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BY

Saturn Flight Evaluation Working Graoup
Gearge C. Mapshall Space Flight Center

ABSTRACT

Saturn ¥ AS-502 (Apollo 6 Mission) was Taunched at 07:00.01 Eastern Stan-
dard Time on April 4, 1968, frowm Kennedy Space Center, Complex 39, Pad A.
The vehigle tifted off on scheduie on & Taunch azimuth of 30 degrees east
of north and rolled to a flight azimuth of 72 degrees east of north.

The actual trajectory parameters of the AS-50Z were close to nominal untii
the premature shutdown of two engines in the 5-11 stage. After this
accurred, the trajectory deviated significantly from the nominal through-
put the remainder of the mission.

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

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

Director, George C. Marshall Space Flignt Lenter

Huntsville, Alabama 35812

Attention: Chairman, Saturn Flight Evaluation
Working Group, R-AERD-F (Phone B75-4575)
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MISSION PLAY

AS-502 (Apbllo & Mission) was the secand flight vehicle of the Saturn v
fpolic flight test program. The basic purpese of the flight was to demon-
strate the compatibility and performance of the launch wehicle and the
Apollo Command and Service Modules (CSM) for a future manncd flight.

The AS-502 vehicle was lauwnched from Launch Complex 39, Pad & at Kennedy
space Center (KSC) on a launch azimuth of 90 degrees, then rolled to 3
Flight azimuth of 72 degrees. The 5-IC and a-11 stage powered fTight

times were to be approximately 147 and 368 secords, respectively. First
5-.¥B stage powered flight time was to be approximately 138 seconds ter-
minating with insertion fnte g 185.2 kilometer (100 n i} circular

parking orbit of the 5-1YB and spacecraft.  Vehicle weight at parking

orbit insertion was to te approaimately 127,000 kilograms {280,000 lbm).
Approximately 15 seconds after first burn CULOTf, the S-IVB was to align
with the local horizontal, then the vehicle was to roll 180 degrees to
obtain a pasition I11 down configuration. In this configuration the
vehicle would be subjected to a 20 degree pitch-down and a 290 degras
pitch-up maneuver, then roll 180 degrees again to obtain the origiaal
nosition I down configuration. These maneuvers wers to nroddee information
on the S-1VH pestart bottle repressurization and propellant slosh axcita-
tion while qualifying these maneuyers for manned flight. On manned flights
Lhese maneuvers may be used to orfent tae astronauts for landmark tracking.

Lhilldown and reignition sequencing were ta begin betwsen Hawaii and
California during the second revolution and continue across the continenta)
United States. After the restart preparation was initiated, an orientatsian
maneuyar was to be performed to yield the high apogee eTliptical orbit
after second burn, The S-IYB was tp be reign®ted over KSC, near the end
of the second revolution for translunar injection boost, and aimed at =z
target simulating the moon. This was in order to preclude hitting the

moon while verifying launch vehicle guidance technique.

The S-IVB second burn, whick was to be approximately 316 seconds, was to
terminate with the injection of the 3-IVB/IU/CSM into am elliptical orbit
with an apogee radius of approximately 528,024 kilereters {285,110 n wi).
FoTiowing S-IVE second cutoff, the vehicle was to erazt on a simuTated
Tunar trajectory for zbout 2 minutes before separation. A pitch rotation
of approximately 155 degrees was to be accomplished during this coast to
posftion the CSM for retrograde burn. After this rotation, the Spacecraft
Lunar Module Adapter {SLA} panels were to apen to free the CSM. Following
CSM separation, the S-1VB was to be oriented to give satisfactory attitude
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for ground communicaticns, Four minutes and 40 seconds after 5-IVE second
cutaff, the Service Module Service Propulsion System (SPS) was ta begin

a 254-second retrograde burn to retard the CSM onin an earth intersecting
ellipse naving an apogee altitude of appradimately 22,204 kilometers
{11,929 n mi).

Ahodt two hours after separation, the 5-IVE was to be aligned by ground
command with the local harizantal to test the ground command capability
near the limit of 5-1VE stage active lifetime. The 5-IVE was to reenter
the atmosphere ovwer the Pacific Ocean on the return leg of the high apogee
ellipse.

Bfter 3PS first cutoff, the CSM was to copast in the 22,204 kilometer
{11,98% n mi) apogee orbit for about 6 hours, oriented to cold soak the
heat shieid, approximating lunar return thermal conditions. During de-
seent portion of the orbit, the second 5PS burn was to accelerate the
CSM to the approximate Tunar return velocity of 11,125 mfs {36,500 Ft/s)
with an inertial flight path entry angle of -A.5 degrees. The service
modidie was to be jettisoned hefore veentry. The command module was to
enter the atmosphere approximately 3 minutes after SP3 cutoff and splash
down near Hawaii at approximataly 9 hours and 50 minutes after liftoff.
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FLIGHT TEST SUMMARY

The second Saturn ¥ Apolle space vehicle, AS-502 {Apollo 6 Mission', was
launched at Kennedy Space Center [KSC), Florida on April 4, 1968 at
07:00:01 Eastern Standard Time {EST} from Launch Campler 39, Pad A, This
was the second mission te use a Saturn ¥ Yaunch vehicle with an un-
manned black 1T Command Service Module {CSMO20), and a Lunar Module Test
Article [LTA-2R). MNine of the sixteen primary abjectives were completely
accomplished, ¢ix partially accomplished, and one (5-IYB restirt) was

nat accomplished. One of the two secondary objectives was completely
accomplished, and one partially accomplished,

The launch countdown was completed without any unschedyled countdewr Folds.
Ground systems performance was highly satisfactory, The relatively fow
problems encauntered in countdown were overcome cuek that vekicle laurck
readiness was not compromised.

The vehicle was Taunched on an azimuth of 90 degrees east of north and
after 11.1 seconds of vertical flight, (which incluced a small AW
maneuver Tor tower clearance) A5-502 becan to roll dntc a flight azi-

muth of 72 degrees east of north. Actual trajectory parameters af the
AS-502 were clpse to nominal until the premature shutdown of fwg gngines
on the 3-11 stage. After this premature skutdown, the trajectory deviated
csignificantly from the nominal throuvckout the remainder of the rission.
Space-fixed velocity at 5-IC Qutbaarcd Ercire Cutcff (OECD) was 7.78 s
(23.89 ftjs) greater than nominal. At $-II Engine Cutoff {(ECO) the
space-fixed velocity was 102.3E m/s {335.52 ft/5) Tess than nominal and
the altituce was £.39 kilometers (2.45 n mi) higher than nominal. At
S-TVE velocity cutoff commard the space-fixed velocity was 25.94 m/s
(160.5€ ft/s) oreater than naminal. The altitude at S-1VR velgeity cut-
off commard was ©.7% kilemeters (C.42 n mi) lower than nominal and the
surface range was 4%2.46 kilometers (269.15 n mi} longer than nomiral,
Farking crbit inserticn conditions deviated considerably from norinal
tecause of anomalies that occurred during the powered portion of tlight.
The space-fixed velocity at insertion was 42.16 m/s (158.00 ft/s]

greater than norinal and the flight path angla (elevation of space-fixed
velocity vector from Tocadl hovizental) was 0.378 degree loss than nominal.
These conditions produced an orbit which was quite eiliptical with an
eccentricity 0.0138 areater 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 n mi} Tess than nonipal. The
5-IVB stage failed to reignite. Shortly after the attempted reignition,
the spacecraft separated from the launth vehicle on ground command to the
spacecraft.  The S-IVE stage reentered due to ortital decay on April 25, 1965,
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$-1C propuision systems performed satisfactori'y. In general, ail per-
farmance f-ight data fell close to the neminal predictions. Average engine
thruyst reduced to standard sea level conditions from 35 to 38 seconds

was 0.20 percent lower than predicted and average specific impulse was

0.10 percent lower than predicted. The vehcle first Tong”tudinal struc-
tural mode freguency coupled with the engine response to the oxidizer
suction lines resanant freguency within the 110 to 140 second perind.

This resulted in a vehicle lTongitudinal es¢illatien termed "POGO". Inboard
Engine Cutoff [IECO} and Outboard Engines Cutoff ‘NECH) pecurred 0.11 and
0.%5 seconds later than predicted, respectively. An intentional fuel

level cutaff of the oytboard sngines and a LOX Tevel cutoff of the in-
bosrd engine were planned and gttained, demgnstrating the adequacy of

these cutoff modes. A11 the subsystems except the camera gjection system
and the control pressure system performed as expected. The camera ejection
system ejected only one of the four film cameras and the control preszure
system sphere pressure decayed wnexpectedly after separation.

The %-11 propulsion system performed satisfactorily during the first

169 seconds of operation following Emgine Start Command [ESC). Engine
thrust, at &0 secands after ESC, was only 0.43 percent below prediciton
and spoecific impulse 0.08 percent above predictions. At 319 seconds a
sudden performance shift was exhibited on engine N, 2 with thrust de-
creasing approximately 33,806 Newtons (7600 1bf]. The engine continued
performance at the reduced level until 412.32 seconds. By 312,32 seconds
the dropout of thrust DK switches indicated engine Mo. 2 cutoff, and at
414,18 seconds engine No. 2 also cut off. Postflight evaluation of
telemetered data led to the conclusion that the engine No. 2 Bnamented
Spark Igniter (ASI} fuel line failed and ultimately caused failure of

the engine. Since the flight, testing at Marsnall Space “light Centar
(MSFC) and the engine manufacturer's facility has substantiated this
conclusion. The testing reveals that an oxidizer rich mixture, caused

by a fuel leak, creates very high temperatures and rapidly ercdes tne
injector. Because of this ercsion the LOX dome of engine Mo, 2 cventually
failed, opening the LOX hiah pressure systemn and causing Zngine Cutoff
(ECO). A modification of the ASI propellant feedlines {both fuel and
LOX) and their installation is oeing accomplished. Interchanged LOX
prevalve contral wiring connections betwsen anginas No. 2 and 3 solengids
caused the grcamature cutoff of engine Ma. 3. When engine Mo, 2 cutoff,
the 0% orevalve on engine Mo, 3 was commanded closed. Individual zheck-
out of the orevalve wiring during orevalve timing checks 13 planned for
fature veqicles. 5-11 burn time was 425,31 seconds which i 37.81 sec-
onds langer tnan prodicted.  The éxtended burn time was cadsed by the
premature cutaff of engines No. 2 and 3. Loss of the twa engines re-
duced orosellant consumption approximataly 40 percent and required a
longer ourn time to reach prapellant-depletion. The 5-11 aroaulsion
subsystoms met ali performance requiraments.

Tne S-IVE J-2 enginz operatsd satisfastorily theoughout thz cperational

nnase of first burn. However, a total parformance shift of 2.3 percent
decraasz in thrusi occurred during first burn from 624 to 702 seconds.
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The engine continued to operatz at tae shifted performance level and

had a normal shutdown. S-IVB first zurh time was 166.52 seconds which
was 28.95 seconds longer than aredicted due to the two engines out con-
dition on the S-II stage. Stage performance during first burn deviated
fron the predicted at the 60 second time slice by -0.08 percent for thrust
and 0.26 osercent far specific impulse. The LOK mass measuring side of
the Propellant Utilization (PU) system malfunctioned during orbit prior
to the attempted restart. The LO¥ mass measuring system malfunction
caused a 100 percent LOX Toad indication prior to and during the restart
attempt. The probable cause of the errtrecus 100 percent LOY mass in-
dication may have been due to shorting of the inner and outer elements
of the LGX PIF probe from metallic debris that could have been in the

LOX tank. Also, an intermittent short in the cable shieid betwean the
mass probe and the PU electronics assembly may have atcurred. Engine
restart conditions were within 1imits even 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 during
first burn. Additional engine tests have essentially verified the per-
rormance shi<t and the restart failure. A modification of the AST pro-
pellant feedlines (both fuel and LOX) and their installation is being
accomplished. A1l subsystems operationally met all performarce anc
stage requirements. However, there were two unexpected deviztions whick
are discussed in Section 7.

In general, the hydraulic systems performed sétisfactorily ir that the
vehicle remained stable during all portion: of quidarce-centrelled pewered
flight. No hydraulic system problems occcurrec durirg S-1C pewered flight,
5=1T hydraulic systems perfoemed within predicted 1imits, and everated
satisfactorily until 280 seconds. At tkis time, the 5-11 engine No, 2
yaw actuator delta pressure transducer began to deviate significantly
from expected values. From 319 secords unti] engine No. 2 cutoff, bopth
the piteh and yew actuators showed apparent side loads from the engine,
After engine No. 2 cutoff, the yaw actuator performance indicates that

ti locked up. The engine No. 3 system performed normally unti? engine
shutdown when the system pump stepped operation and the pressures decayed,
The engine No. 1 ard engine No. 4 hydraulic systems performed normaily
througkout 5-TT powered flight. The S-1VB hydraulic system performed
within predictec Timits during 1iftoff, boost, and first burnp, During
€ngine restart preparation and restart attempt, the system failed to
Freduce hydraulic pressure. System temperatures abserved during S-1vB
first burn indicated the existance of & ¢ryogenic fuel leak which led

to the freezing of the hydrauTic fluid and system bleckage, During the
restart atterpt, measurements indicated that both the main and the auxil-
iary hydrauiic purps cavitatad during operation and virtually no systan
pPressure was produced,

The AS-H02 flight vehicle experienced considerably more structural activity
than A3-501, however, this activity did not reach sufficient maani tude

Lo pose a threat to the launch vehicle structual integrity. Thrust

buildup and vehicle release transients. resultsd {n maxdmum Tongitudinal
and lateral {pitch plane) dynamic Toad factors of +0.4 and +0.02 4,
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respectively, at the covmand mpdule. The maximum steady-statz bending
moment condition, 9.89 x 106 H-m (7.20 % 109 Ynf-ft), was exoerizncad

at 66.6 seconds, The =axtmum longitudinal loads were exnerienced at
144,72 seconds (IECO) at a rigid body acceleration of 4.2 3. Altnough

the 4.8 g IECO condition was greatsy than tha A.63 g design value, no
mainline structural problevs were encountered during this phase of flight.
Thrust gscillation-structural dynamic response coupling {P3GD) was evident
during the 110 to 140 second region of 5-1C range time. The longftudinal
dynamics of the launch vehicle induced Tateral accelerations of J.66 Gpeak
at the LTA. Oscillations in the first longitudinal rode during the 110

to 140 second time period exceeded that cxpericnced during AS-501 flight
by approximately a factor of threce. Maximum response occurred in the

£.2 to 5.5 hertz bandwidth. Fin bending and torsional modes comparad

well with analytical predictions. Fin vibrations exceeded the range of
the acceleroreters but the modal frequencies did not coalesce and flutter
did not occur. S-IC, S-IVE and Instrument (I} vibratians were as ex-
pected. S§-11 stage vibrations were as expected, except that forward
skirt vibrations exceeded the sine and randor criteria at liftoff. Mo
adverse effects were noted. S-IVB forward skirt expcricnced Timited
amplitude panel flutter. The stress amplitudes encountered due to flutter
were about three times higher than those of AS-204 but were still within

a tolerable Tlevel.

At approximately 1323 secands abrupt changes of strain, vibration, and
acceleration measurements were indicated in the S-TVE, IU, Spacecraft/
Lunar Module Adapter (SLAY, LTA, and Command and Service Module {CSM).
Photagraphic coverage, Airborne Light Optical Trocking System [BLOTS),

and ground cameva film showed pieces separating from the area of the

SLA. There were no known structural failures noted on the Taunch vehicle.

The perforrance of the quidance and navigation system was as predigted
from 1iftoff to 412.9 seconds. '“hen engine Mo, 2 cut off a discrete
signal was recognized by the IV indicating a single engine failure. How-
ever, since only single engine failures were considered in constructing
the flight program, no prograr action was taken for engine Mo. 3 failure.
"ith the discrete signal and loss in aceeleration the program entered

& guidance mgde where guidance and navigation computations were made

tased on a thrust change for the single engine failure which was 5O per-
cent of the total actual change. This wode {artificial tau) lasted until
the IL sensed ar accelevation change due to S-11 Programmed Mixture Ratio
(PMR) shift. Guidance cemputations responded to variations in altitude
and velocity caused by the decrease in thrust during the 5-IT burn period.
The cortrol system responded well to the guidance comrands for the re-
mainder of the beost period. [uwe to the two-engine-out pevturbation,
flighkt path angle and velocity were not gptimum at the tire guidance
commanded S-IVE ECO. This resulted 1n an averspeed of 48.9 w/s {160 Tt/s).
B parking orbit whick was acceptable though off nominal was achiewved.

A11 orbital cuidance maneuvers were satisfactarily perforved. IU commands
were properly executed for =-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 $-I¥B stage.

The AS-502 Flight Contral lomputer (FCC), Thrust Yector Contral (TVCY,

and Auxiliary Propulsion System (APS} satisfied all vequirements for at-
titude contra} and stability of bending and propellant slosh rodes in

both the boost and oraital coast modes of operation. During 11 “totf,

all vehicte clearance requirements were met. During fies® stage boost

the contral system was required to correct for a steadv-state roll at-
titude arror of aporoximately -0.5 degree. This roll Zoroue was not ob-
served an AS-331, as the attftude error was essentially null after about
5} scconds.  Contrel system per-formance was consistent with events whech
ecdrred during S-IT boost. The perforrance shifi of engine No. 2 at

319 seconds was evidenced in the TVC as well as in zhe FCC parameters.
awever, this ocerformance shift caused no control problers and resulted
only in a now steady-state trim condition, The FCE and TVC responded
satisfactorily to the pertucbations caused by the shutdown of engines

No. 2 and 2. This shutdown resulted primarily in a larue pitch plane
disturbance during which the pitch rate buil® up to a naximum of 2.8 deg/s
{nose-up) and the pitch attitude error reached a maxirum of " 3.4 degrees,
A ocraximum engine deflection of 5,95 degrees was regquired to stabilize the
attitude excursiens. At 5-II/5-IYB separation, the gu dance computer
switched to the 3-1VB coast mode for 4.3 second. The 7.4 degrees piteh
attitude error caused a full-on AFS pitch-engine firing of ©.3 second
duration to correct the attitude, A* 0.3 second after separation, the
guidance computer switched to the S-IVE burn rmode. The pitch attitude
ervor was trimmed out by the TY( after 5-IVE stage J-2 engine ignition.
Contral system performance was nominal for the remainder of $-IVE first
burn.  Grbital attitude control requirements required cansiderably rore
APS activity than anticipated. The APS system was reguired to overcore

¢ 5 degrees nose-up “rom Tecal horizontal attitude and a 1 deg/s

nase-up angular rate to align the vehicle along the local horizontal.

The vehicie was subscquently exercised through a seouence of four
maneuvers as follows: 180 degrees roll, 20 degrees pitch down, 20 de-
grees pitch up, and 180 degrees woll. The pitch and roll maneuvers

were planned to produce informatien on the S-IVE restart hottle repres-
surization and prepetlant slaosh excitation while qualifying these naneu-
vers for manned flight. Each naneuver was executed as planned. Ng
appreciable effect was noted on the restart tettle conditions. LHz sloshing
was nat appreciable during any of the maneuvers. Significant LOX sloshing
existed at the initiation of ecach pitch maneuver; however, tlFe iritial
amplitude was net susiained due to high damping. An auxiliary Fycravlic
pump failure prevented the 5-IYD stage J-2 engine from being certered at
the time of second 53-IVE [SC. The engine position a2t ESC was approximately
1.5 degrees in pitch and -2.3 degrees in yaw. fApprecieble attitude errors
resulted “rom this engine position during restart attempt; however, vehicle
control was maintained by the APS system following the switchk from thrust
vector 1o coast mode controi. Subsequent to spacecraft separaticm the

APS system maintained control until APS module I fuel cepletior at appraxi-
mately 21,953 seconds. WVeh'cle attitude rates began to builc up signifi-
cantly folTowing module II1 fuel depletion {22,607 secords) and continued

%149



1o 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 occurved as planned with adequate ¢learance be-
tween stages. A1l ullage and retro motor performance was satisfactory.
The 5-IC retrn motor data indicate that some parameters were eitheyr above
rormal or passibly above the maximum 1imits bui caused no problem. Space-
craft separation was initiated by ground comrand to the spacecraft during
the marneuver to separation attitude. Ewven thouch there was a possible
rorentary interference between a SLA panel and the £8M at the separaticon
plane, the momentary interference was not detrirental teo the separation.

