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By Saturn Flight Evaluation Working Group

ABSTRACT 5
o o 3 -~

This report presents the results of the early en-
gineering evaluation of the SA-9 test flight. Fourth of
the Block II series, SA-9 was the third Saturn vehicle
to carry on Apollo boilerplate (BP-16) payload and
the first in a series to carry a Pegasus payload. The
performance of each major vehicle system is discus-
sed with special emphasis on malfunctions and devi-
ations.
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The test flight of SA -9 proved the capability of all
vehicle systems. This was the first flight test of the
Pegasus meteoroid technology satellite, the first flight
test to utilize the Iterative Guidance Mode (IGM), the
second flight test to utilize the ST-124 guidance sys-
tem forboth stages, and the third flight test to demon-
strate the closed loop performance of path guidance
during S-IV burn. The performance of the guidance
system was successful and the insertion velocity
closely approached the expected value. This also was
the first flight test of the unpressurized prototype pro-
duction Instrument Unit and passive thermal control
system, which will beusedon SaturnIB and V vehicles.
All missions of the flight were successfully accom-

plished. it ﬂ“'} hov
Any questions or comments pertaining to the in-

formation contained in this report are invited and
should be directed to:

$1 NOS¥34 QI21HOH

Director, George C. Marshall Space Flight Center

Huntsville, Alabama

Attention: Chairman, Saturn Flight Evaluation
Working Group R-AERO-F (Phone
876-4575) .
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GEORGE C. MARSHALL SPACE FLIGHT CENTER

MPR-SAT-FE-66-4

RESULTS OF THE EIGHTH SATURN I LAUNCH VEHICLE TEST FLIGHT SA-9

By Saturn Flight Evaluation Working Group

SECTION I.

1.1 FLIGHT TEST RESULTS

Saturn launchvehicle SA -9, fourth of the Block
I series vehicles and the first operational vehicle,
was launched at 9:37 AM EST, February 16, 1965,
The flight test was the first in a series to launch a
Pepasus satellite (Pegasus A) and was a complete
success with all missions achieved.

SA -9 was the fourth vehiele launched from complex
3TB, Eastern Test Range (ETR). Cape Kennedy,
Florida, and represents the third launch of a Saturn/
Apollo configuration. The countdown of SA-9 was
interrupted hy two holds that kasted a total of 1 hour
and 37 minutes. The [irst hold came at T-80 minutes
and lasted for 30 minutes. At this time, monitoring
indicated possible malfunctioning in the B battery
charging circuit of the Pegasus. The hatfery was dis-
chargedand recharged to verify proper vperation of the
battery control circuit. Since this procedure required
30 minutes, it was decided to utilize the preplanned
30-minute built-in hold at this time rather than as
originally planned at T-30 minutes. The scecond hold
was calted at T-26 minutes and lasted for 1 hour and
7 minutes. This hold resulted from a power failure
to the ETR real-time flight safety computer. The
count was resumed at 9:11 EST and proceeded normally
through liltoff.

Asn result of high S-1 and S-IV stage performance,
the actual flight path of 8A-9 deviated from nominal.
The total ecarth fixed velocity was 35.4 m/s higher
than nominal at outhoard ecngine cutoff (OECO) and
0.5 m/s lower than nominal at S-TV cutoff. At S-Iv
cutoff the attitude was 0. 34 km lower than nominal and
the range was 19, 16 kmless thannominal. The cross-
range veloeity deviated 0.9 m/s to the telt of nominal
at S-IV cutoff. The S-IV payload at orbital insertion
(S-IV cutoff + 10 sec) had a space fixed velocity ¢.3
m/s less than nominal, yielding a perigee altitude of
49G. 5 km and an apogee altitude of 7450 km, Esti-
mated lifetime was 1188 days, 62 daysless than nomi-
nal.

The performance of both the S-TI and §-TV propul-

FLIGHT TEST SUMMARY

sion systems was satistactory for the SA-9 flight.
SA -9 was the fourth Suturn vehicle to employ H-1 en-
sines at a thrust level of 336, 000 N { 185, 000 1bf) to
power the S-I stage. SA -9 also represented the fourth
flight of the RL10DA -3 engines to power the S-TV stage.

The vehicle longitudinal thrust of the S-1 stage
averaged between 0.4 percent (cngine analysis) and
.6 pereent (sca level simulation) higher than pre-
dicted, Vchicle specific impulsc averaged 0,2 per-
cent higher than predicted, as indicated by hoth S-I
engine analysis and flight simulation. The vchicle
longitudinal thrust of the S-IV stage averaged between
0.08 percent (engine analysis) and 0. 5 percent (flight
simulation) above predicted. The specilic impulse
deviationaveraged from 0, 25 percent (engine analy sis)
to 0.14 percent (flight simulation) below predicted.
The performance of all subsystems was as expected
for the flight test.

The overall performance of the SA -9 guidance and
control system was satisfactory. The ST-124 system,
together with control rate gyros, provided attitude and
rate control for Doth stages. Partial load relief was
accomplished by control accelerometers active in the
control loup from 35 to 100 sceonds. Vehicle response
to all sighals was properly cxccuted including roll
maneuver, pitch program, and path guidance during
the S-IV stage flight. During the counterclockwise
roll moment, the unbalanced acrodynamic forces
created by the S-I turbine exhaust duets caused a roil
attitude error of -1.7 degrees near 56 scconds, An
external (nose down) pitch moment similar to that of
SA-7, with a maximum value of ¢70, 000 N-m at 70
seconds and an external yaw moment (nosc left) with
a maximum value of 270, 000 N—mn at 70 seconds, was
requiredto simulate the SA -9 1light control parameters
during the S-1 stage fight.

