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MPR-SAT-FE-66-11

RESULTS OF THE TENTH SATURN I LAUNCH VEHICLE TEST FLIGHT SA-10

By Saturn Flight Evaluation Working Group

George C. Marshall Space Flight Center

ABSTRACT

This reportpresents the results of the early engi-
neering evaluation of the SA-10test flight. Sixth of the
Block II series, SA-10 was the fifth Saturn vehicle to
carry an Apolio boilerplate (BP-9) payload and the
third in a series tocarrya Pegasus payload (Pegasus
C). The performance of each major vehicle system
is discussed with special emphasis on malfunctions
and deviations.

This test flight of SA-10 was the tenth consecutive
success for the Saturn I vehicles and marks the end ol
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-124 guidance
system for both stages, andthe fifth flight test to dem-
onstrate the closed loop performance of ihe path
guidance during S-IV burn. The performance of the
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
system which will be used on Saturn 1B 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

Huntsville, Alabama

Attention: Chairman, Saturn Flight Evaluation
Working Group R-AERO-F (Phone
876-4575)
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CONVERSION FACTORS TO
INTERNATIONAL SYSTEM OF UNITS OF 1960
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force b 4.448221615 N (Newtonj
heating rate Btu/fil-g 1. 1348931 (thermal chemical) watt/cm?
impulse lb-s 4. 448221615 N-g
length fr 3. 048x107! (exact) m

in 2. 54x107% (exact) m
mass b s?/ft 1.5359237x10~1 (exact) kg
moment 1h-ft 1. 355817948 N-m

Ib~in 1.12964829x107 N-m
moment of inertia Ib-ft-s? 1. 355817948 kg-m?
power Btu/hr 2. 9287508x1074 kw
pressure th/in? 6. 894757293x107? N/em?

/it 4. TH6025898x107° N/em®
specifie weight o/ £ 1.57087468x10? N/m?®
te mperature ° F+459. 67 5. 555555556x1071 K
velocily ft’s 3, 048x107! (exact) m/s

knot™* 5. 144444444x 101 m/s
volume ft? 2. 8316846592x10~2 rexact) m?

gallons 3.785411784x1079 (exact) m?
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RESULTS OF THE TENTH SATURN I LAUNCH VEHICLE TEST FLIGHT SA-10

SECTION L
1.1 FLIGHT TEST RESULTS

Saturn launch vehicle SA-10, sixth of the Block 11
series vehicles and the third operational vehicle, was
launched at 08:00 AM EST, July 30, 1965. This flight
test was the tenth and last in a series of Saturn I ve-
hicles to be flight tested. The flight test was the third
in a series to launch a Pegasus satellite (Pegasus C)
and was a complete success with all mission objec-
tives achieved.

SA-10 was the sixth vehicle launched from com-
plex 37B at Cape Kennedy, Florida, and represents
the tifth launch of the Saturn/Apollo configuration,
This was the second Saturnvehicie launch that required
no technical holds, All operations were normal and
the only hold was the 30-minute build-in-hold, used to
make launch time coincident with the beginning of the
launch window. The major anomaly associated with
countdown operations was high surface winds; 8.7 m/s
(16.9 knots) were prevalent during the hour preceding
launch. The high surface winds resulted in an 8-1
stage LOX short load of approximately 725 kg (1600
Ibm) .

The actual trajectory of SA-10 was very close o
nominal. The total velocity was 9. 8 m/s higher than
nominal at OECO and 1, 06 m/s lower than nominal at
S-IVcutoff. At S-1V cutoff the actual altitude was 0. 04
km lower than nominal and the range was 1, 33 km less
than nominal, The cross range velocity deviated 0. 62
m/s to the left of nominal at 8-1IV cutoft.

The S-1V stage and payload at orbital insertion
(S-1V cutoff plus 10 seconds) had a space {ixed veloc-
ity 0.7 m/s less than nominal, yielding a perigee al-
titude of 528. 8 km and an apogee altitude of 531, 9 km.
Estimated orbital lifetime was 720 days, 5 days less
than nominal.

The performance of both the S-1 and S5-IV propul-
sion systems was salisfactory for the SA-10 flight,

FLIGHT TEST SUMMARY

The vehicle sea level longitudinal thrust of the S-1
stage averaged between 0.82 percent (engine analysis)
and 0.86 percent (flight simulation) higher than pre-
dicted. Vehicle specific impulse averaged between
0.15 percent (engine analysis) and 0.39 percent (flight
simulation) lower than predicted. Inboard and out-
board engine cutoff occurred 1.79 seconds and 1.69
seconds earlier than predicted, respectively. Out-
board engine cutoff was initiated by the backup timer
6.1 seconds after inboard engine cutoff. The S-IV
stage average vehicle longitudinal thrust deviation was
between 0,29 percent (engine analysis) and 0, 17 per-
cent (flight simulation) higher than predicted. The
specific impulse deviation was between 0, 0! percent
(engine analysis) and 0.21 percent (flight simulation)
lower than predicted, The performance of all sub-
systems was as expected with the exception of the S-
1V stage fuel pressurization system, The pressuriza-
tioncontrol solenoid valve did not open when required
during & portion of the flight.

The overall performance of the SA-10 guidance
and control systems was satisfactory. Vehicle re-
sponse to all signals was properly executed including
roll maneuver, pitch program, and path guidance (uti-
lizing the iterative guidance scheme) during the S-IV
stage flight.

Path guidance was initiated at 18.13 seconds afier
separation, Performance of the iterative guidance
mede inthe pitch plane and delta minimum in yaw was
satisfactory in achieving insertion conditions very
near those desired. The total space fixed velocity at
S$-IV cutoff measured by the ST-124 guidance system
was 7592. 02 m/s (7591, 96 m/s was programmed for
velocity cutoff}, compared to a velocity of 7591,50
m/s determined from tracking, The difference be-
tween tracking and guidance was well within required
tolerances,

Separation was executed smoothly withsmall con-
trol deviations. Separation transients were relatively
small and well within design requirements,



Separation of the Apollo shroudoccurred at812, 10
seconds, functioning as planned.

The SA-10vehicle experienced maximum bending
in the pitch plane at 74.2 seconds. A maximum static
moment of 655,901 N-m was experienced at station
23,8 m (936 in). The structural flight loads on SA-10
were generally as expected and no Pogo effects were
apparent, The vibrations observed on SA-10 were
generally within the expected levels and compared well
with SA-8, There was no evidence of S-1/S-1V inter-
stage structural degradation during separation,

The measured pressure and temperature environ-
ment on the S-1 and S-IV stage of SA-10 were gen-
erally similar to those measured on 8A-8. Calorime-
ters were flown for the second time on the engine bell
and aspirator surface of engines 3 and 7. The heating
rates from these calorimeters were higher on SA-10
thanon SA-9and more nearly represent the actual en-
vironment,

The clectrical system of SA-10 vehicle operated
satisfactorily during boost and orbital phases of flight
and all mission requirements were met. The long life
hattery in the Instrument Unit (IU) provided power 1o
the Pt and F6 telemetry links for 140 minutes, which
well exceeds the one orbit requirement.

Overall reliability of the SA-10 measuring system
was 98,8 percent, considering only those measure-
ments active at liftoff, There were 108 measure-
ments active at liftoff of which 12 failed during {light.
All airborne tape recorders operated satisfactorily.
The onboard TV system for SA-10 wascancelled prior
toflight. The altimeter system andassociated return-
pulse-shape experiment failed to operate. The MIS-
TRAM transponder failed at 63 seconds of flight and
provided no usable data.

The photo/optical coverage for SA-10 was good.
However, downrange cloud conditions prevented all of
the 10.2 m (400 in) and 12.7 m (500 in} focal length
cameras {rom recording usahle data,

The Pegasus C spacecraft performance was sat-
isfactory. At approximately 640,252 seconds, the S-
IV stage, Instrument Unit, Apollo shroud and Pegasus

were inserted into orbit with no appreciable pitch,
yaw, or roll rate. The Pegasus wing deployment and
all spacecraft systems worked properly and all meas-
urements were initially within their predicted limits,
A roll rate started to build up after wing deployment,
as expecled, and reached a maximum of 6.3 deg/s, as
compared to 6.5 deg/s for SA-8 and 9.8 deg/s for
SA-9,

1,2 TEST OBJECTIVES
Primary objectives

1, Collection and evaluation of meteoroid data in
near earth orbit - Achieved:

a. Determination of meteoroid penetration of
satellite panels for three thicknesses of aluminum.

b. Measurement of satellite's radiation en-
vironment and panel temperature to evaluate the va-
lidity of hil data,

¢. Determination of satellite's position and
orientation relative to time of hit occurrence,

2. Continued demonstration of launch vehicle it-
erative guidance mode and evaluation of system ac-
curacy - Achieved

Secondary objectives

1. Evaluation of the functional operation of the
Pegasus meteoroid technology satellite's mechanical,
structural, and electronics subsystems - Achieved

2. Evaluation of 8-IV/IU/Service Module adapter
(SMA) exterior thermal control coating - Achieved

3, Evaluation of boilerplate Command Module
{CM) /SM separation from the 8-1V/IU/SMA - Achieved
4, Evaluation of the S5-IV stage nonpropulsive
venting system - Achieved.
1.3 TIMES OF EVENTS

The times of eventis for SA-10 are contlained in
Table 1-I.



