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RESULTS OF TIIE TENTH SATURN I LAUNCII VEIIICLE TEST FLIGHT SA-IO

By Saturn Flight Evaluation Working Group

George C. Marshall Space Flight Center

AI3STIIA CT

This report presents the results of the early engi-

neering evaluation of the SA-10 test flight. Sixth of the

Block II series, SA-i0 was the fifth Saturn vehicle to

car W an Apollo boilerplate (BP-9) payload and the

third in a series to carry a Pegasus payload (Pegasus

C). The performance of each major vehicle system

is discussed with special emphasis on malfunctions
and deviations.

This test flightof SA-10 was the tenth consecutive

success for the Saturn I vehicles and marks the end el

the Saturn I program This was the third flight test

of the Pegasus meteoroid technology satellite, the

third flight test to utilize the iterative guidance mode,

the fourth flight test utilizing the ST-f24 guidance

system forboth stages, andthe fifth flight test to dem-

onstrate the closed loop performance of the path

guidance during S-IV burn. The performaneeofthe

guidance system was successful and the insertion

velocity was very near the expected value. This was

also the third flight test of the unpressurized prototype

production Instrument Unit and passive thermal control

systemwhiehg411 be used on Saturn lJ3 and V vehicles.

All missions of the flight were successfully accom-

plished.

Any questions or comments pertaining to the in-

formation contained in this report are invited and should

be directed to:

Director, George C. Marshall Space Flight Center

lfuntsville, Alabama

Attention: Chairman, Saturn Flight Evaluation

Working Group R-AERO-F (Phone

876-4575)
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velocity ft/s 3. 048xt0 -I (exact) m/s

knot':: 5. 144444444x10 -1 m/s

volume ft 3 2 8316846592x10 -2 (exact) m 3

gallon':'_:: 3. 785411784x10 -3 (exact) m 3

Note: go = 9. 80665 m/s 2 (exact)

':: knot (International)

"::": gallon (U. S. Liquid)

xiv
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RESULTS OF THE TENTtt SATURN 1 LAUNCH VEHICLE TEST FLIGHT SA-10

SECTION I. FLIGHT TEST SUMMARY

1.1 FLIGHT TEST RESULTS The vehicle sea level longitudinal thrust of the S-I
stage averaged between0.82 percent (engine analysis)

Saturn launch vehicle SA-10, sixth of the Block II and 0• 86 percent (flight simulation) higher than pre-
series vehicles and the third operational vehicle, was dieted. Vehicle specific impulse averaged between
launched at 08:00 AM EST, July 30, 1965• This flight 0.15 percent (engine analysis) and 0.39 percent (flight
test was the tenth and last in a series of Saturn I re- simulation) lower than predicted. Inboard and out-
hicles to be flight tested. The flight test was the third board engine cutoff occurred 1.79 seconds and 1.69
in a series to launch a Pegasus satellite (Pegasus C) seconds earlier than predicted, respectively. Out-
and was a complete success with all mission objee- board engine cutoff was initiated by the backup timer
tires achieved. 6.1 seconds after inboard engine cuteff. The S-IV

stage average vehicle longitudinal thrust deviation was
SA-10 was the sixth vehicle launched from com- between 0.29 percent (engine analysis) and 0. 17 per-

plex 37B at Cape Kennedy, Florida, and represents cent (flight simnlation) higher than predicted. The
the lffth launch of the Saturn/Apollo coni'iguration, specific impulse deviation was between 0• 01 percent
This was the secondSaturnvehtele launchthat required (engine analysis) and 0•21 percent (flight simulation)
no technical holds. All operations were normal and lower than predicted• The performance of all sub-
the only hold was the 30-minute build-in-hold, used to systems was as expected with the exception of the S-
make launch time coincident with the beginning of the IV stage fuel pressurization system. The pressuriza-

launch window. The major anomaly associated with tioncontrol solenoid valve did not open when required
countdown operations washigh surface winds; 8.7 m/s during a portion of the flight.
( 16•9 knots) were prevalent during the hour preceding
launch. The high surface winds resulted in an S-I The overall performance of the SA-10 guidance
stage LOX short load of approximately 725 kg (1600 and control systems was satisfactory. Vehicle re-
Ibm). sponse to all signals was properly executed including

roll maneuver, pitch program, and path guidance ( uti-

The actual trajectory of SA-10 was very close to lizing the iterative guidance scheme) during the S-W
nominal. The total velocity was 9.8 m/s higher than stage flight.
nominal at OECO and 1.06 m/s lower than nominal at
S-IVeutoff. At S-IVcatofI the actual altitude was 0.04 Path guidance was initiated at 18.13 seconds after
kmlower than nominaland the range was 1.33 km tess separation. Performance of the iterative guidance
than nominal. The cross range velocity deviated 0, 62 mode in the pitch plane and delta minimum in yaw was
m/s to the left of nominal at S-IV cutoff, satisfactory in achieving insertion conditions very

near those desired. The total space fixed veloeity at
S-IV cutoff measured by the 8T-124 guidance system

The S-IV stage and payload at orbital insertion was 7592• 02 m/s (7591.96 m/s was programmed for
(S-IVcutoff plus 10 seconds) had a space fixed veloc- velocity cutoff), compared to a velocity of 7591• 50
ity 0.7 m/s less than nominal, yielding a perigee al- m/s determined from tracking. The difference be-
tirade of 528.8 km and an apogee altitude of 531.9 km. tween tracking and guidance was well within required
Estimated orbital lifetime was 720 days, 5 days less tolerances•
than nominal.

Separation was executed smoothly with small con-

The performance of both the S-I and S-IV propul- trol deviations• Separation transients were relatively
sion systems was satisfactory for the SA-10 flight, small and well within design requirements.

_, mum ..... • - --



Separation of the Apollo shroadoccurredatSt2, i0 were inserted into orbit with no appreciable pitch,
seeonds, functioning as plaxmed, yaw, or roll :'ate. The Pegasus wing deployment and

all spacecraft systems worked properly and all meas-

The SA-10 vehicle experienced maximwn bending urements were initially within their predicted limits.

in the pitch plane at 74.2 seconds. A ma_ximum static A roll rate started to build up after wing deployment,
moment of 655,901 N-m was experienced at station as expected, and reached amaximum of 6.3 deg/s, as
23.8 m (936 in). The struetuxal flight loads on SA-i0 compared to 6.5 deg/s for SA-8 and 9.8 deg/s for
were generally as expected and no Pogo effects were SA-9.
apparent. The vibrations observed on SA-I0 were
generally withinthe expected levelsandeompared well 1, 2 TEST OBJECTIVES
with SA-8. There was no evidence of S-I/S-IV inter-

stage structural degradation during separation. Primary objectives

The measured pressure and temperature environ- 1. Collection and evaluation of meteoroid data in
merit on the S-I and S-IV stage of SA-10 were gen- near earth orbit - Achieved:

erally similar to those measured on SA-8. Calorime-
ters were flown for the second time on the engine bell a. Determiuation of meteoroid penetration of

and aspirator surface of engines 3 and 7. The heating satellite pmmis for three thicknesses of aluminum.
rates from these calorimeters were higher on SA-10
thanon SA-9 and more nearly represent the actual en- b. Measurement of satellite's radiation cn-
viromnent, vironment and panel temperature to evaluate the va-

lidity of hit data.

The electrical system of SA-10 vehicle operated
satisfactorily during boost and orbitalphases of flight c. Determination of satellite's position and
and all mission requirements were met. The long life orientation relative to time of hit occurrence.
battery in the Instrument Unit (IU) provided power to
the Pt and F6 telemetry links for !.40 minutes_ which 2. Continued demonstration of launch vehicle it-
well exceeds the one orbit requirement, erative guidance mode and evaluation of system ac-

curacy - Achieved

Overall reliability of the SA-10 measuringsystem
was 98.8 percent, considering only those measure- Secondary objectives
mentS active at liftoff. There were 1018 measure-
merits active at liftoff of which 12 failed during flight. 1.. Evaluation of the functional operation of the

All airborne tape recorders operated satisfactorily. Pegasus meteoroid technology satellite's mechaJ_ical,
The onboard TVsystem for SA-10 wascancelled prior structural, and electronics subsystems - Achieved
to flight. The altimetersystem andassociated return-
pulse-shape experiment failed to operate. The MIS- 2. Evaluation of S-IV/IU/Service Module adapter
TRAM trmasponder failed at 63 seconds of flight and (SMA) exterior thermal control coating - Achieved
provided no usable data.

3. Evaluation of boilerplate Command Module

The photo/optical coverage for SA-10was good. (CM)/SMseparationfromtheS-IV/IU/SMA-Achieved

tlowever, downrange cloud conditions prevented all of 4. Evaluation of the S-IV stage nonpmpalsive

the 10.2 m (400 in) and 12.7 m (500 in) focal length venting system - Achieved.
cameras from recording usable data.

1.3 TIMES OF EVENTS
The Pegasus C spacecraft performance was sat-

isfactory. At approximately 640.252 seconds, the S- The times of events for SA-10 are contained in
IV stage, !amtrument Unit, Apollo shroud and Pegasus Table 1.-I.