In general, launch vehicle electrical systers performed satisfactorily.
Battery woltages and currents were satisfactory ard battery temperature
remained within acceptable Timits., S-1C battery No. 2 experienced a
sharp current rise and voltage dvop after 5-10/5-71 separation which
lasted for 11 secgnds; however, tape recorder performance was ngt im-
paired. & similar anomaly was experienced by Battery Mo. 1 en the AS-501
flight. Disturbances were experienced on the 5-IT main and dinstrurentat
tion batteries during the engine No. 2 and 3 shutdown period. A current
surge was experienced on the IU 6010 battery at the tire of the 133 sec-
ond transient.

Cata indfcated that the redundant Secure Range Safety Comrand Systems
(SRECS) en the 5-1C, 5-11, and S-TV¥0 stages were ready to perform their
functions preperly on conmand if flight canditions during the Taunch
phase had required vehicle destruct. The syster properly safed the 5-IVE
SR8CE an command from KSC.  The performance gf the corrand and conmuni-
cations system in the L was very good.

The space vehicle Emergency Detection System (ETS) was flight tested in
the automatic abort closed-Tcep canfiguration on AS-502. Launch vehicle
measurements irdicated that nc CLS Timits were exceeded and the system

furctioned properly. Thare were some anomalies indicated in the spacecraft.

The wehicle interral, external and base region pressure environments were
gererally ir geod agreement with the predictions and corpared well with
the 45-501 cata. The pressure enviranment was well below the design
level. The measured accustic levels were also generally in good agree-
rent with the precictiors and with 2%-501 data.

The vehicle thermal ervirorment was gensrally less severe than that for
which the vehicle was designed. One exception was the S-IC forward skirt
thermal enviroricert whick exceeded design after S-IC/5-T11 separation. Loss
of M-31 to the level of the crushed core on the 5-1C base heat shicld was
visually observed on this flight via the television careras which vicwed
the heat shielc. This was a repeat of an A5-507 anomaly and ne adversc
effects were noted, Tre effect of the premature shutdown of engines MNa. 2
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and 3 on the 5-IT heat shield and base region environment was minor. With
the exception of abrupt spikes due to the engine anomalies, the base re-
gion tharmal data compared favorabiy with AS-5071 data.

The &-1C canister conditianing system and the aft environrental candition-
ing system performed satisfactorily during the AS-502 countdown with anly
ane canister and one ambient termperature measurement dropping helow the
minimum requirement. The 3-TI therral control and compzriment condition-
ing system maintained temperatures within the design Timite throughout
the prelaunch operations. Temperatures monitored on the S-IVE aft skirt
components were slightly coaler than on the AS-501 flight but within de-
sign limtts. Temparaturaes of a' 1 componzants mounted on the forward skirt
cold plates were within design “imits at 1iftaff. The IU Enyivormertal
Control System (ECS) performed well throuahout the flight. Coolart
temperatures, prescures, and flowrates remained within the predictec
ranges and design 1imits for the duration of the flight data. One speci-
fication devigtion was observed which was expected. At 11,670 secords,
the platform gas bearing pressure differential was 3.069 Nygm2 {0,171 psic)
aboye the 10.7 Yfem? {15.5 psid) maximum allowable and remainec there
throughout the vemaindey of the flight period for which data is available
133,740 seconds).

There were 2758 telemetered measurements active at the <tart of the AS-RQZ
automatic cauntdown scquence. Of the 2758 measuremants, S8 failed dn
flight, resulting in an overali systar reliability of 97.9 percert. The
Airborne Telemetry System operated satisfactorily, includirg preflicht
calibratigns and inflight ca ibration. Tape recorder performance was
good, however, due to the extended burn tirme of the S-11 and S-IVE stages,
the 5-IC/5-11 separation data playback wase not recovered from the S-11,
5-1VE, and Il recorders. This was because insufficiert playback time

wis progranred to cover the anomalous situation cavsed by the S-11 twe-
engines-out cond ton. Parformance of the RF systers vas oced, Anproxi-
mately 2 seconds of real time data on all S-IC stage telemetry 1inks

were 1ost due to a data dropout at 126.0 seconcs. This condition was

also noted on AS-531 and appears to be related to 5-I0 JELC. Ground
carera coverage was good as ewvidenced by 84 percert system efficiency.
However, only two of the $ix onboard film cameras were recovercd. Three
of the cameras an the 5-I1C stage failed to eject and one af the S-IF
cameras was not recovered dus to a weak recovery beacon signal.
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SECTION 1
[YTRIDUCTION

1.1 PURPOSE

This report provides the Yational Aeronautics and Space Administration
(NASAY Headquarters, and other intersstad agenciss, with the Taunch wve-
hicle evaluation results of the AS-G32 flignt test. The basic abjective
of flight evaluation is to acquirz,. reduce, analyze, evaluate and weport
gn flight Eest data to the extent required to assure future missian suc-
cess and vehicle reliability. To accomplisn this objective, actual flight
malfunctions and deviations must se identified, their causes accurately
deternined, and conplste information made available so that corrective
action can be accomplished witain the establizshed flight schedale.

1.2 SCOPE

This report presents Lhe resulls of the earty engineering flight evaluation
of the AS=502 launch wehizle. The contents are centaered on the performance
evaluation of the majar laJach wehicle systems, with special emphasis on
failures, anomalies, and dewiations. Summaries of launch pperations and
spacecraft parformance are included for compleLleness.

The official MSFC position at this time is represented by this report.

It wilt not be fatlowed oy 3 similar report unless continued analysis or
new informtion should prove the conclusion presented herein to be signifi-
cantly incorrect. Final stage evaluation reparts will, however, be pub-
lished by the stage cantractors. Reports covering major subjects and
special subjects will be pualished as required.
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SCCTION 2

EYENT TIMES

2.1 SUMMARY OF EVENTE

Hange zero time, the basic time reference for this report, is 7:00:07
Eastern Starcarc Time (EST) (12:00:01 Universal Time [UT]). This time,
by cefinitior, is Laced on the nearest second priar to S-1C tail plug
viscorrect, which cocurred at 7:00:01.74 EST. Range time is calculated
ds the elapsed time from vange zera time and unless ntherwize noted is
the time used throuohouwt thisz report.

Guidance Reference Release (CRR) occurrved at -16.85 seconds and start of
Tize Base 1 (T7) ovcurred 17.54 seconds later at 0.69 second. The timss
noted above were established by the Digital Events Evaluator {(DEE-B)
excepl for T1 which was determined by the Launch Vehicle Digital Computer
(LYDCY. First metion of the vehicle was established by graund cameras

a5 having eccurred at 0.38 second.

Range Lime for edch Lime base used in the fTight sequenze orogram and the
siynal for initiating each tine base are przsented in Tabie 2-1.

Table 2-1. Time Baswe Samriary

RAMGE TIME
TIME BASE SEr SIGNAL START
CHR:M[&:50C)
T -16. 85 Guidance Feference Re ease
T 0.65% Il Umbkil{cal Disconnect
Senscd by LVOC
Tz 144,85 5-1C TECO Semsed by LYOC
Ty 146 .47 5-1C OLCG Sensed by LVDC
Tg 876.3: S-11 €O Senzed by LVIC
Tt 747,36 S-1¥G [L0 {Velocity] Sensed
by LV¥DC
Tk 171,287 .73 Restart fouation Salutiom
(3:08:7.73)
T7 11,630,33 Commanded LCD Lased on Thrust
(3130, 53] Criteria not being met
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Start of Tg was initiated approximately 0.23 scconds after $-1C inbaard
engine cutoff. Two redundant LOX Tevel cutoff sensors were located an
the 5-1C stage 180 degrees apart. The system was designed so that the
sensor which first detected the cutoff Tevel would initiate Inboard
Engine Cutoff (IECO] by means of redundant circuitry and cutoff
solenoids. Only one sensor circuit, however, was wired tn provide the
LVDC interrupt signal which would initiate To. IECD was achieved at
144,72 seconds by means of the cutoff circuit which did not nave the
LYDC interrupt capability. The second circuit subsaquently sensed
cutaff level and initiated T2 via the LVDC interrupt at 184.95 seconds.
The reason why the level sensors detectad cutoff level at different
times is not known at this time and the problem is under investigatien.
Because of the time discrepancy. both times are Tisted in Table 2-2,

Failure to restart the S-IVE engine terminated Tg early and started T7
at 11,630.33 seconds. The flight cequence program normally commands
engine cutoff and initiates Ty based on velocity attained. 0w AS-507,
however, engine cutoff was commandad and T7 initiated hecause thrust
criteria were not being met dus to tae 5-IVR stage restart failure.

A summary of significant events for AS-502 is given in Table 2-2, The
nmost significant deviations from mominal predicted times cccurred in
guidance and navigation events becauce of perturbatiors to the Guidance
and Navigation System occasioned by the premature shutdewn of two §-1-
stage engines, A more detailed discussion of these problems is contaired
in paragraph 10.4.

£.2 SEQUENCE OF EVENTS

Table 2-3 1ists the sequence of switch selector events. Terminciogy in
thts table agrees with the terminology in document 40M33622¢ "Interface
Control Document Definitien af Saturn SA-50Z Flight Sequence Program."
Eignt events, including S-11 engine start, werc not verified because of
telemetry dropout during S-1C/5-1T staging, although subsequent events
Tndicate that these events did im fact occur, Additionally, 21 orbital
events and 10 events in T7 were not verified because of station
visibility constraints and loss of data due te f ight perturbations.
Probable times for all but iwo of these events were derived from the
fTight program. Times were also derived for six switch selector
functions which were verified to $0.5 seconds by compressed date. [lour
switch selector events (Fuel Injection Temperature QX Bypess Reset,
Flight Control Computer Switch Point Mo. 5, Point Level Sensar Arming
and Cutoff S-TVB Yelocity) were missed at the end of T due to the
early start of T7.

Table Z2-4 1ists the unscheduTed switch selectpr events, whick are
dependent upon vehicle orientation and position and therefore variabtle,
and also ground cormanded events, which have been verifiec fram
dvailable data.
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Table 2-2.

Signifigant Evant Times Summary

KhRGE TIML TIME FROM RBAZE
.I}EI'U.I'I.L Al T-FRED ACTHAL ALT-FPRED
EVENT i SEC) (=rc) [SEC) {500}
1. Guidance Refarcnce Releasz -16 .55 -0.75)  -17.54 -0.349
2. 4210 Ehgire Start 3ecuercre Lonmard -4, 77 n.o2 -3 .46 0.3%
3. Ranrge Zlero 0,00 - - -
4. 2311 Holddown Arins Relegsed 0,36 n.a ~0.33 Q.0
k. First Fation 0.38 =023 -0.3] 0.14
f. U Umbilical Discornect, Start of
Timg Base 1 [Ty .69 -0.37 N -
7. Begin Yaw Maneuver 1.4 -0.2 i.2 0.
&, Erd Yaw Maneuver 9.k -1,3 1.1 0.9
G, Eegin Pitch and Roll YManeuver
{Tilt and Ralll 11.1 -0.E 10.4 -0.2
0. brd 3011 Mareuver d1.3 .7 0.6 1.1
1. Fach 1 Achieved 6.5 =1.3 59,8 -9
1¢. Cocurrerce of Max Dynaneic
Fressure (Max Q] 5.2 -4 B 745 -4 4
13, End Pitch Marmuver (Tilt Arrest) 140.9 -7 140, 2 2.4
4. 5-1C Inbpard Engine Cutoff (TECO}
foelenpid dctivation) 144,72 0.1 - -
15. 5=IC Inboard Engine Cutoff
Sersed by LYDD, Start of Tive
Bate 2 (T2] 144,95 2.4 Ty -
16. 5§-1¢ Outboard Ergine Cutoff (OECO)
fSensed by LWDC), Start nf lime
Base 3 (T3} 148,41 0.BE T3 -
17, 5-IC/5%-17 Sepavation Comrand to
Fire Separation Devices and
Retra Motors 145,08 .62 0.e? ~0.03
18, 5=:1 Ergire Start Conmand 149,76 0, e 1.3% -0.05
14, &-I1 Secord Plane Separaticn
Canmand 179.06 0.an 30.65 -b.DE
20. Laumch Escang Tewer (LET)
Jettison Comranc 184 .77 0.8 36.38 -0,04
21. 1lnitiate lterative Guidance Mode
[IGM] Phase 1 1%0.495 1.39 47.54 0,54
27, Initidte Steering Miselignment
Carrection (ML Z11.949 1.76 f3.50 0. 340
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TabTe 2-2. Sigeificant Event “imes Surwary (Continued,

EANGE TIME TIML FROM BASE
ELTIEA ACT-PREC [ ACTUAL | ACT-PRED
EVENT {=sor) {3EC) {500 {3E0)

£3.  3-1I Stage Cmgine MNeo. 7 Out A12.02 - 26 L 5T -
24, 5-11 %tage Tmgime Mo, 3 Out 474 .18 - 2R 7T -
25, Guidantn Senced Engine Mixture

Ratio {EMR) Shift, Inftiate [GM

Phage 2 £90.74 78.03 Iz .30 PR
26. Initiate Chi Freeze £17.7 7.7 369.3 7.02
270 5-T1 Engine Cuka®f [ECO)Y {Sensed

by LWDC), Start of Time Base 4

(T4} hyA.33 a5 .64 Ty -
28, 3-II/5-1VH Separation Comnand to

Fire Seporation-Devices and Retro

Hotors BIT DA hE. 5D {_¥h =01.04%
29. 5-IvB Engine Start Sequence

Command RIT 2R LH . RY 0.0s -0.05
3. Stop Chi Freeza s62.90 L f.6 ~2.5
1. Initfate Tterative Guidance Made,

Fhase 3 a4 .78 7.7 3. 45 -0.497
32, Piteh Command Mese-up Attdtude 644.02 - &7 .60 -
33, Initiate Chi Bar Steering f12.13 205 136 .1 ’T.E
. Inftiate Chi Freeze ¥46.4 13 _R7 P73 07 3R.0%
35, 5-IVE ¥elooity Cutoff

Cormand {ECD) Fiz.na BT 7R |Tg-0.26 -0, 06
36, 5-IVE bngine Cutoff  Sensed by

LYDD  Start of Time Base 5 (Tg) 747 .30 47 B4 T -
37. Coast Period 0n 748,55 g7 .79 1.25 -1k
M. Parking Orbit Ipsertion ¥h7 .02 87.78 89.74 -G, D86
39, Maneuver to Local Hovizontal F&2.30 87.54 15400 n.co
40, Teitiate 189° Roll to Place

Pasitian 11T Down B37.3n a7.84 o0 .00 B.00
41. Initiate 20 Pitch fown Maneuver 3207 .30 27,84 |2360.00 0.00
42, initiate 207 Pitch Up Mareuver 5477. 30 EY.B4  MaBI .00 0.00
43, [nitiate JED® Rall to Place

Fosition I Down B7E7.30 E7 44 EO40.00 .00
84, Inftiate 3-IVE Restart Seauence

and Start of Time Pase 6 (Tg) 11,287.73 211,12 Tg -
45. S-TVB Engine Restart Command 11,674, 69 211,08 376,95 -0.0%
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Table 2-2. Sigmificant Event Times Summary {Continued)
RAMGE TIME TIME FROM DBASE
ACTuUAL ACT-FRED | ACTUAL MT-PRED
EVENT akf SEC 500 IR
46, 5-1¥E ZC0 Command and Start of
Time Base 7 {77) 11.63C.33 =57 .66 T, -
47, LCoast Peripd On 11,631,580 =ar.79 1.17 -1, 03
42, Manewvsr to Separatien Attitude 11,656.31 -87.78 20.co 0.00
49, End Cold Spak Attitude and
Spacecraft Separation Cormanpd® 11,666,002 - 5. 89 -
0. LY-LTASCSK Physicat Separation® 11,667 .82 -240.27 ar.49 147,41
51, Executz Manguver L¥ 16,201.10 - 45707 -
o S-IVE LOW Tank Vent Valwes
Open# £2,023.30 - J10,3582.97 -
53, 5-1VE LH2 Tank Vent Yalves
TOpen* 22,024, 21 - 10,393,853 _

x

Grownd Command
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Table 2-3. Sequence of Switch Selectur Events

RAMGE TIME

TIME FRrOM BASE

ACTEAL ACTUAL ACT-PRED
FUNCTTON STAGE (SE0) (SEC) [sEC)
1. GStart of Time Base 1 {Ty} v .69 -
2. Buro-Abori Enable Relays, KESET U L.a8 1,08 -0.05
3. senscr Gias, UM I £.86 5.17 -0.03
4. Multiple Engime Cutoff, ENABLE 5-1¢ 14.E5 13.96 <004
5. Telemeter Calibrate, ON 5-IC 25.44 2475 ~1.0h
B. Telemetry Calibrator In-Flight
Calibrate, ON ] 27.66 26.57 -0,03
. Telemeter Calibrate, (IFF 5-1C 3046 20,77 =[r.03
8. Laurch Vehiele Engfnes ZD5 Cutoff,
EMABLE 111l 1066 24.97 -0.03
3. Telemetry taliorator In-Flight
Calibprate, OFF It 32.64 3.595 =0.0%
10, Fuel Pressurizing Yalve [FFCV] Ko, 2,
OPEF & Tape Recorder, RECORD S-1IC E0. 14 449 .45 ~.565
11. 5iart Data Recordews 5-11 FL ! 405 -1.05
1z, Coeling System Electrical Assembly,
Power, OFF I 7B A6 .47 -0.03
13. Telenetry Calibrator In-Flight
Calibrate, ON [u a0 . E6 ag. 97 -r.m
T4, Telemetry (alibrator In-Flight
Calibrate, OFF L 9% .65 % .96 =0
15, Fuel PT‘EESUHZ'ing Valwe {HFC'” Ha. 3, P L 95 .65 9526 -0.04
QPEN ’ .
16, Fltght Contral Computer Switch Pofat
Wao. 1 Iu 105.66 104,97 -.03
17. Telemeter Calibrate, o8 £-IC 115.68 199,37 -0.03
16. Regaiar Calibrate Relays, 0N -1k 118.85 112,18 <0,04
19. Tel=meter Calibrate, OFF E-1L 120 .6k 119,97 -0, 03
£0. FUght Zortral Computsr Switch Point
Mo. 2 I 120,84 120,18 0,05
2l.  Regular Callbrate Relays, OFF 5-TVR 124 .84 124 .15 -0.0%
Z2. Start First PAM-FM/FM Calibration g-11 130.36 129.67 =043
23, EEE;‘ F’r&ssur‘izing Yalve {HFCH} hio. #.. S-[r 131416 133.47 -0.073
£4. Fast Record, OM 5-1VE 136.16 134 47 -0.03
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Table 2-3. Sequence nf Switch Selector Events {Continued}

FAHGE TIME

TIMC FEOM BASE

FUNCTION crane 1AL tst)factueL (seey A EHE

2%, Ston Fiest PAM-FM/PM Lalibration 5-11 135.34 134.65 -0.03
26. Tape Recorder Record, NK T 135,55 134 . 8R -0.04
27, LB¥ Tark Strobe Lighnts, OFF L-1C fan.14 138.05 -0.05
28, 5-.0 Two Engire Qut Sutoc-Sbort

Iahibkit, EMARLE L 135.90 135.40 -4
28, 5-T1C Twn Eng're Dut Auta-fbort Inkibkitd BU 13R.17 135.4649 0.0
. Excess Rate (P,Y,R} Auto-fbert

