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RESULTS OF THE NINTH SATURN I LAUNCH VEHICLE TEST FLIGHT SA

By Saturn Flight Evaluation Working Group

ABSTRACT

This report presents the results of the early en-
gineering evaluation of the SA-8 tesi flight, Fifth of
the Block 1I series, SA-8 was the fourth Satura vehicle
to carry an Apollo boilerplate (BP-26) payload and
the second in a series to carry a Pegasus payload,
The performance of each major vehicle system is dis~
cussed with special emphasis on malfunctions and de-
viations,

This iest flight of SA-8 proved the capability of
all vehicle systems. This was the second flight test
of the Pegasus meteoroid technology satellite, the
second flight test to utilize the iterative guidance
mode (IGM), the third flight test to atilize the ST-124
guidance system for both stages, and the fourth flight
test to demonstrate the closed loop performance of
path guidance during S-IV burn. The periormance of
the guidance system was successful and the insertion
velocity was very near the expected value. This was
also the second flight test of the unpressurized proto-
type production Instrument Unit and passive thermal
control system which will be used on Saturn IBand V
vehicles. All missions of the flight were successiully
accomplished.

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
876-4573) .
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CONVERSION FACTORS TO
INTERNATIONAL SYSTEM OF UNITS OF 1960

Parameter Multiply By To Obtain
acceleration EI;/s2 3,048x10-1 (exact) m/’s2
area in? 6. 4516x10™* {exact) m?
barometer pressure mbs 1, 00x107% ¢exact) N/em?
density slugs/ft® 5. 153758185%10° kg/m?
energy Btu 1.0543503x10° (thermul chemical) watt-s
mass flow rate 1b s/1t 4. 5359237x10~! {exact) kg/s
force 1b 4. 448221615 N (Newton)
heating rate Btu/ft’-s 1, 1348931 (thermal chemical) watt/em?
impulse 1b-s 4, 448221615 N-s
length ft 3. 0438x10~! (exuct) m

in 2, 54x107% (exuct) m
mass b s?/1t 4.5359237x10"! (exact) kg
moment Ib-ft 1. 355817948 N-m

b-in 1, 12984829x10-1 N-m
moment of inertia 1b-ft-s® 1. 355817948 kg-m?
power Bau/hr 2.9287508x1074 kw
pressure 1b/in? 6.894757293x107! N/em?

lb/ft? 4.788025898x1073 N/em?
specific weight Ib/f13 1. 57087468x 102 N/m?
temperature * F+459, 67 5. 555555556x10-1 °K
velocity ft/s 3,048x1077 (exuct) m;/s
volume it? 2. 8316846592x107% {exact) m3

NOTE: g = 9.80665 m/s® {exact)

xiv




GEORGE C, MARSHALL SPACE FLIG}FI.CENTER

MPR-SAT-FE-66-10

RESULTS OF THE NINTH SATURN I LAUNCH VEHICLE TEST FLIGHT SA-8

by Saturn Flight Evaluation Working Group

SECTION L FLIGHT TEST SUMMARY

1.1 FLIGHT TEST RESULTS

Saturn launch vehicle SA-8, fifth of the Block I
series vehicles and the second operational vehicle,
was launched at 02:35 AM EST, May 25, 1965. The
flight test was the second in a series to launch a
Pegasus satellite {Pegasus B) and was a complete
success with all missions achieved.

SA -8 was the fifth vehicle launched from complex
37B at Cape Kennedy, Fiorida, and represents the
fourth launchof the Saturn/Apollo configuration. This
was the first Saturn vehicle launch that required no
technical holds. All operations were normal and the
only hold was the 35 minuie built-in hold which was
not needed but was used to make launch time coinci-
dent with the beginning of the launch window.

Two anomalies were detected during the count-
down operation, The first occurred during countdown
when LOX vapor periodically broke the theodolite line-
of-sight to the ST-124 alignment window in the Instru-
ment Unit (JU). This was the second launch in which
LOX vapor temporarily and periodically hindered the
countdown operation. The second anomaly occurred
when the GH, vent disconnect on swing arm 3 failed to
separate pneumatically at liftoff. However, separa-
tion was successfully achieved when the mechanical
release was actuated by the swing arm rotation. The
disconnect was accomplished by a hydraulic lanyard
during launch, A similar malfunction occurred dur-
ing the launch of SA-7.

The actual trajectory of SA-8 deviated from nom-
inal primarily because of high 5-1 stage periormance.
The total velocity was 21.8 m/s higher than nominal
at OECO and 0. 5 m/s lower than nominal at S5-IV cut-
off. AL S-IV cutoff the actual altitude was 0.02 km
higher than nominal and the range was 6, 69 km less
than nominal. The cross range velocily deviated 2.6
m/s to the right of nominal at S-1V cutoff,

The S-IV payload at orbital insertion (S-1V cutoff
+10 sec) had a space fixed velocity 0.7 m/ s less than

nominal, yielding a perigee altitude of 506.5 km and
an apogee altitude of 748,5 km. Estimated lifetime
was 1220 days, 10 days less than nominal.

The performance of hoth the $-I and S-1V propui-
sion systems was satisfactory for the SA-8 flight.
The vehicle sea level longitudinal thrust of the S-1
stage averaged 1.3 percent higher thar predicted. Ve-
hicle specific impulse averaged 0.1 percent higher
than predicted. The vehicle longitudinal thrust of the
S-IV stage averaged 0.6 percent higher than predicted.
The specific impulse deviation averaged 0. 3 percent
lower than predicted. The performance of all sub-
systems was as expecled for the flight test.

The overall performance of the SA-8 guidance
and control system was satisfactory. The ST-124 sys~
tem, along with control rate gyros, provided attitude
and rate control for both stages. Partial load relief
was accomplished by control accelerometers active
in the control lcop from 35 to 100 seconds. Vehicle
response to all signals was properly executed includ-
ing roil maneuver, pitch program, and path guidance
(utilizing the iterative guidance scheme) during the
S5-IV stage flight.

Path guidance was initiated at 17.77 seconds after
separation, Performance of the itlerative guidance
mode in the pitch piane and delta minimum in yaw was
satisfactory in achieving insertion conditions very
near those desired. The total measured ST-124 guid-
ance system space fixed velocity at S-1V cutoff was
7672. 06 m/s (7672, 06 m/s was programmed for ve-
locity cutoff) . Thetotal velocity at cutoff from track-
ing was 7671.57 m/s, lhe difference between tracking
and guidance havingbeen accounted for by small errors
within the guidance system.

Separation was executed smoothly withsmall con-
trol deviations, First motion between stages was ob-
served within 0,05 second of separation command,
The S-IV stage engines cleared the interstage within
0. 86 second of separation command,

G GONRIREMIPI.
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Separation of the Apollo shroud occurred at 805, 07
seconds, functioning as planned.

The SA-8 vehicle experienced maximum bending
in the pitch plane at approximately 64, 1 seconds, A
maximum static moment of 729, 000 N-m was experi-
enced atstation 23, 9m (942 in}. The structural flight
loadson SA-8 were generally as expected and no POGO
effects were apparent. The vibrations observed on
SA-8 were generally within the expected levels and
compared well with those of SA-9, There was no evi-
dence of S-1/5~IV interstage structural degradation
during separation.

The aerothermodynamic environment measured
on SA-8 was nearly the same as the SA-9 environment,
and was approximately 30 percent less severe than
that measured on previous Saturn I, Block II flights
due to the difference in trajectory. Thermal environ-
ments inmost areas of the S-I stage base region were
generaily stmilar to those indicated by previous flight
data, The flame shield thermal environment was less
severe than on previous flights, Pressure and tem-
perature measurements were flown for the first time
on the S-1/S-IV intersiage as part of an experiment to
determine if the interstage panel debonding phenome-
non observed during separation on SA-5 and SA-7 re-
occurred. Data from these measurements failed to
reveal elther the cause of the pane] failure or that this
phenomenon occurred again on SA-8.

The SA-8 electrical systems operated satisfac-
torily during the boost and orbital phase of flight znd
all mission requirements were mel., The long life
battery in the IU provided power 1o the P1 and F6 te-
lemetry links for 140 minutes, which well exceeds the
one orbit requirement,

Overall reliability of the SA-8 measuring system
was 99,4 percent. Omly 7 of the 1157 measurements
on the vehicle at liftoff failed. Operation of the three
airborne tape recorders, one eachin the $-I, S-1V, and
IU, was very satisfactory. The playback records were
free of attenuation effects caused by the retro and ullage
rockets.

The photo/optical instrumeniation consisted of 79
cameras that provided fair quality coverage, Of the
79 cameras, ] failed, 4 had no timing, and 4 had un-

usable timing due to edge fog on the film. The onboard
TV systemprovided excellent coverage of the Pegasus
wind deployment.

The Pegasus B spacecraft performance was sat-
isfactory. At approximately 634.15 seconds, the S-
IV stage, Instrument Unit, Apollio shroud and Pegasus
were inserted into orbit with no appreciable pitch,
yaw, or roll rate, The Pegasus wing deployment and
all spacecrafl systems worked properly and all meas-
urements were initially within their predicted limits.
After wing deployment, a roll rate started to build up
and reached a maximum of 6.5 deg/s as compared to
9.8 deg/s on SA-9, The interchange of the nonpropul -~
sive vent (NPV} lines on SA-8 was apparently suc-
cessful in reducing the high roll rate observed on
SA-9.

1.2 TEST OBJECTIVES
a. Primary objectives:

i. Evaluate meteoroid data sampling in
near earth orbit - Achieved

2. Demonstrate iterative guidance mode and
evaluate system accuracy - Achieved

b, Secondary objectives:
i. Demonstrate the functional operation of
the Pegasus meteoroid technology satellite mechani-

cal, structural, and electronic subsystem - Achieved

2. EvaluateS-1V/IU/Service Module adapter
(8MA) exterior thermal control coating - Achieved

3. Demonstrate boilerplate Command Mod-
ule {CM)/SM separation from S-IV/IU/SMA - A-
chieved

4. Demonstrate S-IV stage nonpropalsive
venting (NPV} system - Achieved.

1.3 TIMES OF EVENTS

The times of events for the SA-8 are contained
in Table 1-1,



TABLE 1-L

TIMES OF EVENTS

Range Time (sec)

Predicted Time Bases

Event Time from | Time from Guid. | Time from Time from $-IV
Actmal |Predicted | Act-Pred ist Motion | Zero (Ti} OECO (TB 3) | Cutoff (TB %)
First Motion -0, 18 - - 0
LO Signal (Umb Disc) 0,08 - - -
Guidance Detects LO 0.09 - - -
Guidance Computea Zero Time (T1) 0.11 - - - 1]
Brakes Released 8. 34 8.4 0 - B.23
Pitch Command 8.65 B.65 o - §.54
Roll Commanmxl 8.66 8. 66 L] - 8.55
Roll Completed 21.66 23.66 ] - 23.55
Lock Modules 138.36 138, 36 0 - 138.25
Level Sense (TB 2) 140, 19 141,81 -1.62 141,99 - -7.8
TECO 142,00 | 143.61 -1,61 143,79 - -6.0
OECO 148,905 | 149.61 -1.56 149. 79 - 0
Computer Detects OECO (TB 3} 148, 10 | 149,61 -1.51 - - 0
vllage Rockets Ignite 148, B2 150, 31 -1.49 - - 0.71
Separation/Retrn 'wnition Signal 148,92 | 150.41 |-1.49 - - 0. 81
Open S-IV Accumulators 149.72 151,24 -1,49 - - 1.61
S-IV Start Command 150, 62 152, 14 -1.49 - - 2,51
Stgnal to Jettison lage/LES 160. 92 162.41 -1,49 - - 2.8
Introduce Guidancs 166, 69 | 168,21 -1.52 - - 18, 14-19. 04
§-TV Guidance Cutoff Signal £24,15 | 628. 40 -4.25 628. 58 - - -0,69
Computer Senee 5-IV CO (TB 4) 628,84 | 629.09 -4.25 - - - 0
Insertion 634.15 | 638.4 -4.25 638. 58 - - -
Close Awdliary NPV Ports 804, 87 | 809.09 -4,22 - - - 180. 02
Initial Pegasus Forward Restrain Sep. 805.87 | 810.09 -4.22 - - - 181,02
Injtiate Apolle Shroud Sep, 805,97 | B10.19 -4,22 - - - 161,12
Initlate Pegasus Wing Restraint & 865.87 | 870.09 -4,22 - - - 241,92
Energize wing Deployment Motors
FndWing Deployment (motors s1op) 906,25 | 910,09 -3.84 - - - 281.02

Note: Range zero occurred at 0735:01 ZULU time.

.5 " Time Base 2 {Low Level Sense)



SECTION I1,

Saturn launch vehicle SA-8 was launched 02:35
EST, May 25, 1965, from Saturn launch complex 37B,
Eastern Test Range, Cape Kemnedy, Florida, SA-8
was the ninth vehicle to be flight tested in the Saturn
I program and represents the second Saturn I opera-
tional vehicle, The major mission of this test was to
evaluate the performance of the complete launch ve-
hicle sysiem (two live stages) and to place into orbit
the Pegasus B meteoroid technology satellite, SA-8
represented the fourth flight test of the Apollo boiler-
plate ( BP-26) with the Saturn I launch vehicle,

This report presents the results of the early en-
gineering evaluationof the SA-8 test flight. Perform-
ance of each major vehicle system is discussed with
special emphasis on malfunctions and deviations.

INTRODUCTION

This report is published by the Saturn Flight
Evalunation Working Group comprised of representa-
tives fromall of Marshall Space Flight Center (MSFC)
laboratories, John F. Kennedy Space Center {KSC),
prime contractors for the S-I stage (Chrysler), for
the S-IV stage {Douglas Aircraft Co.) and for the IU
stage (IBM) and engine contractors ( Rocketdyne and
Pratt & Whitney). Therefore, the report represents
the cfficial MSFC position at this time, This report
willi not be followed by a similarly integrated report
unless continued analysis or new evidence should prove
the conclusions presented here partially or entirvely
wrong. Final evaluation reports may, however, be
published Ly the MSFC laboratories andthe stage con-
tractors covering some of the major sysiems or spe-
cial subjecls as reguired.



SECTION 11, LAUNCH OPERATIONS

3.1 SUMMARY

Saturn vehicle SA-8 was launched exactly on
schedule, This was the first Saturn vehicle launch
that required no technical holds, All operations were
normal and the only hold was the 35 minute built-in
hold which was not needed but was used to make launch
time coincident with the beginning of the launch win-
dow,

Two ancmalies were detected during the countdown
operation. The first occurred during countdown when
1OX vapor periodically broke the theodolite line-of-
sight to the ST-124 alignment window in the Insirument
Unit (IU). This was the second launch in which LOX
vapor temporarily and periodically hindered the count-
down operation. The second anomaly occurred when
the GH, vent disconnect on swing arm 3 failed to sep-
arate pneumatically at liftoff. However, separation
was successfully achieved when the mechanical re-
lease was actuated by the swing arm rotation. The
disconnect was accomplished by a hydraulic lanyard
during launch. A similar malfunction cccurred dur-
ing the launch of SA-T,

There were no indications of engine ''pops" or
rough combustion on any of the combustion stability
monitors, All blockhouse redline values were within
specified limits during countdown operations.

3.2 PRELAUNCH MILESTONES

A chronological summary of events and prepara-
tions leading io the launch of SA-8 is shown in Table
3-1,

3.3 ATMOSPHERIC CONDITIONS

General weather conditions on launch day were
satisfactory. Launch time winds were lower than the
median May winds, which are the lowest of the year.
Some specific observations at launch were:

1. Ambient pressure - 10.18 N/cm? (14.77 psi)

2. Ambient temperature - 296°K

3. Dewpoint - 295°K

4, Relative humidity - 93 percent

5. Surface winds - 130 deg at 2,06 m/s

6. Cloud coverage - 0,3 cirrus stratus at un-

known altitude and 0.1 cumulus at a base height of
760 m

7. Visibility - 16 km.
3.4 COUNTDOWN

The count was picked up at 15:55 hours EST at
T-605 minutes on May 24, 1965. All operations were
normal and the only hold was the 35 minute built-in
hold which was not needed, but was used to make the
launch time coincident withthe beginning of the launch
window.

Performance of all vehicle systems was normal
during the countdown, except thatthe onboard TV sys-
tem had interference from T-15 minutes to approxi-
mately T+3 seconds. The interference was possibly
due to arcing in the searchlights and cleared up after
liftoff.

During countdown, LOX vapor pericdically broke
the theodolite line-of-sight to the ST-124 alignment
window in the 1U. However, optical alignment was
maintained during the countdown, Earlier in the Biock
11 program, the stabilized platform optical alignment
was in the automatic countdown loop. An automatic
cutoff occurred on SA-6 when LOX vapor disrupled
the optical alignment, After SA-6 manual override
was provided so that the count could continue with
electrical alignment only, if required. However, op-
tical alignment is highly desirable for maintaining the
required alignmeni accuracy, Therefore, the LOX
vapor is considered a potential problem area, espe-
cially for Saturn IB where optical alignment is pres-
ently planned for the automatic countdown loop.

3.5 PROPELLANT LOADING

3.5.1 S-ISTAGE

The S-I stage propellant loading system is de-
signed to load accurately the LOX and fuel required
to achieve flight mission objectives. The propellants
required are based on propulsion performance ob-
tained from simulated flight predictions.

The propellant loading computers were preset to
load nominal weights of LOX and fuel. A fuel density
check was made at T-10 minuies to expedite LOX and
fuel weight adjustments, Toaccount for the actual fuel
density, corrections of 0,05 N/cm? (0,070 psi) for
LOX and -0. 07 N/em? (-0, 100 psi) for fuel were in-
put to the loading computers and the semi-automatic
system began to correct the propellant weights. The
pressure readings of the propellant loading system at
T-3 minutes are shown in Table 3-I.



TABLE 3-I. PRELAUNCH MILESTONES

Date

Event

February 26, 19635

February 28, 1985

March 2, 1%65
March 8, 1965
March 15, 1965
March 16, 1965
March 17, 1965
March 22, 1965
March 26, 1965
April 5, 1865
April 9, 1965
April 10, 1965
April 15, 1965

April 28, 1965

April 29, 1965
May 3, 1965

May 11, 1965
May 14, 1965
May 17, 1965
May 18, 1965
May 20, 1965
May 23, 1965

May 25, 1965

S-IV arrived at KSC

S-Iarrived at KSC

S$-1erected and secured in structure at LC-37B

I arrived at KSC

S-1 initial power applied

S-IV weight and balance test completed

S5-IV and IU erected on S-1

Power applied to IU

Power applied to S-1IV

Electrical mate of launch vehicle stages completed
Launch vehicle sequence malfunction test completed
CM, SM, and adapter arrived at KSC

Pegasus B arrived at KS5C

Pegasus B, SM, and adapter erected on launch vehicle; CM and LES
emplaced

Space vehicle/launch vehicle electrical mate completed
Plug drop, swing arm overall test completed

Launch vehicle cryogenic tanking completed

Flight readiness test completed

Flight readiness test review completed

S5-I fuel tanking completed

Countdown demonstration test completed

Precount started

LAUNCH
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TABLE 3-11. LOADING SYSTEM PRESSURE

VALUES
System Computer | Manometer Computer Doy,
fm Manometer [T

LON fevel AP (X cmb) (1Y 16. 334
(p=1) 24,07 24,010 [0 ¥ &5

Fued Level AP (Niem?) 12,222 12,220
Cpsit 17.727 17,724 0. 017

Fuel Density AP (NJemb) 15,460 11,457
(v 165,622 11T 0. u30

The total S-1propellant weights are listedin Table
3-IIL Prior tolaunch, the predictedpropellant weights
were based on both nominal fuel and LOX densities
and were used to predict the S-I stage performance.
The propellant weight requirements at ignition corx-
respond to the nominal LOX density and the ac tual fuel
density determined prior to ignition.

The KSC-LOC propellant masses listed in Table
3-IIf were determined from the LOX and fuel level
manometer readings immediately prior io propellant
system pressurization, The manometer values indi-
cated the fuel weight to be 141 kg (310 lbm) more,
and the LOX weight 132 kg (290 lbm) less, than re-
quired for the actual fuel density at ignition.

Reconstructed weights are considered the most
accurate determination of the actual propellant load.
These weights were determined from LOX and fuel
discrete probe data telemetered during flight in con-
junction with the Mark IV compuler program recon-
struction of propellant consumption during hoiddown.
The reconstructed LOX weight is 470.4 kg (1037 ibm}
less than the weight required at ignition and 338 kg
(747 lbm) less than the weight indicated by the LOX
manometer pressure value, LOX temperatures at ig-
nition and during flight were slightdy higher than the
predicted temperatures used in generating the LOX
loading data., The higher temperatures account for
the difference between the reconstructed and the LOX
loading system weights. The reconstructed fuel weight
is 551 kg (1217 lbm) more than the weight required
at ignition, and 411 kg (907 lbm) more than the weight
indicated by the fuel manomeler pressure value,

3.5.2 S-1V STAGE

3.5.2,1 LOX

LOX was successiully loaded by cooling
down and filling in two phases: main fill and replen-
ish. The automatic LOX loading system in conjunction
with the LOX main fill pump was successfully utilized
for loading the LOX tank.

TABLE 3-I11. S-I-8 TOTAL PROPELLANT WEIGHTS
Weight Requirements Weight Indications Weight Deviations (5)
Propellant Pred. Prior | Ignion | KSC-LOC | Reconstructed KSC-LOC Reconstructed
to Launch (1)} (2) 3 (4) (%) (%o}
LOX (kg) 279, 518 279,608 | 279,476 279,138 -131.5 -0,047 | -470,4 -0.168
{1bm) 616,231 616,430 | 616,140 615,393 -290 -1037
Fuel (kg) 126, 026 125,954 | 126,094 126,505 140.6 0.1t1 552.5 0,438
(lbm} 277,840 277,680 | 277,990 278,897 310 1218
Total (kg) 405, 544 405,562 | 405,570 405,646 9.1 0. 002 82.1 0. 020
(dbm) | 894,074 894,110 | 894,130 894,291 20 181
{1} Predicted propellant weights were based on a nominal LOX density of 1130. 37 kg/ m? (70.56 lbm/ft}} and a

nominal fuel density of 806,45 kg/m® (50,34 lbm/{t%).

(2} Propellant weights at ignition were based on a nominal LOX density of 1130, 37 kg/m? (70. 56 lbm/f) anda
fuel density of 805, 97 kg/m? (50,31 1bm/ft}) determined immediately prior to ignition.

(3) KSC-LOC propellant weights are based on loading system pressure values immediately prior to propellant

system pressurization.

(4

struction.

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

(5) Weight deviations are referenced to weight requirements at ignition.

ORI ,
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S-IV stage LOX system precool was initiated by
starting the LOX system precool timer 4 hours and
7 minutes prior to liftoff. The LOX vent valves re-
mained open throughout the loading operation. The
LOX transfer line was precooled for approximately 1
minute prior to the initiaticn of LOX main fiil, which
occurred when approximately 317.5 kg (700 lbm) of
LOX had been filled into the tank., The LOX main {ill
line pressure reached a maximum of 150.3 N/cm?
(218 psi) and stabilized at 139.9 N/cm? (203 psi). At
approximately the 3 percent level, a stabilized loading
rate of ,0466 m¥/s (738 gpm) was achieved. This
loading rate was continued until approximately the 99
percent mass level was reached approximately 20
minutes after initiation of the LOX transfer line pre-
cool. At this level, the loading system secured the
main fill pump and closed the LOX main fill valve as
scheduled.