TABLE 1-I, TIMES OF EVENTS

ftange Time {sec) Predicted Time Bases
Eventl Acug | pregiewd | act-pred Time trom | Time trom Guid, | Time from Tnnv:. frony -1V
=t Mution | Zera « Ty OCECO 1 TH 35 | Cutef! \TB 4
First Mation o, 4y - - [0
LO Signal tUmb Dise) T - - -
Guidance Deteets LO KRS - -
Guidance Compules Zero Time tTi TR - - - [}
firukes Released ¥, 47 a7 - - i
Patch Commuard Bo2n i, 24 (] - w04
1ol Commaunt! a.d [ -
Roll Completed 14,49 14,44 u - 15,7
Lock Atodules HRE RTINS A u - 138020
Level Scuse (TB 2) 4, 42 STy 41,52 - -T.n0
IECQ 42,22 144,08 -1 [E R - -G,
QECO 45, 32 1150, 01 164 ¥ F v - [}
Compuler Detects OECO (TB 3y -1 Gy - - U]
Ulluge Rockels [ghile THL s fLau, T2 ~1.6Y - - 0,71
Separalion/ Relro [gnition Signai 134 1% |150, 82 - - eS|
Open 8-1V Accumululors 149,83 |151, 62 -1, 64 - - 1,01
S5-IV Start Command 150, w3 f102. 02 ERR i) - - 2,31
Signul o Jettison Ullkge/ LES L 13 |Lhz, 82 -§, 64 - - 12, 01
Introduce Guidance 167, 26 (:(f"' 1‘—’) - - s 410, 04
§Y. UG
S5-IV Guidance Cuteft Signul 630, 25 432, Bn - - -i, 69
Compuler Bense S-IV CO 1 TB Ay 630, 94 |63, 26 -2, 32 - - - [}
Insertion 640,20 |64, 57 RPN G2, 08 - -
Close Auxibiury NPV Ports SRRV Y B iy -0 1T - - - 179,91
Initdal Pugnsus Forward Restraial Scp, w12 00 [814,17 -2, T - - - 180, 9t
Initiate Apollo Shroud Sep. alz, Lo (g4, 27 -3.17 - - - 155,01
Initiate Pugum_m Wing Reslraint and 87200 |874. 2T T R B 24101
Energize Wind Deployment Molurs
End Wing Deployment (moors siop) il 46 (927 -2, 87 - - - 251,01

Note: Hunge cero occurred at 13:00:00 ZULU time.

T Time Base 2 (Low Lew




SECTION IL

This reportpresents the results of the early engi-
neering evaluation of the SA-10 test flight, Perform-
ance of each major vehicle system is discussed with
special emphasis on malfunctions and deviations.

The reportis published by the Saturn Flight Eval-
uation Working Group, comprised of representatives
from all Marshall Space TFlight Center laboratories,
John F. Kennedy Space Center, MSFC'sprime contrac-—
tors for the S-1 stage {Chrysler), the S5-IV stage

INTRODUCTION

{ Douglas), andthe [U stage {IBM), andengine contrac-
tors (Rocketdyne and Pratt & Whitney), Therefore,
the report represents the official MSFC position at this
time. This report will not be followed by a similarly
integrated reportunless continuedanalysis or new evi-
dence should prove the conclusions presented here
partially or entirely wrong. Final evaluation reports
may, however, be published by the MSFC laboratories
and the stage contractors covering some of the major
systems or special subjects as required.
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SECTION III. LAUNCH OPERATIONS

3.1 SUMMARY

SA-10 was the second Saturn launch that required
no technical holds, All operations were normal and
the only hold was the 30-minute built-in hold, This
was not needed but was used to make launch time co-
incident with the beginning of the launch window at
8:00 AM EST.

Two minor anomalies were detected during the
countdown operation, A leak developed in the flex
connection between the fixed LOX overland line from
the storage facility and the S-I fill mast, and a sepa-
ration of the environmental control system ducl to the
Pegasus occurred at the umbilical tower, Both prob-
lems were corrected without impact on the countdown,

Surface wind conditions were much higher than
normal. The wind speed prevalent in the hour pre-
ceding launch was 9.3 m/s (18 knots) at a height of
24 m, This high surface wind condition resulted in a
LOX short load of approximately 725 kg (1600 lbm).

The ground support equipment sustained consid-
erably more damage than on any previous launch.

3.2 PRELAUNCH MILESTONES

A chronological summary of events and prepara-
tions leading to the launch of SA-10 is shown in Table
3-1.

3.3 ATMOSPHERIC CONDITIONS

Launch day weather conditions weresatisfactory.
High surface winds were prevaient in the hour pre-
ceding launch but were not above the design wind lim-
itations, Some specific atmospheric observations at
launch were:

1. Surface winds - mean wind speed for one min-
ute was 6.2 m/s with gusts up to 9.8 m/s from 210-
degree azimuth

2. Cloud coverage - 0,5 cirrus at unknown alti-
tude, 0.2 alto-cumulus at a base height of 3050 m, and
0.1 cumulo-nimbus at a base height of 460 m

3. Ambient pressure - 10, 163 N/cm?

4, Ambient temperature - 299, 8°K

5. Relative humidity - 71 percent

6. Visibility - 16 km,

3.4 COUNTDOWN

The launch countdown for SA-10began Wednesday,
July 28, at 11:20 hours at T-1005 minutes. No diffi-
culties were encouniered and the count was held at
T-605 minutes at 18:00 hours as planned, Countdown
was resamed July 29 at 21:25 hours. There were no
interruptions in the count until the planned 30-minute
hold at T-30. However, a problem did exis{ in the 8-1
stage LOX fill line on the launcher, A leak developed
in the flex connection between the fixed LOX overland
line from the storage facility and the §-I fill mast,
Minor countdown work-arounds were made to allow
for replacement of the flex connection, A separation
of the environmental control system ductto the Pegasus
payload occurred on the umbilical tower. Reconnec-
tion of this line was made without the impact on the
count,

At the time of launch all mandatory range and
field instrumentation was classified at "Go" with the
exception of one 8- hydraulic temperature measure-
ment which failed earlier in the count, Since this was
considered a red line measurement, a waiver for de~
letion of this measurement was required and granted
by MSFC.

3,5 PROPELLANT LOADING
3,5.1 S8-1STAGE

The function of the S-I stage propellant loading
systemistotank accurately the LOX and fuel required
to achieve flight mission objectives. The propellants
required are based onproputsion performance obtained
from simulated flight predictions.

The weight of LOX tanked by the loading system
for a given pressure value is primarily dependentupon
wind speed during loading. Forced air currents around
the LOX tanks cause temperature stratification within
the LOX columns and increased boilolf at the surface.
Also, & higher ullage pressure is present in the outer
tanks because vaporized LOX flows through the inter-
connect to the center tank before being vented to the
atmosphere, This ullage pressure differential re-
sults in the outer LOX levelsbeing lower than the level
in the center tank, Since the LOX loading system is
connected only to the center tank, a difference exists
between the actual LOX weight and the apparent weight
based on the density and height of the LOX column in
the center tank. This weight decrement, ar short
load, is shown with respect to wind speed in Figure
3-1,



TABLE 3-I. 8A-10 PRELAUNCH MILESTONES

Date Event
May 31, 1965 §-I-10 arrived via barge {S-IV-10 arrived 5/10/63),
June 1, 1965 IU arrived,

June 2, 1965

June 8, 1965

June 9, 1965

June 21,
June 22,
June 25,
June 29,
June 30,
July 6, 1
July 8, 1

July 9, t

July 12,
July 13,
July 15,
July 20,
July 23,
July 26,
July 27,
July 28,
July 29,

July 30,

1965

1965

1965

1965

1965

963

965

965

1965

1965

1965

1965

1965

1965

1965

1965

1965

1965

S-1 erection complete,

S-1V erected.

IU erected. All umbilical connections complete.
SM and SM adapter arrived.

Pegasus C arrived,

Pegasus C deployment test completed.

CM and LES arrived.

S5-1 and S-IV full tank pressure tests compleled.
Pegasus C, SM, CM, and adapter erected,

LES erected,

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

Q-ball installation complete. All ordnance instzllation complete,
Simulated L.OX and LH, loading tests completed with satisfactory results.
Launch vehicle cryogenic tanking test completed.

Flight readiness test completed.

RP-1 loading completed,

Countdown Demonstration Test, Precount.

Countdown Demonstration Test, Count.

Countdown Precount start 1120 and 1800,

Begin Launch Count 2125,

Liftoff scheduled for 0800,




o —gerf

e

[ S I S,

FIGURE 3-i, EFFECT OF WIND SPEED ON LOX

LOAD

Environmenial conditions for the time of SA-10
launch were forecast from meteorological data. These
were used to establish propellant leading criteria that
would permit a constant S-I stage weight to be main-
tained for the allowable range of fuel temperature.
The S-I-10 propellant loading tables were generated
to provide the differential pressure values necessary
for the loading computers o tank the LOX and fuel re-
quired for the actual fuel density at launch, The dii-
ferential pressure values given in the loading tables
compensate for the LOX short load at the predicted
launch wind speed of 3.6 m/s (7 knots) based on the
mean surface winds for the month of July, The right
scale of Figure 3-1 shows that as wind speed varies
from the predicted value, the actual LOX weight is
either more or less than the weight indicated by the
LOX loading system,

The total S-Ipropellant weights are listed in Table
3-11, Predicted propeliant weights used to determine
S5-I stage performance were basedon nominal LOX and
fuel densities established [rom environmental condi-
tions expected at launch, The propellant weight re-
guirements at ignition are based on the nominal LOX
density andthe actual fuel density at S-1 stage ignition,
Average fuel density at ignition, determined from fuel
temperature intanks F1 and F3 together with the den-
sity manometer reading in tank F4, was as predicted.

Propellant loading system weights listed in the
table were determined from the manometer readings
immediately prior to propellant system pressuriza-
tion. The fuel manometer value indicated the fuel
weight to be only 68 kg (149 lbm) more than required
for the fuel density at ignition. The LOX manometer

value indicated the LOX weight to be only 69 kg (151
lbm) less than required for a 3,6 m/s (7 knot) wind
condition at ignition. However, the wind speed prev-
alent in the hour preceding launch was approximately
8.7 m/s {16,9 knots), Figure 3-1 reveals that for
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 reconstruc-
tion of propellant consumption during holddown. The
reconstructed fuel weight is within 136 kg (300 lbm)
of the weight required at ignition, The reconstructed
LOX weight is 725 kg (approximately 1600 lbm) less
than required at ignition due to the high winds.