Inhibit, ENARLE 1L 136,34 135,85 -0.0%
31, Execess Rete (PLY,R) Autc-Abert [mhibit| IU 136 B3 135,85 =0.05%
32. Twp Adjacent Outhoard Ergines Qut

Cutoff, EMABLE 5-1C 136.76 136.07 ~0.03
33, Inbewed Engine Cutoff, ERAODLE §-1C 136 .9 130.27 -0.03
34. TInboard Engine Cutoff Seckup, EVABLE . $-1C 137.14 136 .45 -0.08
35. Imooard Ergine Cutoff [nterrupt 1520 144,55
k. atart of Time Base 2 (T2} 144,59
37, 5-il Ordnapca, GEW 5-11 145.03 0. 0 ~.o2
4. Separation and Retrc EEM Firing

Units, ARM 3-IC 145 .20 .25 -N.08
1o, Separation Camera, 0N 5-[C 145 .42 0.47 -0,03
A, Lamera Lights, DN =11 145 .51 0.06 -1.04
47, Telemctry Measwrement Switoch Over s-1C 145 .70 0.7% =1.05
47, Qutboard Engines Cutoff, ERARLE 5-Ia 145,91 .96 ~0.04
43, Cutboard Engines Cutaff-Intervupt 1520 143,41
44 Start of Time Base 1 [T3) 143,41
4. Camera Motar, ON =11 144.4% C.05 -0.0z
46, §-I1 LbkZ Recirculation Pumps, CFF 5Tt 148,66 n.23 -1.08
4¥. 4-11 Yllage, TRIGGER £-I1 148,87 n.ar 0,03
45, 5-1C75-11 Separation 5-f1 149.08 1.67 -0.03
49, Camera Ewent Mark 5-11 149,17 0. -0.03




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

- ©RAKGE [IMT TIMZ FROP BASE
neT -
FUNCTION —_— ?EEE?L ?EEE?L "T;EE?ED

5i. Awitch Cngime Control <g 3-T1; 517

Engine Dut lndication "A", ENAILE;

5-I0 Aft nterslaye Separaticn Indi-

vation “A", ENABLL 1 149, 26* 0.85* 0.0E
1. 5-11 Engines Cuteff, REGET 5-11 142 Zg* O.95 -0.05
82. Engines Ready Dypays -1 149 d6* 1.05% -0.04
52, Provalwas Lockout, RESET 3-11 149 LE* 1.15% -1 0%
B4, 5-Il EFngine, START 5-11 LIS L 1.35¢# -1 05
$5. Lamera Swenl Mark L-I0 149 Aew [ A4E* -0.08
sb. 5-11 Engire Qut Indicataon "B, FYARLE

and -1 Aft Interstage Separation

Ind"cation 'E", EMRHLE Il 150.06# F.og* -00s
t7. [ngines Ready Hypass, RFSET 5-11 156G, 26+ 1.85% -1.0%
58. 0=0211 Power, 0OFF I 158.76 &.35 -0.05
8. 5-T1 hydvaw ic Accumulators, UNLOGE -1 131,34 2.7 =003
Al Chilldown Yalves, CLESC 5-11 154 .74 £.35 -0.05
E1. Z-10 Start Phase Limiter Cuteff, ARM 5-11 155,08 667 -1.032
B2, Actdvatc PU System =11 BSLED £.83 -0.04
63. 5 11 Start Phass Lindter Cutoff Arm, 51T 15607 ¥.07 ~0.03

RESET
Bl Step Lata Recorders a-11 159,78 11.38 -0.02
B2, Fast Racord, DFF 5-Ive 154596 11.RE -b.04
&6, Tape Recorder Record, OFF il 16017 11,57 ~0.03
B7. S-T1 Aft Interstage fSeparaticr, ON -1t 179.08 3065 -0.058
b8, Camerg Event Mark 3-11 175,16 o, 7E .05
9. Camerz Evert Mark 5-1T 183,16 n.s =0 {1
0. Launch Escape Tower Jattison "A°, 7 1 184,77 36,36 -0.04
1. Launch Escane lower Jattisgn 'Y, QY 141 184,93 3657 -C.03
T2, Camara Eject No. |1 -1 186,37 3F.a7 -0.73
i, Camera biect hp, 2 5-T1 18t .97 33,54 -0.04
4. Camera Ejact He. 3 3-T1 187 .46 3%.46 -0, 04

* Derived Times
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Table 2-3.

Sequence of Switch Selector Events (Continuwed)

RANGE TIME

TIMZ FROM BOSE

ALTLA, ACTUAL | acT-PRED
FINCTTO STSL (src) (S {5C)

Th., Flight Contral Computar Lwiteh Paint

Ho. d Ll 2076 6136 -0.nd
Th. Star: Second FAM-FYMSFF Calihrat’an HaIT 330,26 A -0.05
Ty, Stoo Secend PEM-FM/FM Calibeation eIT 33527 160.8F -0.mM
Tho Fiight Central Carputer Switch Paint

Hu. 4 m 339,76 1%1.35 =005
{49, Telemetry Catibrator In-Flight Cali-

brote, ON U 35326 247 .85 -0.05
4. Telenetry “alibrator In Mlight Caidi-

brate, O-F Iu 350,87 Z0a. 67 -0.03
Bt Measurarert Zorteoi Switck Mol 2,

ACTIVATE 51T Je} .06 21Z2.686 -0.04
&f. Start Third *AM-FMyFM CalibraLlion 3-11 470,58 27¢.58 -0
fia Stop Third PAM-FMSFM Callbraticn 3=l 425 57 237 .hA -0.04
g9, %-II LH2 5ted Pressurizatiom 3-11 464 ., 26 319,95 =0.05
AZ. Pegaiar Caliwrate Relays, 0N s-IvE 44F ik 325,84 -0.04
6. Telerotry Calibtrator Im-Flicht Cali-

krate, OH i 477 .47 129.07 -0.03
a7, Regu ar Callarate Relays, {OFF 3-IVD diie 2R J35.R7 -0.03
BE. Telemetry [al‘trator 1n-FYicht

Lalibrate, 0T 1u LN 334,05 -0.05
&5, Charge Wlage Ignition, 04 5-IYB 452 Ba 31 .48 -0.ag
., &-II}=-IYE Drépance, AR 5-11 453,06 .60 -0.04
97, Tape Recorder Recerd, DN 1L 483 27 334,87 -0.03
97, Fast Record, OH 5=IVE 4R3 .46 335.05 =0 .05
9%, Start Datd Recarders i-11 483,67 335,76 ~0.04
G4 %-11 LOX Depietion Senscr Cutoff,

ARM a-11 443 .04 3G .47 -0.03
95, 5-II LHZ fepletirn Senser Cutoff,

ARM s-1T7 18 06 135 45 ~{.05
k. Cutoff 5-T7 J-Z2 Engines-Interrupt 15I0 BFE_33
87. Start of Time Basc 4 (T4} B7E. 177
9%,  Redundant 5-[T Catoff 35 5-11 5741 0.98 (.03
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Table 2-3. Sequence of Switch Selector Events (Continued)

FAMGE TINE | TIME FROM BAst
FUNCTTON STAGE ?EEE?L : ?EEE?L AﬁgéE?ED

29, Start Fecorder Timers E.T] BTG G0 018 0.0s
150, Prevalves Claso, OFF 5 T¥E| EEA PN A 0. é8 008
127 5-IVE Engine ¢.toff, JFf a-IV3 aralin .37 t.or
2. trgine Ready Bypass S-IWRE 576,70 0,48 -0
103, L0E CFiT]dawn Pumg, CFF S-TVE 376 HB 13 ~L.0
104, Fire Lilage lgnit an, 0N S5-IV BFE.9y 0.65 -0.05
105, 5-[1/5-IVE %eparatiun 5=11 7T {8 .75 ~0.05
P06, 5-IVE Engina 3tart Tnierlock Eypass,

Qb 5-1VE SITE 0L HS -0.0%
107, %-IVE Croine S*art, 0N 3=[YE 577.z8 0,945 -1.45%
TLE. FMight Canteel Compater 5. T0E Burn

Mode {v "4 1] 7740 1.07 -0.03
108, Flight Contral Computer S-IYE Eurw

Made On "E" i 577 .49 16 =0.04
1. 5-1VB Engine Qat Indicalion "at

EMNABLE Il 577 .34 1.55 -0.65
137, 5-1YE Fngine ut Indicatian "B",

CHABLZ [u 3’819 1.7¢ ={.03
T2, Fuel $hilldawn Purp, OFF c-lvg L57E. 44 £.15 -0.05
3. L% Tank Flight Pretsure Systen, 0Y S-IVB LB0. oA 3.75 -.08
14, Fuel Irjection Tempera‘ure DF Bypass | 5-IVE 580, 30 3.7 -0.03
113, S-1VE [ngire Start, OFF 5-IY3 SB0.LR 4,18 -1.03
116, First Burn Relay, 0N F-IvE a8z, 08 .70 -0.05
FFi. Erergency Playback Enakle, ¢N 3-IvE h54 .00 F -0.03
118, Fagt Fecord, OFF L BHC, 25 785 -1,k
Pe PU Activate, OK 5-IVE SRR.30 .97 -0, 03
120, Charge 11lage Jettison, ON S-[YB B3t .09 5.17 -0.03
127, Fire Lliage Jettison, O 5-IVE B39.00 1", 78 =08
122, Tug™ Injection Tempereture UK Eypacs,

RESET S-TVE SA0, 28 11,45 -0.08
123 Wlage Crarging, RESET S-IVE 591,58 16,65 -0.05




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

RANGE TIME TIME FROM EASE
oo S T

124, Wlage Fi=ing, KESET 5-TYB B9z.09 15.76 ~0.04
125, Tape Reco-der Record, OFF Il 595,14 18,65 -0, 04
126 Erergency Playback Emabie, OFF S-TVE 9T .5R 71.25 -}, 04
127, Telewctry Calibrater In-Flight Caldi-

brate, ON I 598 ER 22.3% =0.0%5
125, Telemetry Calibrator In-Flight

Lalibrate, OFF IJ 643.70 er.e -0.0:
129, PRegular Caitibrate Relays, OH S-1ve 408,14 1.7 0.4
120 Regular Calibrate Relays, OFF 5-1vA f13.08 36,70 -0.1%
121. Engime Pump $urge Carteol YWalve In-

able, 0H 5-IVE Fag .91 =035 6.61
132. Cutoff 5-IVE Engine {¥clecity) 5-IVB 747.04 | "5-0.28 -0.08
133, CutofF S-1Y¥6 Engine-Interrupt 1524 F47.30
134. Start of Time Base 5 {Tg, 5-1VP 747.30
1356, HRedundart 5-1V5 Cutoff 35 5-TVB 738 0. 0d 0.0
136, Point Lewel Senscr DMzarming 5-[VE 147.47 0158 0.0%
137, S-IVE Ullage Emgine Moo 1, DN 5-1YB 747 &Y 0n.27 -1.03
128, S.IWE Ullage Engine Mo, 2, ON S-1VE T Bk 0.3f S
13, 5-1¥B Ullage Thrust Present Indica-

tior, 04 ] FLT:T) 0.57 -0.03
140. First Burn Kelay, OFF 5=1IVE r47.97 0.67 =0.032
147, PU Rctivate, OFF S-IVE Fas.15 0.86 -0.04
M2, L3 Tank Flight Pressure System, OFF | 5-TVR M. 36 1.06 -0, 04
132, Coact Period, ON 5-IVE .56 1.25 -1.0%5
144, Engine Punp Purge Control Yalve

Erable, ON S-IVE F4E.75 1.45 -3.05
145. PU Fuel Bailoff Blas Cutoff, ON 5=1VE T4E. 97 1.67 -0.03
146, Flight Contrgl Corputer 5-I¥E Burn

Mode Off “A" T Thi.76 3.46 -0.04
147. Flight {¢ntrol Compuier 5-IXE Burn

Mode Off “B" fw Fo0. 07 1467 -n_0i3
149, Aux. Hydraullc Pwmp Coast Mode, 0N &-TVE J51.15 .88 1.0k
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Table 2-3. Sequence of Swite

h Selector Events (Continued)

RGE T IM- TIML FROM LBhsF
BCT AL ETTUM. | TP OPRE
F N : :
HNCT STAGT | yser) [SEC] [SEC)

[45.  Auk. Hydrawlidc Fuasp Fl1ight Mode,

1IFF =-IVE Fa1 .37 & .47 -2 0
150, 5-Tui Engine ot Indicaticm A" ine

alle, KLSET Il PETLET 994 O
181, 5-IVB Cngine Out Indication “B' bn-

able, RESET I L7z 1513 BRI
182 Ielematry Calibrator In-Flight Uali

brate, M 1L 7o, 4y 1210 -1.05
153, %egular Calibrate Relays, 04 R-14E PR kA 12.3¢ -1.04
Tud, Telenetiry Calibrator In-Fligkk ©214-

brats, 0OFF Til ad a7 [7.17 -N.u32
155, Reaular Zalfkrate Relays, OFT 3-[WE Vi, BE 17 .36 -0 0s
ThE.  S54FY Transmister, OFF a-1V5 MTRA R ¢1.5G -0.73
| 37 954TH Groun, OFF -1 TRQ 5L 2z 1n -1
188 Lilp “amk Lot uuaus Yert valve (parn,

M S-1VE s 25 SRGR -I.Gh
E3%. Ll Tank Conticueus Veat Yolve e,

QFF 3-IvE HOD 24 O, 24 BRI
Teo,  I-[Yk L11age kngine Yo, 1, OFF 5-1va 835,720 BT .95 -l
TR, %-1VE U ane Ergine hy, 2, OFF I-IWD B35 .35 n5.00 -i.Th
1467, 5-I¥C 1M Yage Thrust Present Jroies-

ticn, JFF ill 1Y B8 o]
TE3. Tuevgeacy Plevback Enablp, O -1 435 0= 8%, &5 YR
144, Tape Kecorder Pleyback Reverse, NM TU B 45 8915 -C.05
PES. Erergency Alayback Enable, OFF S-10E ALE, 75 1467 4=~ P55
166, Slow Record, Nd 5-T0E 9,43+ = -5 05
167, Stow Fpeoed, Ch S- Iyl F14,454 172,154 -0 LE
158, Tape Recorder Playasck Revercn, GFF ] YEL A4S 173.145* -1.05%
163, Ergiae Pump Purge Control Yalve En-

abtle, OFF %-IVB 1349.85 © oi2 .ta -0s
170, Siow Reooxd, M i-TvE 220075 | 013,45+ -0.05%
171, =low Record, DFF - [ve &gz, 75 1645 Q5" -0 0k
17¢. Recoreer Playback, CK J-1va 2392.95*% | 1E45 gL -0 .05

* Oewived Tirec

Z2-1z




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

RAMEE TIME TTMF TROM (1A%
FueT2on SEC I B v

“}i. Recorder IMaybkack, O7F S-1vE 2REN.FEM | WM]G CLF -I:.6R
., Slow Helord, Gh 5-1%E Z5ED, DL* 151365 =L .04
1'%, 5low Recorc, €N S-TYE pri0.an= [ 1B23 .BES* -0, b
106, Tetemetey Caiivrater r-Slight Cali- ’

hrate, NK L 1 33407y £003,45 ~C.Ch
177, Pegdlar Lelibrate Opelays, OH S-[UEI 33085 2553 65 -N.OF
178, Telermetry Calibwatar Tn-Flight Cali-

brale, OFF LU 334577 2han 47 =103
1060 fegular Calibrats Belays, OFF G-TWE Ll Uk . FRAR BT -0.0q
120, selemetry Calizeator ir-Flicht Cali. i

hratr, 0Ok rn T P qiR3h .93t -5, 0y
el Slow Record, Oh 9-IVE S3R5_%9I% | 4635.60LY -0.Ak
187, Gequ ar Laliarate Relays, % 3= [VE Sadh . 1h% | da3f asv . -0.CE
189, Teleometry Calibrater [n-Flight Cali-

Lrate, 97T 1 360,70 4543 4% -0, 8k
148, Renuler Calitvate Pelzys, OFF 5-IVB HIg1.15 4643.2% -0
i, 51w Kecord, OFF 5- 1V 5417, 95 4G .65 -0.05
Té .  Recorder Plawhack, O3 DS« TVE 04 15,35 4671.05 =],
13}, Recavder Plavback, TFF &- [V 5774 .74 §027 .45 =0
145. Slaw Recove, DR G-IV L7Mh. 1% 077 1A =a
149, S%cw Yecard, ON - 1VR ELLLINE 3237 .25 =0
a0, Teleretry Colibrator In-Fiight Cali-

Lrate, (M Lu G340.75 HHLX I =005
191. %eqular Calilrate Relays, O 5-T%5 f3in. a8 REQ3_ES -0, 0y
192, lelenstey Calibrator [n-Flight Casi-

Lrate, LFF 11 Bas . Th £593 16 -0, 0d
19%.  Pecular Cadibrate Relays, O°f S-IvD B3 G EENRES |
193, 310w Eazord, OH S-iv 797,75 J1EZ, 45* =
19>, Slow Record OFF 5-1vB LRt - 1182, 68 -n.az
{6k, Pocorder Flawback, In S-1%5 F939. .97 FAY Y 01,03
197,  Eecorder Mlayback, OFF a2-1¥G £210,55 FaE3, 20 -0 G5
98, Sioe NRacoed, O J 5-TVB]  BZi0.7g4+ ) TERZ 4B ) -0.0%

* Derivea Tires
R Yerdified to 40,4 by Corpressen [2ta

M
1
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Table 2-3. Sequence of Switch Selector Events {Continued)

{ RANGE ~IMr TIVL TROF BASE
FUNCTION S| et [ fsor | M

T30, Slow Pecord, 09 S-Lhs|  mzeno7v | 747345 0,0
A0, Pegulze Calibweate lelaps, 04 5-VEB IR0 .75 BF33.45 - 05
0T, Telemztry CaTibrator In-Fliget Soli-

arzte, Oh 11! d0R0. A5 G221 46 =305
PO legular Caiibrate Yeiays, O°F TR ZIhs. 7L E238.45 SR
202, Telereiry Lalibrater [n-Flight Cali-

lrroie, OFF T HOES TR F¥36 .85 LR
204, Sicw Hezar, K SR |10,830.75% | 9ser.as¢ | -g.s
3. wlow Becard, NFF L-TvRE 1 10,44k 754 DEIS An* S
06, Recnrder Playback, CH - 1Wp| 10,447 ger 5725 46 =105
2007, Recoeder Flaylaex, IFF T-DVB| 10,707 78 | 99RG, 45 0.0
218, Slow Pecord, 04 -IW3 10,707 G 59460 . E5* -[.0h
M09, Zlow Record, 0N LR I EHA S P Lt 9470, 53 -2z
210, Aux. lyd=anldic Pump Tlight Moge, 04 §- IWE [ T0LE2E_E5*+% | 10,076 s -0.03
2Pl Aux. Hydrauwlic Pump {gesi “zde, OF: S-1WL | 10,822, 49%*% |70 075, | Dww -CL0h
212, LO% Ckilldown Pump, O S-IVE[TO, 872 25+ 10,123, g« - 05
13, Tuwel Thilldawn Panp, 04 S-IVE|EDLETF 26%% |1 Yoo, gRes -5 0k
214, Provalues Close, O SoLVB] 10,877 25%% 190 134, 95+ LDE
eif. Telomeiry Lalibrator Ir-Flight Cali-

brate, (K 1! 1,260, 75 11,513 ¢k =00y
216, Fegular Calibrate Relays, Of S-IVB[TT, 261,95 17,613, 48 11,05
£17. Telewetry Caiibrator In-Fiigh® Cati-

brate, OFF U 11,265, 7E 10,516, 48 P0one
218, Begular Ca®ibrate Reloys, OFF S-TWE| 11,265,965 1,415 FR -0
19, PBegem Pestart Preparations - Jine