Scparation was executed smoothly with small con-
trol deviations. The vehicle attitude errorsandangular
rates were well below design values. First motion
hetween stages wits vhserved within 0,07 second of
separation command and the 5-IV stage eleared the
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interstage 0,01 sccond later than predicied, relative
tothe ohserved first motion time. The two stages had
separated by 10.6 m at S-1V ignition, which is 7.6 m
greater than the specified minimum design require-
ment of 3 meters.

Path puidance was initiated 17.5 seconds after
separation. Performance of the adaptive guidance
mode in the pitch plane and delta minimum in yaw
achieved satisfactory insertion conditions. The total
measured ST-124 guidance system space fixed velocity
at S5-IV cutoff was 7678. 98 m/s (7679.0 m/s was pro-
grammed for velocity cutoffy . The total velocity at
cutoff from tracking was 7678.5 m/s.

The SA-9 vehicle experienced maximum bending
in the yaw plane at approximately 64.1 seconds. A
maximum static moment of 1, 125, 000 N-m was experi-
enced at station 23.9 m. The structural flight loads
on SA -9 were generally as expected and no Pogo effects
were apparent.

The vibrations cbserved on SA-9 were ail within
the expected levels and compared well with those of
SA-7. The configuration of the SA -9 Instrument Unit
{IU) was changed. As a result the IU vibration levels
during flight were somewhat higher than those experi-
enced in the SA-7 flight. However, this increase was
expected.

Measured pressure and temperature env ironments
onthe S-I-9and §-IV -9 stages were generally similar,
or less severe, thanthose measured onprevious Saturn
I, Block Ilvehicles. The integrated aerodynamic heat-
ing rate was approximately 27 percent lower than that
observed on previous flights. This decrease is attri-
huied to the steeper trajectory flown by SA-Y.

SA -9 was the first of the Block 1I vehicles to fly a
prototype model of the production Instrument Unit.
This U is environmentally controlled during prepara-
tions for Might hy the ground support equipment, and
incorporates no inflight environmental control system.
The maximum and mimimum U component tempera-
tures measured prior to and during fiight were within
allowable operating ranges.

The SA-9 electrical systems operated satisfacto-
rily during boost and orbital phases of flight and all
mission requirements were met. The power supply to
the three rate gyro measurcments was a constant 25
amperes for 139 mimutes, well exceeding the onc-orbit
reguirement.

Overall reliability of the SA-9 measuring system
was 98.9 percent. Only 16 of the 1244 measurements
on the vehicle at liftoff failed. Operation of the three

airborne tape recorders (one in the $-1, one in the IU,
andone In the S-IV stage) was very satisfactory. The
playback records were free of attenuation effects
caused by the retro and ullage rockets.

Main engine flame attenuation was less severe than
on SA-7 and retro rocket effects were greatly improved
over previous flights because of higher altitude at
separation.

The photo/optical instrumentation system con-
sisted of 96 cameras that provided fair quality cover-
age. Onlyfourof the cameras provided unusable data.

The Pegasus A spacecraft performance was highly
satisfactory. At approximately 631.66 seconds, the
S-IVstage, Instrument Unit, Apollo shroud, and Pegasus
were inserted into orbit with noappreciable pitch, yaw,
or roll rate. Pegasus wing deployment was successful
and all spacecraft systems operated properly. After
wing deployment, a roll rafe started to build up and
reached a maximum of 9.8 deg/s at the end of GOX
venting. This is believed caused hy the venting GOX
impinging on the Pegasus wings.

1.2 TEST OBJECTIVES

{. Demonstrate the functional operations of
the Pega sus meteoroid technology satellite mechanical,
structural, and electronic subsystems - Achieved

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

3. Evaluate closed loop guidance accuracy
and demonstrate iterative guidance mode (first Oight
utilization of iterative pguidance scheme} - Achieved

4. Evaluate S-IV/IG/Service Module adapter
(SMA} exterior thermal control coating - Achieved

5. Demonstrate S-IV stage nonpropulsive
venting system - Achieved

6. Demonstrate boilerplate Command Module
(CM) /SM separation from 5-IV/TU/SMA - Achieved

7. Demonstrate redesigned unpressurized IU
and passive thermal control system - Achieved

8. Demonstrate S-IV propulsion and vehicle
control - Achieved

9. Demonstrate S-I/8-IV
Achieved

geparation -

10, Demonstrate launch escape system ({ LES)
jettison - Achieved



11. Demonstrate S-I propulsion and vehicle 1.3 TIMES OF EVENTS
_ control - Achieved

The times of events for the SA-9 flight are con-
- 12. Evaluate launch environment - Achieved tained in Table 1-I below.