TABLE 1-I. TIMES OF EVENTS

l>t Ml>tl_n Z_2rIi f "l_l _.)EC() I'r[_ _1 CutL_f_ LTt3 4)

:irst M_,ti,Jl_ _i.4'9 0

1_O SigmLI ! Umb Dls<'J !_ ? I I

Guida_cc l)_tct't_ L_) _1 TI_;

i

i |nt r_J_JuecGuldant_ _[_7.25 _. IJ - 1. 7!_

i C_mpu_cv S_r_ _IV CO !_I'_4_ _:ltJ._4 6:1:3.2_; -2.:1:_ 'J

i ln_rti(Jrl _4_.25 542, 57 -_.:12 _i42.0_

C]o_cA_xiL_at'yNPV I><_'t_ bll._o _I_L1T 2.!7 17_1._

|_it_al_ P_I_ Wing _Lr_ told :_7_ t_t_ _74_ _7 _2_ 27 Z41_ L_



SECTION II. INTRODUCTION

This report presents the results of the early engi- ( Douglas), and the IU stage ( IBM), and engine contrac-

neering evaluation of the SA-t0 test flight. Perform- tots (Rocketdyne and th_att & Whitney}. Therefore,
anee of each major vehicle system is discussed with the report represents the official MSFC position at this
special emphasis on malfunctions and deviations, time. This report will not be followed by a similarly

integrated report unless continued analysis or new evi-

The reportis publishedbythe Saturn Flight Eval- dence should prove the conclusions presented here
uation Working Group, comprised of representatives partially or entirely wrong. Final evaluation reports
from all Marshall Space Flight Center laboratories, may, however, be published by theMSFC laboratories
John F. Kennedy Space Center, MSFC's prime contrae- and the stage contractors covering some of the major
tots for the S-I stage (Chrysler), the S-IW stage systems or special subjects as required.
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SECTION Ill. LAUNCtt OPERATIONS

3.1 SUMMARY 3.4 COUNTDOWN

SA-10 was the second Saturn launch that required The launch countdown for SA-10 began Wednesday,

no technical holds. All operations were normal and July 28, at Ii:20 hours at T-1005 minutes. No diffi-

the only hold was the 30-minute built-in hold. This culties were encountered and the count was held at

was not needed but was used to make launch time co- T-605 minutes at 18:00 hours as planned. Countdown

incident with the beginning of the launch window at was resumed July 29 at 21:25 hours. Therc were no

8:00 AM EST. interruptions in the count untilthe planned 30-minute

hold at T-30. However, a problem did exist in the S-I

Two minor anomalies were detected during the stage LOX fillline on the launcher. A leak developed

countdown operation. A leak developed in the flex in the flex connection between the fixed LOX overland

connection between the fixed LOX overland line from line from the storage facility and the S-I fillmast.

the storage facilityand the S-I fillmast, and a sepa- Minor countdown work-arounds were made to allow

ration of the environmental control system duct to the for replacement of the flex connection. A separation

Pegasus occurred at the umbilical tower. Both prob- of the environmental conti'olsystem duct tothe Pegasus

terns were corrected without impacton the countdown, payload occurred on the umbilical tower. Reconnec-

tion of this line was made without theimpact on the

Surface wind conditions were much higher than count.

normal. The wind speed prevalent in the hour pre-

ceding launch was 9.3 m/s (18 "knots)at a height of At the time of launch all mandatory range and

24 m. This high surface wind condition resulted in a field instrumentation was classified at "Go" with the

LOX short load of approximately 725 kg (1000 Ibm). exception of one S-I hydraulic temperature measure-
ment which failed earlier in the count. Since this was

The ground support equipment sustained consid- considered a red line measurement, a waiver for de~

erably more damage than on any previous launch, letion of this measurement was required and granted

by MSFC.

3.2 PRELAUNCH MILESTONES

3.5 PROPELLANT LOADING

A chronological summary of events and prepara-

tions leading to the launch of SA-10 is shown in Table 3.5. t S-I STAGE

3-I.

The function of the S-I stage propellant loading

3.3 ATMOSPHERIC CONDITIONS system is totank accurately the LOX and fuel required

to achieve flightmission objectives. The propellants

Launch day weather conditions weresatisfactory, requiredarebasedonpropulsionperformance obtained

lligh surface winds were prevalent in the hour pre- from simulated flightpredictions.

ceding iaunchbut were not above the design wind lim-

itations. Some specific atmospheric observations at

launch were: The weight of LOX tanked by the loading system

for a given pressure value is primarily dependent upon

i. Surface winds - mean wind speed for one min- windspeeddurtng loading. Forced air currents around

ute was 6.2 m/s with gusts up to 9.8 m/s from 2t0- theLOX tanks cause temperature stratification within

degree azimuth the LOX columns and increased boiloff at the surface.

Also, a higher ullage pressure is present in the outer

2. Cloud coverage - 0.5 cirrus at unknown alti- tanks because vaporized LOX flows through the inter-

rude, 0.2 alto--cumulus at abnseheight of 3050 m, and connect to the center tank before being vented to the

0. t eumuio-almbus at a base height of 460 m atmosphere. This ullage pressure differential re-

suits in the outer LOX levels being lower than the level

3. Ambient pressure - tO. 163 N/cm 2 in the center tank. Since the LOX loading system is

connected only to the center tank, a difference exists

4. Ambient temperature * 299. 9°K between the actual LOX weight and the apparent weight

based on the density and height of the LOX column in

5. Relative humidity - 71 percent the center tank. This weight decrement, or short

load, is shown with respect to wind speed in Figure

6. Visibility- 16 kin. 3-1.

YVl_rl inl_l • Irl--lln
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TABLE 3-I. SA-10 PRELAUNCH MILESTONES

Date Event

May 31, 1965 S-I-10 arrived via barge (S-IV-10 arrived 5/10/65).

June 1, 1965 IU arrived.

June 2, 1965 S-I erection complete.

June 8, 1965 S-IV erected.

June 9, 1965 IU erected. All umbilicM connections complete.

June 21, 1965 SM _md SM adapter arrived.

June 22, 1965 Pegasus C arrived.

June 25, 1965 Pegasus C deployment test completed.

June 29, 1965 CM a_ld LES arrived.

June 30, i965 S-I and S-IV full tank pressure tests completed.

July 6, 1965 Pegasus C, SM, CM, and adapter erected.

July 8, 1965 LES erected.

July 9, 1965 Swing arm, plug drop OAT systems tests completed with satisfactory quick-look
results.

July 12, 1965 Q-ball installation complete. All ordnance installation complete.

July 13, 1965 Simulated LOX and LH 2 loading tests completed with satisfactory results.

July 15, 1965 Launch vehicle cryogenic tanking test completed.

!July 20, 1965 Flight readiness test completed.

July 23, 1965 RP-1 loading completed.

July 26, 1965 Countdown Demonstration Test, Precount.

July 27, 1965 Countdown Demonstration Test, Count.

July 28, 1965 Countdown Precount start I120 and 1800.

July 29, 1965 Begin Launch Count 2125.

July 30, 1965 IAltoff scheduled for 0800.



value indicated the LOX weight to be only 69 kg / 151
..................... Ibm) less than required for a 3,6 m/s (7 knot) wind

........... .,- ' ............ : condition at ignition. However, the wind speed prey-

.... alent inthehour precedinglaunch was approximately

8.7 m/s (i6.9 knots)° Figure 3-i reveals thatfor

..... : this wind speed the actual LOX weight should be ap-

proximately 816 kg (1800 Ibm) less than indicated by
...... _ .... the loading system.

Reconstructed weights shown in the table were

determined from telemetered probe data in conjunc-
tion with the Mark IV computer program reeonstruc-

'_; I 7 " tion of propellant consumption din-lag holddown. The
: ] I reconstructed fuel weight is within 136 kg (300 Ibm)

! of the weight required at igmition. The reconstructed
, _
'* i ] LOX weight is 725 kg (approximately 1600 ibm) lessthml required at ignition due to the high winds.

3.5. 2 S-IV STAGE
FIGURE 3-1. EFFECTOF WIND SPEEDON LOX

LOAD 3.5.2.1 LOX

Environmental conditions for the time of SA-10 The LOX system was successfully loaded

launch were forecast from meteorological data. These with LOX by cooling down and filling in two phases:
were used to establish propellant loading criteria that main fill and replenish. The automatic LOX loading
would permit a constant S-I stage weight to be main- system, in conjunction with the LOX main fill pump,
rained for the allowable range of fuel temperature, was successfully utilized for loading the LOX tank.
The S-I-10 propellant loading tables were generated S-IV stage LOX system preeool was initiated by start-
to provide the differential pressure values necessary ing the LOX system preeool timer 4 hours and 9 rain-
lot theloading"computers totankthe LOX and fuelre- utes prior Soli[tof[.The LOX vent valvesremaicmd

quired for the actualfueldensityatlaunch. The dif- open throughouttheloadingoperation.The LOX trans-
ferentialpressure values given inthe loadingtables fer line was precooled for approximately 8 minutes

compensate for the LOX short load atthepredicted priortotheinitiationofLOX main fill,which occurred

launch wind speed of3.6 m/s (7knots)based on the when approx2mately318kg (700 Ibm) of LOX had been

mean surfacewinds for the month ofJuly. The right filledintothe tank. The LOX main filllinepressure
scale of Figure 3-I shows thatas wind speed varies reached a maximum of 147 N/em 2 (213psi) and sta-

from the predicted value, the actual LOX weight is blitzed at 141 N/em 2 (204 psi), At appro_mately the
either more or less than the weight indicated by the 4-percent level, a stabilized loading rate of 0.0454
LOX loading system, mS/s (720 gpm) was achieved. This loading rate was

maintained until the 99-percent mass level was at-
The total S-Ipropellant weights are listed in Table tained at approximately 21 minutes after the initiation

3-II, Predicted propellant weights used to determine of LOX transfer line precool. At this level, the load-
S-I stage performance were based on nominal LOX and ing system secured the main fill pump and closed the
fuel densities established from environmental condi- main LOX fill valve as scheduled.

tions expected at launch. The propellant weight re-
quirementa at ignition are based on the nominal LOX After countdown of the S-I and S-IV LOX replen-
density and the actual fuel density at S-I stage ignition, ish system was completed, the LOX replenishing op-
Average fuel density at ignition, determined from fuel eration was initiated 2 hours and 25 minutes prior to
temperature in tanks Ft and F3 together with the den- liftoff. During this operation, the LOX in the tank was
sity manometer reading in tank F4. was as predicted, allowed to boil off to the 99, 5-percent level. It was

replenished to the 99.75-percent level at a rate of ap-

Propellant loading system weights listed in the proximately 0. 0126 ma/s (200 gpm). This replenish-
table were determined from the manometer readings ing cycle continued until the start of the 150-second
immediately prior to propellant system pressuriza- automatic count. At this time, the tank was pressur-
tion, The fuel manometer value indicated the fuel ized, and final LOX replenishment was completed.
weight to be only 68 kg (149 Ibm) more than required The fill valve was closed manually when the loading
for the fuel density at ignition. The LOX manometer panel observer noted that the fill valve had not been
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TABLE 3-11. S-I-10 PROPELLANT WEIGHTS AT IGNITION COMMAND

Weight Requirements Weight Indications Weight Deviations (51

Propellant Pred. Prior Ignition >.P Loading Reconstructed _xP Loading Reconstructed

to Launch (i) (2) System (31 (4) (_'0) 1!'0)

LOX (kg) 279,795 279,795 279,726 279,070 -6_ -0.02 -7Z5 -0. Z5

(Ibm) 616,842 616,842 616,691 615,244 -151 -0.02 -1598 -0.26

Fuel (kg) 125,248 125,248 125,316 125,376 67 0.05 t28 0. i0

(Ibm} 276,124 276,124 276,273 276,407 149 o.05 283 0, i0

Total (kg) 405,043 405,043 405,042 404,446 -i 0.00 -597 -0.15

(Ibm) 892,966 892,966 892,964 891,651 -2 0,00 -1315 -0. 15

(11 Predicted propellant weights were based on a LOX density of 1129.78 kg/m 3 (70.53 Ibm/It3) and a fuel

density of 804.77 kg/m 3 (50. 24 Ibm/ft 3).