Base Zackup 1536 S_Typ
i, slaet of Tine Base & (Tg) 11,287,792
21, S-IVE L1lage £ngire Yo, 1, OH S-WVBF11,287 .95 | .17 - 03
232, E-IVD Ullage Crgire hg, 2, OH S-[VE[11,888.01 n.er -N.03
2E3.  5-1%3 UMage Threst Present

[ndicazipr, 0N 1l 11,258 .10 aLAL -4

* Derived Tines
Vorified to 0.5 by Carpres=ed Data




Table 2-3, Seguence of Switch Selector Lvents {Continued}
RAMGE TIML TIME FROM BASC
FUNET TON STAGE ?EEE?L ?QEE?L A?;éngD

229, LI°2 Tank Went Valve Eoast Close, 4N 5-[VEB 17,288, 4% .78 ~0.05
225. LO¥ Tank Went Valve Eoost Cloge, OH E-IVEB| 1T,2EB.59 0.96 -0, 04
22 LH2 Tank Iemtiruous Vent Yalvg Close,

[N 5-1WB[ 11,288, g0 1.15 =005
247, C-Bard Transponders ka. 1 ard Mo, 2,

o n 11,885, 04 1.35 -0.05
228, IbE Tank vert ¥Yalwe Soost Close, OFF | S-IVB| 11,2009 Z.fh - 0R
2%, 0N Tank Jent Valve Boost Close, OFF 3 S-1WH| 11,250, 60 OOk =0, 04
#3L. LHZ Tank foatinpous Yenl VYalwve Clase,

nFF 5-IVB] 11,282.9] L) -0.02
231, Fuel CHilldaws Purp, OH S-TWRT 11,292,689 5.05 )
23&. LN Shilldowr Puer, 0O 5-IVE I'l,293. RY Fo.95 - 05
£33, Prevalwes Close, O “-1YE| 11,308,890 B e =105
23 L0k Terw Repressu~izaticn Comtrol

Yalve Jpean, DY S-IWR| 10,347.69 @4 495 =C.05
235 Telemetry Calibratay In-Flight Cali-

hrate, Ok [y 11,436.00 148.27F -0.03
236,  Telenetry Cal<trazer Ir-Flight fali-

brate, OFT L 17,540 ,49% 15375 -0.05
EAY_ LHZ Tark Repressuvizatich Comtrol

Valve Tpen, DN 3-IvB| 11.,487.70 199 494 ~0.03
2318, 55/FM Group, OM 3-T¥E | 17.896.00 208 26 -0.04
239, 55/THM Transmitter, OM S-1VE] 11,486, 21 FO8 48 =0.03F
MG Regular Galilrats Selays, DN S-IVB| 11,556,179 26815 0.0
241, Regular Calibrate Relays, §FF L-1VE| 11,861.20 27346 -4
287 P Yalve lardever Positipn, OK 5«TvRE| 11,574 .6% 2A6_Gk -C.04
&3, Frevalves Close, 0FF S-TYET 171,602,490 36,16 -0
i, »-1VE Hestart Alert Il 1,604.69 114,98 f1.5M
ZqFk, S-IVE Ennine Cutoff, {FF S-Tvay 11,813.29 KL -0.04
b Enzire Ready Bypass S-IVE] 11,613,513 125,77 -0.03
267, LHz Tank Repressurizatior Contes]

Yalve Jpen, OFT S-IvE|l 11.813.60 228 .95 .y

2-15b




Table 2-3. Seguence of Switch Selectar Fvents (Continued)
- HANGE T IMr TIrr.i; ."Hiilf" ASF
FUNCTION <TASE ?Egg?l ?QIE?L ﬁ%%;;?FD

28, Fuel Ckilldawn Purp, OFF S-0VR | 1,650 2657 et
Ao LO¥ ChiVldowe Purp, OFT SAIVE S 11,514,019 ke T 1 L0
230, 0% Tenk Rapressurizatichn Cortruol

Valwe Opem, 2FF 5L1vE] FTLETA 4] J2E.TT SELE
2h1. H-INB Fogine Start, LR S-IvE L TL,ETd 6y Jeg. 35 L
FLY. w-IVE Logine fut Imdication "A',

EMAGLE Tl 11,615_40 iZf.is -1, 25
3, %-1vH Ergine Out Thoircatisn "3",

CHACLLC 1L 11,615,710 Jz7.9h -0
204 5-iv8 Jilage Frng-ne Mo, 1. OFF =083 11.EIT.E9 320,95 -G.05
€33, S-[¥L U1lage Engine Ko. 2, OFF a-[YE | TT,610.0% 13005 -1, 0k
£hh. S-TUD F11age Thrust Present

Indication, NFF IIN 11,617.33 30,24 -0
£58, Micht Tantral Computer S-T40 Burn

Moade o A" [u 17, 622.29 394 LG =05
FRE. FYigkt Cantral Cewputer 5-I¥E Down

Made D “BY Tl 17 ke c9 KO ~0.10d
789, Fuael Tojection “ewperature DK Bypass | S-I8RE 11,627 .69 3344 -, 4%
2B, LOE Tark Tignt Fressure Spsten, R S-1VE| TT,R22 B0 3517 0%
FE1.  Coast Perind, OFF 2 ) I O b KRS -0, 04
PR7.  S-1VE Engine Start, OFT s.ve| 11,62%. 30 3y, LG .04
2b1. Second Burn Uelay, 0N g-uvg| 11,625.29 337.:%5 -0.75
264 PU fctivate, CH S-NB| 17,687.5D iz -0,33
2Bh. PU Yalve berdover Mosition, NFF S-ivR| 11,027 .69 333,55 -i1.0Y
2B&.  Fuel injecticn Temperature & Niypass, | 5-1¥5 #rs

HEXET
2b7. Flight ontrol Computer Swiich

M1int Mo. & [ e
268, "t Level Sonsor Arning %-1VE Ak
Pel. Cutoff S-1VE velocity Tl L
270, start of Time Base 7 (T} (ECO) CS-TVE[ 10,830.33
271 . Redundant 5-1V8 Cuzeff | =IVBO11 630,47 I )

4% Stated ngw time base Eefare
these everts could take nizre

Z-16




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

RANGE TIMC TIM: FROM GASE
o] g | [

212, L0E Tank Yest Walwe, GPES 5-IVE] 11,530.5% f_TH R
273 Ppint Level Sensers Digarming L-IVE) 11,530.60 n.ar -0.03
M. LHZ Tamk ¥enst Valwe, OPEY E-IvE[ 11,530.70 0n.3r -0 03
100 Gecond Burn EeTay, OFT S=TVE] 11,031.08 IR =105
G0 108 Tank Tight Pressurc Systen, NFF | 5=-TY0[ 11,331.29 .96 =005
271, Toast Ferind, S=0VE[ 11,637,450 1.7 =(1.N3
218, PL hctivelw, DFF S-I[%B) 17,631.70 1.1 -0,
279, PL Inverter and UD Fower, OFF s-[¥0 [ 17,311.80 147 -0.13
280, Lo Chi' Tedown Pump Forge Contir]

Valve dpen, O9F7 -TvE| 11,531.69 154 -0.24
&fl. Might Coamtrol Corputer - [WE Burn

Hode Off A" 1L 11,533.78 36 -0.04
&2 Fliyhe Lamtrol Cowputer 5-TWE Eorn

Modde DFf "HY 1L 1H.634.00 3.467 -0y
283, Aax. Hydrawlic Pump FlAight Made, OFT H=TVE 1T.624.140 .1 -5
2. Telemetry Calibrator Im-Flignt Calid-

brale, 0N [ 11,634,339 4,907 -0.03
fgh, Regolar Calibrate Ralaws, Ok S-1¥E| 1¥,534.54 4,25 -0, 04
Q6. Telemetry Cal:ilrator In-T1light Catli-

brate, OFF I 11,535 .38 9,06 -0,
207, PRegilar Catibrate Relays, OMC S-IvD| 11,530 .89 9.2t -0.04
2N, S5SFM Teansmitter, OFF S-IvR| 17,639,280 9.4f -0.42
9. S%)FM Group, OFF 3=TYR 17,639.96 9.6% -0.05
£90,  LDY Tamk Yent Walwe, CLISE 3-I¥H 11,640,235 9.59% ~0.03
1. 1 0% Tank Yent YWalwe [Bocst Close,

M $-Ive| 11,543.28 12.97 -0.03
222, LA Tank Vet Walwe Goost Close,

CEF s-1vR|  H1.eds.em 1496 004
293 LH2 Tank Vent Walve, CLISE c_IwE|l 17,7R0.7R 195,495 -0, 05
294, LHz Tank Vent Walve Boost Close, OK g-1yn| 1775229 122 .9 -0.04
P65, Ldgz Tank Yent Yalve Boost Close, OFF | 5-TyR] 11,786,282 84,495 ~0,0%
206 LW/ED Separation Seyuenze Start i 11,870,218 17208 . -(.04




Table 2-3.

Seguence of Switch Selector Fvents {Continued)

TIML FROM BASL

FAMGE T IRE
F1m TT160H - - ll-'l.l::TL.Ell J"E-T..I.‘}I. -'.'{_”l "'FFI"
HHETTO SRR ey [3E0] EL ]

e Yetton POM o wop Low Gaic Az

T3i1 Aated [ Tz, 830,23 1199, 56+ S0LGE
AU, BwLch C05 Lo Law Gain Anternmka [ R AN I iR L -7
FE3. LHy Tark Concioaous Yert ¥alwe Upen.

TN RN R 17,P30, 6at P200. 30 B
0 sz Taak Conlirugds vent Yalve Dpen,

(k- S-[YE 12,032, 68* 1209 35 -0t
W Telemetry eliarator In-Tlignt cai-

Brate, M 12,940 50+ 13501, #5¢ -0z
0. Regular Zalileate Belays, DN Y-V 12,30k, 7 8% |310 .45 -k
WA Teleretry Calibrator |n-Fligal ©ali-

bira Le, OFF 1L FELPA0,08%, 1313 75 a3
i$1S Roqular Calibeate Helays, NFF LoV 12,008, Tos 1315 .45+ -0, o
WS SWiten POV o kigh Gain Srntenna I 17,030,285 2339, 55 - 05
0%, Swidek CCS to High Gsin Anlenna

[tail Safua] 1l T7,030. 49 EALG 17 -3.03
307, Telewetry Cabibrator [n-Flight Lal4d-

brate, Ok Il 17,140, 539 Ei) RHY -0.04
3. Kecular Catibrete elays, O S-1vE| 17,140,409 | 551045 1.1
02, Telemetry Calibrore Im-Flight Ca%i-

nrate, 0 nJ 17,145.58 | &Ljg o: -L.05
31 RFequiar Culibrate Belaps, JFF T-TWE[ 17,145 25 551543 I
1. LKz Tark Contiruaus Went Yalve Clase,

a4 5-1VE by Datg _ -
e, Lelg Tank Continunas Yent Walwe Close,

0FF 5-Tw3 Mo lara -

* Perived Dres




Table 2-4.

Unschedulad Switch Selector Events

FANGE TIME FEOM
FYFKT STAGF TIHF BASE BIMARES

TREC] {5EC)

Fater Coolant Yalee, OPEN [ H2.24 f7+313.79 T1+181 .41
YN Fupztigm

tater Conlant Walwe, CLOSEL [ 1084 .08 Tg+316. 78 NS Fumgklnm
C-Fanr Transacnder HO. °
and HDL 7, A r JLA0 L ED T5+2833 Bl
C-Bane Trancrender MDL 1, OFF 4H 580,87 Te+2333. 57 a0, 2 Active
C-Banc Tranzaoncer NI, 1 &
NI, 2. Ch Iu E&d1 .51 LERELEL B
F-Fane Tranznonder M1, 1, OFF Tu CAZ1 .58 TgE0T4 . 23 HO. 2 actfue
Hoter Caclint Walwe, OPEN i ERE1 .14 TgeH143. K1 IWNE Furctden
C-Bard Tramsoonder KO, 1 &
N3, F, OM 10 E025 51 Te+B1H0. 21
C-Pard Tramsponder %0. 2, OFF il 5025 .58 Tc4B178 24 MO_ T anties
Waler Conldnt Walwe, CLOSED 1 £191 .55 Tg #0444 . 35
f-Band Trawsponder MO. 1 4
M. 2. 0OH tu a6E3T, 41 Ty +50E9,91
L-band “Tanspondar MO. 1, OFF il abir 28 I'g babhEY 94 W12 piive
Water Coolant Yalee, CLOSED H TO95 44 Tetd24d. 145 1 Fungion
t-Oand Trarsporder MO, 1 B
M1, 2, ON [ 11,069 .04 Te+1C,321.74
L=Band "rarscerder MO E, OFF [ 17.469.11 Teli 321 .61 W1 accive
Grland “varsporder HOL 7 B
N}, 2, DN [u 11,650, 44 Tpti0 2
{-8and Trarspseder MR, 1, QFF [u 11,660,654 Ty+20_ 21 . & accive
C-%and Trarsponder MO, T 0
W, 2, 0N [ 11,6568 _E& Ty+25%_ 35
C-Aand Trarspondor NO. E, GFF T 11,6G8.75 Tr+2B 42 B, 7 aclive
C-Band Trarcpoader MOL 1 &
fa. 2, OH 1] 11,689, Tr~GE, EQ
C-Band Trarcpander MG, Y1, OFF [ 11,659 _Fb TrHER.AT NO, 2 active
C-Band Trarspande- HO, 1 &
MO, 2, Gk Il RLPYL L 1] Tosd7, 00
C-Bamd Transmoncer ML, g, OFT . V1,7 .49 T7+77 .00 O, 1 active
C-Band Tranzponcer Hii. 1 &
MO, o, Ok 1u L R ] Ty+%2. 248
C-Band Transponcer M. 1, OFF 14 It,722 .69 Tr+b7 .36 MO, 2 active
C-Band Transnoncer M, 1 &
MO, 7, O Tu 11,850 .66 Tpr2dd .33
C-Eand Trpagpabcer M1, 7, (FF 1k 11,880,723 Tz+220.40 a1 meldwe
kater Cnolant Yalve, OPEN Ix, 13,000 A7 T4572. 14 1V functlan
Hycraulic Fupp Cpast Made, FF E-TVH 14,4967+ Ty4333! Graund corrand
Fygiriul € Funp F11oht Made, OW i-1VH 14,961 T743331 Sraund cormand
Telenetry Calibrator, 0N 1 14,004 Tr#33M Graund cormand
Feculer Calibrator Aelays, DN 5-1%B 15,004 T7+3374 Sraund cormand
Hydeauliz Fump Cnast Mode, AFF s-ive 15,037+ TreHo; Grgund command
Hycraulic Pump Fl11ght Hode, OM 5-1vH 15,037+ T743107 Graund eemrand
HydFaulic Punp F1ipht Hade, OFF 5-TVE 15,0604 T+ 33 firound command
Telemetry Calibrator, JFF u 16,173 Ty+d543 Ground crmmand
Regular Calibrate Relavs, DFF 5-17H 16,173 LESLECE Graynd command

*Grontd Transtittsl times Lsed becauses

pulsa tines pot yvadlable




Table 2-4,

Unscheduled Switch Selector Eveats {Continued)

RANFRE TIT kg |
EVINT STh TIWE CR5SE REFIAREY
[SFL] [SEC)

Expcute Memeuyer A Til e, 2n* TaHARTI Sround cnmeard
L-Gana Transprnder %7, 1§
MG, 2, OW w 1&, 726 AL T=+E156.12
f-Band Teanspaeder KO, 1, OFF tu 16, M8 &2 Ty bing. 19 M. 2 actier
Elnw Rerbrad, 0N -3 Tk, B2a B Ta+oe0d . 4% CorrAandpd
Slaw Qecord, OFT &1y 16,579.72 TrHLI9Y, 39 Crrrandid
kpcorder Plavkack, fl Ty 16,930, B2 TR0, 9 b T
C-land Transpoorder MO 1 K
M2, Dh ] S6,871 .00 T#+E310 ZG
C-fand Transrorcer KBG E, OFF il 10,971 0L Tre &30 T BT active
C-Dend Trensnonder HT, 1 A
HD, 2, Y 1 1F, 234 54 TPIG604, 7]
L-Band Tramspocnder %1, 1, OFF 1. 17,236 HEDLTHE B HU. 2 antive
¥arer {rnatant valve, CLISEN [L. 17.314.20 TF1GRL], B0 L& funckinr
L-9and Tranapneder B 1 8
LA T | 1] 17.655 .17 Tr+Lura,uy
C-Bamd Tranyronders WG 7, 206 [ IT, 55525 Tr-a9rd .9y LI actiye
Recerdar Elayleck, NFF L OIVE F1,907 .42 315, IR 09 Carrandpd
LBY Tank Fligqut Praszure
Swsler, fH 5-3VE 2TLGE1 AN Ty 10,1918 Comand ed
Cudgst Perind, OFF »-[¥E 22,02z .30 T7+10,382 0R e nded
La% Tank Yent valve, OPFH 5-TYE 22 ¢330 Tp4i0,2482.97 Co-marded
Lllz Tank VYeont Valwe, OPEN a-1vR g0 M Ty+410, 397, Bf Cermghetod
C-Bamd Transechder WOL 1 R
[T 1-) 22,17, 54 Tp=10,340. 06
C-NMand Transpnnder 10, %, OFF HK 22,1040 Ta+1{,340.13 NOLOE Aactive
C-2and Transpordar KO. 1 &
M3, 2, (N tu 2,5y _aR Typ+IC. 960 _5R
C-Band Transponcer BG. 1, OF £, n9d 495 T7+I0 . 964 &3 e 2 active
C-Raad Trarsponder WG, 1 &
W 2, O I 22Ei1.07 Tye10, 300, va
L-Fanc lraaspander Y0, 2, 0OFF 1l c.Aa11.24 T2e14,940, 93 NC, 1 active
C-bane Transpander 80, 1 &
WO, 2, D 1L &r L6074, 80 T1+11,044 .48
C-Fand Tranoparder BO. 1, OFF ] £e.674.87 T1,049 .54 M, 2 active
C-Band Transponder HO. 1 A
M. Z, Oh u FE 154, b Tyail," 2 23
C-Band Transoonder NG, 1 &
M 7, 0N [ 22,754 6] Treld12e, 30 N, T active
C-Band Tramsprnder NN, 1 &
HWO. 2, 0N I 2ELIE3,ET TPH17 058w
C-Band Transpander MO. 1, OFT 1 71,963,124 T74711, 335,00 ¥, 2 active
C-Band "ransponder B0, 1 &
N0 2, 0N I F1,026 _Ea Ty+11,585 .57
C=Band Transponder BO. 2, OFF Ig1 13,026 97 Tre11,905 64 N 1 active
=Band Twamspreoder N 1 &
NG 2, ON 1L 23,182, 70 Te+11,437 .43
L-Pand Transpander B3, 1, OFF 0 23,122,853 Tr+11,427 .50 M. 2 sctive

*Ground Transmitial Times ysed because

pelse times aot avatlable
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SECPION 3

LAUNCH OPERATIUNS

3.1 SUMMARY

The Saturn AS-502 was the second flight vehicle of the 3&tuen ¥ Apolle
fiight program. The basic purpose of the flight was to demonsirate the
conpatibility and performance of the Taunch vehicle and the Apollo Comnand
and Service Modules [CSM) for manned flight.

The launch countdown for AS-502 was completed without any unscheduled count-
down holds and the vehicle was successfuliy Taunched at 07:00:01 Eastern
Standard Time (EST) April 4, 1968.

Ground systems performance was highly satisfactory. The relatively few
problenms encountered in countdown were overcome such that vehicle launch

readiness was not conpronised.

Launch damage to he conplex and support equipment was minor. Medifica-
tions to the ground sys-ems were effective in reducing the arount of blast
damage below that sustained during AS-501 Taunch.

3.2 PRELAUWCH MILESTONES

A chronological summary of events and preparations lezding to the launch
of 45-502 is containad in Table 3-1.