TABLE 1-I. TIMES OF EVENTS

Range Time (sec Predicted Time Bases - ]
Fvent 1 7 Time;‘:m’nrr VTiVnmrl-:x"u’m Guid. | Tinw From Time From 5-1V |
Actual Predicied Act-Pred Firsi Motion Zero (T OECO {TE 3) | Cutoff /T 1,
First Mation 0. 04 - -— 1
LO Signal {U'mb Dise) 0. 24 - -— -
v
Guidance Peweets LO 1, 340 0. 30 i 0 -
Guidance Compules Zero Time (Ti) 0. 32 v 32 H 0 — 1]
Brakes Releasedl » 3% 8,33 v - 5,23
]
Pilch Command . 1o HOH3 001 - .54
Rall Command i . KT H_ 86 0.01 - K. 33
Rall Cempleted 239 23. 86 0.04 -- 23,55
Lock Modules 138 4 135 an 9.02 - 13%. 32 E
lavel Sonse (TH 2, 134, 6u 139. 10 -0. 30 i Ly, 02 ~-- E -7.60°
1ECO 140, 22 150 e L4062 -- -G, 0°
QECO L5, a6 116,70 -1.14 144,62 -- : -0 us
Computer Detectors OECO (TH 3) 145. GO 116, 70 -1 10 - - ‘ v
Ullage Rockels Ignite 146, 32 147,41 -1.09 - L. 0. 71 '
Separation”Hetro Ipnition Signal 146,42 147. 51 -1.09 - : -- o1
Open $-1V Accumulidors 117 22 148, 3t -1. 09 - - 1.61
$-1¥ Start Conmumand 1an, 12 14, 21 -1. 649 -~ - 2.51
Signal to Jettison Ullage/ LES 158 42 159,51 -1 00 -- -- 12,81
Introduce Guidance 163. 4 163, 86 0. 04 -- -- 15.14-18, 04 I
S-1V Guidance Cutofl Sigaal G21. 6k 630. 01 -4, 35 629.93 - - : - 4
Computer Sense $-IvV CO (TB 4) 622,35 630, 70 -K. 35 -- -- -- : U
Insertion 631 66 640, 01 N -5 35 639, 93 -- - : - |
Close Auxiliary NPV Ports EUERE T »10. 70 -5 30 - -- - ‘ 180, 0
Initial Pegasus Forward Restraint Scp| 80342 811.70 -5. 28 -~ -- ; - : 1510
Initiate Apotle Shroud Scp. 803, 50 wi1. 80 -R. 30 - -~ - 5 181.1 I
Initiate Pegasus Wing Restraint & :
Energlze Wing Deployment Motors BG40 871.70 -B. 30 - -- - 2410 ‘
End Wing Deployment (molors stop) DDZj:? — -= -- I I -— -




SECTION 1L

Saturnlaunch vehicle SA -Y was launched 9:37 FEST,
Fehruary 16, 1965, from launch complex 378, Fastern
Test Range, Cape Kennedy, Floridi, S8A-9.0 the viginlh
vehicle to he Night tested in the Saurn 1 program,
represents the first Suturn [ operational vehicle. The
major mission of this test was to evaluate performance
of the complete launch vehicle system {two live stiges)
and to place into orhit the Pegasus A meteoroid ech-
nolugy satellite. SA-Y representedthe thivd flight test
of the Apollo boilerplute (BP-16) with the Satwrn 1
launch vehicle.

This report presents the results of the carly engi-
neering eviduation of the SA -9 test light. Performanee
of each major vehicle system is discussed with special
cemphasis on malfunetions and deviitions.,

INTRODUCTION

This report is published by the Saturn Flight
Evaluation Working Group, comprisedof representa-
tives from afl the Marshall Space Flight Center (MSFC)
laboratories, John F. Kennedy Space Center (KSC),
MSFC prime contructors forthe §-1 stage {Chrysler},
for the S-IV stage ( Douglas Aiveralt Co. ), and for the
U stage (I3M), and engine contractors (Rocketdyne
and Prait & Whitney). Therefore, the report repre-
sents the officinl MSFC position at this time. This
report will not be followed by a similarly integrated
reportuniess contintedanaly sis or new evidencee should
prove the conclusions presented here partially or en-
tirely wrong. Final evaluation reports, however, may
he published by the MSFC laboratories and the stage
contractors covering some of the major systems or
special subjects as required.
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SECTION III,

3.1 . SUMMARY

The Suturn launch vehicle 5A-9 was launchedat
9:3% EST, Februavy L6, 1965, from cemplex 378,
Eastern Test Range (ETR), Cape Kennedy, Florida.
Vehicle countdown operations began at T-515 minutes
(23:25 EST, February 15, 1965). Operations pro-
ceeded in normal sequence until T-80 minutes., At
this time, concern with operation of the B battery
charging circuit onthe Pegasus caused an unscheduled
hold. It was deeided to discharge the hattery and re-
charge itto verify proper operation ol the batlery con-
trol circuit. This proecedure, including verification of
proper operition, required approximately 30 minutes.
The 30-minute hold planned for T-30minutes was taken
out of sequence and vperations again proceeded ina
normal manner until 7:55 EST. A power failure of the
ETR real-time flight salety computer occurred with a
hold called at T-26 minutes. The computer program
was reinserted and checked out; one hour and seven
minutes were reguired for this precedure. Countdown
was resumed at 9:11 EST and procecded normally
through liftofi.

During countdown operations a malfunction oc-
curred in the propellant transfer systems when the
LOX replenish tank pressure complete switch dropped
outat108.2 N/cm? gauge (157 psig) . This malfunction
did not delay Ioading operations or halt the countdown.

The combustion stability monitor on S-1 engine
position 3 measured acceleration levels in excess of
100 Gy g during the ignition sequence. This was de-
terminedtobe anignition “"pop” similar to that experi-
enced at the same engine positiononthe launch of SA-7.

After vehicle liftoff, a torus ring in the launch
water system separated at several joints., As a result
the launcher was flouded, [However, with this exception,
launch damage sustained by ground support equipment
(GSLE) was the lightest to date and will not affect the
anticipated 8A -8 launch schedule.