3.5.2 S-IV STAGE
3.5,2.1 LOX

The LOX system was successfully loaded
with LOX by cooling down and filling in two phases:
main fill and replenish, The automatic LOX loading
system, in conjunction with the LOX main fill pump,
was successfully utilized for loading the LOX tank.
S-IV stage LOX system precool was inidated by start-
ing the LOX system precool timer 4 hours and 9 min-
utes prior to liftoff, The LOX vent valves remained
open throughout the loading operation. The LOX trans-
fer line was precooled for approximately 8 minutes
prior to the initiation of LOX main fill, which occurred
when approximately 318kg (700 lbm) of LOX had been
filled into the tank. The LOX main fill line pressure
reached a2 maximum of 147 N/cm? (213 psi) and sta-
bilized at 141 N/cm?® (204 psi), At approximately the
4-percent level, a stabilized loading rate of 0,0454
m3/s (720 gpm) was achieved. This loading rate was
maintained until the 99-percent mass level was at-
tained at approximately 21 minutes after the initiation
of LOX transfer line precool. At this level, the load-
ing system secured the main fill pump and closed the
main LOX fill valve as scheduled,

After countdown of the S-1 and 8-IV LOX replen-
ish system was completed, the LOX replenishing op-
eration was initiated 2 hours and 25 minutes prior to
liftoff. During this operation, the LOX in the tank was
allowed to boil off to the 99, 5-percent level, It was
replenished to the 99.75-percent level at a rate of ap-
proximately 0,0126 m3/s (200 gpm). This replenish-
ing cycle continued until the start of the 150-second
automatic count, At this time, the tank was pressur-
ized, and final LOX replenishment was completed.
The fill valve was closed manually when the loading
panel observer noted that the fill valve had not been
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TABLE 3-1I, S-1-10 PROPELLANT WEIGHTS AT IGNITION COMMAND
Weight Requirements Weight Indications Weight Deviations (3)
Propellant Pred, Prior Ignition AP Loading Reconstructed AP Loading |} Reconstructed
to Launch (1} (2) System (3) (4 (To} { %)
LOX (kg) 279,795 279,79 279,726 279,070 68 -0.02 | =725 -U. 206
(!bm} 616, 842 16, 842 616,691 615,244 -151 -0.02 [ -1598 -0.26
Fuel (kg) 125,248 125,248 125,316 125,376 67 0.05 128 0. 10
{1bm) 276, 124 276,124 276,273 276,407 149 0,05 283 Q, 10
Total (kg} 405, 043 405, 043 405,042 404, 446 -1 0.00 =597 -0.15
{tbm} 892, 966 892, 966 892,964 891,651 -2 0,00 §-1315 -0,15

(1 Predicted propellant weights were based on a LOX density of 1129.78 kg/n13 {70. 53 lbm/{t%} and o fuel

density of 804. 77 kg/m® (50, 24 1bm/tt}) .

(2) Propellant weights required at ignition are based on 4 LOX density of 1129, 76 kg/m® (70,53 Ibm/ft%) and u
fuel density of 804.77 kg/m? (50.24 lbm/ft’) determined immediately prior to launch,

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

propeliant system pressurization,

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

struction.

(3) Weight deviations are referenced ic weight reguirements at ignition.

automatically commanded to close at the 100-percent
LOX level. The manual closing of the valve resulted
in a LOX overload of 143 kg (316 lbm), The LOX load
indicated by the PU system at liftoff was 38,339 kg
(84,524 lbm),

3.5.2,2 LH,

The fuel system was satisfactorily loaded
with LH, by cooling down and filling in four stages:
initial fill, main fill, replenish, and reduced replen-
ish. The automatic fuel loading system was success-
fully utilized for loading the L.H, tank. Loading of L.H,
into the S-IV stage was initiated { hour and 48 minutes
prior to liftoff.

The LH, transier line had been precooled for ap-
proximately 10 minutes prior to the initiation of LH,
initial fill. Cooldown of the LH, transier line was ac-
complished through the helium precool heat exchanger
and the stage LH, tank, Initial fill was accomplished
with an LH, replenish line pressure of 16 to 19 N/em?
(23 to 28 psi), and with the LH, tank venis open, The

initdal fill rate was 0,0295 m%/s (467 gpm). Moni-
toring of the LH, tank ullage pressure during this ini~-
tial fill operation revealed that the tank pressure did
not decrease below the prefill ambient pressure, At
the 16-percent mass level, main fill was initiated, and
the rate increased to 0.121 m%/ s (1915 gpm). When
the 96-percent level was reached 33 minutes after the
initiaionof LH, precool, the mainfill vaive was closed
manually, LH, repienish was then initiated manually,
and the LH, loading system was placed in the auto-
matic mode, The LH, level then cycled between the
99,25-percent (reduced replenish position) and the
99, 5-percent mass level (replenish closed position).
This replenishing cycle continued until the start of the
150-second auiomatic count, The fuel load indicated
by the PU system at liftoff was 7790 kg (17, 174 lbm),
3.5.2.3 COLD HELIUM

Prior to the initiation of LH, loading, the
cold helium spheres were prepressurized to 621 N/em?
{900 psi) to prevent the spheres firom collapsing as
they cooled down during theinitial part of LH, loading,




Cold helium loading was initiated approximately
87 minutes before launch. After the spheres were
submerged at approximately the 75-percent LH, mass
level, the pressure was increased to, and maintained
at, 2068 to 2103 N/cm? (3000 to 3050 psi). The de-
sign load temperature of 33,3°K at a pressure of 2068
N/cm? (3000 psi) was attained approximately 55 min-
utes following the iniiiation of LH, loading, Al liftoff,
the spheres were charged to 2146 N/em? {3112 psi) at
22,7 K.

3.6 HOLDDOWN

All combustion stability monitoy (CSM) systems
performed satisfactorily during launch of SA-10. The
maximum and average vibration levels are recorded
below,

e Max G's Average G's
Eng, No. | Meas. No. (RMS) (RMS)
1 XE-57-1 25 15
2 XE-57-2 20 12
3 XE-57-3 22 13
4 XE-57-4 30 16
5 XE=-57-56 45 14
6 XE-57-6 13 10
7 XE-57-7 40 13
8 XE-57-8 25 14

3.7 GROUND SUPPORT EQUIPMENT

3.7.1 MECHANICAL GROUND SUPPORT
EQUIPMENT

The postlaunch evaluation of the operational
ground support equipment systems revealed that con-
siderably more damage was incurredthan on any pre-
vious launch, Damage to the launcher, engine service
platform, holddown arms, environmental control sys-
tem, pneumatic distribution system, and firing ac-
cessories was considered normal, with more damage
to that equipment located north of the launcher center
line,

The cable trays onthe north side of the umbilical
tower at the 10.7 m (35 feet) level were damaged ex~
tensively and many of the cables badly burned. There

was considerably more damage to the swing arms than
has occurred previously, particularly tlex hoses, elec-
trical cables, and ECS ducts, The greater damage
sustained by the swing arms was due to a steady 9.3
to 11,3 m/s (18 to 22 knot} wind blowing from the
south/southwest, Scheduled refurbishment of launch
complex 37B minimizes the impact of the damage.

3.7.2 ELECTRICAL SUPPORT EQUIPMENT

The electrical support eguipment responded
and performed normally during the SA-10 countdown
and automatic seqguence.

No damage was sustained by any functioning hard-
ware other than the tower cabling, which was burned
excessively during liftoff,

3.8 BLOCKHOUSE REDLINE VALUES

Blockhouse redline values are limits placed on
critical engine and vehicle parameters to indicate safe
conditions for ignition and launch. These measure-
ments are monitored in the blockhouse during count-
down. When a redline value is exceeded and a condi-
tion deirimental to the mission is indicaled, the
countdown is halted and disposition is made, If the
prohlem is not considered detrimental to mission suc-
cess, the countdown is continued. If the problem is
of a more serious nature and cannot be corrected in
time to continue the countdown after a short hold, the
launch is aberted and rescheduled.

All values are within the redline limits and ne-
cessitated no holds for the Saturn SA-10 counidown,
An S-1 hydraulic temperature measurement failed
early in the countdown and was waived by MSFC
through the launch information exchange facility
(LIEF).

Review of the SA-10 launch films revealed that
the GH, vent disconnects on swing arm 3 operated
properly at liftoff. Therefore, it has been concluded
that the malfunction which occurred on SA-8 was prop-
erly corrected. Thecorrection was made by increas-
ing the pneumatic actuator pressure, which in turn
increased the force available to achieve separation of
the GH, vent disconnects,
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SECTION IV, MASS CHARACTERISTICS

4,1 VEHICLE MASS

The totalvehicle mass was 511,159 kg (1, 126,913
lbm) at first motion; 62,583 kg (137,972 lbm} at 5-
IV ignition and approximately 10,324 kg (22, 761 lbm/}
in orbit (dry weight afier Apollo separation). Table
4-1 is a vehicle mass breakdown at significant tlight
events, A flight sequence summary is given in Table
4-[1. 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 a com-
posite of engine analysis and PU system analysis, and
are considered the best estimate from the composite
standpoint. The bestestimate of the total second flight
stuge as determined from the flight simulation analy-
sis is presented in Section VI and is considered the
best estimate from the consumption standpoint,

4.2 VEHICLE CENTER OF GRAVITY AND
MOMENT OF INERTIA

Longitudinal and radial center of gravity, and
roll, pitch, and yaw moments of inertia are given in

[ ST G Lin
5-3I% Burr Time {<ud)

FIGURE 4-2.