(2) PropeUant _eights required at igllitionare based on a LOX density of 1129.78 kg./ma 170.53 Ibm/it 3) and a

fuel density of 804.77 kg,/m3 (50.24 Ibm/ft3) determined immediately prior to launch.

(3) Propellant weights indicated by the leading system are based on pressure readings immediately prior to

propellant system pressurization.

(4) Reconstructed propellant weights are based on discrete probe data in conjunction with the Mark IV recon-
struction.

(5) Weight deviations are referenced to v_eightrequirements at ignition.

automatically commanded to close at the 100-percent initialfillrate was 0. 0295 m3/s (467 gpm), Moni-

LOX level. The manual closing of the valve resulted toting of the LB 2 tank ullage pressure during this ini-

in a I.X)Xoverload of 143 kg (316 Ibm). The LOX load tial filloperation revealed that the tank pressure did

indicated by the PU system at liftotfwas 38,339 kg not decrease below the prefiliambient pressure. At

(84,524 Ibm). the 16-percent mass level, main fillwas initiated,and

the rate increased to 0. 121 m3/s (1915 gpm). When

3.5.2.2 LH 2 the 96-percent level was reached 33 minutes after the

initiationofLH 2precool, the mainfill valve was closed

The fuel system was satisfactorilyloaded manually. LII2 replenish was then initiatedmanually,

with LH 2 by cooling down and fillingin four stages: and the LH 2 loading system was placed in the auto-

initial fill., main fill, replenish) and roducedreplen- matic mode. The LH 2 level then cycled between the

ish. The automatic fuel loading system was success- 99.25-percent (reduced replenish position) and the

fully utilized for loading the LH 2 tank, Loading of LH 2 99.5-percent mass level (replenish closed position).
into the S-IV stage was initiated 1 hour and 48 minutes This replenishing cycle continued until the start of the

prior to lifteff, f50-second automatic count. The fuel load indicated

by the PU system at liftoff was 7790 kg ( 17,174 Ibm).

The LH 2 transfer line had been preeooled for ap-

proximately 10 minutes prior to the initiation of LH 2 3.5. 2.3 COLD HELIUM

initial fill. Cooldown of the LI-I2 transfer line was ac-

complishedthrough thehelium preeool heat exchanger Prior to the initiation of LH 2 loading, the

al_d the stage LH 2 tank. Initial fill was accomplished coldhelium spheres wereprepressurizedto621 N/cm 2

with an LH 2 replenish line pressure of 16 to 19 N/cm 2 (900 psi} to prevent the spheres from collapsing as

/23 to 28 psi), and with the LH 2 tank vents open. The they cooled down daring theinitialpart of LH 2 loading.

8



Cold helium loading was initiated approximately was considerably moredamageto the swing arms tha_

87 minutes before launch. After the spheres were hasoccurredpreviously, particularly flexhoses,elec-

submerged at approximately the75-percent LH 2 mass trieal cables, and ECS ducts. The greater damage

level, the pressure was increased to, and maintained sustained by the swing arms was due to a steady 9.3

at, 2068 to 2103 N/era 2 (3000 to 3050 psi). The de- to 11.3 m/s (18 to 22 kalot) wind blowing from the

sign loadtemperature of 33.3 ° K at a pressure of 2068 south/southwest. Scheduled refurbishment of launch

N/cm 2 (3000 psi) was attained approximately 55 min- complex 37B minimizes the impact of the damage.

utes following the initiation of LH 2 loading. At liftoff,

the spheres were charged to 2146 N/cm 2 (3112 psi) at
3.7.2 ELECTRICAL SUPPORT EQUIPMENT

22.7" K.

The electrical support equipment responded

3.6 tlOLDDOWN and performed normally during the SA-10 countdmvn

and automatic sequence.
All combustion stabilitymonitor (CSM) systems

performed satisfactorilyduring launch of SA-I0. The No damage was sustained by any functioninghard-

m,'uximum and average vibration levels are recorded ware other than the tower cabling, which was burned

below, excessively during liftoff.

Max G's Average G's
Eng. No. Meas. No.

(RMS) (RMS) 3.8 BLOCKIIOUSE REDLINE VALUES

i XE-57-1 25 15 Blockhouse redline values are limits placed on

2 XE-57-2 20 12 critical engine and vehicle parameters to indicate safe

3 XE-57-3 22 13 conditions for ignition and launch. These measure-

4 XE-57-4 30 16 ments are mordWred in the blockhouse dewing cocmt-

5 XE-57-5 45 14 down. When a redline value is exceeded and a eondi-

6 XE-57-6 13 10 tion detrimental to the mission is indicated, the

7 XE-57-7 40 13 countdown is halted and disposition is made. If the

8 XE-57-8 25 14 problem is notconsidered detrimental to mission suc-
cess, the eounklown is continued If the problem is
of a more serious nature and cannot be corrected in

3.7 GROUND SUPPORT EQUIPMENT time to continue the countdown after a short hold, the
launch is aborted and rescheduled.

3.7.1 MECHANICAL GROUND SUPPORT

EQUIPMENT All values are within the redline limits and ne-
cessitated no holds for the Saturn SA-10 countdown.

The postlauneh evaluation of the operational An S-I hydraulic temperature measurement failed

ground support equipment systems revealed that con- early in the countdown and was waived by MSFC

siderably more damage was incurredthan on any pre- through the launch information exchange facility

viouslaunch. Damage to the launcher, engine service (LIEF).

platform, holddown arms, environmental control sys-

tem, pneumatic distribution system, and firing ac- Review of the SA-10 launch films revealed that

cessories was considered normal, with more damage the GH 2 vent disconnects on swing arm 3 operated

to thatequipment located north of the launcher center properly at liftoff. Therefore, ithas been concluded
line. thatthe malfunction which occurred on SA-8 was prop-

erly corrected. Thecorrection was made by increas-

The cable trays onthe north side of the umbilical ing the pneumatic actuator pressure, which in turn

tower at the I0.7 m (35 feet)level were damaged ex- increased the force available to achieve separation of

tensively and many of the cables badly burned. There the GH 2 vent disconnects.



SECTION IV. MASS CHARACTERISTICS

4. i VEHICLE MASS Table 4-III. The parameters and mass are plotted
versus burning time in Figures 4-i and 4-2.

The totalvehicle mass was 511,159 kg (i,126,913

Ibm) at first motion; 62,583 kg (137,972 Ibm) at S-

IV ignitionand approximately 10,324 kg (22,761 Ibm) .... _/
/

in orbit (dry weight after Apollo separation). Table -_----_ . _
4-I is a vehicle mass breakdown at significant flight -_ --" " __ _ _ .....

events. A flight sequence summary is given in Table

4-II. The predicted mass data presented in this sec- -,: -_
tion are derived from Reference 1. The propellant ""

masses presented in the tables refer to total amount " :

down toandincluding the propellant masses in the en-

gines. The S-IV stage masses are based on acom- "...... ,-, ' : ....

positc of engine analysis and PU system analysis, and i

are considered the best estimate from the composite i -_ ...... :- -_

standpoint. The best estimate of the totalsecond flight ] • "_'_\

stage as determined from the flightsimulation a_mly- . __ .
sis is presented in Section Vl and is considered the

best estimate from the consumption standpoint. :, _ _

4. ') VEHICLE CENTER OF GRAVITY AND ....

MOMENT OF INERTIA

Longitudinal and radial center of gravity, and FIGURE 4-1. VEHICLE MASS CENTER OF

roll, pitch, and yaw moments of inertia are given in GRAVITY AND MASS MOMENT OF INERTIA
FOR S-I STAGE

FIGURE 4-2• VEHICLE MASS CENTER OF GRAVITY AND MASS MOMENT OF

INERTIA FOR S-IV STAGE

It I_Ill__ _-___ --.... .L
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TABLE 4-I, VEHICLE MASSES
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TABLE 4-II. SA-i0 FLIGHT SEQUENCE gLASS SUMMARY

ACTUAL PREDICTED

_kSS HISTORY

kg (Ibm) kg (Ibm)

S-I Stage _ Ground Ignition 453,288 990,329 _53,803 1,000,663

S-I/S-IV Interstage '" Ground Ignition I,OQ5 2,4L5 l,LOO 2,426

S-IV Stage _ Ground Ignition 53,007 116,860 52,824 116,457

V_hicle Instrl_ent Unit _ Ground Ignition 1,215 2,678 1,208 2,bb]

Payload _ Cround Ignition 8,7_3 19,274 8,730 19,267

Ist Flight Stage _ Ground Ignitio:_ 517,348 1,140,556 517,764 1,141,476

S-I Thrust Buildup Propellants -6,189 -13 6A3 -6,056 -13,352

[st Flight Stage _: First Motion 511,159 1,126,913 511,708 1,128,124

S-I M_linstage Propellants -391,545 -863,209 -392,331 -.864,943

S-I Frost -454 -I,OOD -454 -i,000

S-I Fuel Additive -254 -560 -256 -586

S-I Lube Oil (Oronite) -Ii -24 -11 -?A

S-I N 2 for S-IV Tail Purge -83 -183 -&l -90

S-I Environmental Central -172 -379 -172 -37q

S-I IETD Propellants -960 -2,116 -945 -2,081

Seal P:,rge -4 [ -1[)

S-I/S-IV Interst_ge Environmental Control -123 ] .273 -123 -273

S-IV Chilldown LOX -40 I -88 -55 -121

S-IV Chilldown LH 2 -132 -291 -107 -237

S-IV Frost -5 -10 -41 -90

Payload Environmental Control -137 -302 -137 -302

_st Flight Stage @ Cutotf Signal 117,239 258,468 117,035 258,0t8

S-I N2 for S-IV Tail Purge -0 -20 -4 -IO

S-I OETD Propellants (To Separation) _691 -1,523 -b71 -1,47q

S-IV Chilldown Lax -3 -7 -6 -1]