After cooldown of the S-I and $-IV LOX replenish

system was completed, the cycle replenishing opera-
tion was initiated 2 hours and 38 minutes prior to lift-
off, During this operation, the LOX in the tank was
allowed to boil off to the 99,5 percent level, It was
then replenished to the 99,75 percent level at a rate
of approximately ., 0126 m%/s (200 gpm), This replen-
ishing cycle continued until the start of the 150-second
automatic count, At this time the tank pressurized
and final LOX replenishment was completed, The LOX
load indicated by the propellant utilization {PU) sys-
tem at this time was 38,293 kg (84,422 lbm).
3.5.2,2 LH,
The LH, 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 LH, loading system was success-
fully utilized for loading the LH, tank. Loading of LH,
into the S-TV stage was initiated 2 hours and 3 min-
utes prior to liftoff.

The LH, transier line had been precooled [or ap-
proximately 10 minutes prior to the initiation of LH,
initial fill. LH, transfer line cooldown was accom-
plished through the helium precoot heat exchanger and
the S5-IV stage LH, tank. Initial fill was accomplished
with an LH, replenish line pressure of 17.9 {0 20.6
N/cm? (26 to 30 psi) and with the LH, tank vents open,
The inital fill rate was ,0302 m%/s (478 gpm). Mon-
itoring of the LH, tank ullage pressure during the fill
operation revealed that the tank pressure did not de-
crease below the prefill ambient pressure.

At the 16 percent mass level, main fill was initi-
ated and the rate increased to 0,122 m%/s (1935
gpm}. When the 96 percent level was reached 35 min-
utes after initiation of LH, precool, the main fill vaive

was closed manually. LH, replenish continued until
the 9%, 25 percent level was achicved. Reduced re-
plenish was then initiated manually and the LH, load-
ing system was placed in the automatic mode. The
LH; level then cycled between the 99, 25 percent (re-
duced replenish position} und the 99, 5 percent mass
level (replenish closed position). This replenishing
cycle continueduntil the start of the 150-second auto-
matic count. The fuel load indicated by the PU sys-
tem was 7782 kg (17,156 lbmj,

3.5.2,3 COLD HELIUM

Prior to the initiation of LH, loading, the
cold helium spheres were prepressurized to 599, 8
N/em? (870 psi) to prevent the spheres from collaps-
ing as they cooled down during the initial part of LH,
loading, Cold helitm loading was initiated approxi-
mately 2 hours and 3 minutes before launch, After
the spheres were submerged at approximately the 75
percent LH, mass level, the pressure was increased
to, and maintained at 2137.3 to 2206.3 N/cm? (3100
to 3200 psi}. The design load temperature of 33, 3°K
at a pressure of 2068, 4 N/cm? (3000 psi) was reached
approximately 1 hour and 20 minutes afier the start
of LH, loading. At liftoff, the spheres were charged
to 2109, 7 N/em? {3060 psi) at 22. T°K.

3.6 HOLDDOWN

There was noindication of engine "'pops’ or rough
combustion on any of the combustion stability moni-
lors.

The fire detection system operated satisfactorily
with no temperature rise indicated,

The LCC recorder sysiem operated satisfactorily
with no discrepancies or failures,

3.7 GROUND SUPPORT EQUIPMENT

Review of SA-8 launch films revealed that the GH,
vent disconnect on swing arm 3 failed to separate
pneumatically at liftoff. However, separation was
successfully achieved when the mechanical release
was actuated by the rotation of the swing arm. The
disconnect was accomplished by a hydraulic lanyard
during launch, A similar malfunction occurred during
the SA-7 launch,

The disconnect configuration, which operated
properly during the launches of SA-5 and SA-6, was
changed prior to SA-7 launch, The change consisted
of adding aluminum tape and Proseal 501 over the ex-
isting fiberglass insulation on the hose connected to
the disconnect ground half, This change was made to
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preclude formation of liquid air between the vent hose
and the insulation, Evaporation of this air during
tests had created a pressure buildup sufficient to shat-
ter the insulation. The improved insulation on SA-7

" and subs increased the hose weight by approximately

22,7 kg (50 lbm) resulting in an increase of moment
acting on the disconnect fitting from 203 to 339 N-m
(1800 to 3000 in-lbf). The increased weight aug-
mented the frictlon between the ground and vehicle
disconnect valves thus requiring a larger force fo
achieve separation.

To prevent recurrence of this malfunction during
SA-10 launch, the pneumatic actuator pressure will
be increased 172.4 N/em? (250 psi), which will in-
crease the force available to achieve separation by
approximately 3336 N (750 Ibf).

All other firing accessories and umbilical sys-
tems performed satisfactorily and sustained very lit-
tle damage. No significant damage was sustained by

the fixed pneumatic system, All swing arm cabling is
reusable and no damage was sustained by launch com-~
plex structures and facilities.

3.8 BLOCKHOUSE REDLINE VALUES

Blockhouse redline values are limits assigned
certain critical engine and vehicle parameters to in-
dicate safe ignition and launch conditions, They apply
to parameters which are critical to the operation of
the propulsion system. Monitoring of these specified
measurements is donein the blockhouse during count-
down,

All values were within limits for the Saturn SA -8
flight test, and no holds occurred. Measurement
XC64-3 appeared to fail near completion of LOX bub-
bling, preventing determination of the LOX pump inlet
temperature in position 3 at ignition command, Since
the other seven LOX pump inlet temperatures were
normal and measurement XC54-3 was normal prior to
the failure, the launch was not delayed.
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SECTION IV, MASS CHARACTERISTICS

4.1 VEHICLE MASS

The iotal vehicle mass was 512, 640 kg (1, 130,178
ibm) at first motion, 62,182 kg (137,088 lbm) at S-
IV ignition, and approximately 10,300 kg (22, 707 lbm}
in orbit {(dry weight after Apolio separation). Table
4-1 is a vehicle mass breakdown at significant flight
events. A flight sequence suwnmary is given in Table
4-II. The predicted mass daia presented in this sec-
tion are presented in Reference 1., The propellant
masses presented in the tables refer to total amount
down to andincluding the propellant masses in engines.
The S-IV stage masses are based on the best estimate,
which is a composite of engines, PU system, and
flight simulation analysis.

4.2 VEHICLE CENTER OF GRAVITY AND MOMENT
OF INERTIA

Longitudinal and radial center of gravity axd roll,
pitch, and yaw moments of inertia are given in Table
1+-II. The parameters and mass are plotied versus
hurning time in Figures 4-1 and 4-2.

Center of Gravity in Calibera

Nass (ki) (Ref $ta 2.5 m) ( cal ® 6,53 m)

8 50t [ - — 2.0
|
6 b A —F 15
i
Conter of
! Gravity
; ]
a } -t ——1 1.0
o
| . Masy \\ 9.5
i .
i
i
! |
o = I 0
(i} oo 200 300 400 00

$-IV Butn Time {sec)

FIGURE 4-1. VEHICLE MASS, CENTER OF
GRAVITY, AND MASS MOMENT OF INERTIA

Moment of Incrisa Rolt (kg-ml)

II — [ 6 x 10"

Homent of Imertia Pitch (kg-nl’)

& x 108

200 200
5-IV Burn Time (sec)

FIGURE 4-2. VEHICLE MASS, CENTER OF GRAVITY, AND MASS MOMENT OF INERTIA
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TABLE 4-I1,

SA-8 FLIGHT SEQUENCE MASS SUMMARY

ACTUAL PREDICTED
MASS HISTORY
kg 1bm kg 1bm
$-1 Stage @ Ground Ignition 455,076 1,003,270 454 961 1,003,016
$-1/S-1V Interstage @ Ground Ignition 1,097 2,419 1,090 2,404
$-1V Stage @ Ground Ignition 52,884 116,589 52,768 116,333
Vehicle Instrument Unit @ Ground Ignition 1,216 2,681 1,212 2,673
Payload @ Ground Ignition 8,551 18,853 8,540 18,827
Ist Flight Stage @ Ground Ignition 518,824 1,143,812 518,571 1,143,253
S-1 Thrust Buildup Propellants -6, 184 -13,634 -, 117 -13,485
lst Flight Stage # First Motion 512,640 1,130,178 512,454 | 1,129,768
S-I Mainstage Propellants -392,289 -864,850 -392,768 -863,907
$-1 Frost -454 -1,000 -454 -1,000
S-I Fuel Additive -254 -561 -258 -568
S-1 Lube 0il {Oronite} -11 ~24 -11 -24
§-1 Ny for S5-IV Tail Purge =43 -94 -4l -9Q
S-1 Enviroamental Control -172 -379 -172 -379
S-1 IETD Propellants -948 -2,089 -927 -2,045
Seal Purge -5 -10 -5 -10
Helium for Hy Vent -2 -5 -2 -5
S-I/S-IV Interstage Enviromnmental Control -124 -273 -124 -273
$-1V Chilldown LOX =72 -158 A -97
S-1V Chilldown LH2 -140 =309 -162 -226
5-1V Frost -45 -100 -41 -90
Payload Environmental Control -137 -302 -137 -302
lst Flight Stage @ Cutoff Signal 117,944 260,022 117,363 258,752
5-1 N, for S-IV Tail Purge -5 -10 -5 -10
S-1 OETD Propellants (To Separation) -501 -1,106 -65° -1,453
S-1IV Chilldown LOX -8 -17 -5 -10
§-IV Chilldown LHjp =3 -6 -2 A
S5-IV Ullase Rocket Propellants -2 -5 -3 -8
5-1IV Frost 0 a 0 0
lst Flight Stage @ Sepatation 117,425 258,878 116,694 257,267
S5-I Stage @ Separation -54,207 -119,506 -53,542 -118,040
S-1/5-IV Interstage @ Separation -974 -2,146 -966 -2,131
§-1IV Chilldown LOX -16 =35 -10 =22
§-1V Chilldown LH; -6 -14 -5 -10
5-1V Ullage Rocket Propellants =40 -89 -63 -138
2nd Flight Stage @ Ignition 62,182 137,088 62,108 136,926
S-1IV Mainstage Propellants -45,187 -99,619 -45,297 -99, 863
S5-IV Helium Heater Propellants -11 -24 .11 =24
S-1v Ullage Rocket Propellancs -68 -149 44 -97
S-1IV Ullage Rocket Cases -125 =277 -125 =277
$-IV Helium, Pneumatic -1 -1 0 0
Launch Escape System -1,287 -2,839 1,288 -2,839
2nd Flight Stage @ Cutoff Signal 15,503 34,179 15,343 33,826
S-IV Thrust Decay Propellants -11 -24 -11 -24
§-1IV Propellants Below Pump Inlets -19 42 -19 =42
2nd Flight Stage @ End of Thrust Decay 15,473 34,113 15,313 33,760
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SECTION V,

3.1 SUMMARY

The actual trajectory of SA-8 deviated from nom-
inal primarily because of high S-I stage performance,
The total velocity was 21,8 m/s higher than nominal
at OECO and 0. 5 m/s lower than nominal at S-IV cut-
off. At S-IV cutoff the actual altitude was 0.03 km
higher than nominal and the range was 6. 69 km less
than nominal, The cross range velocity deviated 2. 6
m/ s to the right of nominal at S-IV cutoff.

A theoretical free flight trajectory of the separa-
ted S-1 booster indicates that the impact ground range
was 14.88 km longer than nominal. Impact occurred
at 720.9 seconds, if it is assumed that the tumbling
booster remained intact.

The $-IV payload at orbital insertion (S-IV cutoff
+10 sec) had a space fixed velocity 0.7 m/s less than
than nominal, yielding a perigee altitude of 506.5 km
and an apogee altitude of 748.5 km. Resulting esti-
mated lifetime was 1220 days, 10 days less than nom-
inal,

5.2 TRAJECTORY COMPARISON WITH NOMINAL

Actual and nominal altitude, range and cross
range (Z,) are compared graphically in Figure 5-1
for the S-1 phase of flight and in Figure 5-2 for the
S-1v phase. Actual and nominal total earth fixed ve-
locities are shown graphically in Figure 5-3. Com-
parisons of the actual and nominal parameters at the
three cutoff events are shown in Table 5-1, The nom-
inal trajectory is presented in Reference 2.
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TABLE 5-1. CUTOFF CONDITIONS
ECO OECO sIveo
Patameter {Guidance Signal}
Aclual Nominal Act-Nom | Actlual Nominal Acl-Nom | Actual Nominal Act-Nom

Range Time {sec) 142,00 143, 61° -1.68 144, 05 149,61 -1,56 624,151 | 628,402 | -4.251
Aliltude (km) 79,19 76.35 0. 84 84,21 88, 08 113 509, 66 509. 64 0.02
Range (km) 67. 17 &7.31 -0,14 79. 49 79, 54 -0.05 [ 1849.70 | 1836.39 -6.6Y
Cross Range, 2, (Km) 0,55 ", 42 0,13 0,67 0.51 0. 16 51, 10 51.06 0. 04
Cross Range Velocity, ie {mis) 18,9 11.6 5.1 21,3 15.8 5.5 25,7 226, 1 2.6
Earth Fixed Velocity {m/s) 2562, 8 2582, 3 20.5 2722, 4 2700.6 i 7247.0 7247.5 -0.3
E““:‘c ;'r"‘gg::::f dog) 39,205 | 38.559 0.646 | 3s.397 {1 T 0,621 0.003 | -0.005 0. 008
E‘;':'c :;"ii;"::::’gem 105,732 | 105,589 0,143 | 105.818 | 105.675 0.143 | 114,406 | 114,408 -0. ou3
Space Fixed Velocity (m/a) 2885.3 2867.5 17.9 3047, 9 30286, 7 19.2 7671.6 7672.1 -0.5
Total Incrilal Acceleration {m/s?) 59, 86 59.66 0.20 31,486 31,15 0.28 25,76 25.84 -0, 08

“ Based on First Motion Time of -0. 18 sec
OECO

S5-IV €O

Altitude and range were greater than rominal dur-
ing S-1 and S5-IV burn. The actual earth fixed velocity
was 21.8 m/s greater than nominal at OECO. This
excess velocity can be attributed to high thrust and
high flow rate during S-1burn. The longitadinal ac-
celeration was higher than nominal for the entire S-1
and S-1V stage operations ( Fig. 5-4).

The S-IV stage cut off 4,25 seconds earlier than
nominal; S-1 stage cutoff was 1,56 seconds early, re-
sulting in a 2.69-second shorter burning time of the
S-IV stage. The actual space fixed velocity at the S-
IV cutoff signal given by the guidance computer
(624, 151 sec) was 0.5 m/s less than nominal. The
high S-IV stage thrust and flow rate, and excess S-1
cutoff veloeity account for the early S-1V cutoff.

Mach number and dynamic pressure are shown in
Figure 53-5. These parameiers were calculated using
measured meteorological data to an altitude of 41 km,
Above this altitude the [J. S. Standard Reference
Atmosphere was used.

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

The S-1V cutofl signal was given by the guidance
computer at 624,151 seconds; however, the solenoids

+0,3 m/s
+0.5 m/8e
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TABLE 5-II. SIGNIFICANT EVENTS

Event Parameler Actual Nominal Actl-Nom
First Motion Range Time (sec) -0, 18 -0, 18 -
Total Inertial Acceleration {m/s?) 12,83 12,74 0. 09
Mach 1 Range Time (sec) o4, V06 353, 002 -0, Y96
Altitude (km) 7.17 7.32 -0. 15
Maximum Dynamic Pressure Range Time (sec) 67. 00 67, 82 -0, B2
Dynamic Pressure (N/cm?} 3,371 3,236 0,135
Altitude (km) 11,75 11,81 -0, 06
Maximum Total Inertial Range Time (sec) 142,15 143,76 -1.61
Acceleration (S-1 Stage) Acceleration (m/s?) GU. 03 59. 84 u, 19
Maximum Earth Fixed Velocity Range Time (sec} 148, 40 150,41 -2, U1
{S-1 Stage) Velocity (m/s} 2725.1 2705, 4 19,7
Apex (S-I Stage) Range Time (sec) 351, 0 348. 1 2.9
Altitude (km} 258,27 250, 00 8,27
Range (km} 187,37 479, 87 7.350
Earth Fixed Velocity (m/s) 2049, 2 2055, 7 -6.5
Loss of Telemetry Range Time (sec) 570.0 570,90 -
(S-1 Stage) Altitude (km) G0, 29 17,32 12,97
Range (km) 929, 18 Y28, 97 0. 21
Total Inertial Acceleration (m/s?) -16, 16 -17.27 1,11
Elevation Angle from Pad (deg) -0.48 -1.16 0, 6§
Impact (S5-I Stage) Range Time (sec) 720, 9 714.0 6.9
Range (km) 980. 85 965, 97 14, 88
Cross Range (km) 24, 56 21.40 3. 16
Geodetic Latitude (deg} 25. 7040 25,7748 -4, 0708
Longitude (deg) 71.1870| 71,3160 -4, 1290
Maximum Total Inertial Range Time (sec) 624.20 628, 45 -1,25
Acceleration {$-1V Stage) Acceleration (m/s?) 25. 78 25,89 -0, 12
Maximum Earth Fixed Velocity | Range Time (sec) 624, 50 630, 78 -6.28
(S-1IV Stage) Velocity {m/ s} 7249, 7 72506 -0.9
for the propellant valves on the S-IV stage did not re- VELOCITY GAIN (m/s)
ceive the signal until 0,022 second later, The velocily
increments imparted to the vehicle from the termi- Actual Nominal
nating thrust decays are given below for the S-T and
and S-IV stages at OECQO and S-IV guaidance cutoif, OECO 2.0 3.3
respectively, S5-IV CO 2.9 3.1
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FIGURE 5-5. MACH NUMBER AND DYNAMIC
PRESSURE

The actual velocity gain from S-1 outboard engine de-
cay is less than nominal because a depletion cutoff
was actually experienced on SA-8,

A theoretical free flight trajectory was computed
for the discarded S-1 stage using initial conditions
from the reference trajectory at separation. There

'00

TABLE 5-I. BOOSTER IMPACT

Parameler Actual (Cale} ] Nominal Act-Nom
Suriace Range® (km) 980, 85 965, 97 14.88
Cross Range (km) 24, 36 21,40 3.16
Geodetic Latitutde {deg) 25, 7040 25,7148 | -u. 0708
Longiunde {deg) 71, 1879 71,3160 | -0, 1290
Range Time (scc) 726.9 7140 6,9

= gurface range is measured from launch site.

was no tracking coverage of the discarded 5-1 stage on
SA-8. A mominal tumbling drag coefficient was as-
sumed for the reentry phase. The calculated impact
location relative to the launch site is shown in Figure
5-8. Table 5-1II presents the booster impact location
from the actual and nominal free flight trajectory.

5.3 INSERTION CONDITIONS (S-IV CUTOFF + 10
SEC)

Insertion condition solutions were made using the
Antigua, Graad Turk, Merritt Island, and Grand
Bahama data at insertion and the Antigua, Merritt
Island, and Grand Turk data over the next revolution.
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FIGURE 5-6. BOOSTER TRAJECTORY GROUND TRACK
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The datawere used in various combinations and soiu-
tions included solving and not solving for effective
drag. In addition, the orbital ephemeris which was
used to generate the predicted tracking had a velocity
impulse of approximately -0.22 m/s applied at the
separation time of the Apollo shroud from the S-IV/
Pegasus B (806 sec). The magnitude and direction of
this impulse was determined from the telemetered
output of the guidance system

From considering all solutions made, the maxi-
mum variations in position and velocity components

from the insertion parameters quoted were 300 m in
positions and 0. 5 m/s in velocities,

The tracking residuals which represent the dif-
ferences between the actual tracking observations and
observations calculated for the orbit as defined by the
insertion elements given in Table 5-IV were within
the ranges expected. The average residual errors of
the range measurements were approximately 8 m and
of the azimuth and elevation measurements approxi-
mately 0. 03 degree.
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TABLE 5-IV. INSERTION ELEMENTS COMPARISON

Event Actual Nominal Actual-Nominal
Time of Orbital Insertion 634, 151 638, 402 -4,251
(Range Time sec)
Space Fixed Velocity {(m/s) 7674, 5 7675, 2 -0.7
Flight Path Angle (deg) 0, 0082 0. 0003 0, 0079
Altitude (km) 509.6 509, 6 0.0
Ground Range (km) 1916. 8 1923, 5 -6.7
Cross Range {km) 03. 4 53,5 -0, 1
Cross Range Velocity {m/s) 232,2 229.6 2.6
Apogee Altitude (km)* 748, 5 751, 2 -2.7
Perigee Altitude (km)* 506, 5 506, 5 0.0
Period (min} 97.3 97.3 0.0
Inclination (deg) 31,78 31.76 0. 02
Excess Circular Velocity {m/s) 65,4 66, 1 -0.7
Lifetime (days) 1220 1230 -10

* The apogee and perigee altitudes are referenced to a spherical earth of radius 6378.165 km,







&
total propellant flow rate averaged 0.96 higher than The engine cutofi sequence was normal for all en-
predicted, The vehicle mixiure ratio was only ¢. 18 gines. A typical thrast decay of an outhoard engine
percent higher than predicted, Vehicle total propel- is presented in Figure 6-4, The cutoff sequence was
lant flow rate and mixture ratio are shown in Figure

the engine analysis method for SA-8 flight are sum-
marized in Table 6-1 and show excellent agreement
with the values obtained from the flight simulation
method,

6-3, Average S5-I stage propulsion parameters {rom “F
|
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FIGURE 6-4, TYPICAL LOX STARVATION
FIGURE 6-3. VEHICLE MIXTURE RATIO AND CHAMBER PRESSURE DECAY AND QUTBOARD
TOTAL FLOW RATE ENGINE THRUST DECAY

TABLE 6-I. AVERAGE S-1 STAGE PROPULSION PARAMETERS

parameter Predicted Engme. Percentage F Flght _ Percentuge
Analysis Dev. fm Pred.| Simulation Dev. fm Pred.
Liftoff Weight (kg) 512,453 512,506 512, 506
{lbm} 1,129,765 { 1,129, 882 0,01 1,129,882 0. 01
Sea Level Thrust (N) 6,762,360 | 6,845, 426 G, 850,421
{1bt) 1,520,239 1.534, 913 1,23 1,540,030 1.30
Flow Rate (kg/s) 2679,91 2705,61 2311, 9
(lbm/ s} 5908.20 5964, 85 0, 86 5978. 8 1,19
Seu Level Specific Impulse (¢ sec) 257,30 258,00 0,27 2567, 6 0,12
Vehicle Weight (kg) 135,781 132,271 131,220
{140 sec RT) (lbm} 299, 346 291,607 ~-2.59 289,291 -3.36

* Flight simulation results consirained to liftoff weight as given by engine analysis.
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initiated at 140.19 seconds by the LOX level cutoff
probe located in LOX tank 04, Inbourd engine cutoff
{IECO) occurred alt 142.0 seconds, 1,61 seconds
sooner than predicted. The burning time was influ-
enced by several factors such as 1) 470 kg (1037 1bm)
LOX short load, 2} lower than expected fuel deasity,
and 3) increased power Jevel.