Table 4-1II. The parameters and mass are plotied
versus burning time in Figures 4-1 and 4-2,

i L

e e e

! T

P \\
FIGURE 4-1. VEHICLE MASS CENTER OF

GRAVITY AND MASS MOMENT OF INERTIA
FOR 8-1 STAGE

Mass (kg)
ROy 160

VEHICLE MASS CENTER OF GRAVITY AND MASS MOMENT OF

INERTIA FOR S-1V STAGE
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TABLE 4-1, VEHICLE MASSES
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TABLE 4-1I. SA-10 FLIGHT SEQUENCE MASS SUMMARY

ACTUAL PREDICTED
MASS HISTORY
kg, (1bm) kg (lbm)

§-1 Stage ¢ Ground Ignition 453,288 940 329 433,893 1,000,663
$-1/6-1V Interstage  Ground Ignition 1,005 2,415 1,100 2,426
§-IV Stage 7 Ground Ignicion 53,007 116,860 52,824 116,457
Yehicle Instrument Unit ° Ground Ignition 1,215 2,678 1,208 2,063
Pavload @ Ground Ignition 8,743 19,274 8,739 19,267
i1st Flight Stage ©* Ground Ignition 17,348 1,140 556 517,764 1,141,476
§-1 Thrust Buildup Propellants -6, 189 -13, 643 -6,05%6 -13,1352
lst Flight Stage * First Motion 511,159 1,126,913 511,708 1,128,124
-1 Mainstage Propellants -361, 545 -§63,209 -392,331 -864 ,943
$-1 Frost ~654 -1,000 454 -1,000
$-1 Fuel Additive -294 -560 -256 -5b6
5.1 Lube 0il {Dronite) -11 =24 -11 A
§-1 Ny for §-1v Tail Purge -83 -183 -41 -90
5-1 Envirommental Contral -172 -179 -172 -379
S-1 IETD Propellants ~960 -2,116 =945 -2, 081
Seal Purge -4 -10

S$-1/8-1V Interstage Environmental Cortrol -123 -273 -123 -27%
S-1IV chilldown LOX =40 -85 =55 ~121
S-IV Chitldown LH:> -132 -281 -107 -237
$-1V Frost -5 -10 -41 -390
Payload Environmental Control -137 -302 -137 -302
st Flight Stage @ Cutoff Signal 117,239 238,468 117,03% 258,018
5-1 N2 for S-IV Tail Purge -9 =20 -4 -10
5-1 OETD Propellants (To Separation) -691 -1,523 -671 -1,479
5-1IV Chilldown LOX -3 -7 -6 - 11
§-1V Chilldown LH» -3 -6 -2 -5
5-1V Ullage Rocket Propellants -7 -4 A .8
lst Flight Stage = Separation 116,531 256,207 116,348 256,301
S-1 Stage @ Separation -52,917 ~116,663 .52,952 -116,739
S-1/5-1V Interstage 2 Separation -972 -2, 142 -977 -2,153
S-IV Chilldown LOX -12 -26 -13 -28
§-1V Chilldown LH» -7 -16 -4 -10
$-1v Ullage Rocket Propellants -40 -88 -63 -138
2nd Flight Stage -7 lgnition 62,583 137,272 62,339 137,435
S5-IV Mainstage Propellants#® -45,388 -100,064 45,319 -99,903
S-IV Helium Heater Preopellants -11 24 LIl <24
S-1V Ullage Rocket Propellants -68 -150 -44 -97
S-IV Ullage Rocket Cases -126 -277 -130 -286
Launch Escape Svstem -1,33¢9 -2,953 -1,313 -2,895
2nd Flight Stage = Cutoff Signal*¥ 15,651 34504 15,526 34,230
$-IV Thrust Decay Propellants -11 ~24 -11 -24
S-1v Propellants Below Pump Inlets -19 -42 -19 -42
2nd Flight Stage & End of Thrust Decay®* 15,621 34,438 13,496 34,164
Orbital Flight Stage (After Apollo Sep) 10,324 22,761 16,323 22,758

* Includes Thrust Buildup Propellants (to 90% thrust)
*% Predicted Values are for a Depletion Cutoff

Note: TIETD - Inboard Engine Thrust Decay
QETD - Outboard Engine Thrust Decav

TR P
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SECTION V, TRAJECTORY

5.1 SUMMARY

The actual trajectory of SA-10 was very close to
nominal. The total velocity was 9.8 m/s higher than
nominal at OECO and 1. 06 m/s lower than nominal at
S-IV cutoff. AtS-IVcutoff the actual altitude was 0. 04
km lower than nominal and the range was 1. 33 km less
than neminal, The cross range velocity deviated 6. 62
m/s to the ieft of nominal at S-IV cutoff,

A theoretical free flight trajectory of the sepa-
rated S-I booster indicates that the impact ground
range was 8.0 km longer than nominal. Impact, as-
suming the tumbling booster remainedintact, occurred
at 725, 8 seconds.

The $-IV payload at orbital insertion (3-IV cut-
off + 10 seconds) had a space fixed velocity 0.7 m/s
less than nominal, yielding a perigee altitude of 528.8
km and an apogee altitude of 531, 9 km, Estimated
orbital lifetime was 720 days, 5 days less than nomi-
nal,

5.2 TRAJECTORY COMPARISON WITH NOMINAL

Actual and nominal altitude, range and cross
range (Ze) are compared graphically in Figure 5-1
for the S-1 phase of flight and inFigure 5-2 for the S-
IV phase. Actual and nominal total earth fixed veloc-
ities are shown graphically in Figure 5-3. Compari-
sons of the actual and nominal parameters at the three
cutoff events are shown in Table 5-I. The nominal
trajectory is presented in Reference 2.

m)

FIGURE 5-1, 8-1 TRAJECTORY
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FIGURE 5-3. EARTH FIXED VELOCITY



TABLE 5-1. CUTOFF CONDITIONS

. ECO S v Co
lEeo ke tGuidience Signal)
Purameter
Actual Noeminul | Act-Nom Actat [ Nominal Act-Nom Actwd | Neminal Act-Nom
Runge Time isec} 142, 22 14, 01 -1.79 14n, 32 160, 01 -1.uh G, 23] 632, a8TH BN MR
Altitude (km) TO.82 T 12 0. 20 »0, 50 Hy, Y4 Qo G40, 7L 0,75 -0, 04
Range tkney GT. UL [HE e | BURE 31 T, dn TH.70 Q.32 1nd2, nn | 184320 1.4
Cross Range, 72, (km} -y 2z u. 31 -U, 3 -0, 14 u. 37 —th Ol 465, 0 46,40 0,50
©
Cross Tange Velucity, / {ny' ) B, 47 10, 4% -1.91 fu, 2z 11,97 LR ] 221, 4k ERRNNG S RV
i u

Eartn Fixed Velueily tm/s) Q564,40 | 2506, uT T.02 AP T 2714087 HATY T1a0, du [ T151. 66 -1 U6
Earth Fixed Velocity ) .

Vecotwr Elevation (deg) S0 016 35, THT L Rarpety] Un. B9 3T, 4ES U, TLh [OTIE) [Tt u, uix
Eurth Fiaed Veloeity o

Vector Azimuth ¢deg) a5, e G5, B9G -0 05 Y0, T3 43, 7x1 -4, U6 103, 374 105, 354 -, ULy
Space Fiaco Velooily (my/s) RESTE N I AT [T £, 46 30aN. 0D SUSLT [ Thul, 41 ToUIL b RN TR
Potal Inertul Accelerabon tm/s%) G0, 28 59, Y5 [T a0 RO 1,24 25,28 2.5 -u. 3

Based on First Molion Time of G, 49 secomld,
QECO
S5-IV O

Altitude und range were greater thannominal dur-
ing S-I and S-IV burn. The actual earth fixed velocity
wus Y, 8 m/s grealer than nominal at OECO. The lon-
gitudinal ucceleration was slightly higher than nominal
for the S-Y and S-IV stlage operations (Fig. 5-4).

The S~IV stage cut off 2. 32 seconds earlier than
nominal; considering a 1, 69-second early $-] stage
cutolf, the S-IV stage had a 0, 63-second shorter burn-
ing time. The actual space fixed velocity at the S-IV
cutolf signal, given by the guidance computer (630.252},
was 0.5 m/s less than nominal, Slightly higher than
nominal 8-1V stage thrust and flowrate, along with the
excess S5-I cutoff velocity, account for the early S-IV
cutoff,

Mach number and dynamic pressure are shown in
Figure 5-5, Thesc parameters were calculated using
measured meteorological data 1o an altitude of 55 km.
Above this altitude the U.S, Standard Reference
Atmosphere was used,

Comparisons of actual and nominal parameters
at significant event times are given in Table 5-11.
Apex, loss of telemetry, and impact apply only to the
discarded S-1 stage,

The 8-1V cutoff signal was given by the guidance
computer at 630,252 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 subseguent

Eirth Fixed Velocity Aceuracy

U3 m s
c o mfs

Tatal fieEtial Ao

Altitade Accuracy
OECO = 3Um
S-IV Cu £ v m

TES

FIGURE 5~
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TOTAL INERTIAL

Rauge Tim 60 )

ACCELERATION
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TABLE 5-11. SIGNIFICANT EVENTS

Event Purameter Actual Nominul | Act-Nom
First Motion Range Time {sec) 0,44 0.4y 0. UG
Total Inertial Acceleration (m/s?) 12,495 12, w2 U. 13
Mach 1 Runge Time (sec) 54, 8US 31, 766 U, u3h
Altitude (kny 7.22 v.27 -0, U5
Maximun Dynamic Pressure Range Time (sec) 65,75 67. 49 1,20
Dynamic Pressure (N/cm?) 3,418 3,267 6. 151
Altitude {(km) 12,23 11,54 0. 6Y
Muximum Total Inertdal Range Time (sec¢) 142,32 133,11 -1, 7y
Acceleration (S-1 Stage) Acceleration (m/s?) GO, 40 60, U7 0,33
Muaximum Earth Fixed Velocity Range Time (sec) 148,05 150, 31 -1,
(S-1 Stage) Velocity (m/s) 2730, 7 2724015 [N
Apex (5-1 Stage) Range Time (sec) 333.0 35009
Altitude thm) 2618V 254, 06
Runge (km) 189, 52 485, 85
Earth Fixed Velocity (m/s) 2041, 7 2038, ¢
Luss ol Telemetry Range Time (sec) aT2.0 272 v 0.0
(3-] Stagey Aldtude (km) G5, U 2.4 12,0
Range (km) g2y, 2 Y34, 5 -3.86
Total [nertial Acceleration [ m/s?; -4, 15 -3.20 G, U7
Elevation Angle from Pad {deg) -0 32 -1.07 0.75
lmpuct (3-] Stage) Range Time {sec) T2o, 8 T20. 3 BN
Range (km) 985, 4 Yyt 4 5. U
Cross Runge (km) 158 19. 6 -0 b
Geodetic Latitude (deg) 27, 1458 27,2419 -0, U6 1
Longitude (deg) 70, 5699 70,7510 | -Q, 0811
Maximum Total Inertial Ruange Time {sec) 634, $5 632, 65 -2.34
Acceleration (S-IV Stage) Acveleration (m/s?) 23,25 25, 55 SRR
Maximum Euarth Fixed Itunge Time (sec) 630,55 632, BE -2, 33
Velocity (5-IV Stage) Velacity {m/s) 7153, 85 T1od, 45 -y, 63

to the guidance cutoff signal are given below for the
S-1 and S-IV stage at OECO and S-IV guidance cuteff,

e e respectively.

i é VELOCITY GAIN (m/s)

,EA: Event Actual Nominal
=: OECO 5.3 5.3
i S5-IV CO 2,9 a1
I
|
|
I
I
|

A theoretical free flight trajectory was computed
for the discarded S-I stage using initial conditions

R

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

sumed for the reentry phase. The calculated impact



location relative to the launch site is shown in Figure
5-6, Table 5-III presents the booster impact location
from the actual and nominal free flight trajectory.
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C (812 seconds range time). The magnitude anddiree-
tion of this impulsc were determined from the tele-
metered output of the guidance system.