S-IV Chilldown LH 2 -3 -6 -2 -5

S-IV Ullage Rocket Propellants -? -q -4 -8

1st Flight Stage _ Separation 116,531 256)907 116,348 256,503

S-I Stage a] Separation -52,917 -I16,663 -52,952 -I16,739

S-l/S-IV Interstage 0 Separation -972 -2,[_2 -977 -2,153

S-IV Chilldo_n LaX -12 -26 -13 -28

S-IV Chilldown LH 2 -7 -16 -A -i0

S-IV Ullage Rocket Propellants -40 -88 -63 -138

2nd Flight Stage ;_ Ignition 62_583 137,972 62,339 137,435

S-1V Hainstage Propellants* -&5,388 -100,064 -45,3[5 -99,903

S-IV Helium Heater Propellants -II -24 -[i -24

S-IV Ullage Rocket Propellants -68 -150 -44 -97

S-IV Ullage Rocket Cases -126 -277 -130 -286

Launch Escape System -1,339 -2,953 -1,313 2,895

2nd Flight Stage <_ Cutoff Signal** 15,651 34,504 15,526 34,230

S-IV Thrust Decay Propellants -ii -24 -Ii -24

S-IV Propellants Below Pump Inlets -19 -42 -19 -42

2nd Flight Stage _ End of Thrust Decay** 15,621 34,438 15,496 34,i64
k

Orbital Flight Stage (After Apollo Sep) 10,324 22,761 10,323 22,7>8

* Incltldes Thrust Buildup propellants (to 90% thrust)

** Predicted Values are for a Depletion Cutoff

Note: IETD * Inboard Engine Thrust Decay

OETD - Outboard Engine Thrust Decay

.w mT • • |o-_m,.
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SECTION V. TRAJECTORY

5, i SUMMARY

The actual tra)ectory of SA-10 was very close to ., • _--_ _:j

nominal. The total velocity was 9.8 m/s higher them 7 I

nominal at OECO and I. 06 nV's lower than nominal at ,,, I
S-IVcutoff. AtS-IVcutoff the actual Mtitude was 0.04

kmlower than nominal and the range was 1.33 km less _"' t

than aomilml. 7'he cross range velocity deviated 0. 62 _ " "_
m/s to the left of nominal at S-IV cutoff. _- , 1 .,

A theore12eal free flight trajectory of the sepa- _ •., ;.
rated S-I booster indicates that the impact ground ' a

range was 8.0 km longer than nominal. Impact, as- I : ._
strafing the tumbling booster remainedintact, occurred ] •
at 725.8 seconds. /.--_ -'I"_ '

The S-IV payload at orbital insertion (S-IV cut- "' " .... ,,_', :.,., , "' ":' _'

of:[ + 10 seconds) had a space fixed velocity 0.7 m/s

tess than nominal, yielding a perigee altitude of 528.8 FIGURE 5-2. S-IV TRAJECTORY

km and an apogee altitude of 531.9 kin. Estimated

orbital lifetime was 720 days, 5 days less than nomi-

nat.

5.2 TRAJEC TORY COMPARISON WITH NOMINAL
'l

Actual and nominal altitude, range and cross '-_ //iiJ_l

range (Ze) are compared graphically in Figure 5-1

for the S-I phase of flight and inFigare 5-2 for the S.... _,'-1 _ I

IV phase. ActuM and nominal total earth fixed veloc-

tries are shown graphically in Figure 5-3. Compari- _,., . /¢ . --
sonsof the actual and nominal parameters at the three

cutoff events are shown in Table 5-I. The nominal ._

trajectory is presented in Reference 2. "-' -

,. ,. z,t

I .... ---- s _,, ,_i

. [# ,i I

? Z't
:"_..... [I / ....

.... _t.......... ,/,/_ / : _Y: ]1 I

I

FIGURE 5-1. S-I TRAJECTORY FIGURE 5-3. EARTH FI.X2EI) VELOCITY
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TABLE 5-I. CUTOFF CONDITIONS ,.

S IV Ct)

IECU OECO (Guidance Sig_laO
Paranl_t_r

At'tu_l Nl>nli_[ Act Nora A(-(tl;d i Numimd Att-N(_m A('t_d N_prlllllal Act-Nora

I{ar4_c Time Is_'c_ 142. zz 1-[4.01 ¸:: -1.q9 14'_.32 150. Ul 1.11!J 6:1u.252 fi:1_.575 2.;/2:_

Allitudc (knlF 79,:IZ 7!L 12 U._IJ _9,50 .'tb._4 (.,.51, 535.7t 5;15.75 -0.04

I{angc [kin) 65"._t ti7.44 -u.4:l 7!). _, 79.70 0.32 l_4Z. r,._ i_44.21 -1..13

Cr'o_, I[angc, Z_ _klnl -U._-' U. 31 -U. 53 tl, 16 0.37 _. 5:_ 4_i._J.5 4(_.4{J 0.55

('ro_b (mgt_ Vclu*:itY, Z (m.'_l _.47 Iu_:l_ _1.91 1u. 22 11.97 -I.T5 -'2_._(; 22LC.2_ 0.(,2• u

£_ rtit .'ixcd V_h_('il_ Inl/s) ;_564. 19 25:_._7 7.52 27;_-I,63 2714._t7 t_.7t_ 7150,_iu T151.66 - l. Ut,

Earth " xed Velocity

Vct't_r Ele_':Lti{m (tl¢'g) ;_!_. 51_i 35. 757 I). 75U ;P,. 69:; :17. _36_, U. 7Z5 O. Or4 U. UL_, tl. u(l_

Ea " h .'t>,ed V_|(_c'ily

'¢uc tier ,\ zin!uth ((k'g) 95. _,t2 95. iigl, -0. IK_I 95.?35 95.7_1 -u, t_4(_ 11)5. :_74 to.5. ;_S i t}. _JIt,

Spa-t_ 1" xuE VL•u:llv (rn/_) 2'_94. t;9 _'_9U_2;I t.4_ 3,J5_.05 3U5[.17 i_._'_ 75t_1.4I 75tl;•u_, -b..,:,

"i,_d Inel.tl_d :k_{d_r:lt_(,n Inl/_ 2} 60.2_ 59.'35 _1.33 31.:1_ 31.1._ iJ•z.', zcf,_:_:_ A_,.5:; _b.:tL_

[k_,ed _,n I'il_ 31(,li,,n I'ime,,I _).49 5o_._md. E;trth "i×t:d Vi,h,city Accura_ Altitud_ Ac(ur_('3

OECO • O. 3 m/_ OEC() _ :lip nl

Altitude and range were greater than nominal dur-

ing S-I and S-IV burn. The actual earth tixcd velocity .... ._, ,
was 9. 8 rn/s greater thannomilmlatOECO. Thelon- T.:.,L,........ ,_:,: .... ..... ,
gitudinMaceelcration was slightly higher than nominal _' -- 3 -- _ r- _ • :_ '_ '
for the S-I and S-IV stage operations (Fig. 5-4). " I

The S-IV stage cut off 2.32 seconds earlier than i i_._._, I Inominal; considerirN a 1.69-second early S-I stage i i I
cutolt, tile S-IV stage had a 0.63-second shorter burn- _' i_-- " ..... .....
ing time. The actual space fixed velocity at the S-IV I _ i :
cuto/I sigh'M, given by the guidance computer ( 630.252l, , ! I i
was 0.5 m/s less than nominal. Slightly higher than _"' :' " ...... _.,._,"_'i_...... ' ' •
nominal S-IV stage thrust and flowrate, along with the
excess S-I cutoff velocity, account for the early S-IV _-, : ........ , ._........ - -_ ,.,

!
cutoff.

! I 1 '

/!]
[ i

Mach number and dynamic pressure are shown in ¢ I
Figure 5-5. These parameters were calculated using ! _ _ ! ! -
measured meteorological data to an altitude of 55 kin. : i i _//

Above this altitude the U.S. Standard Reference ] ] [ ,/4/" o_....
Atmosphere was used. ! , _" ,

! !./, --1"
at siguificant event times arc given in Table 5-II. : i
Apex, loss of telemet_,, and impact apply only to the "_ .................
discarded S-I stage.

_,

The S-IV cutoff signal was given by the guidance

computer at 630.25z seconds; however, the solenoids _,
for the propellant valves on the S-IV stage did not ............ ' ......
receive the signal until 0. 022 second later. The ve-

locity increments imparted to the vehicle subsequent FIGURE 5-4. TOTAL INERTIAL ACCELERATION
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TABLE 5-II. SIGNIFICANT EVENTS

Event paran_oter _.e trial Numilla[ A(2t-Nom

First Motion Range Time (see) 0,49 U.49 0,0O

Total Inertial Accelez'atiun I.m/s2? lZ. 95 12. e2 0. i3

Maeh 1 Ral_ge Time (see) 54. 865 54.76B U, 639

Altitude (kin) 7.22 7.27 -0. 65

Mmximuni Dynamic Pressure Ratlge Time I sec) 6b. 75 67.49 1.26

Dyr_mi¢ pressure ( N/cm 21 3, 41b 3. 267 0, 151

Altitude (kin) 12. Z3 11. [;4 0. [i_

,Maximunx Total lnertial Rallge Time (sec) 142, 32 144. 11 -1. 7_

Acceleration {S-1 Stage) Aeceteration ( m/s2? 60, 40 60. 07 o. 3:_

Maximum Earth Fixed Vel(_'ity Range Time (see) 1-t8.55 150.31 -1.76

(S-[ Stage/ Velocity (rtl/s) 2730.70 2724.17 b, 53

Apex (S 1 Stage? Range Time (see) 355.0 350.9 2, I

Altitude !kin) 261._u 254.56 7.24

Range (klll) 489,:/2 4¢/5.35 :L }J7

Earth Fixed Velocity (m/s/ 2041.7 205& 0 -16.3

Loss el Telemetry Range Time (see) 572. U 572. o 0. U

(S-I Stage] Altitude ikm) 65.0 52.4 12,6

Range (kin) 929. :_ 934. b 5. 6

Total Inertia_ Acceleratiort (m/s2j -4, l_ -4.25 0.07

Elevation Altgle lrom Pad {deg) -0.32 -1.07 0. 75

Imixact {S-I Stage) Range Time lsec) 725. b 720.3 5,5

Range (kin) 965.4 977.4 5. 0

Cross Range {kin) l_.b 1(& 6 -0. 6

Geodetic Latitude (deg) 27. 195_ 27. 2019 -0. U061

Longltade (deg) 70. 6699 76, 7510 -0, Ogl 1

bla.ximunl Total Inertial Range Time (see) 630.55 632. 6b -2. 3',1

Acceleration (S-IV Stage) Acceleration (m/s 2) 25, 25 25.55 -u. 30

Maximum Earth Fixed Range Time (sec) 630.55 632. g_ 2.33

Velocity IS-IV Stage) Velocity tm/s) 7153, t_5 7154.4_ U. 63

to the guidance cutoff signal are given below for the

S-I and S-IV stage at OECO and S-IV guidance cutoff,

;/ ........ respectively.