The outboard engine cutoff (QOECO) signal was
given at 148, 05 seconds range time, or 6. 05 seconds
after IECO. Since the 6, 05-second time interval was
less than the 6.1-second backup timer (flight sequen-
cer) setting, a LOX starvation cutoff of the outhoard
engines is indicated. It is not possible to determine
definitely which engine initiated OECO since the thrust
on all four outboard engines began decaying prior to
OECQO. Thrust decay appears to have begun first in
position 1, However, because of the wlerances in Lhe
thrust OK pressure switch deactuation pressure, the
engine with the lowest thrust may not have necessarily
initiated OECO. Figure 6-4 shows a typical engine
chamber pressure decay churacteristic of LOX star-
vation. The pressure fluctuations, approximately 103
N/em? (150 psi) peak lo peak and between 120 and 130
Hz, result from the combined effects of low pump in-
let pressure and warm LOX. These pressure fluctua-
tions, commonly called chugging, are not considered
abnormal, have no adverse effect on the engine, and
should be expected when LOX starvation occurs. If a
LOX starvation cutoff occurs at OECO itis not neces-
sarily true that all four engines will experience LOX
starvation.

6.2.2 FLIGHT SIMULATION OF CLUSTER
PERFORMANCE

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 simualation of
the tracked trajectory. The simulation of the tracked
trajectory was accomplished throughthe use of a six-
degree-of -Ireedom trajectory calculation incorporat-
ing adifferential correction procedure. This program
determined corrections io the level of the vehicle
longitudinal sea level thrust, total weight loss rate,
and vehicle drag correction that would yield the best
fit to the velocity and acceleration from the observed
trajectory, The liftoff weighl as given by the MSFC
weight group was considered known.

Results of the SA-8 flight have supported the the-
ory postulated from previous Block II flights that the
vehicie longitudinal thrust is affected by the cluster-
ing of the engines, The total vehicle force based on
normal engine analysis must be reduced during the
last half of the flight to duplicate the observed tra-
jectory. The deviation starts around 65 seconds of

fiight which is about the time the exhaust flow from
the inboard engines becomes choked. This coinci-
dence hasled to the speculation that the vehicle thrust
is affected by this choking resulting in a decrease in
local thrust,

A local thrusl correction term first determined
from the flight of SA-7 has also been applicable for all
other Saturn 1, Block IT flights. This correctlion, which
is shown in the lower portion of Figure G-3, was also
used on SA-8,
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FIGURE 6-5. FLIGHT SIMULATION RESULTS

The solid line in the top portion of Figure 6-5
shows tihe total longitudinal force necessary to match
the observed trajectory (if the mass history from the
flight simulation analysis is assumed correct}. This
represents the sum of all {forces acting on the vehicle
along the longitudinal axis, which includes engine
thrusi, turbine exhaust thrust, drag, cluster effects,
etc. The dashed line in this figure is the predicted
iotal longitudinal force for SA-8. The dash-dot line
is the engine analysis thrust without the cluster effect
shown in the bottom of Figure 6-5,

Table 6-1 presents a summary of the average
values and deviations of liftoff weight, sea level thrust,
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flow rate, sea level specific impulse, and vehicle
weight near inboard engine cutoff signal from the
flight simulation method compared with the postilight
engine analysis and predicted values, The revised
local thrust effect has been considered in the flight
simulation results when reducing them to sea level
conditions toe compare with the telemetered engine
analysis. The axial force coefficient resulting from
this solution along with the predicted axial force co-
efficient for SA-8 is shown in Figure 12-1, Section
12.3.

The maximum deviations of the simulated trajec-
tory from the tracked trajectory were 6.3 m/s in ve-
locity and 0, 1 m/s? in acceleration.

6.2.3 INDIVIDUAL ENGINE PERFORMANCE

Individual performance of all eight engines was
satisfactory. Allengines operated with slightly higher
than predicted performance levels except for engine
position 7, Figure 6-6 shows the engine {0 engine de-
viations for thrust and specific immpulse, The largest
sea level thrust deviation from predicted was position
3 which averaged 1. 78 percent higher than predicted,
The largest deviation in sea level specific impulse was
on position 3 and was 0. 34 percent higher than pre-
dicted.

Although engine position 7 thrust was only slightly
lower than predicted, -0.43 percent, the performance
was considered an anomaly since six of the other seven
engines produced over 8800 K (2000 lbf) higher thrust
than predicted.

All engines performed with higher than predicted
specific impulse,

The analysis of flight data reveals that ihere were
no engine malfunctions or irregularities except for
engine position 8 which experienced an abnormal
chamber pressure transientduring thrustchamber ig-
nition. This did not affect the performance of the en-
gine during flight,

The cause of the higher than predicted thrust lev-
els cannot be determined from the available data at
this time, The flight results of SA-8 showed an av-
erage increase in thrust levels of 0. 65 percent over
the prediciled levels. One possible explanation for the
increase is that the power levels were increasing as
ambient pressure decreased due to decreasing tur-
bine exhaust pressures. This explanation was also
usedon previous {lights., The flight performance pre-
dictions assumed that the exhaust systems were choked
at liftoff and that a change in the ambient pressure
would not affect engine performance,

‘The LOX and fuel pump inlet pressures averaged
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FIGURE 6-6. DEVIATIONS IN INDIVIDUAL ENGINE
PERFORMANCE PARAMETERS (S-1)

less than 0, 68 N/cm® (1 psi) difference from the pre-
dicted values. The fuel and LOX pump inlet densities
were within 1.6 kg/m? (0.1 lbm/{’} of the prediction.
The combined effect of these differences cannot account
for any significant portion of the power level increases,

During thrust chamber ignitionanabnormal cham-
ber pressure transienlt was recorded on engine posi-
tion 8. An initial chamber pressure buildup occurred
at thrust chamber ignition when igniter fuel and hy-
pergol [irst entered the chamber (Fig. 6-7). The
initial buildup reached a peak pressure of approxi-
mately 64 N/cm? (93 psi) andappearednormal. Within
approximately 90 milliseconds the pressure had de-
cayed to 18,6 N/cm? (27 psi). Nominal chamber
pressure during this phase of ignition is between 59
and 66 N/cm? {85 and 95 psi). The pressure increased
to about 38 N/em? (55 psi} where it remained steady
untii main propellant ignition after which the chamber
pressure buildup became normai,

Preliminary data indicated that there had been a
possible chamber pressure surge "Pc pop. " However,
the LOX dome lateral vibration measurement and the
combustion stability monitor (CSM) longitudinal vi-
bration measurement did not indicate any unusual vi-
bration. There is no evidence that the chamber pres-
sure ever exceeded 95 psi prior to main propellant
ignition, The abnormal pressure transient apparently



had no effect on the engine start. The apparent de-
crease in chamber pressure during this phase of ig-
nition is unusual and could indicate a loss of ignition
flame in one or more of the baifled injector compart-
ments. The main LOX valve is fully opened at this
time and the main fuel valve is partially open. A loss
of ignition flame could result in an accumulation of
unburned propellants in one or more compariments
and cause a Pc pop or an explosion.

Apparenily valid telemetry records from iwo sep-
arate ground stations showed the abnormal chamber
pressure, Assuming that the incident was not a meas-
urement error, there are several possible explana-
tions. The hypergolic fluid could have contained a
void or was contaminated with a noncombustible ma-
terial., Investigation has shown that all of the hyper-
gol cartridges were within their expiration dates,
showed no evidence of damage, and weighed within the
specified 0.11 ounce (3 grams) of their stamped
weight at installation,

Another explanation is that a lemporary partial
restriction existed somewhere in the igniter fuel line
or injector ports and reduced the igniter fuel flow dur-
ing thrust chamber ignition, In zccordance with the
recommendation made during the SA-9 flight evalua-
tion, an igniter fuel injector purge was performed
prior to the SA-8 launch and no restrictions were in-

Pressure (N/cm?)

dicated. This type of check is gualitative and 4 par-
tial restriction(s) couid have existed. A restriction
in the igniter fuel line upstream of the hypergol car-
tridge container would not have been indicated by the
purge check since the purge was introduced at the hy-
pergol cartridge container. The time from ignition
signal to hypergol diaphram burst was 517 millisec-
onds and was i6 milliseconds longer than any other
engine. Nominal time from ignition signal to hyper-
gol diaphram burst is 483 {£15} milliseconds. While
this slightly longer time would not be considered sig-
nilicant by itself, when associated with the abnormal
chamber pressure transient it may indicate that a
partial restrictionin the igniter fuel line was present,

tis recommended thatin addition 1o insuring that
the igniter fuel passages leading from the hypergol
container tothe injector face are clear of all obslruc-
tions and contaminants, compleie clearance of the
igniter fuel line between the igniter fuel valve and the
hypergol container should be insured prior to launch.

Ground-supplied GN, purges to the LOX dome
and thrust chamber fuel injector on each engine were
initiated 25 seconds prior to ignition command by the
automatic ground control seguence. Event recorder
times show thatihe thrustchamber fuel injector purge
indicated "on' approximately 700 milliseconds before
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the LOX dome purge. Since the thrust chamber fuel
injector purge started first it could have caused re-
sidual fuel or contaminants to be forced into the LOX
injector. Prior to SA-10 launch, it is recommended
that the purge procedures ensure that the LOX dome
purge gases enter the thrastchamber before the thrast
chamber fuel injector purge gases,

6.3 5-1 PRESSURIZATION SYSTEMS
6.3.1 FUEL PRESSURIZATION SYSTEM

Fuel tank pressurization provides increased
tank structural rigidity as well as adequate engine fuel
pump inlet pressure. The system on S-1-8 was iden-
tical to that on S-1-9.

The system is designed to maintain a constant
ullage pressure of approximately 11 N/cm? gauge (16
psig) for the first 70 seconds of flight., During this
time the fuel container pressurizing switch will open
or close any of the three pressurizing valves which
are active to maintain the iank pressure between 10,3
and 11.7 N/em? gauge (15 and 17 psig). At 70 sec-
onds, the flow of pressurant to the fuel tanks is ter-
minated and the GN, remaining in the spheres is joined
as one system and allowed to equalize with the GN, in
the LOX/SOX spheres,

The fuel tank was prepressurized to 12, 4 N/cm?
guuge (18 psig) with a 3.3 percent ullage in 6. 8 scc-
onds compared to 11, 5 N/em? gauge (16, 65 psig} with
a 6 percent ullage in10. 1 seconds on SA-Y. The pres-
surcinthe fuel tanks closely agreed with the predicted
value and the pressures on past flights (Fig. 6-8),
The fuel container pressure was 6.9 N/cm? gauge (10
psig) at OECO. The fluctuations in pressure during
system operation are normal and are expecied as
manifestations of theaction of the fuel container pres-
surizing switch.

The number of fuel tank pressurization valves
operationul during SA -8 flight were:

Number of Scheduled
Pressurization Valves

Time Interval
Range Time (sec)

0to 39.5 3
39,5 o 54.5 2
54,5 t0 70,5 1
70.5 w0 OECO 0

The nitrogen manifold gas and 0,57 m® (20 ff)
sphere gas temperatures also reflect normal opera-
tion, The ullage gas temperature in fuel tank F3 was
initially 291°K and decreased to a minimum of 271°K
at 100 seconds. By the end of the flight, aerodynamic
heating had caused the temperature to rise to 273°K,
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FIGURE 6-8. GAS PRESSURE IN FUEL TANK AND
HIGH PRESSURE SPHERES

6.3.2 LOX TANK PRESSURIZA TION SYSTEM

Pressurization of the LOX tunks provides in-
creased tank structural rigidity and adequate LOX
pump inlet pressure. Prelaunch pressurization uses
helium {rom a ground source. From vehicle ignition
command lo liltoff, an increased helium flow is used
to maintain adequate LOX tank pressure during engine
start, The S-I-8 system was identical to the $-]1-9
system except that the effective area of the GOX flow
control valve (GFCV) at its full open position was 32
em? (8 in?} for S-I-8 and 45 cm? (7 in?) for S-I-9.
This is of little signilicance since the GFCV is in that
position for only an instant after engine ignition.

Prepressurizalionof the 3, Y percent uilage to ap-
proximately 41 N/cm? (60 psi) was accomplished in
78 seconds. Helium bubbling started at -153 seconds
range time, The center LOX tank pressure rose to
13.2 N/em? (19.2 psi) at -103 seconds when heliam
bubbling was ended and LOX tank prepressurization
commenced. The time allowed for pressurization was
50 to 90 seconds. Predicted and actual center LOX
tank pressure histories are compared in Figure 6-85.
Actual tank pressures were 2 maximum of 2,1 N/c¢m?
{3 psi) below those used for prediction at the begin-
ning of flight, approximately 1.4 N/ecm? (2 psi) above
from 30 to 100 seconds flight time, and 1, 4 N/cm? (2
psi) below at the end of flight. Except for the first
10 seconds of flight, SA -8 LOX tunk pressure compares




FIGURE 6-9. CENTER LOX TANK PRESSURE

10 SA-9 within 0.7 N/cm? (1 psi}. Outboard LOX tank
pressures were 0. 28 t0 0.59 N/cm? {0. 40 to 0,85 psi)
below the center tank pressure during flight.

The maximum center LOX tank pressure was
37.6 N/cm? {54.5 psi) at 40 seconds of flight. Al-
though this is greater than the set point of the GFCV,
(34.5 & 1.7 N/em?) (50 £ 2.5 psi), itis the designed
system operation. When the GFCV is at its most
closed position, the flow of GOX will be aboul 7.9 kg/s
(17.5 lbm/s). This exceeds the flow that is neces-
sary to maintain a nominal 31, 5 N/c m? (50 psi) in the
LOX tanks for a portion of the flight. This valve set-
ting is commensurate with system siability and tem-
perature requirements andis not detrimental to over-
all system performance.

A curve of the GFCV effective flow area obtained
from the valve position indicates proper response of
the valve. Measurement K72-9 {(GFCV position}
showed that the valve reached only a 98 percent closed
position {rom 5 to 60 seconds; however, there is no
doubt that the valve was fully c¢losed during this time,
This discrepancy is due to the calibration techniques
that were used and was first noted during the static
test of €-I-8 and S-I-10, Thecurve was corrected for
this error.

6.3.3 CONTROL PRESSURE SYSTEM

The pneumalic control sysiem supplies GN, at
a regulated pressure of 517 £ 34.5 N/cm? gauge {750 =
50 psig) for cperation of the LOX system pressure
relief valves 1 and 2, the LOX vent vaive, the LOX
replenishing control valve, suction line prevalve con-
trol valves, engine turbopump gearbox pressurization,
and calorimeter and LOX pump seal purging. The
control pressure system operated satisfactorily
throughout the flight.

The supply sphere pressure (Fig. 6-10) was 2051
N/cm? (2975 psi) at liftoff compared to 2013 N/em?
(2920 psi) for the SA-9 flight. Sphere pressure at
QECOQ was 1276 N/‘cmz (1850 psi) compared to 1324
N/cm? (1920 psi) for the SA-9 flight. The sphere
pressure at OECO was 634 N/cm? (920 psi) above the
minimem pressure required and was within the ex-
pected range.

FIGURE 6-10. CONTROL EQUIPMENT SUPPLY
PRESSURE

The regulated pressure was 507 1o 524 N/cm?
gauge (735 to 760 psig) throughout S-1 stage powered
flight.

6.3.4 LOX-S0X DISPOSAL SYSTEM

The LOX-SOX disposal system purges the
§-I/S-IV interstage area of any LOX or SOX which
falls from the S-IV stage engine thrust chambers dur-
ing the chilldown cycle prior to S-1/5-1IV stage sepa-
ration. Gaseous nitrogen is supplied to the dispersal
ring manifolds located under each of the S5-IV stage
engines io keep the area inert so that the engines ig-
pite in a noncombustible atmosphere,

All measurements indicated successiul operation
of the LOX-SOX disposal system. Pressure equali-
zation between the 0,57 m® (20 {t*) nitrogen spheres
of the fuel tank pressurization system and the four
triplex spheres occurred at 70.5 seconds. Equaliza-
tion was indicated by an increase in pressure in the
fuel pressurization system 0.57 m® {20 ft}) spheres
1o 1131 N/em? (1640 psi) and by a decrease in tem-
perature in the 0,03 m® (1 ft%) spheres of the LOX-
SOX system,

The S-1/S-IV interstage vent poris were blown

open at 140, 56 seconds range time by the EBW. A
sudden dropin the $-1/S-1IV interstage temperature at
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approximately 141 seconds indicated the initiation of
S-1IV LOX chilldown { Fig. 6-11}. The plenum cham-
ber pressure (Fig. 6-11) increased rapidly at 141,5
seconds indicating the opening of LOX-SOX valves 2,
3, 5, and 6 and the start of LOX-S0X disposal. A
pressure surge at 143, 8 seconds showed that valve 4
opened, and again at 145.1 seconds another rise in
pressure showed that valves 1 and 7 opened, com-
pleting the sequenced operation. The maximum pres-
sure recorded in the plenum chamber was approxi-
mately 214 N/cm? gauge {310 psig) which compares
favorably with that of SA-9,
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FIGURE 6-11. LOX/SOX SYSTEM OPERATION
6,3,5 HYDROGEN VENT DUCT PURGE

The hydrogen vent ducl purge system removes
the chilldown hydrogen flowing through the S-IV stage
plumbing approximately 35 seconds prior to $-1/S-IV
stage separation. The hydrogen is removed from the
S-IV stage through three 0.3 m {12 in} diameter ducts
that lead down the sides of the S-1/5-IV interstage
and the S-] stage in line with stub fins I1, III, and IV.
Prior w launch, low pressure helium from a ground
source is used to purge the three ducts, A helium
triplex sphere assembly onboard the S-] stage sup-
plies helium for purging after liftoff. The purge con-
tinues through the chilldown operation and S-I stage
powered flight.
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The hydrogen vent duct purge system operated
satisfactorily. The sphere conditions at liftoff were
295°K and 2120 N/cm? (3075 psi) for SA-8 compared
1o 291, 2°K and 2013 N/cm? (2920 psi) for SA-9. The
pressure at outhoard engine cutoff was 379 N/cm?
(550 psi) for SA-8 and 445 N/cm? (645 psi) for SA-9.
The higher temperature at liftoff on SA -8 is attributed
to higher ambient temperatures prior o launch and a
shorter hold time.

6.4 S-] STAGE PROPELLANT UTILIZA TION

Propellant utilization, the ratio of propellant
consumed to propellant loaded, is an indication of the
propulsion system performance and the capability of
the propellant loading system to load the proper
amount of propellani, Propellant utilization for the
S-1-8 stage was satisfactory, although slightly iower
than predicted. The predicted and actual (recon-
structed) percent of loaded propellants utilized dur-
ing the flight are shown helow:

Prelaunch Day
Parameter Predicted {%) Flight (%)
Total 99, 17 99, 00
Fuel 98,25 97.63
LOX 99, 58 99, 64

The propellant loading criteria for S-I-8 were
similar to those for S-I-9 and scheduled a simultane-
ous depletion of usable propellants for a fixed main-
stage iotal propellant consumption. The ratio of LOX
1o luel loaded was dependent on the fuel density at ig-
nition command.

The SA-8 flight was the third Block II flight on
which a LOX starvation cutoff of the outhoard engines
was atiempted. The LOX and fuel level cutoff probe
heights and flight sequencer settings were determined
for a 1,8-second interval between any cutofl probe
actuation and IECO with an expected 6. 0-second in-
terval between IECO amd QECO. It was planped to
initiate OECO by the deactuation of the thrust OK
pressure switch on any outboard engine when LOX
starvation occurred, Like the SA-9 flight, it was as-
sumed that approximately 321 kg (707 lbm) of LOX
from the outhoard suction lines would be usable. The
backup timer (flight sequencer) was set to initiate
OECO 6.1 seconds after IECO if LLOX starvation cut-
off had not occurred within that time. To insure
against fuel starvation, fuel depletion cutoff probes
were located in the ¥2 and F4 container sumps. Both
the S-I-8 and S-1-9 had a center LLOX tank sump ori-
fice diameter of 0.47 m (18.5 in). Based on $-1-9



flight results, a liquid level differential of approxi-
madely 7.6 cm (3in) between the center LOX tank and
the outboard LOX lanks at JECO was assumed for the
prediction.

The cutoff sequence on the S-1-8 stage commenced
with the signal from the LOX level cutoff probe in
conlainer 04 at 140, 19 seconds range time. IECO was
initiated by the flight sequencer 1.81 seconds later at
142, 0 seconds range time, The average liguid level
differential was approximately 5.3 cm (2.1 in) be-
tween the center LOX tank and outhoard LOX tanks at
LIECO. OECO occurred 6.05 seconds after IECO at
148,05 seconds range time. Since the time interval
between 1ECO and GECO was bess than the 6. 1-second
backup timer setting, the data indicate that a LOX
starvation cutoff occurred, Outhoard engine chamber
pressure measurements show that performance decay
had commenced on all four outboard engines prior to
OECO and substaniiates a LOX starvation cuioff.

IECO was 1,61 seconds earlier than predicted.
The S-I-8 stage burn time was shorter than predicted
and can he attributed to the LOX load being approxi-
mately 434 kg (1000 lbm) less than programmed for
the fuel density at ignition command and the slage
performance being higher than predicted.

The propellant residual values indicate that the
reconstructed LOX residual was 159 kg (350 ibm) less
than predicted. Since OECO was initiated by LOX
starvation, the lower than predicted LOX residual in-
dicates that the amount of usable LOX in the outboard
suction lines was approximately 162 kg (358 lbm)
more than the estimated 321 kg (707 lbm), The LOX
residuzl on S-1-8 was within8 kg (18 lIbm) of the LOX
residual on 5-I-9.

A fuel bias of 839 kg (1850 1bm) was specified
for S-I-8. The fuel bias minimizes the total propel-
lant residuals associated with the possible variations
in the actual stage mixture ratio irom the predicted
stage mixture ratio. If the specified propellant weight
had been loaded and the performance had been as pre-
dicted, the fuel bias would have remained as residual
fuel after cutoff. The reconstructed fuel residual was
791 kg (1743 lbm) more than predicted. However,
the reconstructed fuel load was approximately 544 kg
(1200 lbm)} greater than required by the propellant
loading tables for the fuel density atignition command,
and the LOX load was approximately 499 kg (1100
lbm) less. The LOX offload can account for approxi-
mately 227 kg (500ibm) of the fuel residual since ap-
proximately 227 kg (500 lbm) more fuel would have
been burned if an additional 499 kg (1100 lbm} of LOX
had been loaded. Therefore, since the 544 kg (1200
lbm) fuel overload and the 227 kg (500 lbm) of fuel

not burned because of the LOX offload account for 771
kg {1700 lbm) of the 791 kg (1743 lbm) in question, it
is concluded that if the proper propellant loads had
been onboard, the fuel residual would have been ap-
proximately as predicted and the fuel bias would have
remained after cutofl.

Propellant atilization was analyzed from signals
received from two 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 il was uncovered, Propellant levels
during flight were determined from discrete probe
data.

Propellant level cutoff probes were located in
LOX containers 02 and 04 and fuel containers F2 and
F4. The cutoff probe signal times and setting heights
from container bottoms were:

Height
IContainer {cm) (in) Range Time (sec)
02 69,72 27.45 140, 32
04 69,72 | 27.45 140,22
F2 80,01 31.50 142,11
F4 80.01 31,50 142,12

Continuous level probes of the type used on pre-
vious flights tofurnish data were not installed on S-1-
8 because they were not available atthe lime the tanks
were clustered.

6.5 S-1 STAGE HYDRAULIC SYSTEMS

The four ouiboard H-1 engines were gimbal
mounied to the S-1 stage thrust structure. Controlled
positioning of these engines provide thrust vectoring
for vehicle attitude control and steering. Hydraulic
actuators allow positioning by gimbaling the four out-
board engines in response to signals from the flight
control computer. There are eight actuators, iwo for
sach outboard engine. Four independent, closed-loop
hydraulic systems provide the forces required for
actuator movement.