3.2 PRELAUNCH MILESTONES

Between October 23, and October 30, 1964, all
stages arrived at KSC., A chronological summary of
events and preparations leading to the launch of SA-9
is shown in Table 3-L

3.3 ATMOSPHERIC CONDITIONS

A high pressure center in North Carolina re-

LAUNCII OPERATIONS

sulted in an ecasterly surface wind tlow over Florida.
The trajectory of the low level winds produced by this
high pressure center was over water. The cffect was
suificient to modify a shallow dome of cool air and wive
ceniral Florida a low scattered laver of clouds at
Ewnch time. The following obscrvations were made
al 9:40 EST at Cape Kennedy.

1. Pressurc - 10244 mean sealevel inmillibars

o

Temperature - 296.5°K

-

Dewpoint - 291, 5°K
4. Relative humidity - 74 percent

5. Surfacewinds - 5.1 m/s (10 knots) from 110-
degree azimuth

6. Cloud coverage - one-tenth stratocumulus
with 792 m (2600 {t) basc height

-1

Visibility - 16 km (9. 9 mi)
3.4  COUNTDOWN

The Saturn/Pegasus launch countdown is divid-
ed into two phases, each performed at different time
intervals: Part I began at T-1035 minutes and pro-
ceeded to T-545 minutes; Part If was initiated at T-
545 minutes and continued through launch.

Terminal countdownactivitics began February 13,
1965, at 21:55 EST following the L-1 day activities.
Vehicle countdown operations began at 23:23 EST al
[-515 minutes. All operations were normal and fol-
lowed planned procedures until T-30 minutes(6:40 EST)
when the count was halted. At that time monitoring
indicateda possible malfunctioninthe B bhattery charg-
ing circuit of the Pegasus. It was decided to discharge
ihe battery and recharge it to verify operation of the
battery conirol circuit, This procedure, including
verification, requived approximately 30 minutes. It
was decided to utilize the planned 30-minute built-in
hold at this time rather than at T-30 minutes. The
count was resumedat 7:10 EST and all operations were
again normal until 7:35 EST when the ETR real -time
flight safety computer experienced a power failure. A
hold was called at T-26 minutes (3:04 EST), and the
computer program was reinserted. The reinsertion
and checkout reguired one hour and seven minutes. The
countdown was resumed at 9:11 EST and procecded
nermaily through liftoff at 9:37 EST, February 16, 1965,



TABLE 3-1. PRELAUNCH MILESTONES

Date
October 23. 1961
October 30. 1964
November 3. 1964
November 10, 1964
November 12, 1964

November 13, 1964

November 19. 1964
November 20, 1964
November 23, 1964
November 24, 1964
November 25. 1964
December 8, 1964
December $4, 1964
December 16, 15964
December 17. 1964
Dcecember 21, 1964
December 2%, 1964
December 30, 1964
January 3. 1965
January 12, 1965
January 13, 1965
January 14, 1965
January 13, 1965
January 21, 1963
Jaunary 22 1965
January 25. 1965
February 1, 1963
February 5. 1965
February 12, 1965
February 15, 1965

February 1G. 1863

Event

§-FV arrived via aircraft and off-loaded to Hanger AF.

S5-I and IU-9 arrived via barge at Hangar AF dock area and off-icaded.
5-1 erected and secured.

5-1 umbilical connected.

S-1 power applied.

Apollo Spacecralt Service Module and adapter arrived via aircraft and
off-loaded lo Hanger AF.

S-IV and 1U erected.

S-IV umbilical connected.

Power applied to IC.

$-1 RF checks completed

Power applied to $-IV stage.

I¥! RF checks completed.

Electrical mate of S-1V. IU. and S-I completed and power applied.
S-1/1C Power-Transfer Test completed.

Launch vehicle EBW functional test completed.
Launch Sequence Malfunction Test completed.
Pegasus A (payload) arrived via aireraft.
Pegasus A hangar checkout started.

ST-124 installed.

Pegasus A hangar checks completed.

Pegasus A erected on launch vehicle.

Command module erected on launch vehicle.
Pegasus A electrical mate with launch vehicle completed.
Space vehicle EBW functional test completed.
Space vehicle RF checks completed.

Plug Drop and Swing Arm Overall Test completed.
S-1/S-1V Ordnance Installations completed.

All Systems Overall Test completed.

Countdown Demonstration Test compieted.
Terminal countdown started.

LAUNCH




3.5 PROPELLANT LOADING

3.5.1 S-ISTAGE

The S-Ipropellant loading system is designed to
tank accurately a given weight of LOX and fuel. The
designgoal of the system is + 0. 25 percent of the total
propellant load. The propellants required to achieve
mission objectives are based on propulsion perform-
ance obtained from simulated flight predictions.

The propellant weights at ignition command are
tabulated in Tahle 3-II. The table shows excellent
agreement between the predicted fuel weight on the day
of launch with both the weight indicated by the fuel

loading system (+0.010 percent deviation] and the
reconstructed fuel weight { -0. 024 percent deviation) .

The LOX weight indicatedby the LOX loading sys-
tem was approximately 1159 kg (2555 lbm) more than
the reconstructed LOX weight. LOX temperatures at
ignition and during flight were slightly warmer than
the predicted temperatures used in generating the LOX
loading data. The higher temperatures account for
approximately 227 kg (500 lbin) of the 1159 kg (2555
lbm) difference between the reconstructed and LOX
loading system weights. However, the effective weight
deviationis within the tolerance of the loading system.
Reconstructed weights are considercd the best estimate
of the actual propellant load.