I I
, I VELOCITY GAIN (m/s)
I I

j....

..... Event Actual Nominal

] " OECO 5, 3 5.3

S-IV CO 2.9 3.1 i
i

_, A theoretical tree [light trajectory was computedfor the discarded S-I stage truing initial conditions

_:- from the reference trajectory at separation. There

was no tracking coverage of the discarded S-I stage on

FIGURE 5-5. MACH NUMBER AND DYNAMIC SA-10. A nominal tumbling drag coefficient was as-

PRESSURE seined for the reentry phase. The calculated impact

16



locat/on relative to the launch siteis shown in Figure C (812 seconds range timc). The mag1_itudc anddirec-

5-6. Table 5-11Ipresents the booster impact location tion of this impalsc were determined from the tele-

from the actual and nominal free flight trajectory, metered output of the guidance system.

[ '?_/ '¢ i" _' The maximum variations, considering all solu-t tions made, in position and velocity components from

"- .... the insertion parameters quoted were 200 m in posi-

_ _L ....... _: tions and 0.5 m/s in velocities.

_ _'_ ' " Table 5-IV shows a comparison between the ac-

_\ ] ; '(_ tual and nominal orbital insertion elements. The

• _ _- _ i i tracking residuals wttich representthe differences be-

,._ _. __ :, _:. tween the actual tracking observations and the obser-
_" • "" rations calculated for theorbitdefined by the insertion

_- _-_* elements given in the tabulation were of the magni-

tudes experienced on previous Saturn flights. The

average residual errors of the range measurements

FIGURE 5-6. BOOSTER TILAJECTORY GROUND were approMmately 12 m and of the azimuth and ele-

TRACK vation measurements approximately 0.02 degree.

TABLE 5-IV. INSERTION ELEMENTS

TABLE 5-III. BOOSTER IMPACT COMPARISON

PararneCer Actual (Cult) Nominal Act-Nora Event Actual Nora real A, t-Nora

Surfact: aange <' (kmJ 985.4 977.4 b.0 Time of Orbital Insertion 64tA;z;2 t;1_.575 -2.:_-'3

i]lange Time sl:c_

Cross nangc (km_ 1_.8 19.6 -0.

5iJu_:u Fi×ud Velocily I m _J 75._4.:i 75t}5. _) -0.7

Geodetic Latnudc {degl 27.1958 Z7.2019 -U.0051

Flight Path Angle l tlcgl 0. 0052 -0. 00_m O. t}otlt_

LongUudc ( clcgi 70.6699 70.7510 -0+ 0_11
Altitude (kin} 535. 7 5_t5. 7 o. o

Runge Time (secl 725._ 7z0.3 5.5
Ground (angc ikm 19_.'J 1910._ -l•o

"_Stlrtacc rangt2 t.s m_lstlred fl•om launch site.
i Cv_,_s aangc Ikm_ t-.._ 4_. IJ o. :_

('ryes aangt_ Veldt it) J :1_ _1 22",. 7 -'-'t,. :1 +0. u

5.3 INSERTION CONDITIONS
Apt_g_ AlUtudc [_,nI) " 531. L* 5:_I. _ o. o

(S-IV CUTOFF + 10 SECONDS)

Insertioneondition solutions were made using the P_nod (,,:.u _5. _ _. :_ -0.,
Antigua and Grand Turk data at insertion, the Car-

narvon downrange tracking, and the Merritt Island and Inchmttion (dcgl 2_. _ -'_, _ 0. oo

Ascension tracking on the return pass over the Cape Ex,.c._._ c_l-uu[_tr _'431Ollt} i1_ Nt -o. _ LI. 1 -tl. 7

area. The data were used in various combinations

and solutions solving and not solving for effective drag. Lifetime idays, 720 725 -5

In addition the orbital ephemeris, which was used to The apogee a,l¢lpel'tgcc attitudes arc retcrcnted to a _pnt.r_cul cartn

generate the predicted tracking, had a velocity im- r_ui_ S:+TS._km.

pulse of approximately -0, 3 m/s applied at the sepa-

ration time of the Apollo shroud from the S-IV/Pegasus
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SECTION VI. PROPULSION

6.1 SUMl_LARY buildup times in the engines that received ignition sig-

nalat the same time was 58 ms between engines 6 and

The performance of both the S-1 and S-IV propul- 8. Figure 6-1 illustrates the individual engine thrust

sion systems was satisfactory for the SA-10 flight, buildup and S-I stage thrust buildup.

SA-t0 was the sixth Saturn vehicle to employ [I-I en-

gines at a thrust level of 836,000 N (188.006 lbf_ to
r.... ,

power the S-I stage. SA-1O also represents the sixth '* ' i ' 'L
flight of the RLt0A-3 engines to power the S-IV stage. ]
stage averaged 0.82 percent higher than predicted

from the engine analysis and 0.86 higher than pre- . _

dictcd from the flight simulation analysis° Vehicle _/_%_ _/_b_" "/

specific impulse averaged 0.15 percent lower thm_

predicted for the engine azmlysis and 0. 39 percent .......... :.
lower thanpredicted for the flight simulation analysis. - .....

Inboard and outboard engine cutoff occurred 1.79 sec-

onds and l. 69 seconds earlier than predicted, re-

speetively. Outboard engine cutoff was initiated by

the backup timer 6. 1 seconds after it_Joard engine __ _ _ _ .... I .

cutoff. The performance of ati pressurization sys-

tems, purge systems, hydraulic systems, and other

associated systems was satisfactory.

The propulsion performance of the S-IV stage was _ .,.

within design limits throughout the stage powered - _ ----_._

flight. The average vehicle longitudinal thrust devia- ' " _ / . ,
lion was 0. 29 percent higher than predicted from the /engine analysis and 0. 17 percent higher thanpredicted .. - . .

from the flight simulation. The longitudinal specific /
impulse deviation was 0.01 percent lower than pre-

dicted from the engine analysis and0.21 percent lower F : -

titan predicted from the flight simulation analysis. /
Satisfactory performalme was obtained from the indi- /
vidual engines, the LOX tank pressurization systems, ' :

the heliumheater, the hydraulic systems, the PU sys-

tems, and the nonpropulsive vent system. The luel FIGURE 6-1. S-I INDMDUAL ENGINE AND STAGE

pressurization system functioned properly with the THRUST BUILDUP

exception that the pressurization control solenoid

valve did not open when required during a portion of The vehicle longitudinal altitude thrust shown in

the flight. Figure 6-2 averaged approximately 0.9 percent higher

than predicted. The vehicle specific impulse (lower

6.2 S-I STAGE PERFORMANCE portion of Fig. 6-2) averaged approximately 0. i per-

cent lower than predicted.
6.2.1 OVERALL STAGE PROPULSION

PERFORMANCE Vehicle total propellant flowrate and mixture ratio

are shown in Figure 6-3. The flight mixture ratio

The propulsion system of the S-I stage per- averaged approximately 0.5 percent lower than pre-

formed satisfactorily. The eight engines ignited sat- dieted. The lower than predicted mixture ratio can

isfactorily, withno indicationofany abnormalehamber be attributed primarily to a lower than predicted LOX

pressure transients on any engine, The ignition corn- density.

mand was initiated -').64 seconds before liftoff sig_aal.

The engine starting sequence was within the expected Average S-I propulsion parameters from the en-

tolerances of the prescribed 100 ms delay between gine analysis method corrected to sea level are sum-

starting pairs. The largest deviation in the thrust marized in Table 6-I.

U_- 1.1.
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P

%

................ ! kg (1600 Ibm) less than predicted LOX load. The in-

creased power levels account for 1.2 seconds. The

FIGURE 6-2. VEH]C LE LONGITUDINAL THRUST LOX levelin tank 04 which initiated the cutoff sequence

AND SPECIFIC IMPULSE was about 2.54 cm (1 in) lower than the average

TABLE 6-I. AVERAGE STAGE PROPULSION PARAMETERS, SA-10

Parameter Predicted Engine Percentage PercentageDev. Fro. Flight Dev. Fro.

Analysis Predicted Simulation Predicted

LiftoffWeight (kg) 511,707 511,132 -0.11 511,132 -0.1l

(Ibm} 1,128,121 1,126,853 1,126,853

Sea Level Thrust (N) 6,790,517 6,846,414 0.82 6,849, 180 0.86

(lbf) 1,526,569 1,539,135 1,539,757

Flow Rate (kg/s) 2,682.3 2,709.1 1.00 2,715.2 1.23

(Ibm/s} 5,913.5 5,972.6 5,986.1

Sea Level Specific

Impulse (scc) 258.2 257.70 -0. 15 257.2 -0.39

Vehicle Weight (kg) 130,585.68 126,159 -3.5 125,282 -4.2

(142.22 sec Range Time) (Ibm) 287,892.15 278,134 276,200

The engine cutoff sequence was normal for all outboard tanklevel and accounts for 0.1 second of the

engines. Inboard engine cutoff (IECO) occurred 1.79 difference. The low levels also account for time dif-

seconds earlier than predicted. Approximately 0.4 ferential between IECO and OECO being 6. I seconds

second of the differenceean be attributed to the 725.7 with a backup timer cutoff instead of the predicted 6.0
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seconds. Figure 6-4 shows the chamber pressure de- Previous analyses of all Saturn I Block II flights
cays of the i_board and outboard engines, have indicated that the variation of the vehicle thrust

as a function of time using telemetered engine meas-
urements was consistent _ith the observed trajectory.
It is theorized that this is a result of the clustered

engines and that the effect is somehow a ftmct_on oi
the flow from the inboard engines choking after ap-
proximately 65 seconds of flight. The cluster effect

_-- ---=T::--bTM. that was derived from SA-7 (lower part of Fig. 6-5)\
was assumed to be common to all Block II vehicles

and produced reasonable solutions.