3.3 COUNTDON EWZNTS

The launch countdown for AS-502 was picked up at -24 hours at 1:00:00 EST
foril 3, 1968 and proceeded to -8 hours with no holds. At this point the
scraduled six wour hold peried was initiated. The count was resumed from
-8 nours at 23:00:00 EST April 3, 1968, and culminated in the successtul
laurcn of the vehicla at 07:00:01 EST April 4, 1968.

Dnly four significant problems developed during the launch countdown. All
these problems were recoived sefore the end of the scheduled six hour hold
period. The items are stated below in chronological order:

a. Several LH? vent bubble caps were found to nave cracks exposing the
vehicle vent system directly to the atmosphere.
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Table 3-1. A5-502 Milestones

DATE EVENT

February 21, 1967 S-IVB Stage Arrival

March 3, 1967 5-IC Stage Arrival

March 20, 1967 [nstrument Unit Arrival

March 29, 1967 Ergction of Launch Vehicle {L¥) with S-II Spacer

May 4, 1367 LY [lectrical Interface Mate Test with S-I1I
Spacer

May 19, 1967 LY Guicdance & Control Tests with S-11 Spacer

May 24, 1967 5-11 Stage Arrival

May 29, 19&7 LY Fropellant Dispersion Test with 5-11 Spacer

May 23, 1947 LY Fower Transfer Test with 3-I1 Spacer

May 31, 1967 LY Emergency Detection System {EDS) Test with
5-11 Spacer

June 1, 1987 LV Flight Sequence and Exploding Bridge Hire
(EEW) Functional Test with S-II Spacer

June 8, 1967 LY Sequence Malfunction Test with 5-1I Spacer

June 13, 1967 LY Plugs-In Overall Test {DAT) Yo. 1 with $-11
Spacer

June 28, 1857 Le-grection of the LY through S5-11 Spacer

July 6, 1967 Completed 5-11 LH2 Tank Inspection

July 13, 1967 Erection of LV with S-1I Flight Stage

July 24, 1967 LY Electrical Interface Mate Test

July 24, 1967 L¥ Switch Selector Functional Test

August 8, 1967 LV EDS Test
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Table 3-1. AS-502 Milestones {Continued)

DATE

EVENT

Aupgust 10, Y967
August 1T, 1967
ABugust 11, 1967
August 30, 1887
Decerber 10, 1987
Lecember 11, 1967
[ecember 21, 1967
Lecembeyr 27, 1967
December 29, 1GE7

January 475, 1568

JarLary 16, 156E
JanLary 24, 1568
January 29, 19&8
Februzry 2, 1968

February €, 1965

March 8, 1968
March 22, 1968
March 31, 1968
April 4, 1968

LY Flight Sequence and EBW Functicnal Test

LY Powsr Transter Test

LY Propellant Dispersion Test

LY OAT MNg. 2, Plugs Out

Frection of Spacecraft (5/C)

Swing Arm Compatibility Test

LY DAT No. 1, Plugs In {Waivered)

LY Cormbined Guidance and Control System Tests
LY UAT MNo. 2, Plugs Out

LY Missign Control Center-Houston {NCC-H)
Interface Test Vehicle Aszembly Building (VAB)

Space Vehicle (S¥) OAT No. 1, Plugs In
5y CAT Ne. Z, Plugs Cut

5Y Swing Arm OAT

Ordrarce Installatior

Transferred Lavrcker Umbilical Tower (LLT)/Vehicie
to Pad

5Y¥ Flight Readiness Test {FRT} Completed
RP-1 Load
SV Countdown Demonstration Test {€DOT) Completed

Yehicle Launched on Schedule at 07:00:01 EST
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b. The 5-II stage, BP-1 transmitter {2CM/FM Link} failed and had to be
replaced.

c. An electronics package in fhe 5-IC stage RP-1 loading system required
replacement and re-calibration,

d.  Tnz 5-17 Grodad Supoort Squipment (OSE) stage power supply recuired
raplzoement,

3.4 PROPCELLANT LOADINS
3.4.1 AP-i Loading

The RP-1 system completed all operations from CDOT “hrouah launch satis-
factorily. There were no delays or questionable i*ems during loading other
thin one minor anomaly. Dering adjust level drain in CDOT. & time delay
relay malfunctioned and required replacement.

The level adjust operation in hoth CDDT and the lauwnch countdown jeft the
flight mass within 0.01 percent of the intended vaiue., Kennedy Space
Center (KSC} mass readout indicated that 610,197.4 kijograms (1,345,255 1o’
of RP-1 were anboard the $-IC stage at ignition,

3.4.2 L0 Loading

The LOX system supported CDDT and launch satisfacterily., Minor problems
during COOT were corrected without impact on the leunch. 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-IVE
slow fi11 and terminated at -3 hours 7 minutes. Approximetely 3418.2 m3
(903,000 gal) of LOX were consumed during CDDT end launchk courtdown. At
launch, about 1703.4 m3 {450,000 gal) were oanbazrd AS-507 and flight LOX
mass was within specifications.

Twe of the miner anomalies encountered during firal LOX loacing are as
foliows:

d. During the S-IL final fast fi1l secuerce, tke speed cf the LOX trans-
fer pump was manually zdjusted raising the flowrate from G.524 mi/fs
(8300 gpm) to a desired level of 0.590 m3/s (9350 gpm) in crder to
aveid & loeding delay. The need for this manual adjustment had bean
anticipzted and was covered in the released Tcading procedure.

b. Level shifts were experienced by the 5-I1C LOX and RP-1 recorders as-
scciated with the autamatic Propellant Tanking Computer System (PTCS)
during LOX Tovading., The shifts had no effect on the operation of the
PTCS.  The exact cause of the shifts has not vet been established,
but ihvestigation will continue,
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3.4.3 LH2 Loading

The LHp system performed satisfactorily throughout CODT and launch count-
down. The prelaunch fi11 sequences were parformed with no anomalies or
delays. Preconditioning of the S-II stage was initiated at -6 hours 25
minutes and was ccntinued through -3 hours successfully cooling down the
5-11 stage. Automatic loading was initiated at -2 hours 58 minutes with
transfer line chilidown and terminated at -1 howr 31 minutes.

Guring COOT approximately 1041.C md (275,000 gal) of LHZ were consumed.

This included losses frem three 5-11 preconditfening runs, vehicle bafl-off,
and drair volume rot returned te the storage tank. Launch countdewn can-
sumed 1748.6 m3 {162,000 gal) frem the LH2 facility. At launch LH2 flight
mass was withir specifications.

The followirg zhomalies were noted:

a. Water entered the vehiele vent system at the burn pond after the re-
plenish sequence was terminated during CDDT and launck counldown. This
also occurved during AS-501 loading gperations and was attributed to
siphoning action through the standpipes initiated by rapid closing uf
the stage vent. The AS-502 prablem may have heen caused by insufficient
helium purge resulting in cold piping, thus allowing the helium Lo
contract shce the purge was terminated. This eontraction could re-
cult in lowering of the pressure and initiation of the ciphoning action.

b, After hoth €DDT and the launch countdown, several LHz vent bubble caps
were cracked which exposed the vehicle vent system directly to the
atmosphere, These cracks are attributed te Tocalized overheating
coupled with rapid cooling by the splashing water in the pard,

c. The debris vatve in the LHz fili line was not closed until 12 seconds.
This conpromizes the integrity of the fi11 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 Tnading were
as Tollows:

a. Module ]

(1} Oxidizer System (Nitragen Tetraxide, N204)

(a) WYolume loaded 67,213.7 cm3 (4102 in.3) at 299.8°K [BO"F).

b) Yatume off-Toaded GO9E.0 cm3 (372 in.3) at 297.0°K (75°F).

¢} Yolume removed with bubble blead during burp firing 453.8 cmnd
(28 in.3) at 308.5°K {88.5°F},

(d) Volume removed with bubble bleed during countdown 622.7 cm3
(2% in.3} at 302.6°K (83°F}.
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{2} Fucl System (Mono Methyl Hydrazine, MMH)

(a) VYolume loaded 67,219.7 cmd 74102 in.3) at 300.6°K (81.59F).

(b} Volume off-loaded 1442.1 cmd {88 in.3) at 301.5°K (B3°F),

{c} Volume removed with bubble bleed during countdown £22.7 w3
(38 in.3) at 302.0°K {84°F).

B, Medule 2

(1} Oxidizer System (Nitrogen Tetroxide, Np0a)

(a) Yolume loaded 67,27%.7 cnd (4102 in.3) at 300.9°K {82%F).

Ehi Yolume off-loaded 6096.0 amd {372 1n.3) at 300.09°% (82°F).

¢} Yolume removed with bubble bleed durirg burp firing 344.1 cm3
(21 in.<) at 305,9% {21°F).

{d) Volume removed with bubble bleed during countdown 4971.6 em3
(30 in.3) at 302.0°% (84°F),

(2} Fuel System {Mono Methyl Hydrazire, MMH)
ta; Volume lozded 67.219.7 cm3 (4102 in.3) at 299.3°K (79°F).
(k] Volume off-loaded 1442.1 cn3 (88 in.3) at 300.1°K (80.5°F).
(e] Volume removed with bubble bleed during countdown 455.8 cm3

(28 in.3} at 300.9°K (82°F).
3.4.5 S-IC Stage Propellant Load

Injtial propellant loads were obtained from the KSC weight and balance Tag
ane compared with the continuous level sensor data. This comparison showed
the 10X Toad to be 1103 kilograms {2332 bm) greater, and the fuel laad
1259 kilograms (2777 Ybm) Tess than the KS€ lgads. The propulsion perform-
ance reconstruction utilizing an RPM match was able to follow the continuoys
level sensor data for both LOX and Fuel with an accurazy of +1.27 centi-
meters (+0.5 in.}. The reconstruction aiso matched tha residuals calgu-
lated from level sensor and 1ine pressure data indicating that the pro-
pellant Toads calculated from the level sensor data are accuvate. The
reconstructed LOX load is 0.08 percent apove <SC indicated values, and

the reconstructed fuel load is 0.20 percent below KSC indica“ed values,
Both are well within the predicted three sigmz 1imits of +0.5 percant.,
Total prapellants onboard at fgnition command are shown in Table 3-2.

2.4.6 S5-1I1 Stage Propellant Load

The percentage of flight mass onboard the S-1] stage jusi before aach tank

pressurizing time was indicated by the PTCS to be 99.Gg percent for LHp and
100.02 percent for LOX. Table 3-3 presents the S-11 stage propellant load

at 5-IC ignition command.

3.0 7 5-IVE Stage Propellant Load

The PTCS indicated flight mass onboard the $-TVB stage just prior to in-
dividual tank pressurization was 100.08 percent for LA2 and 99.08 percert
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Table 3-2. S§-IC Stage Propellant Mass at Ignition Command
M54 BEOL JHEMENTS M&35 TALTIATIONS MhSs JCVTATIONS
FIEJILTE: LMALTHG LoWil BEAT EST BEST EST
PRCELCLAN] JNITE mALOR 70 THRLE .I!-T_ ) LEYECH BEST EZTIMATE MINLUE HINJE
LAalllik- LTI, T OaTa” PRECICTEL Ta¥ITION
0 ks 127,03 | 1,428,633 | 429,14, 75,153 2123 14
= I E 3,148,285 3182,7°8 3,350,740 T B2
- 0. % 0.Ga
i ks 11,317 B1a, 137 B, 95E LG5 ,4949% -Z3E5 - 1243
It BT AN 1,543 254 1,244,178 |, 247 504 -Sdad -#752
: K 0.2
lotal ki 2,038,330 2,033,736 2,038 58D 2,058,104 -0 -13z
1k 4,397, F:e 4,493,541 4,823,195 4,422,251 -he | -0
5 -G L -1
TRdske R l.'lif.g::e".ﬁit_',-' of 11373 ks/md 7 .0 1omefeiy and RF- density of 802,35 wyfud
(2.1 “Ew/redh.
“Rated an |0 geesity af 136,06 kgt (T0LST TbedTel) ane B30 density af 8070 cgind
P393 Thefredl,
KL prape’ lans mgss readnats are savsc a3 loacirg tabie dats at +gnitien.
Teble 3-3. S5-11 Stage Propellant Mass at S-1C Ignition Command
|
FRIDICTES [ THGIWF FITA 9, BWETEMY BEZl E=5T.
- FRiCR TO rd : SFHE0R [HTFHREL N GE [T
PEIRELLASI LH1TE L JHZH SHHTEW Ca™a ‘BE3T ESTIMATI] FHEJLL LD FRLLLICIEL
L0 kg 357,547 15,3z €062 389, 373 1931
b 38,125 JBY 0k 753,178 731,157 B35 4054
. 3. 1% .zl
L4, ke L 3,563 £9,903 29,380 - 2] 216
* 1 kam 132 48E T, 153,23 157 557 -1 417
% -, 23 HFY
i
Taval : k3 SEL N4 A4 2] a6l 2i7.150 i 2044
Tt 27 603 GiLt L A5E G333k GaE 1L L 4517
s a4 a.4E
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for LOX. Table 3-4 Tists the S-IVE propellant load at S-IC ignitfen ceom-
mand. Simulation-trajectory match results were used in conjunction with

the 1isted data to determine the best estimate values, The best estimate
propellant masses are (.46 percent hicher far LOY and 0.07 percent lower

for LHz than the predicted values. These deviations werc well within the
required Joading accuracy.

3.5 5-11 INSULATION PURGE AND LEAK DETECTION

The 5-11 insulation purge and leak datection system performed cffectively
during prelaunch cperations. It was recessary to activate auxiliary back
purge in the sidewall insulation during terminal count; however, detailed
inspection by cperaticnal television failed to identify any Teak in the
external dirsulaticn surface. Data recurded during this time indicated an
Trterconrecticn developed between the sidewall and feadline elbow flaw
circLits in terminal count following the LHz fill sequence. Reevacuation
of the cemmam bulkhead was accomplished at -1 hour 32 minutes without com-
promise to the purge system.

3.6  GROUND SUPPORT EQUIPMENT

Ground systems performance was highly satisfactory. The swing arms, hold-
down arms, tail seryice masts, propellant tanking systems, and 21l ataer
ground equipment functioned well in support of AS-502 Tauncq. Tasle 3-5
gives the start times for some of the pertinent graound/vechicle interface
events. There were relatively few anomalies, and launcn damage was light
in most areas. Detailed information of ground equipment aerformance,
problems encountered during Taunch preparations, and blazt damage to the
complex and equipment is given in Apollo/Saturn V Sround Systems Evalua-
tion Report AS-502, Kennedy Space Centzr, May 1353.

Table 3-4. S$-IVB Stage Propellant Mas: at $-1C Ignitian Command

[ H
FRICICTED al LLyLo i ! — gasir Fir
FRIOR TG | [NMEATLE | SLhSOR - FLL LA WhiE “THLE

PROFELLANT | WHITS | LA.NCH fCURALCTIDD | [EATRAPCLATION [ LNTLSAAL | InT:MATI | PRCLICTLY | PREC:CTED
LOF kq Ay GRS &7 ,730 &, 4010 g, 108 LB kS s
Tb- 1,248 1u3,8i2 104 L5 194 424 194,193 1 244
oA 1,09 R
L4, ky 1,48 19,263 19,304 RN 149,545 " 14
15m 47,179 42,462 42,560 qi Liy 12,445 3 i
13 2, N
Total ki 196, 855 &, 959 RN 127,434 LI, Ma ™ 233
il #3370 R LU 37,482 23R ARG | FIEuER 19 i
5 : : u.cr 0o

| L
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Table 3-5. Ground/Vehicle Interfage Events

CENT RN SEC
Arm 3, 5-11 Aft (Access) (Start Arm Retract [SAR]) =0C:g6:06, 74
fren 9, Fgress Arm {SAR) 0026 064D
C-Ball Cover (Start chergaé;ract] -0 :04:4¢E .57
frm 1 S-1C Irtertank (SAE) -G0:00 2. 27
frm 2, S-IC Forwarc {SAR) 00002142
Laurck Inftiate Relezse System -0C:00:00,12
Commi't Aem LifLoff Switches 0C:00:00.18
Folcdowr Arm Release, Frimary (Freumatic) O0:00:00,36
Littoff Switches (Fosition II-IV), Primary {1 inch) | 00:00:00.55
Arrs &, CH/SM Arm {SAR; o 00:00:00,60
Arm 7. IU/5-IVE Forward (SAR) Dﬂ:ﬂd:ﬂﬂ.ﬁﬂ
Tail Service Masts (3), Primary (Pneumatic) 00 :00:00., 75
frm 4, 5-11 Intermediate [SAR) 00200 .00 .83
Afrm 5, 5-11 Forward {SAR) o 00:00:00, 97
Rrm B, S-IVB ATt {SARj Q0:00:00,%92

Two oroblems asseeisted with the 5-11 stage oriented pressurizztion znd
servicing system were as follows:

d .

The system experienced an excessive loss of helium duping CIOT 2nd
the launch gountdown. Replacement of two relief valves, suspected zs
sources of lTeakage, did net reduce the loss af helium during Taunch
countdown. TroubTeshooting of this system will continue.

5-11 engine start tank temperatures, although within roguired Timits
at launch, were colder than expected. Helium used to condition the
start tanks is preghilled by the GSE LH2 hest excrancer. An &nalysis
af the enginc scrvicing system will be performed to isolate this
problam.
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Overall damage to the launch complex and support equipment was Jess than
occurred at AS-507 launch. Modifications ncorporated to reduce blast
damace Lelow that experienced on the previous launch were effoctive, Some
conditiens of damage revealed by post launch damage assessment are as
fellows:

a r

RP-1 System, The mast cutoff valve in tail service mast 1-2 opened
at 1iftoff causing activation of the Ansel fire chemical systam in
Mobile Launcher (ML} Room 4A. This resulted in the RP-1 distributer
cabinet being filled with fire extinguishing powder.

LOX System. Thirty gne cables or Tevel 32 systafaed varying degrons
of burn damage. The jacket of a section of vacuum-insulated piping
near level zero was dented,

Lnyironmental Control System (ECS). Launch damage was approximately
the same as was experiencad during the Taunch of AS=B0T: however, the
ECS ducts were more extensively damaged. The horizontal ducts {in
level zero and the first & meters (approximately 20 ft) of vertical
ducting were comoletely destroyed. The second b-meter section of
dicting a2lso suffered extensive blast damage and Lhe supporting struc-
tare was bro<en loose and severely warped.

Holddown Arms.  The holddewn arm hoads were warped. Arm 3 hood was
warped extensively. Grouting between the holddown arm bases and the
LUT deck prevented recurrence of the AS-531 flame damage to arm in-
terior components.

Swing Arms. Damage was somewhai more widespread than for AS-L0) launch
but “ewer major components were affected. Lower Swing awss, particu-
larly arm 1, sustained the greater damage. Thers were fires in the
lower hinrge aress of arme 4 and 6 resuTting from Fydraulic 011 leakage
through ioosened "B" nuts.

5-I1C stage oriented mechanical GSF. Storage racks an LUT Jevels g0, 100
and 120 sustained varying amounts of engine exhaust damage. One rack
wias completely destroyed but tke others are comsidered repairabla.



SECTION 4

TRAJECTORY ANALYSIS

4.1  SUMMARY

Actual trojectory parameters of the A3-BDZ were close to nominal until the
premature shutdown of two engines on the 5-I@ stage. After this oremature
shutdown, the trajectory deviated significantly from Lae aominal throughout
the remainder of the mizsion.

Space-fixed velocity at S-IC Launch Vehicle Digital Computer {LYDC) sensed
Qutboard Engine Cutoff (OECOY} was 7.28 m/s {23.89% ft/s) greater than
nominal., At 5-11 LYDC sensed Engine Cutoff (ECO). compared to nominal
cutoff, the space-fixed velocity was 102.36 mfs {335.82 ft/s) less than
nominal amd the albitude was 6.39 kilometers {3.45 71 mi} higher than
nominal, At S-IVB wvelocity cutoff command, compared to nominal cutaff,
the space-fixed velocily was 45.94 m/s (162.56 fLfs) greater than nominal;
the cause of this overspeed is discussed in Seclion 10,0 The allitude at
5-IVE velocity cutoflf command was 0.79 kilometars (0.42 n mi) lower than
nominal and the surface range was 498,45 kilometers {26%9.1% n mi} longer
than nominal.