The maximum variations, considering all solu-
tions made, in position and velocity components from
the insertion parameters quoted were 200 m in posi-
tions and 0.5 m/s in velocities.

Table 5-IV shows a comparison between the ac-
tual and nominal orbital insertion elements. The
tracking residuals which represent the differences be-
tween the actual tracking observations and the obser-
vations calculated for the orbitdefined 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 TRAJECTORY GROUND were approximately 12 m and of the azimuth and cle-
TRACK vation measurements approximately 0. 02 degree.
_ BO . TABLE 3-IV. INSERTION ELEMENTS
TABLE 5-III. BOOSTER IMPACT COMPARISON
Parameler Actuul (Cale) Nominul ACL-Nom Event Attual Nom sl Avl-Nom
Surfuce Range® (km) 985, 4 977.4 5.0 Time of Orbital In=crtion 640, 200 [C E ) EERSEN)
¢ Range Time see)
Cross Range (kmy 18. & 19,6 -0 B
Spuce Fised Velocily (mea) Towd, 3 Tiun, v -0 T
Geodetic Latitude {deg) 27, 1958 27,2019 -u.uuel
Flight Puth Angle {deg) U, UL VLD 1) U, uusu
Longitude (deg) 70. 669Y 70,7510 -U.uBll
Altitude (km) 535, 7 S4a. 7 o
Hange Time {sec) 75,8 T20.3 5.5
Groumt Range (kmy 19ds, 0 PRR LI -2
“ Surface range 1s measured from laench site.
Cruss Range (kmy R EEIE -0, 3
Cross Runge Veloeity 0y s) 225,77 22, 4 ~U.u
5.3 INSERTION CONDITIONS . it . . i oo
Apugey S ude ([ ] 53ty wiloy .
(S-IV CUTOFF + 10 SECONDS) b AT T
Pergee Altitade vy ™ EREYE Sl 6 i~
_lnsertioncondmon solutions were made using the Penod (min o o o
Antigua and Grand Turk datz at insertion, the Car-
narvon downrange tracking, and the Merritt Island and Inclinatior: {deg) 2200 28. 58 u.
Ascension tracking on the return pass over the Cape Exeess Circular Veloeily qimsy -Un -U. 1 R
area. The data were used in various combinations
: ; . . . ifetime (davs Ty 725 -3
and solutions solving and not solving for effective drag,. Pafetime (duss ’

in addition the orbital ephemeris, which was used to
generate the predicted tracking, had a velocity im-
pulse of approximately -0.3 m/s applied at the sepa-
ration time of the Apollo shroud from the S-1V/ Pegasus

The apugee wkl perigee altitudes are refereaced g spherical carn
radius G378, 163 km.
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SECTION VL
6,1 SUMMARY

The performance of both the S-I and S-IV propul-
sion systems was satisfactory for the SA-10 flight,
SA-10 was the sixth Saturn vehicle to employ H-1 en-
gines at a thrust level of 836,000 N (188,000 Ibf) to
power the S-1 stage, SA-10 also represents the sixth
flight of the RL10A-3 engines to power the S-IV stage.

The vehicle sealevel longitudinal thrust of the S-I
stage averaged 0.82 percent higher than predicted
from the engine analysis and 0. 86 higher than pre-
dieted from the flight simulation analysis. Vehicle
specific impulse averaged 0,15 percent lower than
predicted for the engine analysis and 0, 39 percent
lower than predicted for the flight simulation analysis,
Inboard andoutboard engine cutoff cccurred 1,79 sec~
onds and 1,69 seconds earlier than predicted, re-
spectively, Outboard engine cutoff was initiated by
the backup timer 6.1 seconds after inhoard engine
cutoft, The performance of all 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 siage powered
flight, The average vehicle longitudinal thrust devia-
tion was 0. 29 percent higher than predicted from the
engine analysis and 0. 17 percent higher thanpredicted
from the flight simulation, The longitudinal specific
impuise deviation was 0,01 percent lower than pre-
dicted from the engine analysis and 0, 21 percent lower
than predicted from the flight simulation analysis,
Satisfactory performance was ohtained from the indi-
vidual engines, the LOX tank pressurization systems,
the helium heater, the hydrautic systems, the PU sys-
tems, and the nonpropulsive vent system, The fuel
pressurization system functioned properly with the
exception that the pressurization control solenoid
valve did not open when required during a portion of
the flight.

6.2 S5-I STAGE PERFORMANCE
G,2,1 OVERALL STAGE PROPULSION
PERFORMANCE

The propulsion system of the S-I stage per-
formed satisfactorily, The eight engines ignited sat-
isfactorily, withno indicationof any abnormal chamber
pressure transients on any engine, The ignition com-
mand was initiated -2,64 seconds before liftoff signal,
The engine starting sequence was within the expected
tolerances of the prescribed 100 ms delay hetween
starting pairs. The largest deviation in the thrust

PROPULSION

buildup times in the engines that received ignition sig-
nal at the same time was 58 ms between engines 6 and
8, Figure 6-1 iilustrates the individual engine thrust
buildup and S-1 stage thrust buaildup.

! ) oot - T =]
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FIGURE 6-1, S-I INDIVIDUAL ENGINE AND STAGE

THRUST BUILDUP

The vehicle longitudinal altitude thrust shown in
Figure 6-2 averaged approximately 0.9 percent higher
than predicted, The vehicle specific impulse (lower
portion of Fig, 6-2) averaged approximately 0, 1 per-
cent lower than predicted,

Vehicle total propellant flowrate and mixture ratio
are shown in Figure 6-3. The flight mixture ratio
averaged approximately 0.5 percent lower than pre-
dicted. The lower than predicted mixture ratio can
be attributed primarily to a lower than predicted LOX
density.

Average S-I propulsion parameters fromthe en-
gine analysis method corrected to sea level are sum-
marized in Table 6-],

BN PIDININR
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FIGURE 6-2,

VEHICLE LONGITUDINAL THRUST

AND SPECIFIC IMPULSE

L}:: I i e 1;5_:‘__3 _
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FIGURE 6-3, VEHICLE MIXTURE RATIO AND

TOTAL FLOWRATE

kg (1600 ibm) less than predicted LOX load. The in-
creased power levels account for 1.2 seconds. The
LOX level intank 04 which initiated the cutoff sequence
was about 2,54 c¢m (1 in) lower than the average

TABLE 6-1. AVERAGE STAGE PROPULSION PARAMETERS, SA-10
. Percentage . Percentage
Parameter Predicted Aianz; Dev. Fm, Siiilfztion Dev. Fm.
¥ Predicted Predicted
Liftoff Weight (kg) 511,707 511,132 -0, 11 511,132 -0. 11
{lbm} 1,128,121 11,126,853 1,126, 853
Sea Level Thrust (N) 6,790,517 6,846,414 0. 82 6,849, 180 0. 86
(1bf) 1,526,569 11,539,135 1,538, 757
Flow Rate (kg/s} 2,682, 3 2,709, 1 1,00 ,715.2 1,23
(lbm/ s} 5,913.5 5,972.6 5,986, 1
Sea Level Specific
Impulse (sec) 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) (lbm) 287,892, 15 278,134 276,200

The engine cutoff sequence was normal for all
engines, Inboard engine cutoff (IECO} occurred 1.79

seconds earlier than predicted.

Approximately 0,4
second of the difference can be attributed to the 725,7

outhoard tank level and accounts for 0.1 second of the
difference, The low levels also account for time dif-
ferential between IECO and OECO being 6, { seconds
with a backup timer cutoff instead of the predicted 6, G
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seconds, Figure -4 shows the chamber pressure de-
cays of the inboard and outboard engines.

p——"
o i

FIGURE 6-4, INBOARD AND OUTBOARD ENGINE
THRUST DECAY

6.2.2 FLIGHT SIMULATION OF CLUSTER
FERFORMANCE

The vehicle longitudinal sea level specific im-
pulse, vehicle longitudinal sea level thrust, and total
weight loss rate were derived from the telemetered
propulsion system measurements in a simulation of
the tracked trajectory, The simulation of the tracked
trajectory was accomplished throughthe use of a six-
degree-of-freedom trajectory calculation incorporat-
ing adifferential correction procedure. This program
determined corrections to the level of the vehicle lon-
gitudinal sea level thrust, total weight loss rate and
vehicle drag correction that would yield the best fit to
the velocity and acceleration from the cbserved tra-
jectory. The liftoff weight as given by the MSFC
weight group was considered known.
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Previous analyses of all Saturn I Block 11 flights
have indicated that the variation of the vehicle thrust
as a function of time using telemetered engine meas-
urements was consistent with the observed trajectory.
It is theorized that this is a result of the clustered
engines and thal the effect is somehow a function of
the flow from the inboard engines choking after ap-
proximately 65 seconds of flight. The cluster effect
that was derived from SA-7 (lower part of Fig., 6-5)
was assumed to be common to all Block I vehicles
and produced reasonable solutions.
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FIGURE 6-5. FLIGHT SIMULATION RESULTS

Although the cluster effect shown in Figure 6-5
was used to alter the local thrust shape in the flight
simulation program, it is possible that this effect
could be some force other than a thrust shape devia-
tion. A change where this effect would act on the ef-
fective force of the vehicle in the trajectory compu-
tation program would not affect the propulsion system
evaluation results since the average sea level thrust
is used as a reference.



The solid line in upper portion of Figure 6-5
shows the total longitudinal force necessary to match
the observed trajectory {(assuming the mass history
from the flight simulation analysis is correct). This
represents the sum of all forces acting on the vehicle
along the longitudinal axis, which includes engine
thrust, turbine exhaust, drag, clusier eflecis, etc,
The dashed line in this figure is the predicted total
longitudinal force for SA-10.

