Azusa/Gletrac is an interferometer tracking
system usingdoppter and FM radar techniques to determine postion, range,
range rate, and range sum data with a high cegree of accuracy. Because
of the restricted number of ground stations, usage of the system is limited
to coverage in the Cape Kennedy area.

 

The performance af the Azusa/Glotrac system appeared to be satisfactory
and in acenrdance with nominal expectations. The Azusa Mark II statior
tracked the vehicle from liftoff to 200 seconds. The signal was margiral
from 200 to 237 seconds, at which time the onboard transponder broke phase
lack. Bermuda accepted active interrogation of the transponder at 253 sec-
onds and maintained track until 724 seconds. About 36 seconds of data were
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lost during handover to Bermuda. All data from the Grand Turk Glotracstation were lost because of a local oscillator malfunction at the groundStation. Azusa/Glotrac tracking coverage fror launch to 11,720 seconds
is shown in Figure 19-4.

19.5.2.3 C-Band Radar, C-Gand is 3 pulse radar system which used mono-pulse groundstationequipment and was used for precise tracking duringTaunch and orbit phases. Twa C-Band radar transponders were carried inthe IU to provide radar tracking capability Independent of the vehicleattitude. The transpender received coded or single-pulse interrogationfrom ground stations and transmitted a single-pulse reply in the samefrequency band, Each transponder radiated signals over a single transmit/receive antenna,

Insufficient data were received to compile a comprehensive analysis ofthe C-Band radar system throughout the mission in time for this report.However, available data indicated that performance of the C-Band radar waswell within the requirement of the mission with the following oxceptionst
a, Data dropout occurred during second revolution at Bermuda and Redstonebecause of excessive azimuth rates and at Carnarvon because of site

transmitter nalfunction,

 

b. Undesirable transponder response occurred during third revolutionat Grand Turk Island and Redstone, with conplete data Toss atBermuda.

The C-Band radar tracking coverage from launch to 17,100 seconds ig shown
in Figure 19-5,

19.5.3 Command Systems RF Evatuation

The AS~302 Command systems consisted of the Secure Range Safety Command
System (SRSCS) and the Command and Communications System (CCS).

19.5,3.1 Secure Range Safety Command Systen. The SRSCS provided a meansto terminate the flight of the-venicTe 5 radio command from the groundin case of emergency situations in accordance with range safety require-ments. Each powered stage of the vehicle was equipped with two comandreceivers/decoders and the necessary antennas to provide omnidirectionalreceiving characteristics.

 

Available data indicated that the SRSCS functioned properly during flight,and sufficient signal was received at all onboard receivers ta haveperformed the assigned function had destruct been essential.
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The S-IC camera impacted at approximately 7:10 a.m. EST and was re-covered at 7:25 a.m. by helicopter from the recovery ship. The capsulewas tracked by the SARAH beacon from impact time and recovery was made
46.3 to 55.6 kilometers (25 to 30 n mi} from the ship. Inspection
showed that two of the ground planes for the radio beacon antenna wereSheared off; three of the shroud lines in the drag skirt were broken;and the connector leaked, allowing water to enter the canera and wetthe film. However, the film was still usable.

Ouring recovery of the S-II cameras the beacon signal from one SARAHbeacon was not sufficient for radar lock on, resulting in loss of onecamera capsule. Drag flap and paraballoon, flashing light beacon, dyemarker, and shark repellant operations were all satisfactory on the re-covered capsule. The capsule landed within 13.45 kilometers (7.25 9 mi)Of the predicted impact point. The quartz window of the recovered cap-sule was shattered due to the impact attitude of the capsule, but therewas no apparent damage to film as a result of the broken window. The re-designed antenna deployment performed satisfactorily on this camera.
Films from the TY cameras provided very good coverage.
19.6.2 Ground Engineering cameras

In general, ground camera coverage was good. Seventy-five films fromthe Launch Comp?ex 39A camera system were received and evaluated. Sixitems had unusable timing, one was an unusable track, and one was a badexposure. In addition, five of the programmed cameras malfunctioned anddid not ecquire film data. As a result of the above failures, systemefficiency was 84 percent.

The Eastern Test Range tracking cameras provided good coverage with taeexception of an erratic track of the IGOR camera at Patrick Air Force
Base. In addition, these data were provided on 35 am film rather thanon the 70 mr film requested. The tumble rate of the S-IC after separationwould be difficutt to determine from 35 mm fitm.
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Figure 19-5. C-Band Radar Coverage Summary
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