Parking orbit insertion conditions deviatled considerably from nominal be-
cause of anomalies thdat occurrzd during the powered portion of Flight,
The space=fixed velocily al insertion was 48.16 nfs (158.00 ft/s) yreater
than nominal and the f1ight path angle (elevation of space-fixed velocity
vector from local horizontal) was 9.378 degree less than nominal. These
conditions produced an arbit which was quite e17iptical with an eccentri-
city 0.0138 greater than nominal. Tae resulting apogee of the parking
orbit was 171.04 kilometers {52.63 n mi) higaer than nominal, and the
perigee was 12,17 kilometers (5.57 n mi) less than nominal.

Thi 5-1C stage broke up at appraximately 337 seconds at an altitude of
28.9 kilometers (15.6 n ni} according to photographic coverage. At this
tive the actuai surface range and altitude as determined from a theoreti-
ral free flight sirulation, were within 0.10 kilometers (0.05% n mi) and
1.42 kilometers {0.76 n mi), respectively, of noninal. The free-flight
trajectory indicates 5-II stage impact of 436.82 %ilameters [235.86 n mni)
further downrange than tae nominal impact pofnt.

The 5-IVE stage failed to reignite. 3hortly aftar the attempted reignition,

the spacecrafti separated from the Taunch vehicle on ground command to the
spacecraft. The 5-1¥% stage reentered due to orbital decay on April 76, 1908.
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4,2 TRACKING DATA UTILTZATION
4.2.1 Tracking Luring the Ascent Phase of Ftight

Tracking data were obtained during the period from the time sf first
mction thraugh parking ovbit insertion.

Postflight trajectory for the initial portion of flight was estaalisaed
from a least squares curve fit of optical tracking data and was merged
viith a best estimate trajectory. The hest ectirtats trajactory utilized
telemetered guidance velocities as the generating parameters to fit data
from GLOTRAC Station 1 and five different C-Band radar trac<ing stations.
These data points were fit througn a guidance error made]l and constrained
to the dnsertion vector obtained Fram the orbital soluatian. Comparison
of the best estimate trajectory with data from a1t tae tracking systems
yielded reasonable agreement,

GLOTRAC Segwent I data is a best estimate fit of the data fram the various
GLOTRAC sites. GLOTRAC Segment I provided data Jp to 480G seconds.  Com-
parisons between these data and the trajsctory snow maximum di fferences
af 300 meters (584 ft) in the vertical component, 20 meters (66 ft) in
the crossrange component, and 102 meters (323 ££) in the downrange com-
ponent. The vertical cospunent is the least accurately determined by

the GLOTRAC system. These SGLOTRAC datz ware received too late to be
considered in the establishment of tne trajectory, but are helpful in
sscertaining the validity of tne trajectory. The GLOTRAC Segqment I data
were the only precision tracking data available after 230 seconds. Com-
parisons with the SLOTRAC Station I and Offset Frequency Doppler (0DOP)
data show deviations which are cansiderably less than those ob:ained fram
the GLOTRAC Segrent [ 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 5-Band tracking data available during the orbital flight
which were not wsed in determining the orhital trajectory due to the

abundance of {-Band radar data.

The orbital trajectory was obtained by taking the finsertion conditions

and integrating them forward at the desired time intervals. The insertiaon
conditians, as determined by the (rbital Correc<ion Program (0CP), were
obtained by a differential correction procedure which adjusted the
estimated Tnsertion conditfons te fit the C-Band radar tracking data

tn accordance with the weights assigned to the data. After all the

C-Band radar tracking data were anailyred, some stations and passes were
eliminated completely from use fn the determination of the insertion
conditions.
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Taale 4-1,

Summary of AS-502 Orbital C-Band Tracking Stations
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Final GLOTRAC Segment I data were received far the tnterval where the

attemoted 5-IVB stage reigaition cccurred.

These data were received too

Tate to be considered in the establishment of the trajectory; hawever,
comparisons of the trajectory with these data help to indicate the

validity of the trajectory.

After the GLOTRAC data became reliable [about

11,530 seconds), the maximum deviations were abgut 270 meters [(B86 )
in the vertical component, 17% meters (574 ft) in *he crossrange
component, and 125 meters (410 ft} in the downrange component.

4.3 TRAJECTORY EVALUATION

3.2.1

Ascent Trajectary

Actual and nomimal altitude, surface range, and cross range for the

ascent phase are presented in Figure 4-1.

The actual and nominal total

garth-fixed velocities, and the elavation angles {elevation of earth-
fined velocity vector from the loral horizoatal)} of the velocity vectors
Actual and nomiwal space-fixed velocity and

are shown in Figure 4-2.
flight path angle during ascent are shown in Figure 4-3.
aof total inertial accelerations are shown in Figure 4-4.

Comparisons

The combined burn tine of the 3-1C, 5-T1I, and 5-TV3 first Durn was
87.61 seconds longer than nominai; the 5-IC burned .85 secoends longer
than nominal, the S5-I burned 5¥.B% seconds longer than nominal, and the

$-IV8B burn was 28.95 seconds longer than nominal.

The abnormnally long

5-11 burn was the result of the premature cutoff of the two engines,
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Figure 4-1. Ascent Trajectory Pesition Comparison

causing the 5-IVE to burn longer in attempting to arrive at the proper
end conditions. The accuracy of the trajectory at S-IVE cutoff is
estimated to be 11.0 w/s (3.3 ft/s) in wvelocity, and + 500 meters {1,640
ft} in altitude.

Mach nunber and dynamic pressure are shown in Figure 4-5, These para-
neters were calculated using measured meteorological data to an altitude
¢f b0.2 kilometers (27.1 nomi). Above this altitude the measured data
were merged into the U.3. Standard Reference Atmosphere.

Comparisons of the actual S-II engine Mo. 2 premature cutoff conditians,
with their corresponding nominal conditions, are shown in Table §-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 is the azimuth of the
space-fixed velocity measured east of north. )

Until the S-11 engine premature shutdown, the aTtitude was slightly Tower
than nominal, the surface range was close to the nominal, and the tgtal
inertial acceleration was Tess than nominal.

The theoretical free-flight trajectory similation data far the discarded

5-IC and S-1I stages were based on initfal conditians obtained From the
Tinal postflight trajectory at separation. The simulation was based

1-4
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Figure 4-2. Ascent Trajectory Earth-Fixed Velocity Comparicsan

upen the separation impulses for both stages and neminal tumbling drag
coefficients due to lack of tracking data for both stages. Photographic
coverage of the $-1C stage indicated that the sitage broke up at 397 seconds
withir ©.10 kilometer (0.0% n wmi) surface range, and 1.42 kilometers

(0,76 n wi} altitude of nominal. Table 4-3 presents the significant param-
eters and their deviations from ngminal; including Max 3, maximum accelora-
ticn, apexes of spent stages, and maximum earth-fixed velocities. A sum-
mary of impact times and locatigns far the S-IC and 5-11 stages is pre-
sertec i Table 4-6. Since there was no tracking or photegraphic coverage
of the discarced 5-I11 stage, its impact was simulated as nofed above.

Spacecraft separation was initiated en ground command to the spacecraft
after it was ascertained that the 5-TY[ stage had failed to reignite. The
trajectory conditions at spacecraft separation are presented in Table 4-5.



3 300

..-"'I
284 7000 ﬁ 7
'\——-—*F_IGHT PATH BHNRLE J;”

GCC0 _}{t \ ] If
/
!

24

&n
=
=
[

20 /’ SPACE FINED VELOCITY

2000

L
T e
m E
ﬁ -
. = \ //
[T f—
—
2 164 o 8000 V4
- ]
=t O \ A wma _
= - '\ [ oo mowtea
= . - - i
L - VoTCOGELCC SEMS IO LyDC, T4k, 43 ]
e 12 = 3302 Se Ll FMOTAS MO 2 AN 3 OU7, 472 8¢ 8HE 414 .%a
— — f -1 §0N REMTED 2% WG, 576,53
0T L S-ivE MM WAL ESOCDIY CUTDTF (OMPANT, B59 76
iy L f \ ToIWE ALTUAL UTLRDTTY SUIITE TAMMING, s nd
— Ca
0 e
H it
e

|
}I
4 1ﬁDD¥Jr .\H\‘

= h"l---..--é"'-ul:"'"-"-.--‘“I‘“
0 0 = A
|
_y ] v N Y ¥ .1 ¥

¢ 100 200 =00 400 500 6I0 700 8OO

RANGE TIME, SECONDS
Figure 4-3. Asgent Trajectory Space-Fixed Yelocity Comparison

As & result of the S-IVE failure to reignite for second burn, the S-IVB
stage renaired in orbit after spacecraft separation instead of flying the
high apogee {lunar distance) orbit planned.

The 5-IVE stage reentered on April 26, in the ocean between the east
coast of Africa and the west coast of India.

4-6



— ATt
=== NIMINAL

So1T LR SIRGED YLD, 143040

AUIONST] SENSES EMF SHYVET, A%C, 76

S-11 ECA %E%SEC BV OLWOC. B, 32 ]
COIVE WUMIEA. oDUOCLTY CUTCLT COABND, BRG AR
S lYE ACTyal W1LGELTF CUTOFD [UNRMSENZ, 747,04

v
% o |7 FMGIHC M0. 2 040 3 UOL, 40D %7 AND ald.16

ACCELERATION, m/sZ

4]

35

30

253

15

H---*--‘L

/ P‘J/\I_,,—-—
=
= i

Vivi ViV

100 200 300 A0 500 600 700 800
RANGE TIME, SECONDS

figure 4-4. Ascent Trajectory Rcceleration Comparison

4-7



4.00 16
7~
_ A TN
315 -l'ﬂ' . P I
DYNAMZ G PRESSUHE-—~—-—/; \ L AsTUAL
) ROMINAL
.0] 12 2 )

NI’ |I | F
ég 2.5 10 }g \E
f '8
w20l 5 o8 | |
te = ﬁ \[ ;
Tk / \ /
= 1.51 T 6 /,
5 .
1.0- s / v
/ X
0.5/ . J e PELJHBEE; \\
Y
= T
0- s 0 80 €0 80 100 e e

RAMGE TIMZ, STCONDS
Figure 4-5. Dynamic Pressure and Mach Nurber Yersus Range Time

4.3.2 COrbital Trajectory

The acceleration due to venting during parking orbit is Fresented in
Figure 4-6. These accelerations were obtained by differentiating the
teleretered guidance velocity data and removing accelerometer biases
and the predicted effects of dirag.

A family of values for the insertion parameters was obtained depending
upon the combinatioh of data used and the weights applied to the data.
The solutions that were considered reasonable nad a sprcad of about

500 meters (1,640 ft} in position components and +1.0 m/s (3.2 ft/s) in
velocity components. The actual and nomimal parking orbit insertien
paramelers are praesented in Table 4-7.

The ground track of the first two revolutions in parking orbit for the
A5-502 wvehicie is given in Figure 3-7.
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Table 4-2. 5-1I Engine No. 2 Premature Cuinff Conditions
FARAMETER ACTUAL NOMINAL ACT-NOM
Range Time, 3eg 412.%
ATt tuds, km 177,26 177,80 -0.54
(n ri) (95.71] {96.00] {-0.29)
Surface Rawnge, kN 933,27 936.43 -3.78
(n i) (503,93} {806.63] {=1.70)
Space-Fixed Velocity, m/s £,153.7 4 R,IEZ I 3017
(Ftss) | {16,906.63) [ {17,005.61] {-98.98)
Flight Path Angle, deg 1.611 1.647 -0.036
Heading Anglae, deq 78,706 TR. 807 0.095
Cross Ranga, Km 587 11.41 -2.54
fn i) {4.79) (6.16] {-1.37)
Cross Range Velogity, 1i/s 32.30 8¢.86 9.44
{ft/s) {302.82) (271.85}) {30.97)
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#————-IHSEFT[ﬁﬂ
(RIEDICTED)
b4 P ———— Tl e
: ACTI -
P30 20 | 8 O b ——---GLIDAHCE COMPUTER (MPUT
's 48—
oo
é 1.2 N
2 2.4
1.5 —Fa
":“*E;\“
n.A ! R;ﬁ: - ".-_.E_.'Il-‘..__-_ —— -] -
q_ " 5‘3[:-
" 2000 4000 £109 BOOO 10000 2220
RANGE TIME, SECANCS
L 1 1 1 1 L | ]
09:30:00  01:90:00  ©1;30:00  02:00:00  S2:35:G0 D2:30:03
RENSE Ti¥E, HOLRS:FIYUTES:SECONDS
Figure 4-6. AS-502 Acceleration Due to Verting
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Table 4-3. Comparison of Significant Trajectory Events

EVENT PASKUFTLR ACTLAL HCMIHGL i Y

Firet Yoticn kanga Time, zec 3 0.3% ool -0
Total THerdial Bueel, ads VaLEL LEE 0, ég

_ _ (FESs) {35 £3; ] (14,71} 150z

agn 1 Farge lime, sec £33 ¢ =134
Eltitade, km iod 157 -ELE2

i fn - (386 21,58 IR
Megimun Jynamic Pressure Rance Tine, seo " i TR.20 [ERL -1,78
Jeniatic Fresgure, NS0e 1. 75¢% 1.E04 153

LTS A [ lge, za3) I IEN I MREH

Albitude, k- Te g 13,49 -1 .64

eem ) LN EH f7.3N T

Mazicum Tota’ fiange Tie, ser HTRE 124 81 Al
fmertias hecelaration:  S-00 brerlevacion, mist 5,5 L -5, 54
[1t:5%) 1153,&87) [18E_3%% yolda]

E-IC Pange Ti~e, ser LRk B $17.5q ] =164 A5

RCceleration, m, ERTE 1333 i

[F+:55) [E> 24 (L3162} [-120m

5-TYE Fangs Time, scc RN £499 .26 Er.7a

e eration, “ihy A3 &0 .33

ftss") WLEN LA | 11,08,
Bpes: 5-1L Sthge Range Time, sec FIFA K TEC.LT sE2T
BT tude, k- ! 16357 109,23 iy

ir-ii ; 193,16, 1GE.39; 11T

Surfaca Harpa, km : 315,62 114 B8 LM

fromil VETILIE] 1) fc.oqt

S10 Stane Range Tiwe, jec £SR3 SED.51 94 .52
Altituds ., km 0e, &N "o va T .&!

[n =i} [ | [102.93) 8815

Sarfice Pange, km 2987 176766 JE4.21

[no-ig HEETRETN [95&_44) - SN

Braak-vp of $-10C 3tage ’ Range Time, seg KRN T 1,
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vhomil (15583 [14,84) e, 76,

Surfage Ringe, km I8 EE a1e1e 0

(n o= (330371 LA, 52 [n.og!

Mawinan faroh-Fised Range -ime, sdc LR i 7 7 ooad
Vvelpgity: 5-[0 Wrlarity. mes 2356._:54 fI1BE GE _To, 62
SFtfsd [TECE.GE CIHEE, ) (34,31

5-I2 Tange Time, s&c 3T, 08 315 &7 HR]

velocity, mis Eile. 43 £431.50 S128 .03

[Frie! L20, 752, 72) | T do0oTa) | -ya8ue)

S=Te darge Time, Ler 75704 RE9, 25 BEY_7R

velocity, mfs 7438.22 TREES6 51,20
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Table 4-4, Comparison of Cutoff Events
ACTUAL HOM L AL KLT=CH AGTLAL NOW AL ALT - HOM
PARKMETER
5=IC [ECD [SOLENOID ACTIYATION] 5-1C OFCO (LVDC SENSED)
Rarye Time, 5ec 144,72 144 £1 0.1 142 .43 147 .56 085
Altitude, kv 5.7 55, 60 0.47 ty, 44 58,23 1.1
tn mi {3028} {30.02) {0.26] {32_10) (31.50) {0.60;
Surface Bange, -k 76,38 7558 -0.20 RI.M H1.52 1,54
{n P (40,70} (40,813 (-0.17) {44,50] [44,8) {0.7%!
Seace-Flxed Velocity, mis Z620.74 2638, 54 -17,80 2752.56 274528 .28
[#t7s (508,233 | {BBS6.€3) | {-55.i0) (3630.733 1 [9006.82) (23,89,
Flignt Path Angle, deg 20,145 20,251 0,136 19667 19,844 0,177
Heading Angle, deg 75,131 75.562|  -0.481 75.005 76495 1430
Cross Ramge, km -9.12 L.59" -0, 71 -0.13 £ 45 (.78
inomi} [-C.06) (u.32)F 10,38 [-B.L7) {0.35) {-0.42)
[crose Range velocity, mss -3.05 1717 -20.%¢ -3,77 18,17 ;  -21.94
{fi/s) {-10.7%) {86.33) | (-6€.34) {-12.37) {e0,£1) § (-71.98)
5-11 ECO {LYDC SENSED) 5-I¥B ECO (VELDCITY CUTIHF COMMAND)
ange Time, sec 576.33 517,69 5. 54 747,04 T B7 .78
Altitude, km 195,05 18, 10 £.39 190, 1 151,50 073
{nmi) (105,34} (101,89 [3.45] [102.98) (Y03, 40) {0, 42)
Lurface Range, km 1810.62 1500, 43 3G, 19 943,03 246457 498,46
(nom) (977 .BE) (e {167.43) (15BS.11)| {1310.98) | (268.18)
tpace-Flaed Velogity, m/s EFI5LET EBIB. 031 -102,36 7839, 85 770,97 49,04
fftysi . (2e,065.85) | (22,401.67){ (-335.82) | (25,7871.25)| (25,560,73) | (160.56)
Flight »atn Bnale. deq ' 1.600 0. 78€ 6.914 040 -0.001!  -C.393
Headieq Bngle. deg B3, 358 B1.E07 1,781 ¢ 90,237 &7.142 3,045
Cross Range, km 306D 23.5€ 7.04 70,52 52,47 13,45
{n mi {16.52! {12.72) i3.80) (3B, 2] 28,330 {9.56)
Cross Range Velocity, mis 172.47 166.77 16.79 296,61 256,93 29,58
{fts5] 'EbBb, Hh (n14.30)]  {51.%1) {973, 74) (B42.95) (30,54
(0} FIRST RENOLUTIOM
; {2} SECOND REVOLUTTON
0
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Figure 4-7. AS-502 Ground Track
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Tabkle 4-

5, Cemparisaon of Separvation Events

PARAFETER ACTUAL ROMINAL ALT-404
5-IC/5-11 SEPARATION COMMAND
Fange Tire, sac 149,08 148.26 ¢.82
Altitude, km &0.08 59.05 1.03
{m omi] (32.44) (31.82) {0.56)
Surface Range, ki B4.65 £3.51 1.14
(n mi} (45.71) 145.09) (0.62)
Space-Fixed Velocity, mfs Z2,765,14 2,755,032 10.11
(ft/s) {9,071.98} | {9,038.81) _ (33,17}
Flight Path Angle, deg 19.530 19.725 | -0.195
Heading Angle, deq 74.996 /5.491 -0,485
Cross Range, km -0.13 0.66 -0.7¢
fnmi) (-0.07] {0,36) {-2.431
Crnss Range Velocity, m/s -3.81 18.26 -22.07
(ftis) [-12.50) (B9.51) {-72.41}
Geodetic Latitude, derg North Z25.88% 28,833 0.o10
Longitude, deq East -9, VED -74 ., 785 2.008
S~IT/S-1VB SEPARATION COMMAND

Range Time, sec 577.28 518,49 HE.RY
Altitude, km 185,25 TEE.78 h.47
fn mi}) (105.43) (101.93) (3.50%
Surface Range, ku 1,815.52 1,505,930 NG .62
(nopiih (281.31) {B13.12} (167.13)
Space-Fixed Velocity, mis B,728.55 65,834.44 =105, 73
(Ftrs) | (22,075.62) |[22.422.70) (-347.08)
Flight Path Angle, deq 1.537 0,778 d.R/14
Headinn &ngle, deg B3.416 81,639 1.777
Cross Range, km .74 23,70 7.0a
{nomi) {16.60% (12.80) (3.80)
Cress Rangs Yalocity, mfs 172,83 167.33 15.50
{ft/s) {267.03) (S16.17) fB0. 36D
Geadetic Latitude, deqg North 32,144 3N .FaA7 0,397
Longitude, deq East -62.136 -65.377 3,241




Table 4-5.