Table 6-] presents 2 summary of the uverage
values and deviations of liftoff weight, sealevel 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 axial force coel-
ficient resuliing from this solution aleng with the pre-
dicted axial force coefficient for SA-10 is presented
in Section XIL

The maximum deviations of the simulated tra-
jectory from the trucked trajectory were 0.5 m/s in
velocity and 0.1 m/s? in acceleration, This is indica-
tive ol the goodness of fit of the simulation.

6.2.3 INDIVIDUAL ENGINE PERFORMANCE

The performance of all eight engines was sat~
isfactory, Reconstructed thrust levels for all engines
were slightly higher thun predicted except for engine
position one. The thrust levels for engine position
iwo were estimated solely from the telemetered cham-
ber pressure since the turbopump speed data for this
engine were not valid, Therefore, the deviations from
predicted may be slightly inaccurate for this engine.
Significant discrepancies exist between reconstructed
and telemetered chamber pressures for engine posi-
tions 4, 6, 7, and 8, Reconstructed engine specific
impulses for all engines were below the predicted
values, Figure 6-6 presenis the percent deviation
from predicted for the reconstructed thrust and spe-
cific impulse,

Higher than predicted thrustleveis have occurred
during the past four flights, including SA-10. The
higher than predicted thrast levels on SA-10 cannot
be attributed to flight conditions. LOX pump inlet and
fuel pump inlet pressures averaged within 0.7 N/cm?
(1 psi) of predicted values. Fuel density was as pre-
dicted, The LOX pump inlet temperatures averaged
0.7°K higher than predicted because of the high wind
velocities at launch, This deviation represenis an
average decrease from the predicted LOX pump inlet
density of 3.8 kg/m® (0.24 lom/fi3}. A lower than
predicted LOX pump inlet density of this magnitude
showld have decreased thrust by approximately 0.5
percent,
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FIGURE 6-6. DEVIATION IN INDIVIDUAL ENGINE
PERFORMANCE PARAMETERS (8-

6.3 8-I PRESSURIZATION SYSTEMS
6.3.1 FUEL PRESSURIZATION SYSTEM

Fuel tank pressurization provides increased
tank structaral rigidity as well as adequate engine fuel
pump inlet pressure.

Fuel tank pressurization to 11,72 N/cm? gauge
(17 psig) of & 3,7-percent ullage was accomplished in
7.6 seconds. The pressure in the fuel tanks (Fig.
6-7) agreed closely with the pressure seen on past
flights and predicted values. The fuel container pres-
sure was 6.9 N/cm? gauge (10 psig) at OECO.,

The number of fuel tank pressurization valves
that were operational during SA-10 flight were:

Number of Scheduled
Pressurization Valves

Time Interval
{Range Time sec)

0 to 39,5 3
39,5 to 54.5 2
54.510 70,5 1
70.5 to OECO Q

Pressurization valve number 2 was changed from
normally closed on SA-8 to normally open on SA-10
to increase system reliability.



FIGURE 6-7. GAS PRESSURE IN FUEL TANK AND

HIGH PRESSURE SPHERE
6.3.2 LOX TANK PRESSURIZATION SYSTEM

Prepressurization of the 3. 7-percent LOX tank
ullage to approximately 41.4 N/em? (60 psi} was ac-
complished in 75,6 seconds, The LOX tank vent and
relief valves were closed at T-163 seconds range
time., Helium bubbting started at ~153 seconds. The
center LOX tank pressure (Fig. 6-7) rose to 13.6
N/em? (19.7 psi) at -103 secends when helium bub-
bling was terminated and LOX tank prepressurization
commenced. A 0.325-cm (0, 128 in) diameter orifice
was selected to accomplish prepressurization of the
LOX tanks in the required 50 to 90 seconds. Relief
valve number 2 tcok more than 2 minutes to indicate
closed during the automatic sequence. The valve in-
dicator was found to be faulty during the propellant
joading test. No corrective action was taken because
the closed signal was not required in the automatic
sequence and it was confirmed that the valve was op-
erating properly.

Pressure histories used for prediction and actual
center LOX tank pressures are shown in Figure 6-8,
The SA-10 LOX tank pressure compares within 1, 17
N/em? (1.7 psi) of that used for prediction. The
maximum center LOX tank pressure was 36, 9 N/cm?
(53,5 psi) at 35 seconds range time, Although this is
greater than the set point of the GOX flow control
valve (GFCV), which is 34.5 £ 1.7 N/em? (50 + 2,5
psi), it represents expected system performance.
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When the GFCV is at its fully closed position (against
stop), the GOX flowrate will be about 7. 94 kg/s (17.5
lbm/s). This flow exceeds that necessary to main-
tain a nominal 34,5 N/cm? (50 psi) in the LOX tanks
for a portion of the {light,

FIGURE 6~8, PRELAUNCH AND FLIGHT CENTER
LOX TANK PRESSURE

The GFCV reached its full closed position at 5
seconds range time and left its full closed stop at 93
seconds when the center LOX tank pressure was 33,5
N/em? (51,5 psi), indicating proper response of the
GFCV,

6.3.3 CONTROL PRESSURE SYSTEM

The pneumatic control system supplies GN, at
a regulated pressure of 517.1 ¢+ 34.5 N/cm? pauge
(750 + 50 psig) for operation of the LOX sysiem pres-
sure relief valves 1 and 2, the LOX vent valve, the
LOX repienishing control valve, suction line prevalve
control valves, engine turbopump gear box pressuri-
zation, and calorimeter and LOX pump seal purging,

The control pressure system regulated pressure
was between 506,8 and 510.9 N/cm? gauge {735 and
741 psig), well within the specified pressure band,
The control equipment supply sphere pressure was
1999, 5 N/cm? (2900 psi) at liftoff and 1644,4 N/cm?
(2385 psi) at 150 seconds whichis considerably higher
than SA-9 and SA-8 because fewer calorimeters were
purged.

6.3.4 LOX-SOX DISPOSAL SYSTEM

The LOX-SOX disposal system purges the
S-I/8-1V interstage area of any LOX or SOX which



falls from the S-IV stage engine thrust chamber dur-
ing the chilldown cycle prior to S-1/S-IV stage sepa-
ration, Gaseous nitrogen is supplied to the dispersal
ring manifolds located under euch of the S5-IV stage
cngines 1o Keep the area inert so that the engines ig-
nite in a noncombustible atmosphere.

All measurements indicated successful operation
of the LOX-8S0X disposal system. Pressurc equali-
zation between the 0,57 m® (20 ft) nitrogen spheres
of the fuel tank pressurization system and the four
triplex spheres occurred at 79,5 seconds.  Equaliza-
tion was irdicaled by an increase in pressure in the
fuel pleSburi/.atxon systems 0, 57 m? (20 {}) spheres
from 844.7 N/cm? (1225 psi) to 1123, 8 N/em? (1630
psi), just G.9 N/Lm (10 psi} higher than on SA-8
flight ( Fig. 6-7).

The S-1/$-IV vent ports were blown al 140,72
seconds by exploding bridgewire (KEBW) charges. A
sudden drop in 8-1/8-IV inlerstage temperature at ap-
proximately 141 seconds indicated the initiation of 8-
IV LOX chilldown, The plenum chumber pressure
shown in Figure &-9 increased rapidly at 141, 9 sec-
onds indicating the opening of LOX-SOX valves 2, 3,
5, and 6 with the start of LOX-SOX disposal, A pres-
sure surge al 144, 12 seconds showed that valve num-
ber 4 opened and at 145,62 seconds another rise in
pressure showed that valves t and 7 opened, com-
pleting the sequenced operations, These evenis ac-
curred 1.79 seconds earlier than predicted because of
the carly start of time base 2 (propelant level sensor
acluation), Maximum pressure in the plenum cham-
ber was 210.3 N/cm?® gauge (305 psig) which com-
pared favorably with that of SA-8 and SA-9,
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FIGURE 6-9. LOX-80X SYSTEM OPERATION
6.3.5 HYDROGEN VENT DUCT PURGE

The bydrogen vent duct purge system remeoves
the chilldown hydrogen flowing through the 8-IV stage

plumbing at approximately 35 seconds prior to
8-1/8-1V stage separation. The hydrogen is removed
from the S-IV stage through three 0.3 m (12 in} di-
ameter ducts that lead down the sides of the S-I/S-IV
interstage and the S-I stage in the line with stub fins
II, 11, and IV. Prior to launch, low pressure helium
from a ground sourceisused to purge the three ducts.
A helium triplex sphere assembly onboard the S-I
stage supplies helium for purging after liftoff, The
purge continues through the chilldown operation and
S-1 stage powered flight,

The hydrogen vent duct purge system operated
satisfactorily. The hydrogen vent duct purge supply
pressure was 1954,7 N/cm? (2835 psi} at liftoff, A
steady decay of sphere pressure 1o 450, 2 N/em? (633
psi) at 148 seconds indicated expecied operation ol
the system.

G.4 S-I STAGE PROPELLANT UTILIZA TION

Propellant utilization, the raticof propellant con-
sumed to propellant loaded, is an indication of the
propulsion system performance and the capability of
the propellant loading system to tank the proper pro-
pellant loads, Propellant utilization for the S-1-10
stage was satisfactory and within 0.2 percent of pre-
dicted. The predicted and actual (reconsiracted) per-
cent of loaded propellants utilized during the flight are
shown as follows:

Prelaunch Day

Predicted {%) Flight (=1}

Total 99, 17 99,23
Fuel 98,24 98, 42
LOX 99,58 99, 59

The propeilant loading criteria for S-I-10 were
similar to those for S-I-9 and S-I-8, and called for
simultaneous depletion of usable propellants for a
fixed mainslage total propellant consumption, The
ralio of LOX io fuel loaded was dependent on the fuel
density at ignition command,

SA-10 was the fourth Block I flight on which a
1.OX starvation cutoff of the outhoard engines was at-
tempted. The LOX and fuel level cutoff probe heights
and flight sequencer settings were determined for a
1. 8~-second time interval between any cutoff actlua-
tion and IECQ, and an expected 6, {-second time in-
terval between any IECO and OECQO. OECO was to be
initiated by the deactuation of the thrust OK pressure
switch on any outboard engine when LOX starvation
occurred, It was assumed, as for S-I-9 and S-1-8,
that a total of approximately 321 kg (707 lbm) of LOX
from the outboard suction lines was usable, This is
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equivalent to approximately 0,28 m? (75 gal). The
backup timer (flight sequencer}) was set to initiate
OECO 6.1 seconds after JECOif LOX starvation cutoff
had not cccurred within that time, To insure against
fuel starvation, fuel depletion cutoff probes were lo-
caled in the F2 and F4 container sumps. The center
LOX tank sump orifice diameter, which was 0,47 m
{18.5 in), was the same as for 8-1-9 and S-I-8.  Bascd
on S-I-9 and $-1-8 flight results, a liquid level height
differential between the center LOX tank and the out-
board LOX tanks of approximately 7.6 em (3.0 1in) at
IECO was assumed for the prediction.