Each hydraulic system has two pumps to supply
the actuator fluid flow. An auxiliary motor pump is
used during nonfiring operations while a variable de-
livery main pump supplies fluid flow during engine
operation. The auxiliary pump is driven by an elec-
tric motor which receives power from an external al-
ternating current source, The main pump is directly
coupled and flange mounted to the turbopump and is
driven by multiple reduction gearing.
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The hydraulic system performance was normual
during S-1-8 stage operation. Source pressures were
adequate and showed no anomalies during system op-
eration, Data indicate that there were no unexpected
demands on the sysiem. The levels of the hydraulic
oil were anticipated and within limits. Oil tempera-
tures decreased during the first 80 seconds of flight
anc then gradually leveled out during the remainder
"~ of the system operation. The oil temperature char-
acteristics were us expected, Plots of the S-I-8 hy-
draulic source pressures, hydraulic oil temperatures,
and hydraulic oil levels are shown in Figure 6-12,

FIGURE 6-12.
LEVEL AND TEMPERATURE

HYDRAULIC OIL PRESSURE,

6.6 RETRO ROCKET PERFORMANCE

The combined thrust from four solid propellant
retro rockels decelerates the S-] stage following its
separation from the S-1V stage to prevent a possible
collision between the two siages. The retro rockets
are mounted on the spider beam and arranged 90 de-
grees apart and midway between the mainfin positions.

Retro rocket performance on the SA-8 flight was
satisfactory. All four rockets ignited as planned.
Combustion chamber pressure buildup and decay
transients were normal, Shorier burning times oc-
cur in rockets having a higher combustion chamber
pressure while lower pressures result ir longer burn-
ing time. A typical chamber pressure Lime history

of the retro rockets on the SA-8 flight is shown in
Figure 6-13. The temperature of the propellant grains
was lower than anticipated and probably caused the
burning times to be longer and the thrust values to be
less than predictled. Significunt retro rocket parame- -
ters are shown in Table 6-I1.

FIGURE 6-13. TYPICAL RETRO ROCKET
COMBUSTION CHAMBER PRESSURE

6,7 S-IV STAGE PROPULSION

6,7.1 OVERALL S-IV STAGE PROPULSION
PERFORMANCE

The performance of the S-1V propulsion sys-
tem was within design limits throughoul the S-IV-8
flight, The performance of ithe individual engines,
lank pressurization systems, helium heater, hydruu-
lic systems, PU system, and nonpropulsive vent sys-
tem was close to predicted values.

6,7.2 CLUSTER PERFORMANCE

Twe separate methods of analyses were em-
ployed in reconstructing the S-IV stage, six-engine
performance.

The first method, an engine analysis, used the
telemetered engine parameters to compute stage lon-
gitudinal thrust, stage longitudinal specific impulse,
and stage mass flow rate. The effects of engine cant
angle {6 deg) to the vehicle centerline, helium heater
flow rates, helium heater thrust, 67 N (15 lbf}, and
chilidown vent thrust 667 N (150 lbf) are included in
the presentation of stage perlormance parameters,
Due to ihe nature of the analysis, clustering effect on
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TABLE 6-1I. RETRO ROCKET PARAMETERS
- Retro Rockets
Parameter 1 3 4 Total Predicted
Burning Time (sec} 2,31 23 2.21 2,24 --—----- 2.15
Total Impulse (N-s) 343,848 | 336,730 | 340,734 336,286 | 1,357,097 331,393
{lb-s8) 717,300 75,700 76,600 75,600 305,200 74,590
Average Thrust (N) 148,571 | 150,795 | 154,353 | 150,795 603,179 | 154,131
(Ib) 33,400 | 33,900 | 34,700 | 33,900 135,600 34,650
Average Pressure (N/cm?) 891 904 924 897 -------
(psi) 1292 1311 1340 1308 ——-----
Firing Command 148, 96 148, 96 148, 96 148.96 | -------
(sec range time)

Definition of Terms:

1. Burning time - Time interval beiween the intersection points on the zero thrust line described by a line
tangentto the rise of thrust at the point of inflection extended to intersect the zero thrust line and by a line tan-
gent 1o the decaying thrust curve at a point of inflection extended to intersect the zero thrust line.

2. Total impulse - Area under thrust-versus-time curve.

3. Average thrust - Tota} impulse divided by burning time.

4, Average pressure - Area under pressure-versus-time curve divided by burning time.

stage longitudinal thrust, 2798 N (629 Ibf), is nol in-
cluded unless specifically adjusted to compare results
with the ilight simulation,

The second method, a postilight simulation, used
the thrust and mass flow shapes obtained from the en-
gine analysis, adjusting the levels to simulate the ac-
tual trajectory as closely as possible. This simulation
was constrained to the cutoff weight determined from
capacitance probe data, point level sensor data, and
measured siage dry mass, and included the cluster
effect as an inherent part of the simulation, The pre-
dicted trajectory was based on a thrust with the clus-
ter effect correction applied and is called the biased
predicted.

6.7.2.1 ENGINE ANALYSIS

S-IV-8 stage flight data analysis indicated
that stage average thrust was 397,657 N (89,397 lbf},
stage average total flow rate was 95.54 kg/s (210.63
lbm/s), and the resultant stage average specific im-
pulse wus 424,43 seconds; deviation from the predicted
was -0.07 percent, 0,10 percent, and -0, 17 percent
respectively.

Itis noted that a study of the PDM chamber pres-
sure data of the S-1V stage during steady state oper-
ation showed that the values for engines 1, 3, 4, and
6 were high relative to the manufacturer acceptance
test data for the six engines of this stage (average of
3.4 N/cm? ar 5 psi higher}. In addition, the accept-
ance test data indicated a maximum dispersion of 1.9
N/cm? {2.7 psi) in the six engine steady state cham-
ber pressures as compared to 7.9 N/em? (11.+4 psi)
during the $-1v-8 flight,

A check of the data was made at liftoff and at
644, 9 seconds, Atthese two points the chamber pres-
sure should have been ambient 10.19 N/em? (14,78
psi) and 0 N/cm? (0 psi), respectively, The total
deviations indicated are approximately three times as
large as those recorded on past flights, There is no
precedent for shifting chamber pressure data as it
has not been necessary on previous flights; however,
without any biasing there is a poor correlation be-
tween the various analysis methods with respect to
thrust and consumption. It was assumed that the val~
ues computed by the regression equation analysis
would be approximately correct for consumption, The
C* iteration analysis results were evaluated and the
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biases necessary for these results to be compatible
with the regression equation results were determined.
These biases agreed well with the shifts indicated at
liftoff, Therefore, the shifts indicated at liftoff were
usedas biasesin all analyses requiring chamber pres-
sure as an input, The reasons for the shifts are not
known at this time. Engine analysis performance
characteristics were reconstructed from LH, cool-
down through engine cutoff.

Based on data obtained from the acceptance firing
of the $-1V-8 stage, propellant depletiontime had been
predicted as 479,3 seconds burn time. The actual de-
pletion time, determined by extrapolating from the
propellant residuals remaining at command cutoff,
was 478.8 seconds, 0.5 second shorter than predicted,
This amount is within the plus or minus 0.5 percent
accuracy of the predicted depletion time,

The SA-8 vehicle burn time was 4.25 seconds
shorter than predicted, Of this 4,25 seconds, {.27
seconds can be attributed to S-IV performance, Ap-
proximately 0,25 percent more thrust than predicted
would be required in the S-IV stage to account for the
1.27 seconds, However, engine analysis indicates
that the thrust was 0, 07 percent lower than predicted.

The difference may be attributed to a combination
of;

1. The thrust was evaluated based upon chamber
pressure measurements which experienced excessive
inflight shifts (see Para. 6,7.2.1).

2. The predicted command cutoff time was based
upon a predicted thrust profile which was adjusted
-2798 N {-629 1bf} to account for base clustering ef-
fects.

If the base clustering effect is nol as large as
corrected for in preflight prediction, a shorter burm
time may have been predicted. It is noted, however,
that both the time deviation (1.27 sec) and thrust de-
viation are within the 0.5 percent accuracy of the pre-
diction., Section 6.7.2.2 contains details concerning
the flight simulation explanation of short burn time.

Thrust, specific impulse, total mass flow rate,
and engine mixture ratio obtained from the engine
analysis are shown in Figure 6-14. The values are
compared to the unbiased predicted.

6,7.2,2 FLIGHT SIMULATION
A six-degree-of-freedom trajectory simula-

tion program was used to adjust the S-IV propulsion
system parameters oblained by the engine analysis,
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FIGURE 6-14. TOTAL S-IV STAGE PERFORMANCE
{ENGINE ANALYSIS)

Using a differential correction method, this simula-
tion program determined adjustments to engine anal-
¥sis stage longitudinal thrust and stage mass flow
rate that yielded a simulation trajectory which closely
matched the observed trajectory. The simulated tra-
jectory, with adjusted propulsion system parameters
incorporated into it, was compared to the observed
trajectory, and the following average (root-sum-
square} and maximum differences were found:

Variable Average Maximum
Slant Range 22 m {74 1t) 64.9 m (213 ft)
at 620 sec
Earth Fixed 0.2 m/s -0.7 m/s (2.3 it/s)
Velocity (0. 67 ft/s) at 600 sec
Altitude 59.1m 181 m (594 {1}
{194 ft) at 620 sec

The maximum inaccuracies in the simulated propul -
sion system parameters are estimated at 0. 3 percent
for specific impulse and 0,2 percent for thrust and



mass {low rate. These inaccuracies were caused by
inaccuracies in the simulation lechnique and in ob-
served trajectory data. An additional uncertainty is
_the accuracy to which vehicle mass at cutoff is known.
Any inaccuracy in vehicle mass at cutoff causes addi-
tional inaccuracies in thrust and mass flow rate, but
not in specific impulse, The accuracy of 5-IV-8 mass
at cutoff was estimatedas being within 38kg (84 lbm).
Table 6-I0 compares the predicted and simulated
flight stage longitudinal thrust, stage mass flow rate,
and stage longitudinal specific impulse. Figure 6-15
compares the predicted values to the postilight engine
analysis and trajectory simulation results for each
S-1V stage flight lested so far,

TABLE 6-IIL S-IV-8 PROPULSION SYSTEM

PERFORMANCE
Engine Flight

Parameler + Predicied |+ Analysis | « Simulation
Longitudinal (N) 397,039 | 397,657 100, 282
vehicle Thrust (1bf} 89,460 89,397 BY, 987
Vehicle Mass (kg/s) 95. 4 95. 54 96, 2
Loss Rate (ibm/s) 210, 4 210, 63 212,17
Longitudinal Vehicle
Spuecific Impulse {sec) 425.2 424, 43 424,12

“ Average values between 90 percent thrust and $-1V cutoff,

Definition of Propulsion Parameters

Longitudinal vehicle thrust accounts for engine
cant angle and includes helium heater thrusi, and
thrust originating atthe cooldown vents due io leakage
of LH, through the engine cooldown valves during en-
gine operation. Uliage rocket thrust and predicted
aerodynamic base drag (600.5 N (135 1bf) thrust ef-
fect) are not included. The engine analysis thrust
ievelis adjusted downward 2798 N (629 lbf} to account
for engine clustering effects averaged irom previous
vehicles. The flight simulation includes the engine
clustering effect asaninherent part of the simulation,

Vehicle mass loss rate includes all stage mass
flow rales, such as the sum of individual engine pro-
pellant mass flow rates, leakage of LH; through the
cooldown valves, and helium heater propellant mass
flow. Ullage rocket flow rate is not included.

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

Specific Tmpulse (sec)
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the same as those used in Table 6-11I except for the
predictions and engine analysis prior 1o §-IV-3 which
do not include corrections due to clustering effects.)

FIGURE 6-15. PROPULSION SYSTEMS
PERFORMANRCE COMPARISON

£ach of the simulated propulsion system parame-
ters were within 1 percent of predicted. Stage mass
flow rate and stage longitudinal thrust were 0,84 and
0.59 percent higher than predicted, respectively.
Longitudinal specific impuise was 0, 025 percent lower
than predicted.

The trzjectory simulation iechnique provides a

methed of determining vehicle mass history, if the
vehicle mass at any poiat in time on the trajectory is
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accurately known. From the combination of capaci-
tance probe data, point level sensor duta, analytically
determined ullage gas mass, and measured dry stage
muss, the best estimate of S-IV-8 cutoff mass has
been determined to be 15,305 ¢+ 38 kg (34,184 + 84
lbm).

By using 15,505 kg (34,184 lbm) us the value for
the mass of the simulated vehicte at guidance signal
cutoff, it was determined that the ignition mass would
have to have been 62,373 + 181 (137,510 + 100 lbm),
in order to provide an acceleration history which
would correspond to the acceleration histery vl the
observed trajectory. Thisignition mass derived [rom
the trajectory simulation technique is 192 kg (424
lbm} higher than the best estimate of ignition mass
trom all other sources.

The SA-8 vehicle burn time was 4,25 seconds
shorter than predicted. To determine the sources of
this variation in burn time an $S-IV postflight nominal
trajectory simulation was made which used posulight
determined S-IV stage initial trajectory conditions and
predicted S-IV stage performance parumeters. S-IV
stage engine ignition occurred 1.19 seconds earlier
than predicted and the S-1V velocity and attitude at
this point were higher than predicted. The simulation
results indicated these high initial conditions reduced
the required S-IV burn time another 1,49 seconds,
The remaining 1, 27 -second short burntime wus caused
by the combination of higher than predicted S-1V thrust
(0. 59 percent}, weight flow (0.84 percent), and pro-
pellant loading, and lower than predicted Isp {-0.25
percent).

6.7.3 INDIVIDUAL ENGINE PERFORMANCE

The six Pratt and Whilney Aircraft RL10A-3
engines which powered the S-1V stage operated satis-
factorily throughout the full duration of the flight, All
engine events occurredas scheduled, and performance
levels of all engines were consistent with performance
levels established during acceptance testing of these
engines at Pratt and Whitney Aireraft and Dougias
Aircralt Company. Total firing time for the RL10A-3
engines was 473. 5 seconds.

6.7.3,1 ENGINE COOLDOWN

The engine cooldown period was 39, 81 sec-
onds for LH, and 10,11 seconds for LOX. The LOX
consumption for cooldown was approximately 77 kg
(170 Ibm), or an average flow rate of 1, 27 kg/s (2. 80
1bm) per engine, The LH; consumption for coocidown
was approximately 138 kg {305 lbm) or an average
LH; {low rate of 0.58 kg/s (1.28 lbm/s) per engine,
The above values reflect only engine analysis results
and not the "best estimate” values presented in Section
6,10, Propellant Mass History,
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6.7.3.2 START TRANSIENTS

Normal start transients were noled for all
enginegs. The engine thrust buildup to the 90 percent
level was achieved by all engines between 1,71 and
2,04 seconds alter S-1V cngine start command. Start-
ing impulse to 95 percent rated thrust ranged between
15,311 N-s (3442 lb-s) and 17,152 N-s (3856 lb-5s),
Engine thrust overshool valucs were less than 5 per-
ceni on all engines, The chamber pressure transients
at start are shown in Figure 6-16. Engine 4 is not
shown because of an FM transducer signal being in-
verted, PDM data revealed that engine 4 performed
satisfactorily.
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FIGURE 6-16, INDIVIDUAL ENGINE START
TRANSIENTS

6.7.3.3 STEADY STATE OPERATION

The average specific impulse for each engine
was 429.1 seconds and the average of the total indi-
vidual engine thrust was 401,932 N (90,358 1Ibf),
These values were determined from Y0 percent thrust
to cutoff and represent the summation of the six en-
gines only. Propellant mixture ratios during the
flight were 5,34 maximum and 4, 86 minimum, The
maximum mixture ratio occurred at a PU valve ungle
of minus 18 degrecs while the minimum ocvcurred at
an angle of plus 15 degrees.

6. 7.3.4 CUTOFF TRANSIENTS

Engine cutoft wuas initiated by a guidance sig-
nal from the ASC-15computer (IU) at624. 151 seconds,



At the time the cutoff signal was generated the
S-1Vv stage was 1984 km (1232 miles) from the Tel II
receiving station at KSC. Therefore 6, 6 ms were re-
quired for the TM signals to travel from the stage to
"the receiving station. The IU cutoff time is received
as a coded value of actual time of occurrence on the
stage. This value must be adjusted by the transmis-
sion time to be correlated to other data from the S5-IV
stage.

Each engine experienced a smooth thrust decay
with no indication of impending propeliant depletion
and reached 2 percent thrust within 0.204 to 0,274
seconds from 1U cutoff time, as shown in Figure 6-17.
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FIGURE 6-17. S-IV ENGINE CUTOFF TRANSIENTS

The total cutoff impulse subsequent to the corrected
computer time was 46,061 N-s (10,355 lb-s). An ad-
ditional 2224 N-s {500 lb-s) should be added for the
chilldown ducts, making the total cutoff impulse
48,285 N-s (10,855 Ibf-s). By using the indicated
time reference (1U cutoff time corrected for trans-
mission delay), the 8807 N-s {1980 1bf-s) aitributed
to engine solenoid delay has been included. The total
impulse of 48,285 N-s (10,855 1b-s) compares well
with the predicted value of 48,672 N-s + 4003 N-3
(10,942 + 9001b-s) corrected for 6-degree cant angle,
Analysis of velocity gains determined from guidance
data indicates a cutoff impulse of 44, 482 N-s (10,000
1b-s).

6.8 S-IV PRESSURIZATION SYSTEM
6.8.1 LH, TANK PRESSURIZA TION

During the S-IV-8 flight, the LH, tank pres-
surization system performed satisfactorily, Figure
6-18 presents the LH; tank ullage pressures during
prepressurization, S-I boost, and S-1V flight.
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FIGURE 6-18. S-IV STAGE FUEL TANK ULLAGE
PRESSURE

The average pressurant iemperature was approx-
imately 178°K.

The average pressurant flow rates obtained dur-
ingnormal, control, and step were 0. 053, 0.051. and
0.1216kg/s (0. 117, 0. 180, and 6. 268 lbm/s). respec-
tively. The average ullage temperature was approxi-
mately 147°K. During flight, 36,9 kg (81.1 lbm) of
GH, were used to pressurize the tank.

The performance of the nonpropulsive vent (NPV)
system was as expected, Section 14.3.1 contains de-
tails on system performance.

6.8.1.1 LH, PUMP INLET CONDITIONS

Based on engine performance daia, the LH,
pump inlet conditions were adeguate throughout the
flight ( Fig. 6-19), although minimum required con-
ditions were not achieved for approximately 42 sec-
onds. Minimum NPSP was 5.2 N/cm? (7.5 psi} at
initiation of step pressurization.

The LH, pump inlet condilions were maintained
within range of engine specification requirements
throughout flight, except for a period of approximately
42 seconds when the net-posilive suction pressure
{NPSP) dropped below the minimum reyguirement of
5.5 N/em? (8 psi). Possible degradation of the per-
formance may occur witha minimum NPSP lower than
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FIGURE 6-19. LH; PUMP INLET PARAMETERS
5.5 N/em? (8 psi). However, no performance de-
gradation has been noted on previous flights, The LH,
tank was prepressurized with ground-supplied helium
from 11.1 to 25.5 N/em? (16,1 to 37.0 psi). The ui-
lage pressure increased to 27.3 N/em? (39, 6 psi} as
a result of final LH, replenishing. The ullage pres-
syre stabilized at 28,8 N/cm? (41.7 psi) during the
initial phase of boost (approximately 50 seconds).
However, it slowly increased to the vent setting of
29.1 N/cm? (42.2 psi} as a resuit of LH, boiloff dur-
ing a period of increased surface sloshing which be-
gan at liftoff +52 seconds. The number 2 LH, vent
valve opened twice, at 98,3 and 108, 9 seconds,

The ullage pressure decreased during cooldown
and was approximately 23.% N/cmo? (33.6 psi) at S-
1V-8 engine start command, Ambient helium makeup
of the LH, tank was not required because of the high
tank pressure at initiation of cocldown.
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Proper LH, tank pressurization was accomplished
during flight by tapping GH, off the engine supply aft
of the main fuel shutoff valve, and routing it through
the LH, tank pressurization system. Prior to initia-
tion of step pressurization, and on signal from the
propellant utilization { PU) system at S-1V engine start
command plus 336,56 seconds, the LH, tank ullage
pressure cycled between 20.7 10 21.4 N/cm? (30.0 to
31.1 pst}, The initiation of step pressurization opened
the step pressure solenoid valve, allowing the tank
pressure to approach the vent seiting., The ullage
pressure increased from 21.0 N/cem? (30.5 psi) at
initiation of step pressurization, to 26,3 N/cm? (38, 2
psi) at S-IV-8 stage cutoff,

6.8.2 LOX TANK PRESSURIZATION

During S-IV-8stageilight, the operation of the
LOX tank pressurization system was satisfactory.
The LOX tank was pressurized with cold helium from
a ground source 148 seconds prior to liftoff. At Iift-
off, LOX tank pressure conirol was iransferred to the
S-1V stage cold helium supply. However, no makeup
pressurization was required during the boost phase of
flight. Figure 6-20 shows the LOX tank ullage pres-
sure during prepressurization, S-I boost, and S-1V
powered flight.
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FIGURE 6-20, S-1V STAGE LOX TANK ULLAGE
PRESSURE

Throughout the flight, the LOX pump inlet pres-
sures (total) were maintained above 32,4 N/cm® (47
psi} and the NPSP was well above the minimal re-
quired limit of 10,3 N/cm? {15 psi). Al initiation of
the automatic count (appreoximately 148 seconds prior
to liftoffj, the LOX tank was prepressurized to 32,4
N/em? (47 psi) with 1.8 kg (3.9 lbm) of ground-
supplied helium. The pressure then continued to rise
to approximately 33.4 N/cm? (48.5 psi) due to con-
tinued final LOX replenishing and, as a result, the
LOX tank number 1 vent valve cycled three times



between 122.5 and 116 seconds prior to liftoff. The
LOX tank ullage pressure decreased to 31.7 N/em?
(46 psi), 50 seconds prior lo liftoff, During S5-I boost
the LOX tank ullage pressure decreased slightly and
" was 31.3 N/em? (45.5 psi) at S-1V engine start com-
mand. This slight pressure decay was the result of
LOX bulk surface sloshing and LOX cooldown, which
caused the ullage gas to collapse. During S-IV pow-
ered flight, the LOX tank pressure cycled in a band
between 30. 9 and32.2 N/cm? (44. 9 and 46. 7 psi) after
the initial start transient. One peculiarity occurred
during the period between 400 and 525 seconds and is
described in detail under the discussion of the helium
heater operation.

Since failure of the LOX ullage pressure fo drop
below the 31 N/ecm? (45 psi) level during single coil
mode was caused by the unique combined effeci of cold
helium regulator outlet pressure drifting to a higher
level (although still remaining within the desired op-
erating limits) and a higher than normal helium flow,
this peculiarity is net considered adverse to the op-
eration of the pressurization system. This is par-
ticularly true since the LOX tank pressure was main-
tained in the desired operating band.

6.8.2.1 HELIUM HEATER OPERATION

The S-IV-8 flight demonstrated the opera-
tional capability of the helium heater as an integral
component of the stage LOX tank pressurization sys-
tem. Figure 6-21 shows the 5-1V helium heager per-
formance characteristics. Helium healer ignition was
normal at S-IV engine siart command, with the com-
bustion temperature rising rapidly to above 536°K
within 3 seconds. The combustion temperature con-
tinued to rise for 100 seconds of S-IV powered flight
amd then cycled in a band between 1139 and 1233°K
which is the nominal band.