Comparison of Separatinn Events {(Cont)

3-TVEFCSM PHYSICAL SEPARATION

PARAHETLR ALCTLAL ROMIBAL ACT-NOM
Ranne Time, sec 11,867 .82 11,908.09 -240 .27
A1td tude, km 196,21 BE1.31 -LB5.10
tn mi) , (105.94] (357.08) {-281.14]
Space-Fixed Velocity, miy 7,846.32 10,57£.07 2,727 .78
(ftis) (2%,742.52) |(34,691.83) | (-8,949.31)
Flight Path &ngle, deq -0.23 14, 360 -14.641
Heading &ngle, deq af | LA 115,139 -158,699
Genpdetic Latitude, deq Nurih 31.993 21,412 1¢.5981
Longitude, deq Last =85.117 -45% §E80 -39 437

Table 4-6. Stajge Imoact Location
FARMMETER ACTUAL HOMTNAL ALT-HOM
S5=IC STAGE IMPACT
Bange Time, sec BPR.33 B07 .82 #1.13
Surface Range, km 635,38 B38.04 -2.48
(n mi} {343.08) (344,52} (-1.44)
Crnss Range, kr 3.79 10,13 -5.43
{nomi) (2.05) (5.50) (-3,45)
Geodetic Latitude, deg M 30,201 0. 157 .05
Lonoitude, deg E -74.314 -74. 272 -1,042
S5-11 STAGE IMPACT

Range Tire, sec 1.281.24 1,151.52 BG .72
Surface Ranne, km q,648.43 4,211 .51 436 B2
fn mi) (2,508.95) (2,274,039} [235.86)
Cross Range, km 152,16 137.43 Z1.67
(r mi) {82.16) (70.46) (11.72}
Geodetic Latitude, deq North 31.205 31.88D -J,645
Longitude, deq East =32, 187 -365,7°22 &, 540




Table 4-7. Parking Orbit Inser<ion Conditions

FARAMETER ACTIAL HOMINAL l ALT-NOM
Range Time, sec 7h7.04 669,26 B7.78
Space--xed Velocity, m/s 7,842.08 7,793,933 8.6
(ft/s} | {25,728.64) | (25,570.64] (158,00
“light Path Angle, deg -0.377 0.001 -0.378
Enclination, deq 32.567 32,561 0.004
cceantricity 0.3741 0.0003 0.0138
Aoagee*, km 36010 188.56 171.5¢
fn mi) (194, 44) {701.87) (32.63)
Periges*, km 173.158 185,32 =127
(n mi) (943,49} (100,06) {-E.57)
Altitude, ke 190.1% 197,81 -1.32
(n mi) (102,69} (103.471}% (-0.72)
Period, min g9.84 £ge 23 ¢ T.41
Gepdetic Latitude, deg Morth 18,730 3% €53 0.077
Longitude, dea East =49, 38R -24.709 5.321

*Based on a spherical earth of radius 6,378,165 km {3,443.934 n ni}.
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SECTION 5
5-1C PROPULSTON

5.1 SUMMAR¥

The 5-1C propulsion system consists of the engines, oxidizer system, fuel
system, pneumatic control pressure system, and the camera ejection and
purge system, Five F-1 engines provide the thrust to propel the Saturn V
launch vehicle during first stage bpost. The F-1 engine 3 a single-start,
6,770,193 Newton (1,522,000 1bf? Fixed-thrust, bipropeilant rocket system
using Tiquid cxygen as the oxidizer, and RP-1 as fuel, turbopump bearing
coplant, and control systen fluid., Liquid oxygen is stored in a cylindei-
cal tank having a capacity of 1342 md ?4?,405 Ft2], allowing for a usable
oxidizer supply of 1,489,960 kilegrams {3,284,000 1bm}. RP-1 {kevosens})
fuel is stored in a tank having a capacity of 827 m3 {29,221 ft3}, allow-
ing for a usable fuel supply of 646,823 kilograns (1,426,000 Tbm}.
Pressurized Gaseous Nitrogen (GHo} ig used as a source of ppreunatic
pressure for propeilant system valye actuation and engine purging. During
flight, GNo is uwsed to purge the film camera and television canera Tenses
and to eject the film cameras.

S-1C propulsion systems performad satisfactorily. In general, all perform-
ance flight data as determined fram the propulsion reconstruction analysis
fell close to “he nominal predictions. Average engine thrust reduced to
standard sea level conditions from 350 to 38 seconds was .20 percent lower
than predicted. Average reduced specific impulse was 010 percent lower
than predicted, and reduced propellant consumption vate was 0.07 percent
less than predicted.

The wehicle first longitudinal siructural mode frequemcy coupted with

the engine response to the oxidizer suctien lines resonant freguency within
the 116 to 140 second period. Thic resulted in a vehicle longitudinal
oscillation termed "POGO".

Inboard Engine Cutoff ([ECO) {solenoid activation signal) occurred 0.11]
saconds later than predicted. Cuthoard Engines Cuioff (OLCO} occurred
J.825 second later than predicted, primarily due to lower than predicted
avoerage fuel flowrate. An intentional fuel ievel cuteff of the outboard
enginas was planned and attained, demonstrating the adequacy of this
cutoff mede. An inboard engine LOX leyel cutoff was planned and attained,
demonstrating the adequacy of this cutoff mode.



The usable LOX residual at OECO was 11,673 kilograms (25,725 itm) of LOX
compared to the usable 2544 kilograms (18,837 Ybmi predicted and the
dsable fuel residual at OECO was zero, as predicted. The higher than
expected LOX residual was primarily due to a slightly higher than expected
Ioading mixzture ratio.

A1l the subsystems except the cameraz ejection system and the cantrol
pressure system performed as expected. The camera cjection system

elected only one of the four film cameras. 1t appears that the system
preumatic supply pressure tubing failed during S-IC/S-11 separation.

The coniral pressure system performed satisfactorily during powered flioht.
After separation, however, the sphere pressure decayed unexpectedly, This
decay may be due to a failure of the pheumatic lincs to solencid valves
that control the LOX vent and relief valves. The pTenned ccrrection for
both of these problems on 5-1C-2 and cubsequent stages will be the suk-
stitution of stainiess steel tubing for the alumirum tubine that was used
on 5-IC-1 and S-IC-2.

5.2 35-IC IGNITION TRANSIENT PERFORMANCE

The fuel pump inlet preignition pressure and temperature were 30.4 N/omé
(44.71 psia,; and 274°K (33°F), respectively. These fuye] purp inlet condi-
tions were within the F-1 engine model specification 1imits (start box
requirements) as shown in Figure 5-1. The preignition temperature at the
fuel pump inlet was corsiderably Jcwer than the fuel bulk temperature of
294°K (70°F). Similarly, %he LCX pump inlet preignition pressure and
temperature were 55.4 h/eme (8G.4 psia) and 96°K (-287°F), respectively,
The LOX pump inlet conditions were also within the F-1 engine model
specification 1imits as shown in Figure 5-1. The fge] and LOX ullage
pressures were 19.) N/cm (27.7 psia) and 17.2 Nieme (24,0 peia),
respectively, at ignitian,

Tre engine startup sequence was normal., A 1-2-2 start was planned and
attained. Engime position starting order was 5, 1-3, 2-4. Twg engines
are cansidereg o start fogether if their combustion chamber pressurss
reach 69 N/cm® {100 psig) in a 100-millisecond time period. Figure 5-2
shows the thrust buildup of each engine fndicative of the succeasful
1-2-2 start. The major events during engine startup sequence ara listed
in Table 5-1.

The best estimate of propellants consumed during tne period between ignition
and holddown arms release were 38,901 kilograms (85,765 lbm) as conpared

to 38,923 kilograms (85,810 1bm) by the reconstruction analy=zis. Thase
consumptions are more than tho predicted consunption of 38,846 kilagrams
(85,643 Tbm}. The more than predicted holddown consumption resulted in
best estimate 1iftoff propellant loads of 1,3%8,5%39 kilogrars (3,083,382
Tbm} for LOX and 600,604 kilograme (1,324,104 1bm) fow fual,
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Figure 5-1, S§-1C Start Box Requirements
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Tabie 5-1. $-IC Stage Engine Startup Event Times
RANGE TIME, SECONLDS
EENT ENGINE 1 © EVGINE 2 | ENGINE 3 | ENSINE 4 | GHoIN &
itart Stlensid Zpergized -5.944 -£.979 -5.735 =5, 480 =&, 950
MLW 1 Starts Opan =5, TEY -5.811 -5 _LRY =331 -5, 811
MLV 2 Starts Open -5.793 -5.827 -5.579 -5.345 -R.737
Thrust Chamber [gnition =2, 800 -2.430 -2, 7RO -2. 410 -3.020
MFY 1 Starts Cpen -2, 658 -2, 281 -2_617 -2.785 -2 .ABs
MF¥ 2 Starts Qoen -2.85] -2.2B% -2 817 -2, 243 -2.8a7
Final Thrust (K -1.4593 -1.287 -1.621 =1.313 -1.985
AT]1 Engines Runming -1.29t
Launch Commit r.115%
NOTE: Times taken from data sarpled 500 times per second.
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5.3 S5-1C MAIN STAGE PERFORMANCE

The F-1 engine has a single bellshaped thkrust chamber with an expansion
area ratio of 10:1. The thrust chamber is cooled regeneratively by fuel
which passes through tubes thzt Form the thrust chamber wall. A double
wa'led extension nozzle, utilizing turbopump turbine exhaust gases for
inner wall coolant, is used to increase the expansion area ratic from
10:1 to :6:3. The propcliants are supplied to the thrust chamber by 2
direct drive turbgpump driven by exhaust gases from a gas generater.

Twe analytical techniques were employed in evaluating 5-1C stace propulsion
systen performance.  The primary methed, propulsion veconstruction
analysis, utilized telemetered engine and stage data to compute longitu-
dinal thrust, specific impulse, and ¢tage mass flowrate. Ir the second
method, flight simulation, a six-deqree-of-freedam trajectory simulatior
was utilized to F°t propulsion reconstruction analysis results to the
trajectory. Using a differential corvection procedure, this simulation
determined adjustnents to the veconstruction analysis of thrust and mass
Flow histeries to yield a simulated trajectory which closely matched the
gbserved postflight trajectory. S-IC stage propulsion performzrice, as
determined by reconstruction was completely satisfactory.

Performance parameters compared well with the nominal predictions ower the
entire flight as shown “n Figure 5-3.

Average engine thrusi, reduced to standard sea level conditions, at 4 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 .86 percent lower {engine MNo. 2} to 0.33 percent higher (engine No.
4}, Average engine specifie ‘mpuise was 0.10 percent lower than predfcted.
Individual engine deviations From predicted specific impulse ranged from
0.30 percent lower [engine No. 2) to 0.04 percent higher {engines No. 3

and 4.

Reduced to sea level ambient pressure,the stage average longitudinal
thrust for the Flight from propulsion reconstruction was 0.53 percent
lower tman predicted, o2 . ..,. «...age longitudinal specific impulse
as reconstructed was 0.17 percent higher than predicted.

Flight simuiation showed that the stage average specific impulse was 0.68
percent greater than predicted. The flight simulation resuits 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 of the velocity deviation
caused oy each of these parameters. Table 5-3 Tists the various error
contrioutars and the cutoff velocity and “ime deviations assoc’ated wilh
2acn.
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Table 5-2. S-IC Engine Performance Deviations
PARAMETER EMGINE PREDICTED RECIMSTRUCTION | DEYIATICN AY=RAGE
ANALYSD 5 FERCERT TEVIATION
FPERCENT
1 BYIE [151E) G767 51519} (I
Thrust 2 E¥EZ [1518) ga05 [180E) -, B4
3 3 3 6704 [1578) EFRE (1581) -, R <[, 20
107 N {107 Tbf) 4 6690 £1504) &2 iIBUﬂ} 0,33
5 6761 {1620) £730 [13°3) 0.4
Specific Impulse 1 2576 [262.7) 25iv izﬁz.a] 0.04
P gaoh [264.7) 2E30 (P&4.T) -0.30
N-s/kg (1bF-5/1bm] 3 2661 (2542} 255 (7R3.7 ) -0.19 -0.10
i 58D (263.1) 2581 [P63.2) 0.0
] 2sah {264.1) JEBA [263.9) -0.08
1 2616 Eﬁ?ﬁﬁ% 2821 (5779) 0,23
Total Flowrate 2 2L9F (5774 2R8E {5702) -.45
3 2B1& (5772) 2616 (5768) -0.07 03,97
kuss (Tbrds) 4 2593 (G5716) 2500 (5733} .20
b 2610 (5755) 2801 {5734) -0.3
1 ¢.27 oR? 0.0
Mixture Ratin 2 2.2k 2.24 .00
3 2.4 2.23 -0.45 -0.00¢
LOX,/Fual 4 2,27 2.2% 0.44
Ly 2.7 2.27 0.0
NOTE: Analysis was reduced to standard sea leve] concditions {standard pump
inlet comditiens} at liftoff plus 35 to 3B seconds.

Table 5-4 presents a summary of the flight sinulation results, reduced to
sea level ambient pressure conditions, on the average values and deyiations
of Tongitudinal thrusi, propellant flowrate, and vehicle ‘engitudinal
specific impulse.

The vehicle first loraitudinal structural node Frequency cbupied with
the engine response to the oxidizer suction 17nes resonant frequency
within the 110 to 140 second period. The 5-IC stage engines experienced
chamber pressure oscillations DU1ld1ng up to a maxirmum at approximately
125 seconds of 5.5 to 6.9 Nfem (8 to 10 psid} peak-to-peak. The "POGD"
phenomencn is discussed in detail in paragraph 9.2.3.1.

5.4 5-I0 ENGINE SHUTDOWN TRANSIENT PERFORMANCE

Inboard engine cutoff was initiated by LOX level indication and accurred
at 144.72 seconds (soienoid 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 QECO was primarily caused by
lower than predicted average fuel flowrate.
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Table 5-3. S-IC Velocity and Time Deviation Analysis at QECO
(Simulation Yersus Predicted)

VELOCITY DEVIATION (EARTH-FIXED)
DEY. (ACT-PRED)

COMTRIBUTING ERROR FACTORS oy [mfs}
Liftoff Weight Increase............. (0.16 Percent) -10.63
Total Propellant Flowrate Decrease.,(0.68 Percent) -20,52
Axial Force Coefficient Difference b.02
Meteorological Data Difference - 8.592
Late IECD 2.93
Late QECO 3B.68
Total Contribution /.56
(bserved .73
Difference (Observed - Total Contribution) 0.17

TIME DEVIATION

. DEY. (ACT-PRED)

CONTRIBUTING ERROR FACTORS at {sec)
Initial Fuel Underloading.............. {2369 ky) - 0.60
Fuel Flowrate Decrease 1.84
Late IECD - 3.0R
Residual Differences.........cueeorrvrns. {30 kg) - Q.01
Total Contributign 1.15
Observed 0.85
Difference {Observed - Tgtal Contribution) - 030

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 SEqUETICE.

The total stage impuise from OECO to separation was indicated by engine
analysis te be greater than predicted, Telemetered guidance data alsp
indicated the cutoff impulse was greater than expected, as shown in
Table 5-5. These deviations are within the acceptable range considering
the difference beiween the actual and predicted vehicle masc.



Table 5-4. Comparison of S-1C Sta%e Flight Recarstruction ata
With Traiectory Simuelation Results
REEGHETRLCTION ELMULAT IO
DEVIAT IGH FLIGH™ DENIATLON
BERAMETE S -N1T3 FREDIETED RECINETRUCTEOM FRC SIMULAT ;0N FRIM
PEIELETED RRENICTED
busrage * 4 34,897 ACT. 0 34, 50E,047.0 . 1 Fa7 1800 b oaax
Tongitudinal Earust ST 1,330, AR O 7,757, 718.0 -G 03 7,704,167 ,0 .
Vehigle mass at hold- kg 2,782 ,372.5 2,7HE,005.0 s 2, 784,235.3 0. 6L
downt Brm retease - 513540700 §.125.396.0 bTE 6,138, 16%.5 -
Average mass kg 13,37¢8.28 RN L0628 1%, 7Y RE o0 RE
lass rate [Tom's ) o 40,249 ETTT e 2 2B1, 45 '
Averaje * 4-5 .tk 2805, 25 FE ; 261200 "
spacific impulse [bt- 264,54 264,58 .17% 3EE_3C 2. BBE
55107
ERarameters peduced to sea level ambiant pressure.
24
LEGEND
THEMLEDO ECO
| ENGINE 5 *T4d_7¢
: CUTROARD
EMZIHE 1 ————— 148,47 L1
ENGINE 2 - — - e A "
ENGINE 3 - 148,41
ENGZHE A ------- - 14541
,: “5OLERH D ACTDVATION
(3=
- 1.2
-
(%4
.
o
=
2 \ K(-H-'.l;un:T':l:r ENWELORC -0.8
M \“\ /
\\ .
~. i L 0.4
AR )
J b
h 3
- '
Y
™ L
L |
"
0 ikl - e A vy, 0
0 0.z 0.4 0.4 0.8 1.0 1.2 1.4

Figure 5-4.
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Table 5-h,

H-IC Cutoff Impulse

PERCENT DEVIATION
FLIGHT FROM PREDICTZD
PARAMETER PREDICTED ENGINE | GUID. DATA | ENGISE | oUID. DAIA
Cutoff Ne-s 8,075,026 | 10,765,582 | 9,141,331
Impulse {Ibf-s) | z,017.666 | z.617.351 | 2'0s50m3 § 9.4 1.35
Yelocity mis 10, 89 13.14 1017
Increase (ftfs) 3573 2311 .65 | 20-66 | Z.57

3.3 3-IC STAGE PROPELLANT MANASEMENT

3-1C stage uses an open Toop method for achieving Propellant Utilizatioh
{PU). The propellants loaded were 7123 kilograms (4881 lbm; greater than
predicted for LOX and 2362 kilograms (5224 Thm) less than predicted for
fuel. This loading resulted in the desfred propellant level cutoff
signals. Since the $-1C stage uses an open loop method for achieving
propeTTant utilization, the usable propeliant residual deviations are the
result of propellant loading and perfarmance prediction inaccuracies,

A osummary of the propellants remaining at major event t'mes is presented
in Table 5-5 and tne residuals are presented in Table 5-7. An inboard
engine LOX level cutoff was planned and attained, demonstrating the
adequacy of this cutoff mode. An intentional Fue’ leve) rutoff of the
outboard engines was planned and a*tained, demonstrating the adequacy

of this cuteff mode.

5,5 5-IC PRE3SURTZATION SYSTEMS

B.6.1 3-I Fuel Pressurization Systen

Tae fuel pressurization system maintains sufficient fuel tank uliage
pressure to meet the minimum Met Positive Suction Pressure (NPSP) require-
ments of the engine fuel turbopump during engine start and flight. In
addition, this system helps provide fuel tank structural czpability By
keeping a positive pressure head at ali points inside the tank. The

fuel tank is provected from overpressurization with & pressure relief
system design which reguires a double failure mode to occur to exceed

the vank design pressure. Before engine ignition the fuel tark is
pressurized with helium from a ground source. During flickt, the tank qs
pressurized with gasecus helium abtained by using the F-1 Engine heat
exchanger to heat helium which is supplied from storage bottles located
in the LOX tank, The helium pressurization system satisfactorily
maintained the required ullage pressure in the fuel tank during flight,
The Helium Flow Control VYalves {HFCY) opered as programmed and the fifth
flow contre]l valve was not reguired. In Section 7, Event Time Tables,
these valves are designated "Fuel Pressurizing VYalves." The heat
exchangers performed as expected.