The cutoff sequence on the S-I-10 stage com-
menced with the signal from the LOX level cutoff probe
in container 04 at 140, 42 seconds. IECO signal was
received 1, B seconds later at 142,22 seconds. OECO
was initiated by the backup timer 6.1 seconds after
IECO, at 148,32 seconds, LOX starvation was not
achieved. The average liguid level height differential
between the center LOX tank and the outboard LOX
tanks at IECQ was approximately 7.1 em (2.8 in}.
However, the level in tank 04 was approximately 2. 54
cm (1 in) lower than the average level in the outhoard
LOX tanks when the cutoff probe actuated. Therefore,
there was approximately 181 kg (400 Ibm) more LOX
onboard than predicted at IECO, which explains why
LOX starvation was not achieved,

Inboard engine cutoff was 1.79 seconds earlier
than predicled. The shorter than predicted S-I-10
stage burntime canbe atiributed to the LOX load being
approximately 725, 7 kg (1600 lbm) less than required
for the fuel density at ignition command ( see Section
1) , and the stage performance being higher than pre-
dicted {see Para. 6.2). The low LOX level in tank 04
alsocontributed approximately 0,1 second to the short
burning time,

The propellant residuals indicated that the re-
constructed LOX residual was only 16,3 kg (36 lbm)
less thanthe prelaunch day prediction, Since the LOX
residual was very close to predicted and LOX starva-
tion was not achieved, it must be concluded that the
usable LOX in the outboard engine suction lines is
greater than the amount assumed for the prediction,
This conclusion agrees with the flight results from
S-1-9 and S-I-8,

A fuel bias of 839 kg (1850 lbm) was specified for
SA-10, The fuel bias minimizes the total propellant
residuals associated with the possible variation in the
actual stage mixture ratic from the predicted stage
mixture ratio, If the specified propellant weights had
bheen loaded and the performance had been as predic-
ted, the fuel bias would have remained as residual
fuel after cutoff, The reconstructed fuel residual was

220, 0 kg (485 lbm) less than the prelaunch day pre-
diction, However, the reconstructed fuel load was
approxdmately 136,1 kg (300 lbm) greater than re-
guired by the propellant loading tables for the fuel
density at ignition command., The LOX loaud was ap-
proximately 725.7 kg (1600 lbm) less. Approximately
326, 6 kg (720 lbm) more fuel would have been burned
if an additional 725. 7 kg (1600 lbm; of LOX had been
loaded. It is concluded that if the proper propellant
loads had been onboard, approximately 682.7 kg (1505
Ibm) of the fuel bias would have been used.

Propellant utilization was analyzed [from signals
received from three types of probes located in the nine
propellant containers.

A system of 15 discrete level probes was located
in each container., An electrical signal was initiated
by each probe as it was uncovered by the liguid level,

Propeliant level cutoff probes were located in the
LOX coniainers 02 and 04 and fuel containers F2 and
F4, The cutoff probe signal times and setiing heights
from container bottoms were:

Height
Container {cm) {in} RT (sec)
02 69,7 27,45 141, 04
04 69,7 27.45 140,42
F2 80,0 31,50 141,41
F4 80, ¢ 31,50 144,42

The continuous level probe located near the hot-
tom of each propellant container indicated the liguid
level from 28.4 to 130, 0 cm (11,2 {o 51,2 in) of con-
tainer bottom.

6,5 S-1 STAGE HYDRAULIC SYSTEMS

The four outboard H-1 engines are gimbal mounted
to the S-I stage thrust structure, Controlled position-
ing of these engines provides thrust vectoring for ve-
hicle attitude control and steering. Hydraulic actua-
tors allow positioning by gimbaling the four outboard
engines in response to signals from the flight control
computer., There are eight actuators, two for each
outboard engine, Four independent, closed loop hy-
draulic systems provide the force required for each
actuator movement. Each outhoard engine is capable
of a gimbal of = 8 degrees,

Hydraulic system operation during the 8-1-10
flight test was satisfactory, Sufficient source pres-
sures were maintained by each of the independent,
closed foop systems, The oil temperatures remained
within assigned limits, and the hydrawlic oil level
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trends were as expected. Figure 6-10 shows bands of
the hydraulic oil pressure, level, and temperature as
measured on the four independentclosed loop hydrau-
lic systems.

FIGURE 6-10, HYDRAULIC OIL PRESSURE,
LEVEL, AND TEMPERATURE

6.6 RETRO ROCKET PERFORMANCE

Four solid propellant retro rockets are mounted
on the 8-I stage spider beamand arranged 90 degrees
apart and midway between the main fin position. The
purpose of the retro rockets is to decelerate the S-1
stage after itseparates from the S-IV stage to prevent
a possible collision between the two stages.

The performance of the retro rockets on SA-10
was satisfactory. Ignition signal to the retro rockets
occurred at 149,13 seconds andignition of the individ-
ual rockets was further insured by the EBW voltage
signals of each retro rocket, The retro rocket com-
bustion chamber pressure measurements flown on
previous flights were not installed on 8A-10. Longi-
tudinal acceleration measurements wereused to eval-
uate the SA-10 retro rocket performance. By com-
paring the lengitudinal acceleration measurements of
S§-1-8 and S-1-10 and the average retro rocket burning
time on SA-8, the average burning time of the SA-10
retro rockets was determined tobe approximately 2.2
seconds. Nominal burning time of the retro rockets
is 2. 15 seconds.,

Chamber pressure buildup and decay transients
for each rocket on SA-10 could not be determined due
to the absence of the combustion chamber pressure
measurements, but can be assumed normal due to the

similarity of burning times and stage longitudinal ac-
celeration curves during retrorocket burning on 8-1-8
and S-I-10 stages,

6.7 S-1V STAGE PROPULSION

6,7.1 OVERALL S8-IV STAGE PROPULSION
PERFORMANCE

The S-IV propulsion system performed satis-
factorily during the S-IV-10 flight, Except for a tem-
porary malfunction in the fuel pressurization system,
all subsystems operated within design limitations.
The fuel tank pressurization system malfunction is
explainedin detail in paragraph 6. 8. 1. This maltunc-
tion did not affect the accomplishment of the mission,
6.7.2 STAGE PERFORMANCE
Two separale analyses were employed in re-
constructing the S-IV stage six-engine performance.

The first method, an engine analysis, used the
telenmetered engine parameters o compute stage lon-
gitudinal thrust, stage longitudinal specific impulse,
and stage mass flowrate, The effects of the 6-degree
engine cant angle to the vehicle centerline, helium
heater flowrates, helium heater thrust, 67 N (15 1bf),
and chilldown vent thrust, 667 N (150 Ibf), are in-
cluded in the presentation of stage performance pa-
rameters, Due to the nature of the analysis, cluster-
ing effect on stage longitudinal thrust, 2785 N (626
ibf), is not included unless specifically adjusted to
compare results with the flight simulation,

The second method, a postflight simulation, used
the thrust and mass flow shapes obtained from the en-
gine analysis, adjusting the levels to simulale the
actual trajectory as closely as possible, The simula-
tion was constrained lo the cutoff weight determined
from capacitance probe data, point level sensor data,
and measured stage dry mass, andincluded the cluster
effects as an inherent part of the simulation,
6.7.2,1 ENGINE ANALYSIS
The engine performance of the S-IV-10
flight was reconstructed from the start of LH, cool-
down to engine cutoff. Statistical confidence in the
reconstructed values was established by the relative
agreement of three independent computer programs,
The calculaied performance values deviated from the
predicted values by the amounts shown in Table G-IL

Based on data obtained from the acceptance test
of the 8-1V-10 stage, propellant depletion time had
been predicted as 483,13 seconds from engine start

@GN E bl



TABLE 6-11, S-1V STAGE ENGINE ANALYSIS

PERFORMANCE
Parumeter Predicted | Actual " Deviatiun

Thrust (N} 395,819 JUY, 851 0. 24

ilbfy 84,638 89,890
Specific Inpulse (sec) 429,370 434,377 [IAR138

LH, Flowrite tkg/s) 15, TYY 15,731 -0, 43
(lhmy/ 59 34,831 31, 882

LON Fiowrate (kg's) TH, U916 Y261 0, 44
(1bm/s) 173, 9581 174, 741

Total Flowrate (kgss) S, T15 94, 942 G2y
{(ibm/s} 208, 514 209, 421

Miature Ratio 4, 895 5,03 U, vt

command, The actual depletion time, determined by
calculating the time to deplete the best estimate re-
siduuls (454 kg or 1001 ibm LOX and 87 kg or 191 lbm
LH,}, using the average stage consumpton rates,
would have been 484,91 seconds burn time, or 1,78
secoixls longer than predicted,

All performance values and excursions were
within the predicted bands and shapes, Performance
profiles comparing the prediction to the actual for
thrust, flowrate, specific impulse, and mixture ratio
are presented in Figure 6-11, The parameters shown
are unbiased for clustering effects.

Thrust includes the summation of the six-engine
individual thrusts corrected for the 6-degree cant
angle, 6,67 N (15 Ibf) helium heater thrust, 6.67 N
(150 1bf) cooldown duct thrust, and 600 N (135 1bf)
base pressure effects, but does not include the -2785
N {(-626 lbf} clustering effcct,

Total flow includes the summation of the six-
engine individual total flowrates and the helium heater
total flowrate, which is 0, 022 kg/s (0. 05 1bm/s).