Helium heater heat flux was satisfactory for the
full duration of S-IV powered flight, averaging ap-
proximately 54,205 watts (185,000 Btu/hr) during
single coil operation and 86, 575 watts (275,000 Btu/
hr} during double coil operation. The helium heater
secondary coil cycled four times during S-IV powered
flight with single coil mode occurring daring 67 per-
centol thistime, and two coil mode for the remainder
of the time.

A peculiarity in LOX pressurization oceurred be-
tween 400 and 525 seconds, During this period the
LOX tlank pressure stabilized at approximately 31.0
N/cm? (45 psi) during helium heater single coil op-
eration, under control mode of operation. Prior to
this time the LOX tank pressure had been decreasing
during single coil operation, but ai approximately 370
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FIGURE 6-21, S-IV HELIUM HEATER
PERFORMANCE

seconds, cold helium regulator outlet pressure drifted
andhelium heater inlet pressure rose from 170 N/cm¢
(247 psi) at 370 seconds to 176 N/cm? (255 psi} at
420 seconds, This rise in pressure caused a corres-
ponding rise in helium flow rate and energy input to
the LOX tank as exhibited by the helium heat flux
{Fig. 6-21}. The helium flow rate maximized at
0, 075 kg/s (0. 165 lbm/s) which is a higher flow rate
during single coil operation than experienced on any
previous S-IV stage flight; 0.068 kg/s (0.151b/8) is
nominal.

6.8, 2.2 LOX PUMP INLET CONDITIONS

The LOX supply system delivered the neces-
sary quantity of LOX to the engine pump inlets while
maintaining the reguired pressure and temperature
conditions. Cold helium bubbling was initiated 490
seconds prior to lifteff and continued satisfactorily
until termination 190 seconds prior to liftoff. The
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LOX pump inlet temperatures deereased normally and,
at termination of cold helium bubbling, were within
the range ol 78 to 8U°K. This temperature range com-
pared lavorably with expected values. By prestari,
the temperatures had increased to between 91,1 and
492, 5°K, values that were within the required limits
of 90,3 to Y7.2°K, At engine start the temperatures
were between 90.3 and 90, 8°K. Figure ¢-22 provides
a time history covering LOX pump inlet icmperature
during cold helium bubbling and LOX pump cooldown,
The LOX pumpinletl temperature stubilized at the bulk
temperature of 90.4°K within 5 seconds after engine
start. The temperazture then increased slowly, main-
tuining anaverageof 91, 3°K by the time of S5-IV stage
cutoff, Throughout S5-IV operution, the inlet parame-
ters, as shown in Figure 6-23, were within specified
limits of temperature and pressure.
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FIGURE 6-22. LOX PUMP INLET TEMPERATURES

6.8.3 COLD HELIUM SUPPLY

During S-1V stage flight, the cold helium sup-
ply was adequale, At SA-8 liftotl respeciive pres-
sures and temperatures in the cold helium spheres
were 2108 N/cm? (3060 psi) and 22.7°K indicating a
helium mass of 57.9 kg (127, 6 lbm). Based upon in-
tegration of the pressurant flow rate during S-IV pow-
ered flight, it was determined that 34.4 kg (75. 8 1bm)
of helium were expended for LOX tank pressurization.
The total amountiof cold helium residual in the spheres
after S-1V engine cutoff was 20,8 kg (45.8 lbm) based
on the indicated sphere pressure and itemperature.
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This value, which would indicate that 37,1 kg (51.9
Ibm} of helium were consumed, is 2.7 kg (6 lbm)
higher than calculated by the integrated flow rate. The
comparison of consumption based upon integrated
flow rate and sphere conditions is considered only
fair. Further explanationisprovided in Sectlion 6. 5, 2.

6, 8.4 CONTROL HELIUM SYSTEM

‘The operation of the $-IV-3 pneumatic control
system was satisfactory during preflight checkout and
flight. Prior to liftoff the control helium sphere was
pressurized W approximaltely 2020 N/em? (2930 psi)
and at the time of S-IV cngine cutoll the pressure was
1844 N/em? (2675 psi), The sphere temperature
ranged from a maximum of 290, 5°K ai liftolf to a
minimum of 208, 8°K at approximately 225 seconds
after S-IV engine start, By the time of S5-IV engine
cutoff, the sphere iemperature had increased 1o
270, 5°K.

The oudet pressure of the conlroi helium regu-
lator varied between 333 and 319 N/em? (483 und 463
psi) during ilight. The regulator operaled within the
desired band of 324 N/cem?, plus 31, minus 17,3
N/em? (470 psi, plus 45, minus 25 psi).

6.9 S5-IV PROPELLANT UTILIZATION

The propellant utilization (PU) system performed
satisfactorily. The desired propellant load was 35, 197




____CONEIDENTIAL.

kg (84,209 lbm) LOX and 7782 kg (17, 156 lbm) LH,.
Accovding to the PUsystem fine mass strip charis the
$-1V propellant mass at liftoff was 38,232 kg {84,288
{bm) LOX and 7780 kg (17,152 lbm) LH,. The re-
siduals above the pump inlets at command cutoff were
443.1 kg (977 lbm) of LOX {including 5 kg or 11 lbm
of LOX trapped in the tank) and 83.9 kg (185 1bm) of
LH, (including 4.5 kg or 10 tbm of L, trapped in the
tank).

Based upon average engine operalion, average
LOX flow of 79. 6 kg/s (175.4 lbm/s) and LH, flow of
16,0 kg/s (35.2 lbm/s} und best estimate residuals
of 443. 2 kg (977 Ibm) LOX and 8. 39 kg (1851bm) LH,,
the S-IV depletion cutoff would have occurred 5,25
seconds beyond lhe command cutoff point established
in flight, or at 478, 80 seconds burn time as compared
10 a predicted cutoff of 479, 3 seconds. I the S-]JV-8
stage engine operation had been permitted to continue
to propellant depletion {LH; depletion cutoff) , there
would have been a residual of 17.6 kg (39 lomj of
LOX or an equivalent PU efficiency of 99. 96 percent.

As a comparison, if the flight had been conducted
without the control of EMR by the PU sysiem, a LOX
depletion cutoff would have occurred with a residual
of 190,5 kg (420 lbm) of LH,. This is equivalenl 10
an efficiency of 99.9 percent. This analysis is de-
rived from comparing actual open loop EMR based
upon propellant supply conditions at the engine pump
inlets to nominal predicted open loop EMR.

6.9.1 SYSTEM RESPONSE

The PU system responded properly during S-
1V-8flight and provided the necessary PU valve move-
ment to correct for mass errors inherent within the
system. Figure 6-24 shows the typical movement of
a PU valve during S-IV flight,
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FIGURE 6-24. TYPICAL PROPELLANT
UTILIZATION VALVE POSITION

At the time of PU system activalion, the system
sensed a positive equivalent LOX mass error, excess
in LOX of 251 kg (555 lbm), and positioned the PU
valve for a higher engine mixture ratio (EMR} 1o cor-
reclthe error. The factors primarily responsible for
this PU valve excursion were nonlinearities in the
system open loop flow variations and the initial LOX

mass errer sensed in the system. This injtial mass
error on SA-8 was caused by loading errors and non-
nominal cooldown usage as seen by the PU system.

The average engine mixture raiic excursions dur-
ing flight varied between 5,28 and .63, which are
well within engine operation capabilities {Section
6.7.3.3, Figs. 6-11 and 6-18).

6.9.2 PU SYSTEM COMMAND

The PU system is designed to originate three
commands:

i. PU system gain change
2. LH, tank step pressure
3. Arm all engine cutoff

All three commands occurred at the proper times;
however, the third was preceded by a signal from the
1U.

The PU system gain change command was sche-
duled to occur when the PU system indicated that the
LOX mass had decreased to 32,882 + 544 kg (72,492 +
1200 1bm). The command was observed to occur at
215.1 seconds. The LOX mass at this lime was
32,887 kg (72,503 lbm), which was within the toler-
ance range,

The LH, tank siep pressure command was sche-
duled 1o occur when the PU system indicated that the
LOX mass had reached 11,262 plus or minus 544 kg
{24,829 + 1200 lbm). This command was observed to
occur at 487, 2 seconds at which time the LOX mass
was 11,222 kg (24,740 lbm). This mass value was
within tolerance.

The armall engine cutoff commandwas scheduled
tc occur when the PU system indicated that the LOX
mass had reached 879 i 227 kg (1937 + 500 lbm) or
upon command of the IU. The IU command, which
preceded the PU sysiem command, occurred at 583, 4
seconds, The PU sysiem command was observed to
occur at 618.3 seconds, at which time the LOX mass
was 891 kg (1965 lbm), This mass was within toler-
ance.

6,10 PROPELLANT MASS HISTORY

The propellant mass history at various events,
as determined by the composite best estimate, is pre-
sented in Table 6-IV. The values are for total liquid
propellant mass above the engine inlet. The actual
propellants onboard at 8-1 liftoff as determined by the
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weighted average technique (composite best estimate)
were within 0, 24 percent for LOX and 0, G percent for
LH; of that desired.

TABLE 6-IV. PROPELLANT MASS HISTORY

LOX L,
Event e bm ke b
S-1 Laftoff 38,290 ¢ O | 84,415 £ 207 | 7782 = 31 | 17,156 & 68
LH; Prestart | 38,200 3 94 | 84,415+ 207 | 7782 + 31 | 17,156 & 6B
LOX Presurt 38,200 + 94 | 64,415 ¢ 207 | T6Hd = 31 | 16,938 68
S-1V Ignibon 38,180 & 94 [ 84,172 £ 207 | 7629 & 31 | 165,818 ¢ 68
PU Acwation 37,951 : 04 [ 83,623 « 207 F 7579 « 31 ] 16,709 ¢ 68
Residual 43 2 31 977 + 69 84+ 68 185 » 17

These mass and accuracy values are generatedby ap-
plication of a weighted-average technique to the flow
rate integral, PU system, flight simulation masses,
and mass accuracy values,

6,11 S-IV HYDRAULIC SYSTEM

The hydraulic systems of all six engines func-
tioned properly during the S-IV-8 powered f[light.
Telemetry data of pressure, temperature, and posi-
tion were similar to the previous flights., No system
malfunction or incipient performance degradation was
evident in the data received.

Prior to engine start, the engines were satisfac-
torily positioned by the accumulator charge. At en-
gine start, the pressurized f{luid of the hydraulic
pumps recharged the accumulators to the bottomed
position and maintainedoperating pressures above the
accumulator GN, pressures. All of these events were
consistent with normal system operation,

6.12 ULLAGE ROCKETS

Ullage rocket performance was satisfactory and
all rockets jettisoned properly at 160, 92 seconds, The
ullage rocket ignition command was given at 148, 82
seconds, with thechamber pressure ofall four rockets
increasing at approximately 19,016 N/cm? (27,600
per second, as shown in Figure 6-25.

The chamber pressures averaged approximately
658 N/cm? (955 psi}, or 4.5 percent lower than the
nominal predicted €89 N/cm® (1000 psi). The burn

time at which pressure was above 90 percent thrust or
approximately 586 N/cm? (850 psi) was 3,7 seconds
as compared with the required minimum burn time of
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FIGURE 6-25. ULLAGE ROCKET CHAMBER
PRESSURE

3.0 seconds. A comparison of the flight data with the
manufacturer's data shows that the overall pressure
profiles during burning were typical for a grain tem-
perature of 294*K,

At burnout the chamber pressures of all four
rockets decreased simultaneously, As observed on
prior flights, chamber pressure surges were present
at the beginning of the burnout transient, A surge of
62 N/cm? {90 psi) was observed on rocket number 1,
As a comparison, on SA-9 flight, surges of 20.7
N/cm? (30 psi) were observed on rockets number t
and 4, and on SA-7 flight, surges of 27.5 N/cm? (40
psi) were present on rockets number 1 and 4 and a
surge of 69 N/cm? (100 psi) on rocket number 2, As
on other flights the indication of surges at the begin-
ning of burnout is attributed 10 overheating the pres-
sure transducers and, therefore, should not be con-
sidered representative of actual rocket behavior.

Total stage ullage rocket longitudinal impulse
{parallel to the axis of the siage) was 175,251 N-s
(39,400 lbf-s) and the total ullage rocket impulse
(parallel to the axis of the rocket) was 213,948 N-s
{48,100 Ibf-5) as determined from the ullage rocket
data presented in Figure 6-25,
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SECTION VII. GUIDANCE AND CONTROL

7.1 SUMMARY

The overall performance of the guidance and con-
trol syslem was very salisfaclory. The vehicle re-
sponded properly to the simullianeously executed roll
and pitch programs which began shortly after liftoff.
As expected, a counterclockwise roli moment {due to
the unbalanced serodynamic forces caused by the S-1
stage turbine exhaust duct fairings) generated a ve-
hicle maximum roll attitude error of -1, 8 degrees al
56 seconds.

A vehicle roll deviation ol 1.1 degrees developed
during separation, mainly due Lo the 0. 13-degree total
misalignment of the $-IV ullage rockets. The pitch
and yaw attitude errors and angular rates were nearly
sero during this time. When the 5-1V control system
became elfcctive aboul two seconds after separation,
the roll angle was rapidly reduced, During this cor-
rection, the maximum roll rate observed was -1.1
deg/s.

The control system performed satisfactorily
throughout S-1V stage powered fiight. The system re-
sponded properly to the initiation of pitch and yaw
plane path guidance at 166, 69 seconds, No appreciable
control transients were generaled by path guidance
termination or by S-1V engine shutdown.

The overall performance of the guidance system
was very satisfactory. The vehicle's space fixed ve-
locity from iracking at S-IV cutoff wus 7671.57 m/s
at an altilnde of 509,656 km and a space fixed path
angle of 90,003 degrees. The differences in value be-
iween the precalculated minus computer, computer
minus tracking, and preculculated minus tracking all
fell well within the 3¢ band, indicating excellentover-
all guidance system accuracy.

The ST-124 velocity components are in compleic:
agreement with those indicated by the ASC-15 com-
puter throughout flight. The measured velocity dil-
ferences are ihe telemetlered ST-124 accelerumeter
data minus lracking. The predicied difterences are
hused upon the §T-121 inboratory calibration test re
sulis minus tracking,  Thesc predcied Jdifferences
were adjusted jor the 5T-121 slabic cicment leveling
aned azimuth alignment errors delermined ai launch,
with the cxception of Uw: cross vange component, the
measured velocity differenoes fall withinthe3 v error
bands. In nddition, there is rather good agrecmeit
hoetween the measured and predicted velocity differ-
ences in the range unid cross range directions.  How-
ever, only the range velocily componcnt falls within

the 3 ¢ value lor both the measured and predicted
cases. This situation indicates that if the ST-124
laboratory calibration daia were used to adjust the
preset space fixed cutoff velocity (Vg), the resulting
error would have added about 1,2 m/s 1o the actuai
error of +0.51 m/s.

7.2 SYSTEM DESCRIPTION

SA-8 was the third Saturn vehicie o employ a
fully active ST-124 guidance system. The principal
functions of this system were:

1. To generuate attitude error signals tor vehicle
control and steering throughout flight.

2. To issue limed discretes to the spacecrafi,
Instrument Unit, S-IV and S-1 stages [or sequencing
vehicle events throughout the cntire flight period in-
cluding Pegasus wing deployment.

3. To compule and issue steering commands for
active path guidance during S-IV stage burn,

4. To terminate path guidance und initiate S5-IV
engine shutdown at the preset space fixed velocity,

The ST-124 guidance system consisted ol the 3T-
124 stabilized platform assembly and electronics hox,
the GSP-24 puidance signal processor and the ASC-
15 digital computer. Figure 7-1 shows the inlgrre-
lationship between the components of this system and
their integration with the elements ol the vehicle con-
trol system. The operational periods of these major
guidance and control system components are ulsu in-
dicated.

The ST-121 muidance system generated attitude
error sipnals (&p's) by comparing the three command
resolver signals (y's) with the four ST-124 pimbal
resolver position signals (#'s). The anguiar rote in
formation required for damping vehicic diminie!ls e s
was obtained Irom the three axis contro 3
package located in the Instrurwent Unit.
eral aecelerationcontrol was aceumip! sl
pilch and yaw planes during 3 1 flight by mc s o
body fixed contml acceleromaiers tocated o the
Instrument Unit,

In order to supply the total vehicle sy=iem with
the basic timing signals from 2 single source (ASC
15 computer), iaow time bases mast he  genersted
during flight. The first time base started «hen the
Instrument Usit umbilical separated from ihe vehicle
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and ended at S-1 propellant level sensor arming. The
second time base began at activation of the first pro-
pellant level sensor and terminated when the S-1
"thrust OK" switches were ganged for backup of the
-normal OECO mode. The third time base commenced
with OECO and continued throughout the remainder of
powered flight until S-TV guidance cutoff command.
The final time base started with S-IV cutoff signal.

pitch and yaw plane path guidance was initiated
at separation command plus 17,77 seconds. This was
accomplished by unlocking the brakes on the three
command resolvers in the guidance signal processor,
loading the ladder networks in the digital computer
according to the measured guidance values and issu-
ing the computed correction signals {x) to the com-
mand resoivers in the guidance signal processor.

The iterative guidance made (IGM) was employed
for the pitch plane path guidance program to compule
the required steering commands (3z} from the real
time measured state variables each 1000 ms. Toler-
ances in engine and siage alignment, resolver chain
errors, computational time lags and other inherent
conditions resulted in the misalignment of the thrust
vector with respect to the guidance plane. Piich plane
steering misalignment correction (SMC or XZC) was
introduced shortly after guidance initiation to correct
for this condition.

Delta minimum path guidance, where the vehicle
isconstrained to a predetermined reference, was em-
ployedin the yaw plane. Both the cross range velocity
and displacement were utilized to steer the vehicle
back into the reference plane, The range of possible
initial conditions at the introduction of guidance ne-
cessitated limiting the cross range steering command
(XCR) to 0.25 radian (1.3 degrees) to prevent sai-
uration for toc long a time.

When the computer's space fixed velocity vector
reached the initial ASC-15 computer presetting (VS =
7626 m/s), the "lock command modules" signal was
issued, the steering commands were arrested and
path puidance was terminated. The computer then
shifted to a faster cycle in which it searched for the
cutoff velocity of 7672.06 m/s, space lixed. When
this value was attained, the computer issued the guid-
ance cutoff command which initiated shutdown of the
§-1V engines. The final space fixed velocity achieved
by the vehicleat theend of S-IV thrust decay was pre-
dicted to be 3.1 m/s higher than the velocity ai guid-
ance cutoff command. The actual velocity gained due
to thrust decay was 2.98 m/s.

7.3 CONTROL ANALYSIS
7.3.1 S5-1STAGE FLIGHT COKTROL
7.38.1.1 PITCH PLANE

In the pitch plane, the performance of the
control system was very good. The magnitudes of the
control parameters were small throughout S-1 stage
flight., The maximum values observed (in the Mach
to maximum dynamic pressure region) were:

Parameler Units Mugnitude| RT (sec)
Attitude error {deg) (1] 67.0
Angle of avack

firee siream) (degi -1.4 iU
Angular rate {deg/ s} -0.7 Gi. b
Normal acceleration (m/s?) -0.7 63.6
Actuator position {deg) -i.1 T2
Angle-of-attack

Dynamic pressure product {deg-N/cm?) 1.8 64. ¢

The vehicle pitch and roll programs were pro-
vided by the ASC-15 computer. The pitch program
{xz) which consists of a third order time-dependent
polynominal with three time segments, began at 8.65
seconds and was arrested at 138, 38 seconds at 52.5
degrees [rom the launch vertical (see Fig. 7-2). This
program was developed for a zero wind profile during
S-Iburn. The 14, 89-degree roll program (x,) began
at 8. 66 seconds and reached zero at 23.55 seconds.

Significant first mode propellant slosh{requencies
{0.9 io 1.1 Hz) between 60 to 110 seconds were indi-
cated by the pitch angular rate and engine actuator
deflections (Fig. 7-3). This sloshing is similar to
SA-9; however, on SA-8 the resulting maximum angu-
lar rates of +0.41 deg/s are smaller.

Figure 7-4 shows the comparisons of the winds
and angles of attack calculated from the onboard Q-
Ball and a rawinsonde balloon release near launch
time. The angle-of-attack wind (which was calculated
using @-ball angle of attack, attitude, angle, and tra-
jectory angle} is in fair agreement with the rawin-
sonde wind. Part of this discrepancy is due to a Q-
Ball misalignment of 0.23 degree nose up in the pitch
plane, The largest pitch wind was 15.4 m/s, occur-
ring a few seconds before max Q.

7.3.1.2 YAW PLANE

The performance of the control system in
the yaw plane was very satisfactory. The maximum
control values for the S-1 power flight were:
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Purameter Units Magniwde| RT (sec) N
-1
LY T
Attitude error (deg) -0.6 To. v
Angle ol attsck
. Uree streamy) | deg) L1 75,0
| Angular rape {deg/s) -4, 4 Tha 4 )
Normal acecleration (m/ ) 4,6 2,5
Acitor position {deg) (18 5. b
Angle-of-attack dynamic .
pressure product {des-N; eni'y 3.3 T5.5 " v )
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. First mode propellant sloshing (0.9 w 1.1 Hzp
P is indicated by the yaw ungular rate and engine actua
e e tor deflections during the mid-portion of S-1 pouwered
7 flight (Fig. 7-5). As in pitch, the sloshing was more
predominant from 75 to 110 seconds but smalier than
) on SA-9.
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7.3.1.3 Control Design Paramcters

A comparison of the SA-B flight results and
Block TI control system design criteria for total actu-
ator deflection, angle of attack, and dynamic pressure
angle-of-attack product is shown in Figure 7-7. The
design values are basedona 95 percent non directional
wind velocity with 2 o shears and 11 percent variation
in aerodynamics, Two sigma variations in propulsion
system performance and vehicle mass characteristics
were also considered in arriving at the design values.
The SA-8 data are well withinthe design values, falling
either below or in the lower portion of the envelope
observed on the previous Block H flights.
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FIGURE 7-7. COMPARISON OF VEHICLE CONTROL
PARAMETERS WITH DESIGN CRITERIA

7.3.1.4 Roll Plane

Immediately after liftoff, SA-8 rolled clock-
wise to a steady state attitude error of about 0. 2 degree
(Fig. 7-8). This indicated a thrust misalignment in
roll equivalent to 0. 05 degree engine deflection for each
S-I stage control engine. At8.66 seconds the required
launch-to-flight azimuth (roll maneuver) program be-
gan, rotating the vehicle's pitch and yaw axes into

coincidence with the stabilized axes. The 14.39-
degree roll program, executed at a rate of 1 deg’s,
was completed at 23. 55 seconds (Fig. 7-2).

FIGURE 7-8. ROLL ATTITUDE ERROR, ANGULAR
RATE, AND AVERAGE ACTUATOR POSITION

The roll axis maximum control values measured
during S-I stage propelled flight were:

parameter Unity | During Roll Maneuver | After Holl Maneuver
Magnitude RT |Magniwde T RT

— =
Attityde error {deg) 1.4 1.6 -1.n l 5,3
Angular rate [ -h4 1Ly -1 n.Y
Engine deflection roil § () ] 0.2 10,1 TN A6, 3

Asonprevious flights, a significant attitude error
{-1. 8 degrees) was againobserved near max Q. This
roll attitude error is attributed to unsy mmetrical aero-
dynamic flow about the turbine exhaust fairings (see
Ref. 3). The SA-8 and SA -9 roll angles were of simi-
lar magnitude but smaller than SA-7's -3.5 degrees,
due to the increase in roll control gain from0.2to
0.3.