Table 5-6. G5-IC Stage Propellant Mass History

; T T LEv=_ SEMETR [
! i TEIOCEF FECSMSTRLITES Zah BFSL 1 ETrmeTE
! il l el LOw ":-JEL 1 _: F-Lll-_[ Lk <IEL
[Mazter kg - 1,457,002 | EVILHIE 1,473,151 £03.338 | 1129182 | EnaL 3R 1,498,138 | 638,313
Zeni biar Clamdl 3,045,082 Ir g0y mer 3 VER 20 1,342 40k Y A E R T & P o R D R /O R I e /)
-alcdima e1 | aTa5 679 e beh 1, BIEE0 . BUDLESE | 1.397,33F 0 £RnTTE LT, dudmes £1LE00
Arm Relmaze  (Wled S00AC ZE,001 § 5.5R3,383 ) 1.3Ea,08d | zoamn,1an - opL3zaoacd | rnaeaias | ool
1ECT ko e, Ao FEE FER tr.gan 34,739 ' 73,0157 A5 EE 067

CEmy|  i0Eu0e 1,617 122,306 L1 8as 114,821 EANTE 147 3 51,485
RN kg 23,588 11,296 #0643 11,1357 2,122 1,514 b BT I

temf[ 37,267 22 b B 43k 25,033 G1,998 25,193 5§, 7k E,E
- SegAraLian i 2,178 9,0 PLRE 12,232 2L DLk
: Saml o AF EE3 21 85 Ed,70E 22,357 Lk PR RN
L 1 i
AOTE valazs da not ivi wiz arerpurloptipe gas (3080 so they will

Cipdre w2k lawal zanzor data.
Table 5-7. 5-I1C Residuals at Outboard Engine Cutoff
PROPELLANTS PREDICTED ACTUAL DEYIATICN
LOX RESTDUALS *
Usable Mainstage kq BG4 9= 11,672 29
( Tom) 18,837 25,735 6858
Thrust Decay and kg 14,978 14,578 0
Unusab]e#xw* {Tom} 33,020 33,020 0
FUEL RESIOUALS
Usable Mainstage kg 0 Q 0
{1bm} a 0 0

Thrust Decay and kg 11,202 11,305 103
Unusable {1bm) 24,698 24,924 226

L2
Tk

* Does not fnclude GOX pressurization gas.
LOX bias,
Includes 150 k1lograms {330 1bm) in LGX {nterconnect lines
and 14,828 kilograms (32,690 1bm) in LOX suction ducts.




The low flow prepressurization system was commanded on at -96.87 seconds
and performed satisfacterily, providing ullage pressure as shown in Figure
J-3.

The fuel high flow prepressurization supply valve of the Ground Support
Equipment (GSE] was opened at -1.34 zeconds and maintained the ullage
prassJaie within the band., At 0.82 seconds the Ho. 1 HFCY of the onboard
pressurization system was opened. The flow overlap between the onboard
and tha prepressurization systems seen on AS-507 did not occur for this
flight. HFCY¥ Ho. T was signalled to cpen by umbilical disconnect “nstead
of launch commit, aliminzting the flow overlap beatween the two systems,
HFC¥'s No. 2, 3, and 4 wers commanded open by the switch selector within
acceptable times as shown in Table Z2-3. 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 HFCY switch actuation pressure. Helium bottle pressure as shown
in Figure 5-7 stayed within expected Timits. The heat exchangers performed
within the expacted performange limics,

psia
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Figure 5-5. S-1C Fuel Ullage Pressure During Countdown
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5.6.2 5-1C LOX Pressurizalion System

The LOX pressurization system provices and maintains sufficient LOX tank
ullage pressure to meet the minimum KPSP requirements of the LOY turbo-
pump during engine start and flight. In addition, the pressure provides
additional LOX tank structural capability hy keeping a positive pressure
head at all points inside of the tank. This system also protacts the LOX
tank from overpressurization. Befare engine ignition, the oxidizer tank
is pressurized with helium from a ground sourte. During fliaht. the

tank pressurization is accomplished with Gaseous Oxygen {GOX) obtained by
using F-1 engine heat exchangers to convert oxygen from Tigquid to gas.

The LOX pressurization systerm performed satisfactorily and all performarce
requirements were met, The graund prepressurization system maintainad
ullage pressure within acceptable 1imits until launch commit. The onboard
pressurization system subseguently maintained ullage pressure within the
G0X Flow Centrol Valve (GFCV} band during the flight. The heat exchangers
performed as expected.

The prepressurization system was initialed by opening of the ground supply
valye at -66.65 seconds. The ullage pressure increased until it entered
the switch band zane 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

18.75 Nfem? (27.2 psia). This overshoot is similar to that seem on A5-501,

The LOX tank ullage pressure history is shown in Fiqure 5-8. During
flight, the ullage pressure was maintained within required Timits by the
GFCY throughout the flight and followed the anticipatsd trend. The GFCY
reached full open at 120 seconds and remained open until the and of
flight, The maximum GOX flowrate during full open oosition of the valye
was 25.85 kyfs (57 1bmfs). After IECO, the 30% flow req.irements for the
rematning four engines increased until DECO.

5.7 5-1C PHCUMATIC COMTROL PRESSURE SYSTIM

The pneumatic control pressure system uses pressurized Gz as & source of
pneumatic pressure for propellant systen valve actuation and engine
purging. GMz is supplied by @ ground source to the stage GHs i1l 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 GNp system is charged *o
flight storage prassure. The pneumatic control pressure system on the
3-1C stage performed satisfactorily during the 148 second fliaoht. The
actual prneunatic contral regulator gutlet pressure messured 521 N/cme
(755 psia) as shown in Figure 3-%3, The control pressure system succeedad
in_actuating the orevalves after engine cutoff. “All instrumented pre-
valves indicatad closed positiens.
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The control sphere pressure decreased to 1792 Y/cm? (2600 nsia} during
prevalve actuation and then leveled off for about 2 seconds as shown

in Figure 5-10. A%t this time, approximately 157 seconds, the sphere
pressure started decaying rapidily. It is suspected that the pneumatic
iines to the solenoid valves that control the LOX tank vent and relief
valves burst during the severe enviroments imoosed by $-IC/5-11
separation. A thermal analysis of the preumatic lines was ¢onducted
assuming twice the design separation eavironment. Data frem AS-501 and
AS-502 flights indicate that the separation environment may be of this
magnitude. The thermal study fndicated that tne B061-TE aluminum tubing
would reach a temperature of 733°K {870°F) 3 seconds after separation.
With a 817 Mfcm (753 psia) prassure in the lines, the ultimate stress
of the lines is exceeded at 544°K {FO0°F). Flow analysic indicated that
a broken Tine would have a maximum flowrate of D.067 kg/s (3,147 Tom/s},
while the average flowrate out >f the sphere was 0.286 kg/s (0.18 Tbm/s}).
The difference between these twd values is attributed to fuel tank vent
valve cycling and other system denands.

ECP 441 has been approved and the &061-Té aluminum 1ines to the solengid
valves that control the LOX tan< vent and relief valves will be replaced
with stainless steel lines far 45-503 and subsegquent vehicles. This

will eliminate the ppssidility of Tine rupture due te high temperatures,

5.8 5-IC PURSE SYSTEM

The turbopump LOX seal, gas generator actuator housing, and radiation
calorineter purgs systems performed satisfactorily during the 148 second
flight. The LOX dome and Gas Generator {GG) LOX injecior purge system
also met alt requirements.

5.3 S-IC CAMZRA EJZCTLON AND PURGE SYSTEM

The cam2ra ejection and purge system utilizes GN, te perform its funct on
during fEight. The GN2 1s supplied by a ground source to the onboard
system,  During Flight GNp from the system's storage sphere is used to
purge tne separation yiewing cameras lenses, to eject the two separation
ylewing cameras,and to aject two LOX viewing cameras., A schemat o of the
camera ejection system is shown in Figure 5-11,

Tne system ejected only one of *he four film cameras. The canera frame
rate measurement for separation camera No. 1 went to zero at 74,25
seconds, indizating efjection of that camera. Frame rates for the remain-
ing three cameras did not change, indicating that there was neither
gjection nor sufficient motion of *he capsules within the sjection tubes
to disconnect the electrical plug.

A study of possible system failure modes was conducted to determine the
most prabable cause of failure. These analyses indicate the most
probable reason for failure To elect three of the four cameras was
inadeguate bottle pressure at ejection command due to failure of the
parge system tine wery near the purge syster soleno’d valve (see

Figure 3=11).
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o flight measurement of bottle pressure was made. Ground measurements
showed bottle pressure to be 1688 Njcmd (2450 psia) just prior to
1iftoff. Figure 5-17% 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 ejecticn command is
approximately twice that required for camera ejection as demensfrated
by ground ejection itesis. However, with a purge Tine failure, bottle
pressure at ejection command would be below the required pressure for
ejection,

The fallowing improvemants to the camera ejectian system have been
proposed:

d. The aluminum purge system 1ines in ike vicinity of the suspected
fai~ure will be replaced with stainless steel lines.

b. The Tines in fthis same area will be redesicned and provided with
‘mproved supports to reduce the probability of vibration darage.
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Labling to the thrusters which open the camera doors will have
additional insulation installad as protection from 5-11 uliage motor

heating.

Flow balancing orifices in the purge system will be relpcated closer
Lo the purge solencid vaive to prevent excessive bottle blowdown
in the eyent of purge 1ine breakage downstream of the arifices.

Orifices will be added to the ejection 1ines.

In the event that are

of the ejection lines fails, sufficient pressure will be maintained
in the second 1°ne far ejection of two of the cameras.

5-13/5-20






SECTION &

5=I1 PROPULSION

6.1  SUMMARY

Tae 3-I1 oropulsicn system consists of five single-start liguid
vioropeilant J-Z engines, Liquid Oxygen {1.0X} and Liquid Hydrogen {LHs})
propellant systems, propellants mahagement, pressurization, pneumatic
control pressure, recirculation and camera ejection systems, The f ve
engines are functignally independent but are clustered and controlled
to form an inlegraled mainsiage praopulsion systert for the S-11 stage.

The 5-1I propulsion system performed satfsfactori’y during the first 169
seconds of pperatieon following Engine Start Command {ESC). Engine threst,
as determined by reconstruction analysis and telemetered propulsion
measurements at 60 seconds after ESC, was only €.43 percent below pre-
dictien, Total propellant flowrate was 0.53 percent helow and specific
impulse ¢.08 percent above predictions at this time slice.

At 319 seconds a sudden performance shift was exhibited on engine M. 2
with thrust decreasing approximately 33.806 Newtons {7600 1bf). The
engine continved performance al the reduced level until 412.3 seconds .
By 472.92 seconds Lhe dropout of thrust OK switches indicated ergine

Ne. 2 cutoff, and al. 414,18 seconds engine Ro. 3 2lsn cut off. Postflight
evaluation of telenetered data led to the conclusion that the ergire

Mo. 2 Augmented Spark Igniter [ASI] fuel Tine failed ard ultimately
caused failure of the engine. Since the fliuht, testing at Marshall
Space Flight Center (MSFL) and the engine manufacturer's facility has
substantiated this conclusion. The testing reveals that an axidizer
rich mixture, caused by a fuel leak, creates wvery hiyh tenperatures and
rapidly erodes the imiector. Because of tris erosien the LOX dore of
engine Mo. 2 eventually feiled,opening the LOX high pressure system and
causing Engine Cutoff (ECO). A modification of the ASI propellant faed-
1ines [both fuel and LOX) and their instailaticn is being accomplished.

Interchanged Lo prevalve contrel wiring connections between engines
Ro. 2 and 3 celenoids caused the premature cutoff of engime Mo. 3.

When engine Mo, 2 cutoff the LOX prevalve onm engine Mo. 3 was comnanded
closed. Ar individual checkout of the prevalve wiring during prevalve
timirg checks is plarned for future vehicles.
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S-I1 burn time, from engine ignition (Start Tank Discharge Valve [STDV]
open) to ECO (start of Time Base 4 [T4]) was 425.31 seconds whick is
57.81 seconds longer than predicted. The extended buvn time was caysed
by the premature cutoff of engines No. 2 and 3, Loss Of the two encines
reduced propellants consumption approximately ¢0 percent ard required

& longer burn time to reach propellants-depletion.

The propellants management subsystem met all perftrmance requirements,
However , the Propellant Utilization (PU) mixture ratia ste , &5 sensed
by the Launch VYehicle Digital Computer (LVDC), occurred 77.23 saconds
later than predicted after ESC because of the two engines out condition.
Propellant Toadirg was C.48 percent above the predicted. Residual pro-
pellants remainirg in tanks at ECO were 3412 kilograms {7523 1bm) con-
pared to the prediction of 3264 kilograms {7195 1bm}. with no 0.5 cecond
time delay incorporated. The discrepancy in residuals was caused by
Tiguid level measurement errors that developed from "tilted" liguid
level surfaces after engines No. 2 and 3 cutoff.

The performances of the LEX and LHz tank precsurization systems were
satisfactory. The premature loss of two engines supplying GOX through
heat exchargers to the LOX tank caused the ullage pressure to degrease
below the regulator band late in the flight. LOX pump fnlet Met
Positive Suction Pressure {NPSP), however, was more than adequate
throughout the flight.

The engine servicing system operated satisfactorily with the exception
that the engine start tarks were chilled more than expected but within
required Timits. The exact cause of these luw temperatures is not
known, However, detailed analyses are being conducted aof tne Ground
support Equipment {GSE} LHz heat exchanger and engine ourge and Toading
operations in order to isolate the problem.

Both LHz and LOX recirculation systems performed satisfactorily and

met the requircd engine pump inlet and/or discharge conditians at ESC,
However, there were some deviations of the L3z oump intet temperaturas
and the LOX punp discharge temperatures prior te ESC. Potential

system changes being considered at this time for AS-503 include impriyve-
ments to the LHz system insulatian and increased helium flow from the
LOX helium injection system,

5.2 5-IT CHILLDOWM AND BUILDUP TRANSIENT PERFORMANCE

During the 5-IC boost pnase the LOY and LHz recirculation subsystems,
shown in Figure -1, chill the ducts, turbopumps and other engine
components,  Prior to enEfne start the recirculation systems are

shut down. This bpens the LHy prevalves, shuts down the LHz recirculation
pumps and stops LOX helium (He) injection, Engine start signal is then
raceived by the cngine electrical controller which causes the propellant
valves to open in the proper sequence. The contro’ler alsn energizes
spark plugs in the Gas Generator (66) and thryst chamber, ignites the

62
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propellant and a]sn ceuses Gaseous Hydrogen (GHs) to be released from

the start tank. provides the dnitial drive for the turbopumps which
deliver propellant %0 the Gh and the engine. After propeltant ignition,
gas generator output accelerates the turbopumps and engine thrust in-
creases Lo 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 showr on Figure €-2, Tie near the cold edge of the
prediction band and are approximately 5.6°K {109F) colder tham for
A5-501, Engine servicing procedures and the GSE LHP heat exchanger ave
being evaluated to determine the cause for the low temperatures.
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Thrust chamber warswp rates during the S-1C hoost ranged from 8.7 to
12.5%K/min (15.6 to 27 .4°F/min) and ¢losely paralleled the predicted
rate. Thesze warmup rates were nearly the szane as thoce experienced on
AS=B01, ronfirming the conclusion that AS-501 results should be con-
sidered "normal". The A5-501 report recowmendation to accommodate the
warmup rate was satisfied and the maxinum allowable engine start
temperature was Tncreased from 161 to 172K (=170 to =1R2°F). Thrust
chamber temperatures at engine start ranged from 125 to 138°K (-236 to
=210°F), well within the 88 to 172°K (-300 to -150°F} requiremant.

Roth temperature and pressure conditions of the J-2 engine start tanks
were wWithin the required prelaunch and engine start boxes. The range
af data points were near the cold temparature and high pressure side
of the hoxes as shown in Figure 6-3. Thilldown temperatures rangad
from 90 tn 105°K (-288 to -271°F}, {Tower than predicted), and analyses
are being conducted to determine the reason for inceeased chilling,
Start tank pressures, BIB to BIG MNfcme (1171 to 11RO psia), were lower
than for AS-501, as planned. The lawer pressurzs were intended to
increase tank temperatures but the increased chilldown offset this
planned increase.

3T8H° TANE "EMPERATLRE, “F
- 304G -£ig =200 -1:0

1954 L i 1 1
© [ MO, : ‘ = 1500
T OENL WO, 7 -
- [

170 | T EHG B0, 3 En!r;rm-: ART BOX
- < NG ND. 4 PRELALYCE BOX
] A ENG HO, & =
= N =400 T,
W G50 = e T YR =
g R I e ek s k o
o _‘j..--'" 1 =
w "'L EHGIKE START ACTUALS (149,76 5CC) ] A
= oopg - L &
w T 1 T300 &
= 1
= bV o gy —ePRELAIKCE ACTUALS (- 0stD) | =
= s =
I as A e
oy ¥ ______.:-:'_""::_" g

:H = -3~ =10 &
[ ™= - — —— e v - — o A e el
any — ECEL\\
™ PRzSSURIZATION ACTUALS {238 SEC)
- I | | i . - 1700
& 9 03 e 120 FaC 140 150 160 170 180

START TANK TEMPERATLRE, “K

figure 6-3. 5-11 Engine Start Tank Performance

6-5



Prelaunch start tank warmup rates ranged from 16.1 to 19.0 K/emZ/min

{23.4 to 27.5 psi/min} and 1.1 to 1.5%</min (2.0 to 3.5”Fémin}. The
warmup rates during the 5-IC boost were 10.0 to 14,8 Hieme/min (14.5 to
21.4 psi/min) and 0.9 to T.6%K/min (1.6 to 2.8°F/min}. These rates are
higher than experienced on A5-501 and are the result of very cold initial
start tank temperatures. Engine Mo, 8 start tank indicaled & considerably
lower warmup rate and it is suspected to have had a small lesk. TDuring
5-11 engine operation, the start tanks refilled as designed., However, at
approximately 413.5 seconds engine Mo, 2 start tank pressure started to
decay probably caused by the failure of the start tank refill 1ina.

A change to the start tank servicing system is being considered which
would increase the launch facility start tank vent system Tine size
from 2.54 to 3.B1 centimeters {1 to 1.5 in.) from the staye umhilical
to the main vent Tine, This would increase start tank temperatures
approximately 11.1°K {20°F),

A1l engine helfwn tank pressures were within the required prelaunch and
engine start Timits. At -276 seconds, engine No. 5 helium tank pressure
decreased below the redline of 2000 N/emé (2900 psia} to a minirun of
1985 N/cmg (2884 psia)., At -240 seconds, the pressure increased to

2035 N/cme (2950 psia); this was caused by erratic operation of the

GSE pressurization regulator,

Helium tank temperature during prelaunch chilldown ranged froe 103 to
107K §-274 to -263°T), approximately 7°K [12.6°F) lower than those
exhibited on AS-501., Engine servicing procedures and the GSE LHZ heat
exchanger are being evaluated to determine the cause of these Tow
temperatuares.

2uring tne 5-IC boost the helium tark pressure increase due to warmup
rates was asmroximately 4 Wfen? 55.8 psi} higher than that for AS%-501;
the rates were 21.9 to 39.2 N/emd/min [31.8 to 56.7 psi/nind.

The LHp and LOX recirculation systems performed satisfactorly. At S-I1

ESC the predicted engine pump inlet conditiaons were obtained as shown an
Figure &