TABLE 3-TI. S-I-9 PROPELLANT WEIGHTS AT IGNITION COMMAND
Predicted Actual Deviation {3)
Propellant Prelaunch| Launch KSC-LOC Reconstructed KSC-LOC Reconstructed
Day (1) Day (2) (D {4) Dev 7o Dev Dev |'4 Dev
LOX {kg) 273,881 274, 074 273,894 272,734 -180 -0. 066 -1339; -0. 488
Fuel (kg) 124,614 124,429 124,442 124,400 13 0. 010 - 291 -0.024
Total (kg) 398,495 398, 503 398,335 397.134 -168% -0. 0+2 -1369} -0. 343
LOX (lbm) 603,804 604, 229 603, 832 601,277 -397 ~0. 066 -2052| -0. 488
Fuel {lbm} 274,728 274, 320 274, 347 274,254 - 27 . 010 - G66] -0.024
Total (lbm) } 878,532 B78, 549 878,179 875,531 -370 ~0. 042 -3018] -0. 343

(1) Prelaunch day predicted propellant weights werebased onanaverage LOX density of 1130.10 kg/ m°
{70.55 lbm/ft*) and an average fuel density of 811.66 kg/m3 {50, 67 lIJm/Ita) .

{2) Launch day predicted propellant weights were based on an average LOX density of 1130.10 kg/m?
{70.55 Ibm/ff®) and an average fuel density of 811.66 kg/m® (50.67 Ihm/ft%) ,

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

launch.

(4) Reconstructed propellant weights are based onthe Mark IV reconstruction and discrete probe data.

{5) Weight deviations are referenced to launch day predicted weights.

3.5.2 S-IV STAGE

The oxidizer system was successfully loaded
with LOX by cooling down and filling in two phases:
main fill and replenish, The automaltic L.OX loading
system in conjunction with the LOX main fill pump was
successfully utilized for loading the LOX tank.

S-IV stage LOX system precool was initiated by
starting the precool timer 5 hours, 19 minutes prior
toliftoff. Atthebeginning of the 150-second automatic
count, the LOX tank was pressurized and final replen-
ishment was completed. The propellant utilization

(PU) system indicated a LOX load of 38,075 kg
(83, 947 lbm) at this time. The best estimate of the
LOX loadedis 38, 064 kg (83, 917 lbm)}. This estimate
was determined from a combination of PU system
analysis, engine analysis, and flight simulation.

The fuel system was satisfactorily loaded with LH,
by cooling down and filling in four stages: initial fill,
mainfill, replenish, and reduced replenish. The auto-
matic fuel loading system was successfully utilized for
loading the LH, tank. Loading of LH, into the S5-IV
stage was initiated 2 hours, 5 minutes prior to liftoff.

N
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Atthe beginning of the 150~second automatic count,
the fuel load indicated by the PU system was 7774 kg
{17,138 lbm). As in the case of LOX, the best esti-
mate of the fuel loaded was determined from a combi-
nation of results from the PU system analysis, engine
analysis, and flight simulation. The best estimate of
the fuel loaded is 7757 kg (17,101 lbm).

Prior to the initiation of LH, loading, the cold
helium spheres were prepressurized to 620.5 N/em?
(900 psi) to prevent the spheres from collapsing as
they cooled during the initial part of LH, loading. Cold
helium loading was initiated approximately 122 minutes
before launch. After the spheres were submerged at
approximately the LH, 75-percent mass level, the
pressure was increased to, and maintained at 2068
N/cm? (3000 psiy. The design load temperature of
23.3°K at a pressure of approximately 2068 N/cm’
(4000 psi), was reached 59 minutes after the start of
LH, loading. At liftoff, the spheres were charged to
2096 N/em? (3040 psi) at 20, 8°K.

3.5.3 LOADING SYSTEM MALFUNCTIONS

Only one malfunction occurred in the propel-
lant transfer systems. Automatic replenish of both the
s-1and S-IV stages was interrupted when the replen-
ish tank pressure complete sensing switch opened at
108.2 N/em? gauge (157 psig), causing the system to
reverttoa storage tanks pressurized complete status.
This malfunction was caused by the inability of the re-
plenish tank pressurization system to maintain the
combined S-1 and S-IV replenish requirements. The
condition was further aggrevated by an initially small
replenish tank ullage votume { replenish tank topped to
28, 000 gallons priorto start of sequence) . The pres-
sure switch was overridden and S-I/S-IV LOX replen-
ish was reinitiated satisfactorily. This malfunction
didnot delay loading operations or halt the countdown.

3.6 HOLDDOWN

The S-1 stage combustion stability monitor on
engine 3 detected an acceleration level greater than
100 Gypyg during the §-1 ignition sequence. This is
discussed in detail in Section VI, Propulsion.

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

The launch control center ( LCC) recorder system
operation was satisfactory with no discrepancies or
failures occurring.

3.7 GROUND SUPPORT EQUIPMENT

Launch damage at LC 378 has always been light
and that caused by the launch of SA -9, with the exception
of water damage, was the lightest to date.

During operationof the launch water system after
vehicle liftoff, the northeastern torus ring separated
at several joints and flooded the interior of the lsuncher,
the launcher automatic ground control station (AGCS)
bridge, and AGCS levels to a lesser degree.

The electrical support equipment {(ESE) also re-
ceived extensive water damage shortly after liftoff.
Several cables and distributors in the launcher and in
the pneumatic conirol distribution room in the AGCS
were damayed and required drying or replacement. No
impact on SA-% schedule is anticipated.