I
I

t T_/rji I,,t_ "tnd_r_! "fhr,j., ¢1fC0 b)

h ' __ ._

" I ,_//

7_(g

-- . \ /

_'x J

65C:' _ " k.:- "

-/ -C *:( 8(. 11 f 12(_ _ .',.
Ra,,ze 71m_ f_,, )

l.n-,,l T}r,:st :, ,idt;r- :)

3.2 F r .....

i

\
-0._ .........

FIGURE 6-4. iNBOARD AND OUTBOARD ENGINE !____

THRUST DECAY _,_ ,

6.2.2 FLIGHT SIMULATION OF CLUSTER i
_ 0 b

PERFORMANCE :. _o e,_ s0 ,.,_ _,, :_

The vehiclelongitudinal sea level specific im-
pulse, vehicle longitudinal sea level thrust, and total FIGURE 6-5. FLIGHT SIMULATION RESULTS
weight loss rate were derived from the telemetered
propulsion system measurements in a simulation of
the tracked trajectory. The simutation of the tracked
trajectory was accomplished throughthe use of a six- Although the cluster effect shown in Figure 6-5
degree-of-freedom trajectory calculation incorporat- was used to alter the local thrust shape in the flight
ing adifferentialcorrection procedure. This program simulation program, it is possible that this effect
determined corrections to the level of the vehicle Ion- could be some force other than a thrust shape devia-

gltudinal sea level thrust, total weight loss rate and tiom A change where this effect would act on the ef-
vehicle drag correction that would yield the best fit to fective force of the vehicle in the trajectory compu-
the velocity and acceleration from the observed tra- tation program would not affectthe propulsion system
jectory. The liftof[ weight as g'iven by the MSFC evaluation results since the average sea level thrust

weight group was considered known, is used as a reference.
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The solid line in upper portion o1" Figure 6-5
shows the total longitudinal force necessary to match
the observed trajectory {assuming the mass history
from the flight simulation analysis is correctl. This

treemeoalong the longitudinal axis, which includes engine
thrust, turbine exhaust, drag, cluster effects, etc.

The dashed line in this figure is the predicted total

longitudinal force for SA-10. _-

Table 6-I presents a summary of the average ,....

values and deviations of liftoff weight, sea ievel thrust,
flowrate, sea level specific impulse and vehicle weight
near inboard engine cutoff signal from the flight sim-
ulation method compared with the postflight engine .: ............ _ ' ......
analysis and predicted values, The a.xiM force coef-
licient resulting from this solution along with the pre- ......

in Section XII.

The maximum deviations of the simulated tra-

jectory from the tracked trajectory were 0.5 m/s te
velocity and 0.1 m/s 2 in acceleration. This is indiea-
rive el the goodness of fit of the simulation.

6.2.3 INDIVIDUAL ENGINE PERFORMANCE FIGURE 6-6. DEVIATION IN INDIVIDUAL ENGINE
PERFORMANCE PARAMETERS (S-I)

The performance of all eight engines was sat-
isfactory, Reconstructed thrust levels for all engines 6.3 S-I PRESSURIZATION SYSTEMS
were slightly higher than predicted except -for engine
position one. The thrust levels for engine position 6.3, 1 FUEL PRESSURIZATION SYSTEM
two were estimated solely from the telemetered cham-
ber pressure since t.be turbopmnp speed data for this Fuel tank pressurization provides inereased
engine were not valid. Therefore, the deviations from tank structural rigidity as well as adequate engine fuel
predicted may be slightly inaccurate for this engine, pump inlet pressure,
Significant discrepancies exist between reconstructed
and telemetered chamber pressures for engine pest- Fuel tank pressurization to it. 72 N/cm 2 gauge
tions 4, 6, 7, and 8. Reconstructed engine specific (17 pstg) of a 3.7-percent ullage was accomplished in
impulses for all engines were below the predicted 7.6 seconds. The pressure in the fuel tanks {Fig.
values. Figure 6-6 presents the percent deviation 6-7) agreed closely with the pressure seen on past
from predicted for the reconstructed thrust and spe- flights andpredicted values. The fuel container pres-
cific impulse, sure was 6, 9 N/cm z gauge (10 psig) at OECO.

ltigher thanpredicted thrusttevels have occurred The number of fuel tank pressurization valves
during the past four flights, including SA-10. The that were operational during SA-10 flight were:
higher than predicted thrust levels on SA-IO cannot
be attributed to flight conditions. LOX pump inlet and Time Interval Number of Scheduled
fuel pump inlet pressures averaged within 0.7 N/cm 2 (Range Time see) Pressurization Valves
( 1 psi} of predicted values, Fuel density was as pre-
dicted, The LOX pump inlet temperatures averaged 0 to 39, 5 3
O, 7°K higher than predicted because of the high wind 39, 5 to 54.5 2
velocities at launch, This deviation represents an 54, 5 to 70,5 1
average decrease from the predicted LOX pump inlet 70, 5 to OECO 0
density of 3,8 kg,/m 3 (0,24 Ibm/It3), A lower than
predicted LOX pump inlet density of this magnitude Pressurization valve number 2 was changed from
should have decreased thrust by approximately 0, 5 normally closed on SA-8 to normally open on SA-10
percent, to increase system reliability.
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When the GFCV is at its fullyclosed position (against

............. stop}, the GOX flowrate will be about 7.94 kg,/s(17.5

.... Ibm/s). This flow exceeds that nccessary to main-
' rain a nominal 34.5 N/cm 2 (50 psi) in tileLOX tanks

m

i ..... ], i

.............. )\ !

......... _ .. =2;2,
\

"- -_ j]. \
• L';, L '

..... , : -- -4 _ ....... "

,I ; , [ , I : T
FIGURE 6-7. GAS PRESSURE IN' FUEL TANK AND ............

IIIGH PRESSURE SPHERE

FIGURE 6-8. PRELAUNCH AND FLIGHT CENTER

6.3.2 LOX TANK PRESSURIZATION SYSTEM LOX TANK PRESSURE

Prepressurization of the3.7-pereentLOXtank The GFCV reached its full closed position at 5

ullage to approximately 41.4 N/cm 2 (60 psi) was ao- seconds range time and leftits fullclosed stop at 93

complished in 75.6 seconds. The LOX tank vent a_d seconds when the center LOX tank pressure was 33.5

relief valves were closed at T-163 seconds range N/cm 2 (51.5 psi). indicating proper response of the

time. Helium bubbling started at -153 seconds. The GFCV.

center LOX tank pressure (Fig. 6-7) rose to 13.6

N/cm 2 (19.7 psi) at -103 seconds when helium hub- 6.3.3 CONTROL PRESSURE SYSTEM

bling was terminated and LOX tank prepressurization

commenced. A 0.325-cm (0. 128 in) diameter orifice The pneumatic control system supplies GN 2 at

was selected to accomplish prepressurization of the a regulated pressure of 517.1 _: 34.5 N/cm 2 gauge

LOX tanks in the reqmired 50 to 90 seconds. Relief (750 ± 50 psig) for operation of the LOX system pres-

valve number 2 took more than 2 minutes to indicate sure relief valves 1 and 2, the LOX vent valve, the

closed daring the automatic sequence. The valve in- LOX replenishing control valve, suction line prsvalve

dicator was found to be faulty during the propellant control valves, engine tarbopump gear box pressuri-

loading test. No corrective action was taken because zation, and calorimeter and LOX pump seal purging.

the closed signal was not required in the automatic

sequence and it was coniirmed that the valve was op- The control pressure system regulated pressure

erating properly, was between 506.8 and 510.9 N/cm 2 gauge (735 and

741 psig), well within the specified pressure band.

Pressure histories used for prediction andactaal The control equipment supply sphere pressure was

center LOX tank pressures are shown in Figure 6-8. 1999.5 N/cm 2 (2900 psi) at liftoff and 1644.4 N/cm 2

The SA-10 LOX tank pressure compares within 1.17 (2385 psi) at 150 seconds wttichis considerably higher

N/cm 2 (1.7 psi) ol that used for prediction. The than SA-9 and SA-8 because fewer calorimeters were

maximum center LOX tank pressure was 36.9 N/cm 2 purged.

(53.5 psi) at 35 seconds range time. Although this is
6.3.4 LOX-SOX DISPOSAL SYSTEM

greater than the set point of the GOX flow control

valve (GFCV), which is 34.5 ± 1.7 N/cm 2 (50 ± 2.5 The LOX-SOX disposal system purges the

psi), it represents expected system performance. S-I/S-IV interstage area of any LOX or SOX which

22



falls from tile S-IV stage engine thrust chamber dur- plumbing at approximately 35 seconds prior to

ing the chiildown cycle prior to S-I/S-IV stage sepa- S-US-IV stage separation. The hydrogen is removed
ration. Gaseous nitrogen is supplied to the dispersal from the S-IV stage through three 0.3 m (12 in) di-

ring manifolds located m_der each of the S-IV stage ameter ducts that lead down the sides of the S-US-IV

engines to keep the area inert so that the engines ig- interstage and the S-I stage in the line with stub fins

nitc in a noncombustible atmosphere. II, III, and IV. Prior to latmeh, low pressure helium

from a ground source is used to purge the three ducts.

All measurements indicated successful operation A helium triplex sphere assembly onboard the S-I

of the LOX-SOX disposal system. Pressure equali- stage supplies helium for purging after liftoff. The

zation between the 0.57 m 3 (20 ft_) nitrogen spheres purge continues through the chilldown operation and

of the fuel tank pressurization system and the focu" S-I stage powered flight.

tril)lc'xspheres occurred at 70.5 seconds. Equaliza-

tion was iedicated by an increase in pressure in the The hydrogen vent duet purge system operated

fuel pressurization systems 0.57 m 3 (20 fta) spheres satisfactorily. The hydrogen vent duct purge supply

from 844.7 N/era 2 (1225psi) to 1123.8 N/cm 2 (1630 pressure was 1954.7 N/cm 2 (2835 psi) at liftoff. A

psi), just 6.9 N/cm 'j (t0 psi) higher than on SA-8 stead)' decay of sphere pressure to 450. 2 N/cm 2 (65;I

flight (Fig. 6-7). psi) at 148 seconds indicated expected operation of
the system.