7.3.2 S-IV STAGE FLIGHT CONTROL

The performance of the vehicle control system
was excellent throughout S-IV powered flight. The
system responded properly to the transients during
S-1stage separation and following path guidance initi-
ation. The pitch, yaw, and roll attitude errors are
presented in Figure 7-9.

At path guidance initiation {166.69 seconds), the
vehicle's space fixed velocity was 0.5 percent higher
than predicted and its altitude was about 1. 9 km higher
than predicted. This condition caused the guidance
system to issue a nose down pitch steering command
correction (A x ) which peaked at 6. 0 degrees at 174
gseconds. During this period (at 169 seconds), the
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FIGURE 7-3. S-1V STAGE ATTITUDE ERRORS

ST-124 platform issued a maximum nose down pitch
attitude error signal of 1. 6 degrecs tothe vehicle flight
control system. The vehicle pitch program (yx v} was
reduced to a minimum of 46. 5 degrees at 174 seconds
(Fig. 7-190).

I [ER IR ey

Fuoh P Nbgle f0 e B A e

caane Ampie (b in Ceey
R NN ? e /

wt Vgt orz -t apecp)

Teataatizn

T R wiier URaan by

F
"~

ira i Lot H Aun 2o a0
Haner T (sev)

FIGURE 7-10. VEHICLE RESPONSE TO PITCH
PLANE GUIDANCE INITIATION

Inthe yaw plane, the ASC-15 computer data showed
that the vehicle was slighily to the left {1. 1 m/s and
92 m) at guidance initiation. Conseguently, the guid-
ance system issued maximum steering command cor-
rections of 0.6 degree xy and 0. G degree Xy ( nose
right and CCW viewed from the rear) at 169 seconds;
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i.e. ACR reached a maximum value of 0. § degree at
169 seconds. At this time the largest attitude error
signals issued by the ST-124 10 the vehicle flight con-
trol systcm were 0. 2 degree nose left yaw and 0. 2 de-
gree CW roll. The maximum yaw and roll attitudes
resulting fromthe initiation of yaw plane guidance were
0. 8 degree nose left and €. 8 degree CCW, hoth at 169
seconds.

The overall performance of the guidance system
was excellent. At guidance initiation the computer in-
dicated that the vehicle was slightly to the left. About
250 seconds later these initial vajues of 1.1 m/s and
92 m reached 0 m/sand 89 m to the left. A slight vaw
steady state attitude error caused the cross range ve-
locity and displacement (measured by the computer)
to increase to -0.3 m/s and -122 m at S-1V cutoff;
these values compare favorably with the precaleulated
irajectory values of -0. 2 m/s and -175 meters.

The pitch plane steering misalignment correction
term (x4 ), introduced some 6 seconds after puidance
Initiation, increased from 1. 05 degrecs shortly alter
guidance initiation to 1. 15 degrees at the end of path
guidance. This variation was well within the expected
range.

The S5-1V stage steady state aititude errors and
cngine deflections were near the predicted values. The
mean pitch attitude crror increased trom 0. 30 degree
nose-up at 200 seconds to 0. 48 degree at 620 seconds.
The predicted steady state attitude error hisiories dit-
fered from flight values by 0, 11 degree or less, in a
nose-updirection. The minor discrepancy between the
measured andpredicted values can be accounted for by
small thrust vector misalignments and a center of
gravity offset different than predicted,

The meanyaw attitude error increased from 0. 15
degree nosc left at 200 seconds to 0. 36 degree nose
left at 620 seconds. The predicted steady state atti-
tude error histories differed [rom 1light values by 0,23
degree in a nose lefi direction. This discrepancy is
attributed to the same factors nsthe pitch attitude
error diserepancy.

The mean roll attitude error was less than 0.2
degree throughout S-1V stage powered (light.

Vehicle steering commands were arrested when
the space fixed velocity vector computed by the guid-
ance system reached 7626 m/s. The steering com-
mand angle Xy was arrested at 122. 35 degrees, just
0. 38 degree more than predicted. This cecurred about
2 seconds before S-1IV guidance cutoff command. Duc
to the increasing yaw attitude error during S5-IV burn,



the computer's cross range veloeity reached a steady
state'value of 0, 3 m/ s left and the cross range displace-
ment increased to 122 m left at S-IV cutoff.

The angular rates resulting from steering arrest
and S-IV stage thrust decay were nearly zero. At the
end of S-1V thrust decay the angular rates were -0.1
deg/s in pitch, -0. 05 deg/s in yaw, and 0. 03 deg/s in
roll.

7.4 FUNCTIONAL ANALYSIS
7.4.1 CONTROL SENSORS
7.4.1,1 CONTROL ACCELEROMETERS

The two body fixed control accelerometers
located in the Instrument Unit (to provide partial load
relief in the pitch and yaw planes Irom 35 to 100 sec-
onds) functioned properly. Figure 7-11 shows the
measured lateral accclerations (translated to the ve-
hicle CGy. Peak lateral acceleration of -0.7 m/s?in
pitch and 0. 6 m/s?in yaw were measured near max Q.
In general, these felemetered values agree with flight
simulation results within 0, 1 m/s%  S-1 and S5-IV pro-
pellant sloshing and the first two vehicle bending modes
were evident in these measurements during portions of
the time that acceleromecter conirol was active.
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FIGURE 7-11.

7.4.1.2 ANGLE-OF-ATTACK SENSORS

Pitch and yaw angle-of-attack components
were measuredby a Q-ball angle-of-attack transducer
mounted on the tip of the launch escape system. These
measure ments compared well with the angles of attack
calculated from measured wind data, trajectory para-
meters, and telemetered attitude angles (Figs. 7-4 and
7-6). Maximum angles of attack of -1, 42 degrees in
pitchand 1. 1 degreesin yaw were measured in max Q
region.

For the first time a network was added to deter-
mine the vector sum of the pitch and yaw angle-of-
attack measurements for possible emergency detection
system use in the future. For small angles of attack
(+ 2 degrees) the telemetered vector is especially
sensitive to the lower nonlinear portion of the calibra-
tioncurve (D193-900) ; however, for angles larger than
2 degrees, this measurement should be satisfactory.

7.4.1.3 RATE GYROS

The vehicle's three rate gyro packages func-
tioned properly:

1, A 1t 10 deg/s range, 3-axis, control rate
package, located in the Instrument Unit, was used to
provide pitch, yaw, and roll angular rate information
for vehicle control throughout flight.

2. The sccond rate gyro package. also a 3-axis
+ 10 deg/s range. is a control type umit which is being
flown for development purposes and is located in the
thrust structure area of the S-1stage. The rell rate
gyro apparently functioned properiy, but because of the
commutated measurement. the data were generatlly
unusable.

3. Three : 100deg/s measuring rate gyros, re-
guired for vchicle motion analysis in case of a failure,
arc loeated in instrument compartment 12 at the for-
ward end of the S-I stage.

The + 10 deg/s rate gyros indicated that the first
four bending modes and the first torsional mode were
excited during portions of the S-1 stage powered flight.

7.4.1.4 CONTROL ACCELERATION SWITCH

This is the second flight test which provided
suitable data to evaluate the performance of the con-
trol acceleration switch located in the Instrument Unit
{SA-9 was the [irst). Laboratory tests on this switch
indicated a switch closure initiation value of 0.256 g
with a time delay of 0. 30 second (time {rom sensing
of g value Lo switch closed signal).

The switch closed at 149. 64 seconds; this is 0. 68
second after the vehicle longitudinal acceleration drop-
ped below the swilch setting and nearly 0. 72 second
after separation command at 148, 92 seconds. Taking
into account the apparent time delay due to commuta-
tion of the measurement and the start of physical se-
paration of the S-I stage, the actual time delay (0.8
sccond) is almast 0. 3 second longer than the predicted
delay.
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7.4.1.5 RESOLVER CHAIN ERROR COMPA RISON

The total resolver chain error in any axis is
the angle difference between the output angle generated
by the ST-124 and the input angle commanded by the
ASC-15 computer,

A comparison between predicted and calculated
pitch axis resolver chain error is shown as a function
of the pitch command resolver angle {x,,) in Figure
7-12. The calculated resolver error was obtained by
subtracting the calculated pitch attitude error from the
telemetered attitude error. The calculated attitude
error was obtained from a vector balance using the
guidance system measured space fixed acceleration,

the body fixed pitch and longitudinal accelerations, and
the telemetered piich steering command (x,)- Pre-
dicted and calcuiated values of pitch axis resolver
error have the same general shape and indicate a
positive bias of almost 0.2 degree until 75 seconds
and about 0.1 degree thereafter., These pilch axis
resolver chain errors had only an extremely minor
effect on the vehicle altitude at S5-IV cutoff.

Since the predicted resolver chain errors (based
onlaboratory measurements) in the yaw and roll axes
were very smail (less than 0. 05 degree), no compari-
son was attempted between predicted and calculated
values.
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FIGURE 7-12. CALCULATED AND PREDICTED PITCH AXIS RESOLVER CHAIN ERROR

7.4.1.6 FLIGHT CONTROL COMPUTER AND
ACTUATOR ANALYSIS

The commands issued by the control computer
to position the actuators were correct throughout the
entire controlled flight period of both stages. These
engine positioning commands were well within the load,
gimbal rate. and torque capabilities of the 8-I and S-
IV actuators. The maximum actuator command signals
{Ai) issued by the control computer were £ 0.8 ma
during S-I stage powered flight and : 0.4 ma between
S-1Vignition and S-1V cutoff. Vehicle propellant slosh-
ing frequencies (from 0,93 Hz at 70 seconds to 1. 10
Hz at 110 seconds) and other significant vehicle func-
tions (IECO, OECO, control system gain program
changes, path guidance termination, etc.) were all
readily observed.

The S-Istage telemetered attitude error, angular
rate. and lateral acceleration signals were analyzed
with anopen loop analog simulation of the control sys-
tem filter and shaping networks. The difference be-
tween the telemetered and simulated data is within 0, 2
degree, which is within the accuracy of the flight
measurements.
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The following tabulation presents a summary of
the maximum measured actuator flight data.

Event
Parameter f Data
Type of Data [, /1ot [Max @ | OECO
Gimbal Rate| Measured 1.4 5.6 0.5
(deg/s) Design Limit - 17 -
Toryue Measured 5,700 | 6,500
{N-m) Design Limit 29,200] 8, 100
S-1 stage (maximum actuator deflection was -0.4
degree; occurred near max Q)
Parameter | Type of Data Event
Ignition Cutoff
Gimbal Rate| Measured 1.4 0.4
(deg/s) Pesign Limit | 15
Torque Measured 206
(N-m) Design Limit {1,180 Y3

S-1V_Stage (maximum actuator deflection between S-
IV ignition and S-IV cutoff was 0.8degreein roil;
measured at 152. 3 seconds)
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7.5 PROPELLANT SLOSHING
7.5.1 S-1 POWERED FLIGHT SLOSHING

None of the S-1 stage propellant tanks carried
slosh monitoring instruments; however, both 5-1V stage
fanks were instrumented with a continuous level sen-
sor for the S-IV propellant utilization system which
also indicate S-1V slosh amplitudes.

The pitch and yaw engine actuator positions were
band pass filtered at the slosh frequency; the resulting
predominant frequencies are shown in the top portion
ol Figure 7-13. The maximum peak-to-peak response
ofthe engines {o sloshing was 0. 41 degree in pitch and
0, 32 degree inyaw al about 85 seconds (middle portion
of Fig. 7-13). The S-1V LOX slosh amplitudes, cal-
culated [rom onboard slosh monitoring and theoretical
transfer functions using engine deflections, are com-
pared with SA-9 at the bottom of Figure 7-13. As on
SA-9, it appears that the actuator deflections result
from the vehicle being driven by S-1V LOX tank slosh-
ing from 75 to 110 seconds.

SLOSH DURING S-1 POWERED
FLIGHT

FIGURE 7-13.

7.5.2 S-1V POWERED FLIGHT SLOSHING

The LOX and LH,; slosh amplitudes and fre-
quencies were very similar to those measured on the
SA-9 flight. The slosh amplitude history agrees with
the pattern seen on previous flights and the frequencies
agree well with those predicted.

7.6 GUIDANCE SYSTEM PERFORMANCE

The overall performance of the ST-124 guidance
system (ST-124 stabilized platform and electronic box,
guidance signal processor and ASC-15 computer) was
very satisfactory. Detailed analysis ofthe telemetered
guidance system data is discussed in detail in subse-
quent parts of this section.

7.6.1 GUIDANCE INTELLIGENCE ERRORS

Guidance intelligence errors are defined as the
differences between the range, altitude, and cross
range inertial velocity components mecasurced by the
ST-124 accelerometers and the corresponding para-
meters calculated from tracking data.

The sources of the guidance intelligence errors
may be divided into two general categories. compon-
enterrors and system errors. The component errors,
scale factor and bias, are those which are attributed
direetly to the guidance accelerometers. The system
errors coniributed by the stabilized element on which
the accelergmeters mount are: gyro drift rates (con-
stant and g-dependent) . platform leveling errors, non-
orthogonality of the accelerometer measuring direc-
tions and misalignment of the platform flight azimuth.
With the exception of the leveling and azimuth errors,
the above data were obtained by laboratory measurc-
ments several weeks prior to launch. The leveling
and azimuth errors were delermined from data which
were available only immediately before liftoff.

The predicted ST-124 inertial velocity differences
for the SA-8 flight test were based on laboratory cali-
bration of the ST-124 stabilized platform system (Table
7-1 and Fig. 7-14). Additional velocity diffcrences
due to accelerometer leveling and azimuth alignment
errors were determined from launch data. The ST-
124 sysiem 3 o error band for each velocity compon-
ent is used as the standard for comparison with the
actual inertial velocity differences determined from
the postflight trajectory analysis.

Figure 7-t4 shows the laboratory and measured
error values for each parameter listed in Table 7-L

- N o



TABLE 7-

1, GUIDANCE INTELLIGENCE ERRORS

(1} , . . eeE
> 1 Veloc e al S- s
Paramotor symbol Unite Laboratory and |Errors Sources 3¢ Inpr!.u.a Velocity le[ere?r.e at S-1V Cutofi .(m/.s}
Preliunch Meas, |Established from | Error AX) AYi AL
Error Sources |Traj. Analysis Rand Lab. T. Apal, jLab, [T. Anal.] Lab. |T. Anal,
1. System Errors
a. Platform Leveling deg £0. 005
1)} About X Axis Ly -0, 0027 0, 0016 [ 0 1] 1] 0.15] 0.05
2) About Z Axs Ly 0, 0048 0.0010 0.26 0. 09 -0.63|-0.21 1] 1]
b, Flight Azimuth Alignment A7 A deg -0, 0014 -0.0049 £0. 010 v 0 0 [ -0, (8 |-0,68
¢, Accelerometer Misaulignments deg +0, 0014
1) Range (X) Accel, Rotated Toward sz -0, 0040 -0, 0040 0 0 ¢ 0 0 0
+ 2 Axis
2) Altitude (Y) Accel, Rotated Toward Myx -0, 0029 -0, 0029 U 0 ¢, 38 0.38 ] 1]
+ X Axis
4) Altiude (Y) Accel, Kotaled Toward MYz 0, Q007 -0, 0007 0 [1} [ 0 0 V]
+ 2 Axis
d. Gyro Drift Rates, Comnstant . deg/hr +0.075
1) Yaw (X) Gyro {About X Axis;j ('SX -0, 063 -4,039 ¢ ¢ ¢ 0 0.01 ] 0
2) Roll (Y} Gyro (About Y Axis) Y 0. 060 -0, 058 ] [+} ¢ 1} 0,76 -0.73
3) Pitch (Z) Gyro (About / Axis) YA 0, 057 0. 055 [V -0.01 0,72 | -0.62 0 0
-
¢, Gyro Drift Rates, g-Dependent " deg/hr/g U, 050
1) Yaw (X) Gyro {About X Axis Due to X |e X/?\: -0, 146 -0,156 0 Q U 0 -0.08 y-0,08
2) Yaw (X) Gyro (About X Axis Due to Y) | & X/¥ -0, 032 0,020 [ i ] 0 0,08 [-0.05
3) Roll (Y) Gyro (About Y Axis Due to .\_) ¢ Y/g -0, 072" -4, 028 0 [} [¢] 0 -1.06 -0, 3%
4) Roll (Y) Gyro (About Y Axis Due to Y) | &6 Y/Y -0, 208% -0, 141 0 0 0 v -2.51 |-1.68
5) Pitch (£} Gyro (About Z Axls Due to X)| § 2/ 0,477 0,036 0008 | -0.02  {-2.dd j-0.50 0 0 ]
6) Pitch (Z) Gyro (About Z Axis Due to Y)} & 2/Y U, 035 0, 055 0. 08 0, 13 -0.42 | -0, 66 0 0
2, Component Errors
a. Accelerometer Bias m/s/s £5x 1074
1) Range (X) Accelerometer Bx 4] -2,01 5 1074 [} -0, 12 €] 0 0 1]
) Altimde (Y} Acveelerometer B.V 1,55 5 10-4 5,55 x 1074 0 Q0 0,10 | w35 0 Q
1) Croas Range {Z) Accelerometer Bz -4,45 x 104 -4.08 x 1074 [¥] 0 [ [} -0,28 }-0, 425
b, Accelerometer Scale Factor &g 2 x 1075
1} Range (X) Accelerometer SF, 1,82 x 1078 -1.02 x 10§ o, 1¢ | -0.08 0 u v i}
2) Altitude (Y) Accelerometer SFy 0,31 x 108 32t x o8 0 0 ot | u19 1] 1]
3) Cross Range {Z) Accelerometer SF, 2,64 » 1076 2,84 2 (y-¥ 0 0 u 0 o ¢
(1) Memo R-ASTR-G-213-65 duted April 7, 1965 Total
* Polarity roversed lrom above memorandum Dilf (m/s) | 4. 35 | -0,01 3,72 ) L238 ~d.07 1-3.78
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FIGURE 7-14. ST-124 STABILIZED PLATFORM SYSTEM ERROR SOURCES
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Examination of each inertial velocity component dif-
ference (accelerometer-tracking) in Table 7-I indi-
cates that the significant inflight velocity error sources
do not agree with the laboratory and prelaunch erroyr
sources within the 3 ¢ limits in the case of roll and
pitch gyro g-dependent drift rates, and the range and
altitude accelerometer scale factor. This analysis
generally indicates that the pitch gyro g-dependent drift
rates were the least predictable and contributed the
largestinertial altitude velocity difference. Although

the altitude accelerometer scale factor error was be-
yondthe 3 ¢ limit, its effect at S-IV cutoff was minor.

A comparison of the accelerometer, tracking and
precalculated trajectory, inertial velocity components
and total velocities is presented in Table7-II. The
velocity differences between the accelerometers and
the tracking data indicate satisfactory consistency at
the various flight times. Only the cross range inertial
velocity difference (accelerometer-tracking) falls out-
side the 3 o band.

TABLE 7-II. COMPARISON OF INERTIAL GUIDANCE VELOCITIES
(Xi, Yi, Zi)

Event Total Range Altitude Cross Range
Range Time Data Source Velocity (m/s)| Velocity (m/s) | Velocity (m/s) { Velocity {(m/s)

{sec) Act. |Diff. | Act. | piff. | Act |piff. | Act|Difr

Accelerometer 3588, 8 2031, 7 2858, 3 -0.5

Tracking 3588.7 2031, 7 2958.2 -0.1

IECO Precal. Traj. 3573.3 2033.4 2938.4 -5, 3
142, 000 Accel, -Track, 0.1 0 0.1 -0.4
Precal.-Track. -15,4 1.7 -19.8 -5.2

Accelerometer 3775.6 2186.3 3078,2 0.5

Tracking 3775.6 2186.4 3078.2 -0.1

QECO Precal, Traj. 37158, 2 2186.8 3056, 5 -5.6
148,030 Accel, -Track, 0 -0, 1 0 -0.4
Precal. -~ Track, -17.4 0.4 -21.7 -5.5

Accelerometer 3878, 6 2271.3 3144, 0 -1, 1

Guldance Tracking 3878.5 2271,2 3144.0 -0,6

Initiation Precal, Traj. 3864. 0 2274.0 3124, 0 -6.4
166. 690 Accel, -Track, 0.1 0,1 0 -0.5
Precal, -Track., -14,5 2.8 -20.0 ~5.8

Accelerometer 8092, 6 7478, 4 3090, 2 -0.3

Tracking 8093, ¢ 747%.3 3091.3 3.8

S-1V Cutoff Precal. Traj. 8107. 5 7482, 5 3121.5 -0, 2
624, 151 Accel, -Track, -0.4 0.1 ~-1.1 -4.1
3 o Error Band +0.7 +0.5 +1.5 1.9
Precal, -Track, 14.5 3.2 30,2 4.0

Accelerometer 8094.4 7482, 0 3088, 5 ~0.3

Orbital Tracking 8094.7 7481.8 3089, 7 3.8

Insertion Precal, Traj. 8109, 3 7485, 2 3119, 8 -0.2
634. 154 Accel, -Track, -0.3 0.2 -1,2 -4.1
Precal, -Track. 4.6 3.4 30.1 -4.0
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Figure 7-15 compares the inertial velocity com-
ponent differences (accelerometer-tracking) with the
3 o error bands. The indicated predicted velocity dif-
ferences at 8-IV cutoff are the laboratory total velocity
differences from Table 7-I. Figure 7-16 shows the
residual inertial velocity components (trajectory
analysis-tracking) along with the velocity component
differences (accelerometer-tracking and trajectory
analysis results). The residual velocity differences
fall well within the tracking accuracies, indicatinga
satisfactory trajectory analysis solution to the meas-
ured velocity differences.
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FIGURE 7-15. INERTIAL VELOCITY COMPONENT
DIFFERENCES (ACCELEROMETER - TRACKING)

7.6.2 GUIDANCE SYSTEM PERFORMANCE
COMPARISONS

A comparison of the precalculated trajectory and
ASC-15 computer space fixed velocity and velocity
components at S-IV cutoff with the tracking deta is pre-
sented in Table 7-TIL. The velocity differences (com-
puter tracking) fall within the specified 3 ¢ error bands
with the exception of cross range velocity difference
which is approximately 2.1 times larger than the 3 ¢
value but in good agreement with the predicted error.
The total space fixed velocity difference of 0,51 m/s
was apportioned among its three componentsas follews:
AX, (22 percent _oi' 0.12 m/s), A‘}'s (61 percent or
0.32 m/s}, and AZ (7 percent or 0.04 m/s).

The space fixed range and altitude velocity dif-
ferences (computer tracking) indicate the excellent
performance of the iterative guidance mode (IGM)
scheme in the pitch plane; i.e., while AXg and AY g
vary widely from the precalculated trajectory values,
the total space fixed velocity vector difference is only
0.51 m/s. This is the second flight test in which the
predicted and actual space fixed cross range velocity
differences fell within 3 o (£ 1.81 m/s) of eachother
at 8-IV cutoff.
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ANALYSIS - TRACKING)

The contribution of all individual errors to the
total guidance system error is tabulated in Table 7-IV
forvarious trajectory parameters at S-IV cutoff. The
upper portion of the table presents a detailed break-
downof the total measured errors for the most signi-
ficant parameters. Comparison of the total measured
errors (ST -124 stabilized platform system errors +
scheme errors + S-IV cutoff errors) withthe 3 ¢ values
reveals that only the cross range velocity {space fixed
and inertial) exceeded the 3 ¢ error band at S5-IV cut-
off.