The LH, tank veni on umbilical swing arm (USA)
4 disconnected properly, and did not reguire the hy-
draulic lanyard buckup, This backup was ulilized dur-
ing the SA-T7 launch,

The venting after liftoff of the S-IV LOX umbilical
drain lines, as observed during the SA-7 launch, oc-
curred again. The venting is not considered detri-
mental to the stage, facility, or systems.

3.8 BLOCKHOUSE REDLINE VALUES

Bluckhouse redline values are limits placed on
certain critical engine and vehicle parameters to indi-
cate safe ignitionandlaunch conditions. The measure-
ments are monitored in the blockhouse during count-
down., These specified limits apply to parameters
which measure areasof the propulsion system critical
to its operation. No holds were necessary because of
redline limits being exceeded.
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SECTION IV, MASS CHARACTERISTICS

4.1 VEHICLE MASS

The total vehicle mass was 503,914 kg
(1,110, 941 1bm) at first motion, 61, 823 kg (136, 296
Ibm) at S-IV ignition, and approximately 10,360 kg
(22, 700 libm) inorbit (dry weight after Apollo separa-
tion) . Table 4-1 is abreakdown of vehicle mass during
significant fight events. A flight scquence summary
is given in Table 4-II. The predicied mass data pre-
sented in this section are derived from Reference t.
The propellant masses presented in the tables refer to
total amount down to and including the engines. The
S5-IV stage masses are based on the best estimate,
which is a composite of engine, PU sysiem, and flight
simulation analysis.

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

1.2 VEHICLE CENTER OF GRAVITY
AND MOMENTS OF INERTIA

Longitudinal and radial center of gravity and
roll and pitch moments of inertia are given in Table
4-0O1. The parameters {and mass) are plotted versus
burning time in Figures 4-1 and 4-2.
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FIGURE 4-2. VEHICLE MASS, CENTER OF GRAVITY,
AND MASS MOMENT OF INERTIA
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TABLE 4-I. SA-9 FLIGHT SEQUENCE MASS SUMMARY

ACTUAL PREDLICTED
MASS HISTORY
kg (1bm) kg, { Lbm)

S-1 Stage (! Ground Ignition 446,741 ©84 B0 448,155 258,013
S-1/8-1V Taterstage & Ground Ignition 1,005 2,413 1,080 2,382
S-IV Stage 3 Grourd Ignition 52,651 116,075 52,820 116,448
Vehicle Instrument Unit @ Ground Ignition 1,214 2,677 1,208 2,664
Pavload @ Ground Ignition 8,469 18,671 8.4t 6 18,730
lst Flight Stage P Ground Igrition 510,170 1,124,602 511,759 1,128,237
S-I Thrust Buildup Propellants -6,197 -13,661 -6,157 -13,575
Ist Flight Stage @ First Motion 503,473 1,110,941 505,602 1,114,662
S-1 Mainstage Propellants -384,531 -857 746 -385,426 -849 71%
§-1 Frost -453 -1,000 -453 -1,000C
S-1 Fuel Additive -250 -552 =252 ~553
S-1 Lube 0il {Oronite) -14 -32 - 14 -32
$-T Ny for S-IV Tail Purge -6l -134 -61 -134
§-1 Environmental Control -172 -379 -172 -379
5-1 IETD Propellants -€49 -7,092 -956 -2,107
§$-1/5-1V Interstage Envirommental Control -124 -273 -124 -273
S-IV Chilldown LOX =59 -118 ~44 -86é
S-IV Chilldown L, ~137 -306 -101 ~224
§$-IV Frost -45 -100 -41 -90
Payload Envirommental Control ~137 -302 -137 -1302
Ist Flight Stage & Cutoff Signal 117,040 251,907 117,821 25¢,751
5-1 N7 for S-1IV Tail Purge -6 -14 -6 -14
$-I OEID Propellants (To Separation) -690 -1,520 -678 -1,495%
$-1v Chilldown LOX -8 -16 -5 -11
$-1V Chilldown LH; -3 -1 -2 -4
S-1V Ullage Rocket Propellants -2 -5 -4 -B
5-1V Frost 0 1} 0 o]
Ist Flight Stage @ Separation 116,331 256,345 117,126 258,219
S-1 Stage (8 Separation -53,418 ~117,766 -53,979 -119,003
5-1/8-1V Interstage @ Separation -970 -2,140 -957 -2,109
5-1v Chilldewn LOX -18 -37 -10 -21
$-1V Chilldown LH2 -6 -14 -5 -11
S-1V Ullage Rocket Propellants =42 -92 -62 -138
2nd Flight Stage @ Ignition 61,877 136,296 62,113 136,937
§-1IV Mainstage Propellants® -44 985 -99,046 -45,573 -100,471
S-1V Helium Heater Propellants -11 =24 -11 =24
$-1V Ullage Rocket Propellants -66 -146 -44 -a7
$-1V Ullape Rocket Cases -126 -277 -126 -279
§-IV Helium, Pneumatic 0 0 -1 -1
Launch Escape System -1,289 -2,842 -1,294 -2,85
2nd Flight Stage /M Cutoff Signal#** * 15,400 33,961 15,064 33,211
5-1V Thrust Decay Propellants -11 -24 -11 -24
S-1V Propellants Below Pump Inlets -1v 42 .10 42
2nd Flight Stage @ End of Thrust Decay¥+* 15,370 33,895 15,034 33,145
Orbital Flight Stage (After Apollo Sep) 10,297 22,702 - -

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

Note: IETD - Inboard Engine Thrust Decay
OETD ~ CGutboard Engine Thrust Decay
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TABLE 4-II, MASS CHARACTERIETICS COMPARISON
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SECTION V. TRAJECTORY

SUMMARY

The actual trajectory of SA-Y deviated from
nominal primarily because of high S~ and 8-1V stage
performance, The total veloeity was 35,4 m/s higher
than nominal at outboard engine cutoff {OECO) and
0.5 m/s lower than nominal at S-IV cutoff. At S-IV
cutoff the actual altitude was 0.34 km lower than nom-
inal, the range was 19.16 km less than nominal,and
the cross-range velocity deviated 0.9 m/s to the left
of numinal.