The S-I/S-IV vent ports were blown at 140.72

seconds by exploding bridgewire (EBW) charges. A 6.4 S-I STAGE PROPELLANT UTILIZATION

sudden drop in S-l/S-IV interstage temperature at ap-

proximately t41 seconds iudicated the initiation of S- Propellant utilization, the ratioof propellant con-

IV LOX chilldown. The plenum chamber pressure sumed to propellant loaded, is an indication of the

shown in Figure 6-9 increased rapidly at 141.9 sec- propulsion system performance and tim capubility of

ends indicating the opening of LOX-SOX valves 2, 3, the propellant loading system to tank the proper pro-

5, and 6 with the start of LOX-SOX disposal. A pres- pellant loads. Propellant utilization for the S-I-f0

sure surge at 144.12 seconds showed that valve hum- stage was satisfactory and within 0.2 percent of pre-

her 4 opened and at 145.(;2 seconds another rise in dieted. The predicted and actual (reconstructed) per-

pressure showed that valves t and 7 opened, corn- ceatofloaded propollat_ta utilized during the flight arc

pleting the sequenced operations. These events oc- shown as follows:

curred 1.79 seconds earlier thanpredicted because of

the early start of time base 2 (propellant level sensor Prelaunci_ Day

actuation). Maximum pressure in the plenum chain- Predicted (%) Flight (k_,)

her was 2i0.3 N/cm 2 gauge (305 psig) which com-

pared favorably with tbltt of SA-8 and SA-9. Total 99. 17 99. 23
Fuel 98.24 98.42

LOX 99. 58 99.59

:;" [ " L ,,, The propellant loading criteria for S-I-10 were

simultaneous depletion of usable propellants for a

.... - fixed mainstage total propellant consumption. The

[ ......... _ ratio of LOX to fuel loaded was dependent on the fuel
I

"................. density at ignition command.
• ' i .....

IJ

I SA-10 was the fourth Block II flight on which u

.... , .... LOX starvation cutoff of the oucboard engines was at-

i tempted. The LOX and fuel level cutoff probe heights: and flight sequencer settings were determined for a

.... ] L L 1.8-second time interval between any cutoff actua-

tion and IECO, and an expected 6.0-second time in-

FIGURE 6-9. LOX-SOX SYSTEM OPERATION terval between any IECO and OECO. OECO was to be

initiated by the deaetuation of the thrust OK pressure

6.3.5 HYDROGEN VENT DUCT PURGE switch on any outboard engine when LOX starvation
occurred. It was assumed, as for S-I-9 and S-I-8,

The hydrogen vent duct purge system removes that a total of approximately 321 kg (707 Ibm) of LOX

the ehiildown hydrogen flowing through the S-IV stage from the outboard suction lines was usable. This is
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equivalent to approximately 0.28 m 3 (75 gall. The 220. 0 kg (485 lbm) less than the prelaunch day pro-
backup timer (flight sequencer) was set to initiate diction, ttowever, the reconstructed fuel load was
OECO 6.t seconds alter IECOif LOX starvation cutoff approximately t36.1 kg (300 1bin) greater than re-
had not occurred within that time. To insure against quired by the propellant loading tables for the fuel
fuel starvation, fuel depletion cutoff probes were lo- density at ignition command. The LOX load was ap-
cared in the F2 and F4 container sumps. The center proximately 725.7 kg ( 1600 lbm) less, Approximately
LOX tank sump orifice diameter, which was 0. 47 m 326.6 kg (720 ibm} more fuel would have been burned
(18 5 in), was the same as for S-I-9 and S-I-_ Based if an additional 725.7 kg (1600 lbmt of LOX had been
on S-I-9 and S-I-8 flight results, a liquid level height loaded. It is concluded tlmt if the proper propellant
differential between the center LOX taltk and the out- loads had been onbeard, approximately 682.7 kg 1505
board LOX tanks of approximately 7.6 cm (3.0 in) at Ibm) of the fuel bias would have been used.
IECO was assumed for the prediction.

Propellant utilization was analyzed front signals
The cutoff sequence on the S-I-t0 stage corn- received from three types of probes located in the nine

menced with the signal from the LOX level cutoff probe propellant containers.
in container 04 at 140.42 seconds. IECO signal was
received 1.8 seconds later at 142.22 seconds. OECO A system of 15 discrete level probes was located
was initiated by the backup timer 6.1 seconds after in each container. An electrical signM was initiated
IECO, at 148.32 seconds. LOX starvation was not by each probe as it was uncovered by the liquid level.
achieved. The average liquid level height dilferential
between the center LOX tank and the outboard LOX Propellant ievelcutoff probes were located in the

tanks at IECO was appro×imately 7 1 cm (2.8 in) LOX containers 02 and 04 and fuel containers F2 and
However, the level in tank 04 was approMmately 2.54 F4. The cutoff probe signal times and setting heights
cm (1 itt) tower than the average level in the outboard from container bottoms were:
LOX tanks when the cutoffprobe actuated. Therefore,

there was approx2mately 181 kg (400 Ibm) more LOX Height
onboard than predictedat IECO, which explainswhy Container (cm) (in) RT (see)
LOX starvationwas not achieved.

02 69.7 27.45 141.04
Inboard engine cutoff was 1.79 seconds earlier 04 69.7 27.45 140.42

than predicted. The shorter than predicted S-I-10 F2 80. 0 31.50 141.41
stage burntimecanbe attributedto the LOX load beiag F4 80. 0 31.50 141.42
approximately 725, 7 kg ( 1600 Ibm) less than required
for the fuel density at ignition command (see Section The continuous level probe located near the bot-
III), and the stage performance being higher than pro- tom of each propellant container indicated the liquid
dicted(seePara. 6.2). The low LOX level in tank 04 level from 28. 4 to130. 0 cm (lt.2 to51.2in) ofeon-
also contributed approximately 0.1 second to the short tainer bottom.
burning time.

6.5 S-I STAGE HYDRAULIC SYSTEMS

The propellant residuals indicated that the re-
constructed LOX residual was only 16.3 kg (36 Ibm) The fouroutboardH-t engines are timbal mounted
less than the prelaunch day prediction. Since the LOX to the S-I stage thrust structure. Controlled position-
residual was very close to predicted and LOX starva- ing of these engines provides thrust vectoring for ve-
tion was not achieved, it must be concluded that the hicle attitude control and steering. Hydraulic actua-
usable LOX in the outboard engine suction lines is tots allow positioning by gimbaling the four outboard
greater than the amount assumed for the prediction, engines in response to signals from the flight control
This conclusion agrees with the flight results from computer. There are eight actuators, two for each
S-I-9 and S-I-8. outboard engine. Four independent, closed loop hy-

draulte systems provide the force required for each
A fuel bias of 839 kg (1850 Ibm) was specified for actuator movement. Each outboard engine is capable

SA-10. The fuel bias minimizes the total propellant of a timbal of ± 8 degrees.
residuals associated with thepossible variation in the
actual stage mixture ratio front the predicted stage Hydraulic system operation during the S-I-t0
mixture ratio. If the specified propellant weights had flight test was satisfactory. Sufficient source pros-
been loaded and the performance had been as predic- sures were maintained by each of the independent,
ted, the fuel bias would have remained as residual closed loop systems. The oil temperatures remained
fuel after cutoff. The reconstructed fuel residual was within assigned limits, and the hydraulic oil level
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trends were as expected. Figure 6-10 shows bands of similarity of burning times and stage longitudinal ac-
the hydraulic oil pressure, level, and temt_erature as celeration cm-vesduring retro rocketburning on S-I-S
measured on the four independentelosed loop hydrau- and S-I-t0 stages.

lic systems.
6.7 S-IV STAGE PROPULSION

'i/ .... j . : 6.7.1 OVERALL S-IV STAGE PROPULSION

PERFORMANCE
, ,_ .

! The S-IV propulsion system performed satis-• _....... Iactorily during the S-IV-10 flight. Except for a tem-
..... . porary malfunction in the fuel pressurization system,
'[ [ i - [ ] ! _ ,_ " all subsystems operated within design1 limitations.

__ The fuel tank pressurization systenl malfunction is_ explainedindetailinparagraph 6.8.t. This n_alfune-
Liondid notaffecttheaccomplishment of themission.

: ' 6.7.2 STAGE PEIIFORMANCE
k

L i } Two separate almlyses were employed in re-

[ i _-----+---'---_- ........ :.._A_______ The first method, an engine analysis, used the
t_____ ..... J 2 .... 1_. telemetered engine parameters to compute stage lon-

gitaditml thrust, stage longitudi*mi specific impulse,
FIGURE 6-10. HYDRAULIC OIL PRESSURE, and stage mass fiowrate. The effects of the 6-degree

LEVEL, AND TEMPEIIATURE engine cant angle to the vehicle centerline, helium
heater flowratas, helium heater thrust, 67 N (15 lbf},

6.6 RETRO ROCKET PERFORMANCE and chilldown vent thrust, 667 N (i50 lbf), are in-
eluded in the presentation of stage performance pa-

Four solid propellant retro rockets are mounted rameters. Due to the nature of the analysis, cluster-
on the S-I stage spider beamand arranged 90 degrees ing effect on stage longitudinal thrust, 2785 N (626
apart and midway between the main fin position. The lbf), is not included unless specifically adjusted to
purpose of the retro rockets is to decelerate the S-I compare results with the flight simulation,
stage after itseparatos fromtheS-IV stage to prevent
a possible collision between the two stages. The'second method, a postflight simulation, used

the thrust and mass flow shapes obtained from the en-

The performance of the retro rockets on SA-I0 gine analysis, adjusting the levels to simulate the
was satisfactory, Ignition signal to the .retro rockets actual trajectory as closely as possible. The simula-
occurred at 149.13 seconds andigrdtion of the individ- tion was constrained to the cutoff weight determined
ual rockets was further insured by the EBW voltage from capacitance probe data, point level sensor data,

signals of each retro rocket. The retro rocket corn- andmeasured stage dry mass, andincluded the cluster
bustion chamber pressure measurements flown on effects as an inherent part of the simulation.
previous flights were not installed on SA-10. Longi-
tudinal acceleration measurements were used to eval- 6.7.2. l ENGINE ANALYSIS
aate the SA-I0 retro rocket performance. By com-

paring the longitudinal acceleration measurements of The engine performance of the S-IV-10
S-I-8 and S-I-10 and the average retro rocket burning flight was reconstructed from the start of LIt 2 cool-

time on SA-8, the average burning time of the SA-10 down to engine cutoff. Statistical confidence in the
retro rockets was determined to be approximately 2.2 reconstructed values was established by the relative
seconds. Nominal burning time of the retro rockets agreement of three independent computer programs.
is 2.15 seconds. The calculated performance values deviated from the

predicted values by the amom_ts shown in Table 6-II.