This cross range velocity error, though larger
than the 3 ¢ band, was within -0.72 m/s of the value
predictedbased on laboratory ST-124 system calibra-
tiondata. The rather goodagreement between the pre-
dicted and actual cross range velocity error demon-
strates satisfactory performance of the ST-124 in this
parameter. The total space fixed cross range velo-
city difference of -3.79 m/s was caused primarily
(93 percent) by the ST-124 system error. Table 7-1
presents a detailed listing of the error sources
which contributed to this ST-124 system error. The
scheme errors shown in Table 7-IV consist of naviga-
tionand computation errors. The error values listed
for S-IV cutoff were due to either small time delays



TABLE 7-II.

CONRELII»

COMPARISON OF SPACE FIXED VELOCITIES AT $-IV GUIDANCE CUTOFF
(624,151 Seconds Range Time)

: . ) Az,
AV, . AXg . AYg Zg Cross
, 1 . R
Data Source Vg Tota. )‘s Rang.e S{s Al!ltufie Cross Rang'e
Total | Velocity Range | Velocity | Altitude | Velocity | Range | Velocity
Velocity|Differeace § Velocity|Difference} Velocity|Difference | Velocity|Difference

(m/s)| (ov/s) (m/s) | (m/s) (m/s) | (m/s) (m/s) | {m/s)
ASC-15 Computer 7672.08 7238, 53 -2483, 31 -87.83
Tracking 7671, 57 T258.40 -2482. 26 -84, 04
Precal, Traj. 7672, 06 7255.20 -24492, 98 -87.56

Computer-Tracking 0.51 0.13 -1.05 -3.79

3 o Error Band +£0.70 +0, 40 +£1,63 +1, 81

Precal. Traj.-Tracking 0,49 ~-3.20 -1, 72 =332

TABLE 7-IV. GUIDANCE SYSTEM ERRORS AT S-IV CUTOFF COMMAND
(624.151 Seconds Range Time)
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{total, range, andaltitude velocity) or bias conditions
existingin either the guidance hardware (range, alti-
tude, and cross range displacement), or were a result
of unideal vehicle conditions (space fixed, cross range

" yelocity) . Theerrors attributed to the ST-124 system
are equal to the total measured error { computer-
tracking) minus the scheme and §-IV cutoff errors.
The error factor is the ratie of the total measured
error to the applicable 3 o value. The residual error
is the difference between total measured error and the
absolule applicable 3 o value.

The lower part of Table 7-1V presents a compari-
sonof the principal "in-ptane” guidance system para-
meters (ASC-15 computer presettings, precalculated
trajectory, andASC-15 computer) andtracking at S-IV
cutoff command. Thevelocity error, the radius vector
error, and the radius vector rate of change error fall
well within the 3 @ error hand in each case.

In Table 7-V, the precalculated trajectory and
ASC-15 computer parameters are compared with
tracking at orbital insertion. As in the case of the
comparison made at S-IV cutoff, the total measured
errors {computer-tracking) at orbital insertion all
fall within the 3 o error band except the cross range
velocity {(space fixed and inertial). Again, only the
cross range velocity was significantly larger than the
3 gerror bandalthough it was infairly good agreement
with the predicted value. The increase in vehicle total
velocity between S-IV cutoff command and orbital in-
sertionwas 2.98 m/s which agrees very well with the
predicted increase of 3.10 m/s.

The satisfactory performance of the yaw plane
(delta-minimum) guidance scheme is shown in Figure
7-17. The ASC-15 computer cross range velocity and
displacement at guidance initiation { -1.1 m/s and -105
m) were reduced to minimum values at about 400 sec-
onds. The increase in all parameters (velocity, dis-
placement, and steering command) after this time is
due to the increasing vehicle lateral CG ofifset and/or
increasing thrust vector misalignment. Due to these
conditions, the cross range velocity and displacement
increased to -0, 3 m/s and -122 m at S-1V cutoff.

7.7 GUIDANCE SYSTEM HARDWARE

7.7.1 GUIDANCE SIGNAL PROCESSOR AND
DIGITAL COMPUTER ANALYSIS

The overall performance of the guidance system
hardware was completely satisfactory. The countdown
procedure introduced on SA -9, which forces a recycling
of the digital computer back through guidance release
45 seconds before liftoff ( rather than almost 2 minutes
before), was continued on SA-8, This approach gives

updated "C" resolver readings much closer to liftoff
and minimizes the possible inertial velocity errors
sensed by the computer at liftoff. This scheme eli-
minated all inertial velocity errors at SA-S8 liftoff.
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FIGURE 7-17. YAW PLANE DELTA MINIMUM
GUIDANCE PARAMETERS

S-IV cutoff oceurred 4.43 seconds earlier than
predicted; this condition was attributed to the higher
than predicted performance of both stages.

The precalculated space fixed velocity at orbital
insertion was 7675.18 m/s; the value determined by
tracking was 7674.46 m/s. The difference of only
0.72 m/s verifies our ability to achieve a desired or-
bital insertion velocity accurately.

The digital computer issued all its sequencing
command functions satisfactorily. The total delay
(including the data acquisition system) between the
predictedand actual sequencing times was 0. 002 sec-
ond for the S-I stage sequencer and 0.014 second for
the Instrument Unit sequencer.

The bit-by-bit comparison program was used to
evaluate the inflight operation of the ASC-15 computer
equipment. This analysis was made to confirm the
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TABLE 7-V. COMPARISON OF GUIDANCE PARAMETERS AT ORBITAL INSERTION (634, {51 SECONDS RANGE TIME)

Error« *
Parameter Units!Symbol Precalculated| ASC-15 | Tracking Error Total Mass Error | Estimated | Factor | Residualb*+*
Y Trajectory |Computer | Trajectory |( Precal-Trk)| (ASC-15-Trk) |3¢ Error £ Error
E Band 30 |E-3a1|
Total Velocity m/s VS 7675. 18 7675, 06 7674.46 0,72 0, 60 +0. 85 0.71
Total Radius Vector m | Ry | 6,884,642 |[6,884, 657 6,884,657 -15 -5 s | 0.0z
+0. 014
Path Angle deg es 20, 000 89, 998 90, 008 -0, 008 -0.010 -0, 012 0,83
. ‘ +402
Altitude m h 509,570 509,581 509,591 -21 -10 313 0.03
Range Velocity m/s }'(S 7230, 13 7233.68 | 7233.23 -3,10 0.45 tg 22 0.82
Altitude Velocity m/s | Yo | -2574.00  |-2564.44 | -2563.34 -10.75 -1,10 tae | ouse
Cross Range Velocity m/s | zg | -86,91 -87.19 | -83,41 -3,50 -3.78 ‘::;g 1,49 1.25
Range Displacement m Xg 2,308,591 2,300,174 2,300, 182 8,409 ~8 tigg 0,04
Altitude Displacement m Yg 6,485,869 6,488,897| 6,488,915 -3, 046 -18 tg;g 0,06
Cross Range Displacement | m ZS -46, 969 -46,470 ~-45,978 =891 -482 tgg; 0,84
Cross Range Velocity . +1, 92
( Inertial) m/s Zi 0. 16 -0.22 3.85 4,01 4,07 -5 26 1.80 1.81
Cross Range Displacement +311
- - 4 4 - - *

(Inertial) m Zi 180 12 42 622 566 701 0,81

* Unsymmetrical 3¢ values are due to known biases in the ASC-15 computer or in the guidance system,
*% BError Factors greater than 1, 00 indicate that the total measured error exceeds the applicable 3¢ error,

%t Residual errors exist only where the measured error exceeds the 3o error,
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correct operation of both the physical equipment and
the Tlight program. Due to the nature of the analysis
program, not all of the guidance computer telemetry
was examined on a bit-by-bit; only those quantities
computed by the flight program were examined, All
navigation and guidance quantities were examined but
minor loop telemetry, which includes accelerometer
readings and mode codes, was not examined since
these are computer input quantities.

The total number of computer telemetry words
from liftoff to eniry into the cutoff loop was 52, 248,
Of this number, 51, 2440r98.1 percent were available
for examination by the bit-by-bit program after the
staging dropouts. Fifty-nine (59.0) percent of the
telemetry was examined by the bit-by-bit program,
the remainderbeing minor loop teiemetry. Thus, 57.9
percent of the total ASC-15 computer telemetry during
the time interval considered was examined in this
analysis. An estimated 2.0 percent of the telemetry
was lost due to dropouts. This number includes the
data lost in the RF blackout during staging.

From this analysis, it was concluded that the
ASC-15 computer and flight program operated cor-
rectly during flight.

7.7.2 ST-124 STABILIZED PLATFORM SYSTEM
HARDWARE ANALYSIS

The overall performance of the ST-124 system
was satisfactory. Table 7-1 shows the various error
sources which contributed to the total predictedand
measured inertial velocity component differences
(accelerometer-tracking) . The predicted velocity
differences (based upon the hardware error sources
determined by laboratory platform system calibration
tests plus prelaunch measured ST-124 leveling and
azimuth alignment errors) agree with the inertial velo-
city deviations determined by tracking within the 3 o
band for the range and altitude values (+ 0.5m/sand
+ 1.9 m/s respectively) . Thepredictedand measured
altitude velocity differences do not agree within the
3 o band {+ 1.5 m/s) although the measured altitude
velocity deviation falls within the 3 o band. The range
velocity component is unique in that both the predicted
and measured differences fall well within the 3 o band
and also agree closely with each other.

The three gyro stabilizing servoloop error signals
indicated maximum values ranging from = 0. 15 degree
(pitch gyro} to + 0.25 degree (yaw and roll gyros).
The redundant gimbal servoloop error signal measured
a maximum angle of -0.01 degree. The peak values of
the three guidance accelerometer servoloop error sig-
nals were 0. 7 degree (altitude accelerometer transient
during ignition} and * 0.35 degree {range and cross

range accelerometer). All these measured values
indicate normal servoloop operation. The range and
cross range guidance accelerometer encoder outputs
verified the satisfactory functional performance of
these instruments.

The three phase power supplied to the ST-124 sys-
tem by Inverter number 2 had thefollowing average
voltages:

Phase AB 114, 8 volts ac
Phase BC 115.5 volts ac
Phase CA 115.0 volts ac

Phase voltages are specified to average §15 £ 1
volts ac under a balanced load and to differ from each
otherby not more than1.5 volts ac. The three phases
averaged 115.1 volts ac and the maximum difference
was 0.7 volt ac between phases AB and BC. The 56-
volt dc supply averaged an acceptable 55. 2 volts.

The measured ST-124 internal ambient pressure
of 7.45 N/cm? {10. 8 psi) did not quite remain within
its specified lower limit of 7.6 N/em? (11.0 psi) by
0.14N/cm? (0.2 psi) . This condition in no way affected
the performance of the ST-124.

The inflight temperature of the ST-124 inertial
gimbal was 5°K colder than during laboratory calibra-
tion. I itis assumed that the puidance accelerometers
experienced the same internal temperature shift, then
the range and altitude velocity errors would have been
significantly affected by the change in the accelerom-.
eter scale factor errors. A temperature shift of 5 de-
grees would resultinanerrorof 0.75 m/s in the range
velocity and 0. 31 m/sin altitude velocity at S-1V cutoff.
The cross range velocity error resulting from such a
temperature shift would be negligible because of the
near zero acceleration experienced by the Z acceler-
ometer. The trajectory analysis solution to the range
and altitude velocity errors indicates an accelerometer
internal temperature change of about -1 degree appears
possible.

At liftoff, the maximum temperature of the ST-
124 mounting frame was 295°K, some 2 degrees higher
thanthe Instrument Unit ambient temperature, as ex-
pected.

7.8 ST-124 GAS BEARING GN, SUPPLY SYSTEM

The SA -8 gas bearing GN, supply system (located
in the Instrument Unit along with the ST -124 stabilized
platform system) provided dry andhighly filteredgase-
ous nitrogen at a regulated temperature, pressure,
and flowrate to the ST-124 gas bearing components.
This supply system consisted of one high pressure
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storage bottle, a heating and pressure regulating as-

sembly, pressure limit switches, calibrationand check

vialves, temperature and pressure gauges, und inter-
connecting tubing. The detailed arrangement of the
system is presented in Figure 7-18.

Note:
SQM = Standsrd Cubic Meter
(est) = Estimated
Thermistor LP - = Low Pressure
298 + 5%k (S) HP = High Pressure
Hand 3 to 288°K (est (8) = Specified
Calibration LP 1941 N/em? (S) Ef,; - ﬁ:::::;ed
Pressure Valve )
Gauge 2217 ¥/ em? (8)

7.58 N/em? (5)

2148 R/emig QM)
Pressure

Switch

5.1 5™ (C)
(Vaable)

GN, Sphere

Filter

NIV Umbilical Plate

Closes @7.58 N/mm
Pressure Regulator
& Heater Assembly
13,5 N/ emld (S)
13.6 N/en?d (M)

12.41 to 7.45 N/cm? (C)

_V;—'Orifice

ST-124:
/

S
GN, Consumption Rate
0.049 SM/min (5)
0.046 SQ4/min (C)

Shrader Valve
10.42 + 0.35 N/cn’d_(S)
10.56 to 10.35 N/cm?d (est

FIGURE 7-18. ST-124 GAS BEARING SUPPLY SYSTEM

The SA-9 and SA -8 supply system were modified
somewhat from those employed on previous Saturn
Block II vehicles because of the change to the unpres-
surized Instrument Unit. The ST-124 enclosure pres-
sure wasused as a reference (instead of the IU ambi-
ent pressure) to maintain the gas bearing supply dif-
ferential pressure. This was accomplished by routing
a pneumatic line from the §T-124 enclosure back to the
GN, pressure regulator.

The ST -124 stabilized platform enclosure ambient
pressure was constantat 12, 41 N/cem? (18.0 psi) dur-
ing launch countdownand the first 20 seconds of flight.
The pressure decreased as expected; it reached 7. 45
N/cm® (10.8psi) at S-IV cutoff. The pressure at cut-
off was approximately 0. 14 N/cm? (0.2 psi) below the
desired minimum value of 7.58 N/em? (11,0 psi), but
this may well be due to instrumentation system error.
The desired minimum pressure is based on providing
an ample range of safety abovethe 5.52 N/cm? (8.0
psi) critical minimum ambient operating pressure of
the ST-124 gas bearing components.

The performance of the supply system was satis-

factory. The GN, storage bottle (0.928 m’) was pres-
surizedto 2148 N/cm? (3115 psi) by the high pressure

56 -

ground supply before liftoff. This value is well within
the specified {aunch requirement of 1941 to 2217 N/em?
g (2815t03215psig) . From liftoff to S-IV cutoff, the
ST-124gashearing consumed 0. 482 SCM (9. 5 percent)
of the total usablesupply of 5.10 SCM (180 SCF). The
average inflight consumption rate of the gas hearings
was 0.0463 SCM/min, or 5.5 percent less than the
predicted rate of 0.049 SCM/min, based on the KSC
pressure dropoff test with the ST-124 installed in the
IU. However, it should be noted that the inflight GN,
consumption was 20 percent higher (SA-9 was 25 per-
centhigher) than KSC laboratory pressure dropoff test
results. The cause of this rather large difference in
GN, consumption between laboratory and flight results
has not been determined for either SA-8 or SA-0.

About two hours before liftoff, the average tem-
perature of the GN, supplied to the ST-124 was 295°K
{298 + 5'K specified) and the measurement was dis-
playing its characteristic thermostatic cycling. At
-120 minutes S-IV LH,; loading began and the tempera-
ture dropped rapidly, reaching the lower measuring
range limil (293°K) at aboul ~110 minutes. The meas-
urcment remained off scale for about 10 min-
utes, then gradually increased to about 294°K hut
returned to the measure limit of 293* at liltoff, The



measurement remained off scale throughout flight. The
temperature of the GN, supplied to the inlet of the ST-
124 is estimated to range from about 293°K at liftoff
toaround 288°K at S-IV cutoff. The GN, temperature
. probably averaged about 8 to 10°K below the specified
value of 298°K., The ST-124 inertial gimbal tempera-
ture and the ST-124 mounting frame temperature
averaged about 5°K lower than during laboratory tests.
This temperature shift apparently had a minor effect
onthe ST-124 accelerometers, increasing their scale
factor errors in the neighborhood of +1x 1075 g/g.

The preset pressure regulator differential pres—
sure (between the gas bearing supply pressure meas-
ured at ST-124 inlet and the reference ST-124 enclosure

pressure of 12. 80 N/cm?®) was 13. 55 N/cm® differential
(19.65 psid). The regulator was set ai this
value to provide the specified differential pressure of
10.42 + 0.35 N,y"cm2 differential (5.0 + 0.5 psid) at
the ST -124 inlet manifold. Priorto liftoff, the average
pressure differential (gas bearing supply pressure
mims ST-124 enclosure pressure} measured 13.79
N/cm? differential ; inflight, the corresponding average
pressure differential was 13.79 N/em? differential 20
seconds after liftoff and 13,58 N/em? differential at
S-IV cutoff. The estimated ST-124 inlet manifold dif -
ferential pressure was 10.35 N/cm? differential during
early flight and 10.56 N/cm’ differential at S-IV cut-
off, well within specified ST-124 inlet manifold supply
pressure requirement of 10.07 to 10.77 N/em? dif-
ferential (15.0 + 0.5 psid).

o7



“EONPIDENTIAL,_

SECTION VIII. STAGE SEPARATION

8.1 SUMMARY

Separation of the SA-8 vehicle was accomplished
in the same manner as previous Block I vehicles.
First motionbetween stages was observed within 0. 05
second of separation command. The $~IV stage engines
cleared the interstage within 0, 86 second of separation
command. Separationtransients were relatively small
and well within design requirements.

Separation of the Apollo shroud was initiatedat
805. 97 seconds, 4.22 seconds earlier than predicted.
The velocity imparted to the S-IV /Pegasus due to sep-
aration was -0.22 m/s. The separation and ejection
system functioned as planned.

8.2 S-1/8-IV SEPARATION DYNAMICS
8.2.1 TRANSLATIONAL MOTION

The actual separation sequence for ihe SA-8
vehicle is shown in Figure 8-1. First motion time and
separation distance was determined from extensometer
and accelerometer data. Figure 8-2 shows the sepa-
ration distance between stages. The two stages had
separated by 12 m at S5-IV ignition which is 9.0 m
greater than the specified minimum distance and is
greater than the predicted nominal separation distance.
Figure 8-2 also shows the velocity increment imparted
to each stage in addition to the total relative velocity
between stages.

’ - -
[ s L

FIGURE 8-1. SEPARATION SEQUENCE

8.2.2 ANGULAR MOTION
Attitude angles and angular rates were well be-

low designvalues of 1 degree and 1 deg/s, respeectively,
at the start of separation.
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FIGURE 8-2. SEPARATION DISTANCE AND
INCREMENTAL VELOCITIES

After separation the pitch and yaw angular rates
of the S-Istage increasedto -2 and -1 deg/s (Fig. 8-3).
This is approximately the same magnitude and direc-
tion observed onall Block II vehicles and could be at-
tributed to a systematic misalignment of the retro
rockets.

Very small S-IV stage pitch and yaw rates were
observed during the separationperiod (Fig. 8-3). The
roll transient occurring at separation has the same
characteristic shape and opposite direction as that of
8-IV-9; however, the magnitude is only 38 percent of
that seen on §-IV-9. The maximum S-IV-8 roll rate
was 1.1 deg/s and can be attributed to a 0.13-degree
total ullage rocket misalignment. No problems were
experienced in controlling these roll excursions.

Figure 8-4 shows the attitude error signals re-
sulting from the separation transient.
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FIGURE 8-3. ANGULAR VELOCITIES DURING
SEPARATION

8.3 APOLLO SHROUD SEPARATION

Apollo shroud separation occurred at 805. 97 sec-
onds, or 4.22 seconds earlier than predicted. During
the Apollo boilerplate spacecraft separation from the
S-IV stage, the vehicle tumble rate was negligible.
The low tumble rate induced negligible loads into the
Pegasus guide rails.

Predicted spacecraft displacement and velocity
relative to the S-IV stage were based upon a 32 per-
cent energy loss due to friction, determined from test
results. A comparison of the predicted and measured
data, presented in Figure 8-5 indicates the 32 percent
energy loss to be a fairly close estimate. The dis-
placements and velocities were calculated using di-
mensions from an engineering drawing and do not re-
flect manufacturing tolerances or assembly misalign-
ments. The scatter in the data from the guide rails is
attributed to these imaccuracies. It is concluded from
this evaluation that the Pegasus separation and ejection
system functioned as planned. The velocity impulse

imparted to the S-IV/Pegasus, determined from the
guidance accelerometers, was -0.22 m/s due to the
Apollo shroud separation.
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SECTION IX. STRUCTURES

9.1 SUMMARY

The SA-B vehicle experienced maximum bending
in the pitch plane at approximately 64.1 seconds. A
maximum static moment of 720, (00 N-m was experi-
enced at station 23,9 m (942 in).

The LOX stud strain measurements reproduced
valid data for only the first 42 seconds due to reversal
of polarity.

The structural flight loads on SA -8 were generally
as expected and no POGO effects were apparent.

The bending oscillations observed on SA-8 were
not significantly different from SA-9.

The vibrations observed on SA -8 were generally
within the expected levels and compared well with those
of SA-9. Combustion chamber dome vibration meas-
urements were invalid.

The S-IV stage vibrations were within expecte~d
limits.

There was no evidence of S-I/S-IV interstage
structural degradation during separation.

9.2 RESULTS DURING S-1 POWERED FLIGHT
9.2,1 MOMENTS AND NORMAL LOAD FACTOR
9.2.1.1 CALCULATED VALUES

The Saturn SA-8 vehicle experienced the
maximum bending moment inthe pitch planeat approxi-
mately 64. 1 seconds. The distribution of this moment
is presented in Figure 9-1 together with the normal
load factor. Figure 9-1 was obtained from accelero-
meter readings originating in the .

Anangle of attack (o p) of 1.8 degrees and a gim-
bal angle (8 } of 0. 92 degree wasused at 64.1 seconds
along with nominal aerodynamic and weight data to
compute the bending moment and loadfactor. The gim-
bal angle was held constant and the angle of attack was
varied so that the load factor line passed through the
telemetered acceleration point shown in Figure 9-1.
The value for ap used in this load analysis is 0.4 de-
gree higher than the telemetered value.

The maximum static moment of 720, 000 N-m was
experienced at station 23.9 m (942 in}. This was 64
percent of the maximum moment experienced on SA-9.
The slope of the load factor distribution line indicates
the rotational acceleration of the vehicle.
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FIGURE 9-1. SA-8 PITCH BENDING MOMENT
AND NORMAL LOAD FACTOR

9.2.1.2 MEASURED VALUES

Very little information was obtained from the
LOX stud and tension tie measurements on SA-8. Of
the 16 tension tie measurements onthe vehicle, 7 were
scrubbed prior to flight, 3 produced bad data during
flight and 3 were questionable. The LOX stud meas-
urements produced good data up to approximately 42
seconds but had the polarity reversed due to an instal-
lation error. The reversed polarity caused the data
to be useless after 42 seconds,

The evaluation of the bending moments and axial
loads onthe S-1 stage was limited to the data from the
LOX stud measurements. Strain measurements were
made only at the LOX stud and tension ties located at
the base of the spider beam at station 23.9 m (942 in) .
For the first 42 seconds the data received for SA-8
agree well with predicted and appear to follow the
same general trends. The moments and axial loads
obtained for the first 20 seconds were extremely low
and correlate well with the wind speed and wind shear
recorded for SA-8.