A theoretical iree flight trajectory of the separated
5-1Dbouster indicates that the impact ground range was
21.6 kmlongerthannominal. If it is assumed that the
tumbling booster remained intact, impact occurred at
T18. 95 seconds range time.

The S-IV payload at orbital inscrtion (S-IV cutoff
+ 10 sec) had a space fixed velocity 0.3 m/s less than
nominal, yielding a perigee altitude of 496.5 km and
an apogee altitude of 745. 0 km; estimated tifetime was
1188 days, 62 days less than nominal.
5.2 TRAJECTORY COMPARISON WITH NOMINAL
Actual and nominal altitude, range, and cross
range (Zg) are compared graphically in Figure 5-1 for
the 8-I phase of flight and in Figure 5-2 for the S-IV
phase. Actual and nominal total earth fixed velocities
are shown graphically in Figurce 5-3. Comparisons of
the actual and nominal parameters during the three
cutoff events are shown in Table 5-1. The nominal
trajectory is presented in Reference 2.
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FIGURE 5-1,

5-I TRAJECTORY
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FIGURE 5-2. S-IVv TRAJECTORY

FIGURE 5-3. EARTH FIXED VELOCITY
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TABLE 5-1. CUTOFF CONDITIONS

———— ACRUDL

e Wominal

i¥CO 0ECa S- O
PARAMETER {aneanee Sizeeds
Actual Nurminak Act-Nom Actual Nominal | Act-Nen Actual Nowtid I Act-Nan
1
Rumge [ime L sec) 144,22 L3R, 70 A, g 145, 9 14,7 -1.1d 52 BT O n B E3 |
:
Altutude {kmj s, u2 T U =05 w7, 4 1.11 400, 73 [T RN N ¢ |
* T
Range {(hnd (S Wl RS woln 3,40 i B -1 ISP IR TR I Y OO [
1 .
Cross Range. 2 {Rin) -4, 22 (U -, 2 -0 1% 0,6 -1, 24 i "_i Y 1] ‘ w47
[ !
+ 4
Cruss Range Veloowty, 72 (w5 LT TN 0.1 w.a [ i ! s T _uu
[N H
Earth Fixed Velooiy (m:'s) 20040 2506, T Su.2 DTS - E 5.4 ; 254,50 A
H | :
tarth Fixed Velacity Vector .42 oL BN n. Lo SHLGE | w7 ", s i -u, ] UM T IR
| Eicvation (deg) , :
—_ ! H +
Earth Fixed Velocity Vector Lush, 40 15 4 S 105, 4y 1an. 06 1 -t 114,54 1341 j -0 07
Azimuth (ileg) !
i
il
Space Fixed Velocity (mss) 28931 2R2T 4 17.7 HI5 B 2unti, Z a2, P 76700 TN ‘l -6 5
Total fnertial Acceleration 1mish) 60,52 59. 34 114 29, %3 R 1) -L.us ! 35 66 2064 0,0z
1
Nased on First Motion Time of 0,08 sec. Note- Earth fixed selocity accuracy at QkCo is 2 0.3 m/s; at S-IV CO, + o0 ms,
Altitude Accuraey at OECO i + 30 m; at 8-Iv CO, ¥ 100 m.
Altitude and range were greater than nominal dur-
ing S-1and S-IV burn. The actual earth fixed velocity otal Teerkist Avcrdorarive (nosd)
was 35.4 m/s greater than nominal at OECO, This W T , ! o oetw |
' Y

excess velocity can be attributed to high performance
and light liftoff weight of the S-I stage. The longitu-
dinal accelerationwas higher than nominal for the en-
tire S-1 and S-IV stage operation (Fig. 5-4).

The S-IV stage cut off 8, 35 seconds earlier than
nominal with a 1.i4-second early S-I stage cutoff.
This resulted in a 7.21-second shorter burning time
of the S-IV stage. The actual total space fixed velo-
city at the S-IV cutoff signal given by the guidance
computer (621.659 sec) was 0.5 m/s less than nomi-
nal. The actual velocity is based on the powered flight
trajectory, which matches the velocity at insertion
deduced from orbital tracking., High S-IV stage thrust
and flowrate and a light S-IV ignition weight, iogether
with the excess S-I cutoff velocity, account for the
early S-IV cutoff.

Mach number and dynamic pressure are shown in
Figure 5-5. These parameters were calculated using
measured meteorological data to an altitude of 27 km.
Above this altitude the U, S, Standard Reference
Atmosphere was used.