Chamber pressure buildup and decay transients
for each rocket on SA-10 could not be determined due Based on data obtained from the acceptance test

to the absence of the combustion chamber pressure of the S-IV-t0 stage, propellant depletion time had
measurements, but can be assumed normal due to the been predicted as 483.13 seconds from engine start
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TABLE 6-II. S-IV STAGE ENGINE ANALYSIS r..... :c.: _, - _ ......, , c TPr-, qn,,; ,,

% t_ I ; i i !
i ! ! i i

.,......,.. ..._._0 .,_,=, <.nov,.,_.,, LL_'JA I ! ! i

Speciiic lltlpulae (see) 4zt_.376 429.377 O. UUI : t ....... ' ' "'* "'r;,, - _ s.L s_-, ,* ..... .

LOX Flowrate {kg2_) 7b.916 79.261 0.44 ..... i --

'['olaL l'lo_t'at_" Ikg./s) 94.715 94.99Z 0. Z9

(ibltl/s) 208.810 209.423 .... ........ , ,

:, a, ,., -

M ixttlrt' |{atlo 4. 995 5. {)3_ 0. 5_

i' [ _- r T- -T--i', ]

command. The actual depletion time, determined by --- i , ,
calculating the time to deplete the best estimate re- : ' - _" . ....... . . .7
siduals {454 kg or 10011bmLOX and 87 kg or 191 Ibm , ....... , : ,.,..:,

u i,.thea e.ages geconsump ouratee, K I --
would have bee,, 484.9t seconds burn time, or I. 78 _ : --_
seconds longer than predicted. ....

within the predicted bands and shapes. Performance . L _,.{ _.._Q__ __ . J .1 J _. 3>_ .... , , .,u H
profiles comparing the prediction to the actual for .... ..,:, ,.. ........ .
thrust, flowrate, specific impulse, and mixture ratio
are presented in Figure 6-11. The parameters shown FIGURE 6-11. TOTAL S-IV STAGE PERFOIIMANCE
are tmbiased for clustering effects, {ENGINE ANALYSIS)

Thrust includes tim summation of the six-engine the observed trajectory. The simulated trajectory,
individual thrusts corrected for the 6=degree cant with adjusted propulsion system parameters ineor-
angle, 6. 67 N ( 15 lbf) helium heater thrust, 6.67 N porated into it, was compared to the observed trajec-
(150 lbf) eooldown duct thrust, and 600 N (135 lbf) tory, and the following average {root-sum-square)
base pressure effects, but does not include the -2785 and maximum differences were found:
N (-626 lbt) clustering effect.

Average Dev. blaximum Dev.
Total flow includes the summation of the six-

engine individual total flowrates and the helium heater Slant Range 25 m 47 m at 300 see.
total flowrate, which is 0, 022 kg/s (0. 05 Ibm/s),

Earth Fixed

Specific impulse is the result of dividing the indi- Velocity 0.3 m/s 0.6 m/s at 240 sec.
cated thrust by the indicated total flowrate.

Altitude 32 m 54 m at :tt0 sec.
6.7.2.2 FLIGHT SIMULATION

The maximuminaecuracies in the simulated pro-
A six-deg-ree-of-freedom trajectory simu- pulsion system parameters are estimated at 0.3 per-

lation program was used to adjust the S-IV propulsion cent for specific impulse, and 0.2 percent for thrust
system parameters obtained by the engine analysis, and mass flowrate. These inaccuracies were caused
Using adifferential correction method, thissimulation by inaccuracies in the simulation technique and in ob-
program determined adjustments to engine analysis served trajectory data. An additional uncertainty is
stage longitudinal thrust and stage mass flowrate that the accuracy of the best estimate of vehicle mass 1o
yielded a simulation trajectory which closely matched which the simulation is constrained. Any inaccuracy
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inthe best estimate of vehicle mass causes additional

inaccuracies in thrust and mass flowrate, but not in s+,,.,_,,, t,_+,.:'._,(_<

specilic impulse. By considering this additional un- _

percent for eaehof the propulsion system parameters. .:,, ._ c__.

Table 6-ILl compares the predicted engine analy- _ i_ H_I_sisandsimulateds geLo+ dlnalthrust,stagemass |flowrate, and stage longitudinal specific impulse. :..'_
Figure 6-12 compares the predicted values to the

postflight engine analysis, and trajectory simulation s-:',-_ s-iv-,, s-i,:-: s-iv ,, s+iv-_ s-:,.-,,_
results for each S-W stage flighttested. : =.:_(_(,,s)

TABLE 6-lII. S-IV-10 PROPULSION SYSTEM

,;02

, Etlgine FLight !,Off _ i I,[_ " r=i H I
Lo,lgitudinal IN) ;195, 43:1 396,466 296,127 i_'VehicLe Thrust (ll)_) 33,897 _9, 129 89,053 _

S+IV- SIIV -_ S-]',-} S-iV- S-I','-Y S 1'." It'

Vehicle Mass (kg/s) 94.71 95.00 95.06

(ll)mi._) 20_._ 209.4z _09. 5_

Longitudinal Vehicle

Sj)¢_:i[ic Impulse I sec) 425. b 425.60 424. 9

9e 0

9 6Average vMues between 90 percent thrtlst and S-IV cutoff.

+IN++++++o +in+in
Definition of Propulsion Parameters s-w+s s-iv-, s-l_.-; s-;v-+ s-,v._ s-,,,.-_,.

Longitudinal vehicle thrust accounts for engine The correction factors applied to this bar chart

cant angle and includes helium heater thrust, and are the same as those used in Table 6-Ilexcept for

thrustoriginating atthe cooldown vents due to leakage the predictions and engine analysis prior to S-IV-9

of LH 2 through the engine cooldown valves during en- which do not include corrections due to clustering ef-

gine operation. Ullage rocket thrust and predicted fects.

aerodynamic base drag (600.5 N or 135 lbf thrust ef-

fect) are not included. The engine analysis thrust FIGURE 6-12. PROPULSION SYSTEMS

level is adjusted downward 2785 N (626 lhf) to ac- PERFORMANCE COMPARISON (S-IV STAGE)

count for average engine clustering effects derived

fromprcvious vehicles. Theflightsimulation includes 0. 17 percent higher than predicted, respectively, and

the engine clustering effect as an inherent part of the the longitudinal specific impulse was 0.21 percent
simulation, lower than predicted.

Vehicle mass loss rate includes all stage mass The trajectory simulation technique provides a

flowratos, such as the sum of individual engine pro- method of determining vehicle mass history, if the

pellant mass flowrates, leakage of LH z through the vehicle mass atany point or points in time on the tra-

cooldown valves_ and helium heater propellant mass jectoryis aecurately known. Figure 6-13 presents the

flow. approach used to determine the best estimate of igni-

tion and cutoff weight to which the flight simulation

Longitudinal vehicle specific impulse is vehicle was constrained. The "box" shown defines the region

longitudinal thrust divided by vehicle mass loss rate. that the best estimate of ignition and cutoff weight
,. must lie within in order to satisfy the analysis results

from capacitance probe and point level sensor at cut-

Eachof the simulated propulsion system parame- off and capacitance probe and engine analysis at igni-

ters was within 0. 5 percent of predicted. Stage mass tion. The diagonal line represents the flight simula-

flow rate and stage longitudinal thrust were 0. 38 and tion results. Any point on the nominal flight simulation
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line provides tile same "fit" to the observed trajectory; cooldown period was 1.69 seconds shorter khan pro-

however, average values for tile propulsion parame- dieted due to the early cutoff of the S-I stage. The

ters vary directly _ith the magIfitude of tire ignition LH 2 consumption during the chilldown period was 146

andcutoff weight setected for the flightsimulation con- kg {3221bm), or an average flm_ rate of 0.61 kg/s/eng

straint point. A least square criterion was applied to ( 1. 351 lbm/s/eng). The LOX consumption during the

tile data presented, and tire best esUmate andtoler- chilldo_n period was 84 kg (185Ibm), or all average

ante of the ignition and cutoffweights_ere determined flowrate of 1.40 kg/s/eng {3.05 lb/s/eng).

to be 62,551 _: 94 kg(137,902 _ 2091bin) and 15,632

24kg (34,463 _ 54 Ibm), respectively. This ctoes not 6.7.3.2 START TRANSIENTS

exactly agree with tile masses presented in Section IV

but is within the tolerances and is believed to be tile Normal start transients were noted for' all

best estimate [rein a consumption sl3_tndt]oint, engines. The engine thrust buildup to the 90 percent
level was achieved by all engines between 1. 791 and

The nominal flight simulation solution which came 2. 028 seconds after engine start command. Figm'e

nearest to achieving the best-estimate point is shown 6-14 shows the six engine start transients. Tile thrust

in Figure 6-13. it indicates that the ignition and cut- overshoot was less than 5 percent for all engines dur-

off weights were 62, 57Z kg (137,951 Ibm) and 15,626 ing tire start transient° Tile total impulse to 95 per-

kg (34,451 Ibm), respectively, cent thrust _as 89,899 N-s (20,210 lbf-s) , as com-
pared to the predicted value of 81,136 i 10,898 N-s

(18,210_- 2450 lbf-s).
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FIGURE 6-13. BEST ESTIMATE OFS-IV-IO

IGNITION AND CUTOFF WEIGIIT FIGURE 6-14. INDIVIDUAL ENGLNE START
TRANSIENTS

6.7.3 INDIVIDUAL ENGINE PERFORMANCE
6.7.3, 3 STEADY STATE OPERATION

The six Pratt & Whitney RL10A-3 engines, Satisfactory performance of the engines

whichpoweredthe S-IV stage, functioned satisfactorily wasdemonstratod throughout the flight. Average spe-

dm'ing prestart, start, steady state, and cutoff. All eific impulse for the engines was 430.26 seconds, with

engine eventsoceurred as scheduled, andperformance a mean total thrust level of 400,860 N (90,085 lbf).

levels ofalt engines were consistent with performance These values are not corrected for cant angle. Max-

levels established during acceptance testing, imam and minimum mixture ratio levels during the

flight were 5.34 and 4.95, respectively. The maxi-
6.7.3.1 ENGINE COOLDOWN mum mixture ratio occurred at a PU valve angle of

minus 22 degrees (approximately 186 seconds range

The engine cooldown period was 39.72 sec- time, while the minimum occurred at an angle of plus

ends lor LH 2 anti 10. l seconds Ior LOX. The LH 2 15 degrees (approximately 471 seconds rauge time_..
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