9.2.2 LONGITUDINAL LOADS

Measurements used to evaluate vehicle longi-
tudinal response fall into the following categories:
1. Structural acceleration measurements
2. Engine combustion chamber pressure
measurements
3. Engine LOX and fuel pump pressure meas-
urements
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A frequency analysis was performed on measure-
ments with suitable response to determine predominant
frequencies and amplitudes. In addition, a cross cor-
relation analysis was performed to investigate the re-
lationship of the vibrations of each measurement. The
first three predicted modes of vibration could not be
isolated using the bandwidth available for frequency
analysis. These modes are characterized by motion
of the S-I stage propellant masses and no significant
movement of the structural masses. The first mode
obtainable from the frequency analysis exhibits the
same characteristics as the predicted fourth vehicle
mode, essentially a main beam mode having a 17 Hz
frequency. The second mode obtained from the fre-
quency analysis corresponds to the fifth vehicle mode,
a main beam second mode having a 25 Hz frequency.

An investigation was made to compare the cal-
culated response of the system for the observed applied
forces during thrust buildup period. The buildup per—
iodis defined as the time interval from ignition of the
first engine to vehicle liftoff, The engines were sche-
duled to ignite in pairs, with 100 ms delay between
pairs to limit the vibralory force to 20 percent of the
static thrust. Figure 9-2 shows the engine staggering
times (ignition delay) to be closer to the desired 100
ms than previous flights, giving a dynamic response
of only 7 percent of the maximum static thrust, This
compares to 13 percent on previous Block II flights.
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FIGURE 9-2. SA-8 THRUST BUILDUP
CHARACTERISTICS

The response of the structure supporting the Peg-
asus mounting bracket was determined for SA -8 during
the thrust buildup period. The measured response is
compared with calculated in Figure 9-3,
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A cross correlation analysis is being used to in-
vestigate the possibility of POGO having occurred dur-
ing the SA-8 flight. Preliminary resuits indicate no
evidence of POGO.

9.2.3 BENDING OSCILLATIONS
9.2.3.1 BODY BENDING

The SA -8{light data show no significant dif-
ference from the SA -9 flight vehicle. The same instru-
mentationwasusedon SA~-8 as was used on SA -9, with
the highest accelerometer located on the Instrument
Unit. The response amplitude for SA-8 was higher
than that for SA -9, with a maximum amplitude on the
Instrument Unitof 0. 05 g at a frequency of 0 to 10 Hz.
However, this is considereda low amplitude response.
A filter bandwidth of 0.66 Hz was used to evaluate the
data.

Mostof the accelerometers responded throughout
flight and indicated the expected flight results. How-
ever, during the first 150 seconds, three accelero-
meters appeared to be questionable. Two exhibited
excessive noise and one appeared to be misaligned.
However, the data received from these accelerometers
were usable.

Figure 9-4 presents a comparsion of SA-8 flight
frequencies with SA-8 dynamic test frequencies for
vehicle station 37.6 m (1479 in) and station 35.6 m
{1400 in) and show good agreement. Figure 9-4 also
presents the amplitude response versus flight time for
the pitch accelerometers located in the IU and in the
S-IV stage, stations 37.6 m (1479 in) and 35.6m
(1400 in), respectively., These figures reflect peak
amplitudes occurring in the regions of Mach 1 and
max Q.

After separation of the S-I stage and jettisoning
of the LES, oscillograph records indicate negligible
response levels.

9.2,.3.2 FIN BENDING

Predicted analysis of the S8A -8 fins indicated
that the aeroelastic stability margin was suificient to
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preclude any possibility of instability. Evaluation of
the data taken from fin measurements on the flight of
SA-8confirms the analysis results,  Six accelerome-
ters were mounted on Fin H and operated throughout the
boost period, Data were slightly clipped for a portion
of the flight but were considered satisfactory for the
evaluation.

Data, in the frequency range of 0 to 50 Hz, were
anzlyzed for various time periods during boost. The
cross power spectral density analtysis indicated pre-
dominant frequencies of 29, 36, and 43 Hz at the time
corresponding to maximum dynamic pressure. These
frequencies correspond well with frequencies obtained
from previous flights and with frequencies obtained
from vibration testing of the fin. The first mode ob-
tained from testing exhibited a frequency of 29 Hz and
was predominantly a bending mode. The second and
third modes exhibited frequencies of 38 and 45 Hz, and
were predominantly torsional modes. The flight results
agree very well with resuits of the vibration tests.
Predominant modal frequencies versus vehicle velocity
are shown in Figure 9-5. This figure illustrates the
trends of the first bending and first torsion modes to-
ward frequency coalescence. The minimum spread

between the frequencies occurred near the velocity
corresponding to maximum dynamic pressure, but the
coupling of the two modes was insufficient to produce
flutter.
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FIGURE 9-5. FIN BENDING AND TORSION MODES
9.2.4 S-1VIBRATIONS
9.2.4.1 STRUCTURAL MEASUREMENTS

There were 17 accelerometers located on the
S-I stage structure. All telemetered vibration data
appeared valid except that irom the rear spar flange
on Fin H. Vibration levels measured on the shear
panel located between Fin Lines III and IV were un-
usually high; however, the response of the remaining
S-1 structure was normal throughout powered flight
anddid not exceed expected levels, The maximum vi-
bration was induced by the acoustic and aerodynamic
noise environment present during launch and max Q.
Table 9-Ilists the maximum vibration levels encount-
eredatvarious S-I stage locations. A time history of
the S-I-8 structural, engine, and component vibration
envelopes are compared to $-I-9 in Figure 9-6.

9.2.4.2 ENGINE MEASUREMENTS

There were 29 accelerometers located on the
H-1 engines and engine components. A comparison
of overall S-1-8 and S-1-9 engine vibration levels are
shown in Figure 9-6. All telemetered vibration data
appeared valid except the combustion chamber dome
measurements (Eli & E33 series). The measured
vibration of the engine components was slightly higher
than expected throughout powered flight. Maximum
vibration was self induced by the pressurechamber
oscillations caused by the propellant combustion.
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TABLE 9-I. VIBRATION SUMMARY

Area Monitored Max Level Flight
(gl Period Remarks
lS-l STAGEI
STRUCTURAL MEASUREMENTS
Shear Beam/Shear Panels a2 120 sec Max. response botween fin lines T & IT was 10.¢ g's
at LO and was similar to SA-9, The measurement
betueen fin lines 1IT & 1V showed an exceptionally
high response of 22g's. 8A-9 showed 5 max. ruosponse
af 25 g's at 127 seconds.
Shroud Panel 23 92 sec Critical periods ‘of flight had 6.4 times higher respense
than nop-critical periods. Max response during SA-9
was clipped ar 24 u's.
Rear §par Flange - - Measurement is invalid
Spider Beam 8.7 82 sec The 5A-8 response levels were about 1 ¢ lower than
SA-9 for the interior spider beam meas. onlvy,
Retro Rockets a1 78 sec Retro rocket #3 had max response. €,7 g's luwer
than max levels on SA-9.
ENGINE MEASUREMENTS
Thrust Chamber Domes - - Iovalid data. Larpe discrepancy betuween telemetered
data and hardwire data from adjacent measurements.
Turbine Gear Box 22.8 55 sec Engine 42 exhibited max vibration which uwas 4.5 g's
higher than SA-9 {epgine #4) .
Fuel Suction Line 2.9 85 sev Max ac inlet flange perpendicular to flow.
Heat Exchanger 17.2 85 sec SA-8 max ia longitudinal direction. 2.3 g max in
vaw direction on SA-9,
GOX Line on Eng. #& 15.2 26 sec Max  level at collecteor man:fold parallel to flow,
1.4 g max on SA-Y.
Fuel Wraparound Line 39 38 sec 12 g's higher than SA-9. SA-8 max vibrazions measured
on Eng #6 during static tests with no structural damage resulting.
COMPONENT MEASUREMENTS
Hard Mounted Instr. 14,5 &4 sec 1 g hipgher than SA-9, 27.2 kg (60 Llbs) of components
Panel F-2 on panel
Shock Mounted Iastr.
Panel F-1 3.2 Lo 1.2 g lower chan SA-9. 2.1 kg (20 lbms) of componcnts
en panels.
9A3 Distributor Mounting 6.9 73 sec 6.1 g max on SA-9.
Bracket (F-1)
[INSTRUMENT UnyT]
STRUCTURAL MEASUREMENTS
Lower Mounting Ring 8.4 67 sec Measured between fin positions 111 & IV. 8 g max. or
S54-9.
Upper Mounting Fin 8.5 o Measured between fin positiens 111 & IV. <Close to
SA-9 max levels during Mach 1,
COMPONENT MEASUREMENTS
ST-124 Inertial Gimbal 1.4 67 sec 1.8 g max on SA-9 at holddoun,
ST-124 Mtg. Frame & 9 1.0 3.3 g higher than 3A-% nax Q response. Did not increase
Support the vibration level significantly of inertial gimbal
from SA-9.
Alr Bearing Supply 3.5 85 sec 3 g max during max G on $A-9.
RF Assembly Panel 2.2 b4 scc 2.8 g max during max Q on SA-G.
Guidance Computer Support 6.4 0 Perpendicular to computer support, 6.2 p max on SA-Y,




FIGURE 9%-6. S-ISTAGE VIBRATIONS

The vibration data obtained on the engine domes
were invalid. Acquisition of reliable data from these
measurements remains a problem. Comparison be-
tween telemetered and hardware data obtained from
adjacent measurements on the engine domes showed
large discrepancies between the two. An acceptable
expianation as to why these data were distorted is not
available at this time; however, the problem is being
investigated.

9.2.4,3 COMPONENT MEASUREMENTS

There were eight accelerometers located on
various components in the S-I stage. All telemetered
vibration data appeared valid. The vibration levels
measured on the components were normal throughout
powered flight and did not exceed expected levels.
Maximum vibration occurred during the critical flight
periods when the supporting vehicle structure was ex-
cited by the acoustic and aerodynamic noise environ-
ments. S-I-8and S-1-9 component vibration envelopes
are compared in Figure 9-6.

9.2.5 S-IV VIBRATIONS
9.2.5.1 STRUCTURAL MEASUREMENTS

Two measurements were made on the forward
ring of the forward interstage. The vibration time
history exhibited the expected characteristics, in that
the levels were highest during launch and max Q peri-
ods of flight. There were no indications of structural
weakening or failure throughout flight. 5-IV-8 struc-
tural vibrations are compared to previous flights in
Figure 9-7.

AceelaTation (Cppc) Forvard Skirt Strudture (Forward Rang)
9 -
L |
o T . - v ——
o 10 46 0 RO 100 1 o 158
Rangr Time {2ei)
Acelveataon (G ) Crmpanents Monrted o Thrust Sirectare

SA-1 Flue

Frovious Flughts

Range Tim (ses)
Comprsents Meurted no Afe Skict

Accelrvation (Gemg)

1
2
14
a

T T T T v v - -
L] 20 & L0 uC 100 120 e 160
Rengpe Time {(e:)
leTalivn (Gpryy) Grmponents Mounted cn LA Tank (Heliom Spherc)

X
§ -
: E3 Previces Flights
—  SA-M Fluxnt
1
0 h T L — T v
o 20 o 60 8¢ 100 178 120 b0
Range Time {sec)

Acceleratior (Geps) Compunentx Hounzad af [Fy Tank Fofwirt fhme

P

N ~—— WNent valve (SA-6)
3] Foruerd Dome Structarn

3 tFrevious Plights)

2

'

A T T ¥ T T v T . =

n 20 L0 0 80 100 10 e 180
Range Time (ser)
Acir'eration () Component s HonnZed on A1 LOX Tand Daac
Ay

T v T 1
&0 L1 100 128 a0 160
Raoge Time (sec)

-
o

84
&4

FIGURE 9-7. VIBRATIONS DURING S-1 STAGE
POWERED FLIGHT

9,2.5.2 ENGINE MEASUREMENTS

Twelve measurements were made on the en-
gines, The accelerometers were located on the gear
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case housing of each engine, the PU valve positioner
of engine 4, andat the attach points of the LH; and LOX
feedlines to engine 1. As established from previous
flights, the vibration levels on the engines were low
and considered negligible during S-1 stage powered

flight.
9.2.5.3 COMPONENT MEASUREMENTS

Sixteen measurements were monitored on the
S5-IV -8 stage at the thrust structure, aft skirt, LH, tank,
forward LH, tank dome, and aft LOX tank dome. The
thrust structure measurements were located at the cold
helium regulator, PU computer, inverter, helium
heater, and heat shield. The aft skirt measurement
was made at the exploding bridgewire { EBW) unit. The
LH, tank measurements were made at the attach point
of the coldhelium sphere to the tank skin, The meas-
urement in the thrust direction did not provide usable
data. The forward LH, tank dome measurements were
at the LH, tank vent valve, The aft LOX tank dome
measurements were made at the LOX PU probe, LOX
tank vent valve, and LOX feedline.

The vibration levels measuredat the various com-
ponents were well within expected limits during 5-1
stage powered flight and would not contribute to opera-
tional malfunctions. The S-IV-8 aft skirt vibrations
were lower than the vibrations measured at the ullage
rockets onprevious flights. S-IV-8 component vibra-
tions are compared to previous flights in Figure $-7.

9.2.6 INSTRUMENT UNIT VIBRATIONS

The Saturn SA-8 vehicle was the second of the
Block I series to fly a prototype model of the produc-
tion Instrument VUnit, Components were mounted to
panels which were attzched directly to the 3. 048 m
(120 in) diameter wall instead of in pressurized tubes
asbefore. The 8A-8vibrationlevels correlated closely
with the levels measured during SA-9 flight. S-IU-8
vibration envelopes are compared to SA-9in Figure 9-8.

9.2.6.1 STRUCTURAL MEASUREMENTS

There were eight accelerometers located on
the upper (Apollo) and lower TU mounting rings. All
telemetered data werevalid. The vibrations measured
on the mounting rings were normal throughout powered
flight and did not exceed expected levels. Maximum
vibrations occurred during the critical flight periods
when the structure was excited by the acoustic and
aercdynamic noise (Fig. 9-8).

9.2.6.2 COMPONENT MEASUREMENTS

There were 16 accelerometers located on
various IU components. All telemetered vibration data
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FIGURE 9-8. INSTRUMENT UNIT VIBRATIONS
DURING S-I STAGE POWERED FLIGHT

appearedvalid. Thevibration measured on the ST-124
guidance system was normal throughout powered flight
anddid not exceed expected levels except for a meas-
urement on the ST-124 mounting support. Maximum
levels occurred during the critical flight periods when
the IU skin, to which the component mounting panels
were attached, was excited by the acoustic and aero-
dynamic noise environment {Fig. 9-8).

9.2.7 APOLLO (PEGASUS) VIBRATIONS

There were four accelerometers located on the
micrometeoroid detection satellite mounting rings. All
the telemetered data were valid. The vibration levels
measuredon this structure compared closely with the
SA -9 levels; hence, a norm for these measurements
has been established,

The vibration of the upper MM C mounting ring was
measured at longeron 6. The maximum level reached
3.0 Gy g during max Q. The comparable SA-9 level
was 4.2 Gy, o during launch. Thetime history envelope
is shown in Figure 9-9.

9.2.8 STRUCTURAL ACOUSTICS
9.2.8.1 S-ISTAGE

The S-1 stage acoustic environment was meas-
ured with three microphones. All of the telemetered
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FIGURE 9-9. PEGASUS VIBRATIONS

acoustic data were vaiid except for an internal meas-
urement in the thrust structure area. The remaining
S-Istage acoustic measurements were normal through-
out powered flight. The maximum noise occurred dur-
ing launch and max Q as anticipated.

The acoustic environment measurements internal
to the thrust structure at station 4.4 m (172 in)are
considered invatid after liftoff. The data were unusually
high and had abnormal characteristics which were
particularly noticeable after 70 seconds of flight.

The internal acoustic environment in the instru-
ment compartments of fuel tank Fi, at station 23.4m
(920in), reachedamaximum of 135. 5db during launch
and131.0dbduringmaxQ. The predicted levels were
136.0 and 131.0 db, respectively. The SA-9 levels
were 136.6 and 132.5 db, respectively.

The internal acoustic environment in the instru-
ment compariment of fuel tank F2, at station 23.4m
(922 in), reacheda maximum of 133.3 db during launch
and 127. 5db during maxQ. The predicted levels were
136.0 and 133.¢ db, respectively. The SA-3 levels
were 135.5 and 133. 0 db, respectively.

9.2.8.2 S5-IV STAGE

Two microphones were flush mounted inter-
nally and externally to the forward interstage. Due to
an instrumentation malfunction, neither measurement
provided usable data during the flight.

9.2.8.3 INSTRUMENT UNIT
The internal acoustic environment adjacent to

the guidance system was measured with one microphone
at station 37.8 M (1490 in). The SA-8 reduced data

were inconsistent with previous data; however, these
data were obtained from a magnetic tape which is be-
lieved to be of inferior quality. Preliminary investi-
gationof data obtained from another tape indicates the
SA -8 acoustic levels were more consistent with pre-
dicted, and with SA -9 measured levels. The measure-
ment is being studied further.

9.2.8.4 APOLLO

The internal acoustic environment of the
Apollo stage was measured with one inicrophone at
station38.2 m (1503 in). The maximum level meas-
ured during launch was 140.7 db and during Mach 1 it
was 135.5 db. The predicted levels were 139.5 and
130.0 db, respectively. The SA-9 levels were 140.0
and 132.5 db, respectively.

9.3 S-1/8-Iv INTERSTAGE

Fifteen additional channels of instrumentation
wereutilized on the SA -8 vehicle to monitor any panel
debonding anomaly such as that observed on SA-5 and
SA-7. Six channels were used to establish the inter-
stage temperature and pressure environment (see
Section 10.2.6.1). The remaining nine channels
{ strain, breakwires and shock acceleration) were used
to study the structural behaviorbefore, during and after
separation. Locationof the special aft interstage panel
debonding instrumentation is shown in Figure 9-10.

Biaxial strain gauges were installed on the inner
skin adjacent to the external engine GH, chilldown duct
brackets, between fin planes I and IV and fin planes 1l
and M at station 29.1 m (1145.7 in). The strain data
are presented in Figure 9-11. These gauges appeared
to functionnormally and the strain histories generally
followed the trends of the predicted strain envelopes.
The deviations noted between predicted and actual
strains after 80 seconds of flight can be attributed to
lower than predicted skin temperatures. The circum-
ferential leg of the biaxial strain gauge shows an in-
crease after launch to a peak tensile strain at the maxi-
mum skin temperature. Subsequently a gradual re-
duction in strain with a compressive dip at [ECO and
OECO, corresponding io the Poisson effect, was re-
corded. These dips resulted from the loss of axial
acceleration. There was also a sharp dip at separa-
tion resulting from the loss of hoop restraint. A uni-
axial straingauge was located on the bracket support-
ing the disconnect assembly between fin planes 1 and II
(area of previous debond) andbetween fin planes II and
II. The primary purpese of the gauges was to estab-
lish any abrupt change in strain levels. A malfunction
of a disconnect assembly would have been reflected by
a large negative strain {compressive stress) in the
instrumented leg of the bracket. Since no behavior of
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this nature was indicated, It has been conciuded that
no malfunctionoccurred, The strain data recorded at
separation was very erratic although it appears that
some tensile load was induced into the brackets, How-
ever, normal disconnect operation would be expected
to produce tensile loading.

There was an abrupt change in strain on both
brackets at 140,6 seconds after liftoff, more severe
between finplanes MandIII. The abrupt strain changes
are considered to have heen a result of shock from
activation of the blowout panels.

Anaccelerometer was installed on the inside skin
of the interstage adjacent to the disconnect support
bracket between {in planes I and II. After activation
of the biowout panels, this accelerometer picked up a
longitudinal component, indicating that the accelero-
meter mounting became toose. An unexplained pheno-
menonalso oceurred in this accelerometer; full scale
transients were observed at 11.5 seconds after liftoff
and 4 seconds after separation. The transients were
damped by low frequency oscillations, indicating an
overdriven accelerometer, All other transients in the
data can be explained by expected shock influences.

Two breakwires were installed around the inside
circumference of the interstage. Breakwire number
1 spanned only the panel in the area of previous de-
bonding with minimum overlap onto the adjacent panels.



Breakwire number 2 covered the remaining seven pan-
els makingup the interstage. Breakwire number 1 in-
dicated no hreakage before, during, or after separa-
tion. Breakwire number 2 electrically shortedat 140.6
seconds as a result of the blowout panel shock. This
event was correlated with the strain data to verify that
the integrity of the interstage had not been damaged.

In summary, the results of the evaluation of data
from instrumentation installed to determine structural
behavior have established a high degree of confidence
that no panel debonding cccurred.

9.4 RESULTS DURING S-IV POWERED FLIGHT
9.4.1 BENDING

No significant body bending motionwasob-
servedon the S-IV -8 flight hecause disturbing moments
did not occur during separation.

9.4.2 S-IV VIBRATIONS DURING S-IV POWERED
FLIGHT

9.4.2.1 STRUCTURAL MEASUREMENTS

The two measurements on the forward ring
of the forward interstage indicaied very low vibration
levels and were considered negligible during S-IV stage
powered flight. The levels were expected to be low at
this location due to its remoteness from the engines,
which are the source of vibrations.

9.4.2.2 ENGINE MEASUREMENTS

Engine measurements were made in the gear
case, PU valve positioner, and at the LH, and LOX
feedline. These vibration enveiopes are shown in
Figure 9-12. The engine vibration environment was
considered normal throughout S-IV stage powered

flight.

Occasional high noise levels were observed in the
data from gear case measurements. These high noise
levels were attributed to electrical problems. The
vibration levels appeared normal throughout S5-IV stage
powered flight.

The vibration levels measured on the PU valve
positioner of engine 4 were high (11 G ) in the la-
teral direction as compared to 4 Gyp,g in the thrust
direction. Static test data also showed high vibration
levels onoccasions atthis location with no detrimental
effect to the PU valve positioner. Therefore, thehigher
levels measured in the lateral direction are not con-
sidered to be detrimental.
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FIGURE 9-12. VIBRATIONS DURING S5-IV STAGE
POWERED FLIGHT

Accelerometers were located at the attach points
of the LH, and LOX feedline to engine 1. The vibra-
tion levels were slightly higher than the levels meas-
ured during acceptance firing of the stage; however,
the magnitude of vibration was within the design re-
guirements for the feedline.

9.4.2.3 COMPONENT MEASUREMENTS

Component vibration measurements were
taken at the thrust structure, aft skirt, LH, tank, for-
ward LH, tank dome, and aft LOX tank dome. These
vibration levels were low during S-IV stage powered
flight and should not contribute to operational malfunc-
tions (Fig. 9-12).

The vibration levels of the components mounted to
the thrust structure (cold helium regulator, PU com-
puter, inverter, helium heater, and heat shield) com-
pared favorably with the levels established from pre-
vious flights. The component measurements on the
aft LOX tank dome were the LOX PU probe, LOX vent
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