Specific impulse is the result of dividing the indi-
cated thrust by the indicated total flowrate.
8,7.2,2 FLIGHT SIMULATION
A six-degree-of-freedom trajectory simu-
lation program was used to adjust the S-IV propulsion
system parameters obtained by the engine analysis,
Using adifferential correction method, this simulation
program determined adjustments to engine analysis
stage longitudinal thrust and stage mass {lowrate that
yielded a simulation trajectory which closely matched
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FIGURE 6-11, TOTAL S-IV STAGE PERIFORMANCE
{ENGINE ANALYSIS)

the ohserved trajectory. The simulated trajeclory,
with adjusted propulsion system parameters incor-
porated into it, was compared 1o the observed trajec-
tory, and the following average (rool-sum-syuare)
and maximum differences were found:

Average Dev, Maximum Dev.
Slant Range 25 m 47 m at 300 sec,
Earth Fixed
Velocity 0.3 m/s 0.6 m/s at 240 sec,
Altitude 32 m 54 m at 310 sec.

The maximum inaccuracies in the simulated pro-
pulsion system parameters are estimated at 0, 3 per-
cent for specific impulse, and 0,2 percent for thrust
and mass flowrate. These inaccuracies were caused
by inaccuracies in the simulation technique and in obh-
served trajectory data. An additional uncerfainty is
the accuracy of the best estimate of vehicle mass to
which the simulation is constrained. Any inaccuracy



inthe best estimate of vehicle mass causes additional
inaceuracies in thrust and mass flowrate, bul not in
specific impulse, By considering this additional un-
certainty, the inaccuracies are estimated to be 0.3
percent for eachof the propulsion sysiem parameters.

Table 6-II1 compares the predicted engine analy-
sis and simulated stage longitudinal thrust, stage mass
flowrate, and stage longitudinal specific impulse.,
Figure 6-12 compares the predicted values 1o the
postflight engine analysis, and trajectory simulation
results for each S-IV stage flight tested.

TABLE 6-I1I, S-IV-10 PROPULSION SYSTEM

: Engine Flight
Parameter = Predicte
wrame t teted = Analysis | Simualation
Longitedinal (N 395, 433 396, 446 346,127
Yehicle Thrust (b 33, 847 29,124 84,053
Vehicle Mass  (kg/ s) 94,71 95, 00 95, U6
(1bm/s) 2084 209,42 209, 5%
Longitudinal Vehicle
Specific Impulse {sec) 425, 8 423, 60 424, 9

T Average values between 80 percent thrust and S-IV cutoff,

Definition of Propulsion Parameters

Longitudinal vehicle thrust accounts for engine
cant angle and inctudes helium heater thrust, and
thrust originating atthe cooldown vents due to leakage
of LH, through the engine cooldown valves during en-
gine operation. Ullage rocket thrust and predicted
aerodynamic base drag (600.5 N or 135 Ibf thrust ef-
fect) are not included. The engine analysis thrust
level is adjusted downward 2785 N (626 lbf) to ac-
count for average engine clustering effects derived
from previous vehicles, Theilightsimulation includes
the engine clustering effect as an inherent part of the
simulation.

Vehicle mass loss rate includes all stage mass
flowrates, such as the sum of individual engine pro-
pellant mass flowrates, leakage of LH, through the
cooldown valves, and helium heater propellant mass
flow,

Longitudinal vehicle specific impulse is vehicle
longitudinal thrust divided by vehicle mass loss rate,

Each of the simulated propulsion system parame-
ters was within 0, 5 percent of predicted. Stage mass
flowrate and stage longitudinal thrust were 0.38 and
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The correction factors applied to this bar chart
are the same as those used in Table 6-Ilexcept for
the predictions and engine analysis prior to S-IV-9
which do not include corrections due to clustering ef-
fects.

FIGURE 6-12, PROPULSION SYSTEMS
PERFORMANCE COMPARISON (S8-IV STAGE)

0. 17 percent higher than predicted, respectively, and
the longitudinal specific impulse was (.21 percent
lower than predicted.

The trajectory simulation techniyue provides a
method of deiermining vehicle mass history, if the
vehicle mass atany point or points in time on the tra-
jectory is accurately known, Figure 6-13 presents the
approach used to determine the best estimate of igni-
tion and cutoff weight to which the flight simulation
was constrained, The "box'" shown defines the region
that the bhest 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-
off and capacitance probe and engine analysis at igni-
tion. The diagonal line represents the flight simula-
tion resuits, Any pointonthe nominal fligh{ simulation
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line provides the same "{it'" Lo the observed trajectory;
however, average values for the propulsion parame-
ters vary directly with the magnitude of the ignition
and cutoff weighl selected for the flight simulation con-
straint poinl, A least square criterion was applied to
the data presented, and the best esiimate and toler-
ance of theignition and cutoff weights were determined
to be 62,551 + 94 kg (137,902 + 2091bm} and 15, 632 ¢
24 kg (34,163 & 54 lbm), respectively. This does nol
exactly agree with the masses presented in Section IV
but is within the tolerances and is believed to be the
best estimate [rom a consumption sitandpoint.

The nominal flight simulation solution which came
nearcst to achieving the best-estimate point is shown
in Figure G-13. It indicates that the ignition and cut-
off weights were 62,872 kg (137,951 lbm) and 15, 626
kg (34,451 1bm), respectively.
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FIGURE 6-13. BEST ESTIMATE OF S-1V-10
IGNITION AND CUTOFF WEIGHT

6.7.3 INDIVIDUAL ENGINE PERFORMANCE

The six Pratt & Whitney RL10A-3 engines,
which poweredthe $-IV stage, functioned satisfactorily
during prestart, start, steady state, and cutoil. All
engine eventscccurred as scheduled, andperformance
levels of all engines were consistent with performance
levels established during ascceptance testing,
65,7,3,1 ENGINE COOLDOWN
The engine cooldown period was 39,72 sec-
onds for LH, and 10.1 seconds for LOX. The LH,

cooldown period was 1.69 seconds shorter than pre-
dicted due to the carly cutoff of the S-I stage. The
LH, consumpiion during the chilldown period was 146
kg (3221bm), or an average flowrate of 0.61 kg/s/eng
{1.351 1bm/s/eng). The LOX consumption during the
chilidown period was 84 kg (185 lbm), or an average
flowrate of 1, 40 kp/s/eng (3,05 Ib/s/eng).

G6.7.3.2 START TRANSIENTS

Normal start transients were noted for all
engines, The engine thrust buildup to the 90 percent
level was achieved by all engines between 1,791 and
2,028 seconds after engine starlt command, Figure
6-14 shows the six engine start transients. The thrast
overshoot was less than 5 percent for all engines dur-
ing the start transient, The total impulse to 935 per-
cent thrust was 89,894 N-s (20,210 1bf-5), as com-
pared to the predicted value of 81,136 £ 10,898 N-s
(18,240 = 2450 1bl-s).
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FIGURE 6-14, INDIVIDUAL ENGINE START
TRANSIENTS

6.7.3.3 STEADY STATE OPERATION
Satisfactory performance of the engines
was demonsirated throughout the flight. Average spe-
cific impulse for the engines was 430, 26 seconds, with
a mean toial thrust level of 400,860 N (90,085 Lbf).
These values are not corrected for cant angle, Max-~
imum and minimum mixture ratio levels during the
flight were 5.34 and 4,95, respectively. The maxi-
mum mixture ratio occurred at a PU valve angle ol
minus 22 degrees (approximately 186 seconds range
time, while the minimum occurred at an angle of plus
15 degrees (approximately 471 seconds range timel.



6.7.3.,4 CUTOFF TRANSIENTS

The 8-1V-10 stage cutoff was initiated by a
signal from the guidance computer at 630. 252 seconds,
At that time, the vehicle was 198,679 km (1234, 14
miles) from the Tel2 receiving station, and telemetry
signals, with a velocity which was approximating that
of light, reyuired 6, 64 milliseconds to reach the sta-
tion from the vehicle. When this correction is made
to the data, the total cutoff impulse after the genera-
ting signal to 0 percent thrust is 48,163 N-s (10, 828
Ih-s), as determined from engine analysis. This in-
cludes the delay due to relay action, and 2224 N-s
{500 lh-s) for the chilldown duct impulse, but does
not include engine cant angle, This value is within the
predicted spread of 48,930 £ 400 N-s (11,000 + 900
Ib-s) and is consistent with the value determined from
the velocity gains after cutoff which is 45,550 N-s
(10,240 lb-5} (AV = 2,9 m/s),

All engines experienced a smoothcutoff transient,
as shownin Figure 6-15, All engines reached 10 per-
cent thrust decay between 0,104 and 0, 118 seconds
after S-IV engine cutoff command,
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FIGURE 6-15, S-1V ENGINE CUTOFF TRANSIENTS
6.8 S-IV PRESSURIZATION SYSTEM
6.8.1 LH, TANK PRESSURIZATION

During the S-IV-10 flight, the LH, tank pres-
surization system performed satisfactorily, with the

exception that the pressurization control solenoid
valve did not open when reyuired during a portion of
the flight,

Figure 6-16 presents the LH, tank ullage pres-
sures during prepressurization, S-I boost, and 5-IV
flight.

FIGURE 6-16. S-1V STAGE FUEL TANK ULLAGE

PRESSURE

As shown in Figure 6-16, the controi solencid
valve cycled properly at approximately 240 seconds,
However, at approximately 291 seconds the conirol
solenoid valve failed to open as required, as in the
preceding control valve cycle, The pressurization
orifice inlet pressure data indicated that the control
solenoid valve was subseqguently actuated at the time
of the steppressurization command, and closed prop-
erly when the ullage pressure switch sensed an ullage
pressure of 21,9 N/em? (31, 8 psi}.

The failure of the control valve to actuate upon
command canbe attributed to a2 temporary contamina-
tion of the pilot poppet within the control valve or to
afailure of thelow limit ullage pressure switch which
commands the valve to open. Inasmuch as the pres-
sure switch wasfunctioning at 231 seconds the former
possibility appears to be more likely, Upon energiz-
ing the step solenoid valve, GH, pilot bleed, which is
interconnected between the step and control valve,
may have back flowed toward the control valve, caus-
ing any contamination present to he dislodged, thus
enabling the pilot poppet, and subsequently the main
poppet, 10 open.

The control valve malfunction did not affect ve-
hicle performance. However, the LH, pump inlet
conditdons were not within the engine specification
range for a major portion of the flight {340 seconds)
bhecause of the control valve malfunction, In addition,
higher pump inlet temperatures (0.1 to 0.2*K higher