A comparison of actual and nominal parameters
at significant event times is given in Table 5-11. Apex,
loss of telemetry, and impact apply only to the dis-
carded S-I stage.
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TABLE 5-II. SIGNIFICANT EVENTS

Event Parameter Actual Nominal Act-Nom
First Motion Range Time (sec) 0.08 6. 08 -
Total Inertial Acceleration (m/s?§ 13.13 12.94 0.24
Mach 1 Range Time (sec) 53. 208 33.894 -0.636
Altitude {km) 7.10 7.25 -0.15
Maximum Dynamic Pressure ftange Time (sec) 66.0 65. 1 0.9
Dynaimic Pressure {N/cm?) 3.313 3.332 -0. 419
Altieude (km) 11.64 11. 14 0.5
Maximum Total Inertial Accel. Range Time (sec) 140. 34 140. 82 -0. 45
(5-1 Stage) Acceleration {m/s?) 60. 66 59. 32 114
Maximum Earth Fixed Velecity Range Time (sec} 145.70 146. 84 -1 14
{S-I Stage) velocity {m/s) 2701. 1 2665. & 35.3
Apex (5-I Stage) Range Time {sec) 351. 0 346.6 4.1
Altitude (km) 26329 25296 16,33
Range (km) 476.32 467.04 931
Earth Fixed Velocity (m/s) 1990. 3 1991. 5 -1.2
Loss of Telemetry (S-1 Stage) Range Time (sec) 573.0 373.0 -
Altitude {km} 59.72 40,34 19. 38
Range (km) 911.42 911.86 -0. 44
Total Inertial Acceleration (m/s%)| -3.91 ~27. 38 23. 67
Elevation Angle from Pad (deg) -0.368 - 1.576 1, 208
Impact (S-{ Stage) Range Time (sec) 718.9 712.1 6.8
Range (km) 961. 30 939, 96 21,34
Cross Range (km) 18. 26 18, 20 0068
Geodetic Latitude (deg) 25, 8135 25. 8790 =-0. 0635
Longitude (deg) 71. 3491 71.5500 | -0C. 2009
Maximum Total Inertial Accel. Range Time (sec) 621.71 630. 06 -8.35
(S-IV Stage) Acceleration (m/s?) 25.68 25. 65 0. 03
Maximum Earth Fixed Vclocity Range Time (sec) 622.0 632,13 -10.13
(S~IV Stage) Velocity (m/s) 7257.6 7258. 0 -0.4

The S-IV cutoff signal was given by the guidance
computerat 621,659 seconds. However, the solenoids
B B i for the propellant valves on the S-IV stage do not re-
et il ceive the signal until 0.022 second later. The velo-
wop se o +l city increments imparted to the vehicle from the term-
’ inating thrust decays are shown below for the S-1 and

S5-IV stages at OECOand S-IV guidance cutoff, respec-

tively.

Mach Humb.-t Bynanl. Pressure (Roaml)

[ 1 ! 3, Hieh = 7

Event Actual Nominal

i
1

i

'

! Velocity Gain (m/s)

I

[

i

: -

! OECO 2.4 5.2
I

S-1Iv CO 3.3 3.1

© 20 A 23 W ] 126 tae 1ot
e The actual velocity gain from S-I outboard cngine de-
cay is less than nominal, Although a depletion cutoff
FIGURE 5-5. MACH NUMBER AND DYNAMIC was actually experienced on SA-9, the nominal value

PRESSURE is not based on a depletion cutoff.




A theoretical free flight trajectory was computed
for the discarded §-1 stage using initial conditions from
the Patrick {0.18) radar at 150 scconds range time,
The radar tracking became invalid at 500 seconds. At
this time the computed trajectory deviated {rom trick-
ing by less than 10 m in position compunents. During
reentry no data were available on vehicle attitude;
therefore, a nominal tumbling dray coefficient was
assumed for the dive phase. The caleulated impact
location relative to the launch site is shown in Figure
5-G. Table 5-III presents the booster impact location
from the actual and nominal free flight trajectory.

?; 77!

|

i
3
4

v

* . E
H ! wioes Tom 4500 ) {lopar e
= N 3 i
Vel : | 3
- l N ] X‘ n L.
»o* re" ”*
FIGURE 5-6. BOOSTER TRAJECTORY GROUND
TRACK
TABLE 5-HI. BOOSTER IMPACT
Parameter Actual Nominil Act-Nom|
{calc)
Surface
Range® {km) 061.29 939.69 21,60
Cross
Range (km) 18.3 18.2 0.1
Geodetic
Latitude (deg) 25.8155 25. 8790 -0.0635
Longitude
{deg) 71,3491 71.5500 -0, 2009
Range
Time (sec) 718.95 712,00 G.96

% Surface range is measured [rom launch site

5.3 INSERTION CONDITIONS

(S-Iv CUTOFF + 10 SEC)

Insertion condition solutions were derivedirom
the following data used in various combinations: data
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from Antigua and Grand Turk,
daraltimeter data ot insertion; and data obtained during

Jermuda; onboard -

the first orbit by Carmarmon awl Merrvitt lad, By

addition, the orhital ephemeris tsol o zeneriate the
predicted tracking hadaveloeity impulse of .75 w0 -
appliedat the separativntime of the Apollo shroud from
the S-IV/Pcgasus (393,35 see). The magnitude and
direction of this impulse were sdetermined from the
telemelered output of the guidance system. Solutions
were oblained from all data sources with and without
solving for clfcctive dray. These solutions indicate
maximam deviations of 0.5 m7s in any velocity com-
ponent and 200 m in any position component.

The tracking residuals were within the expected
ranges. These residuals represent the differences
between the actual tracking obscrvations and obscerva-
tions cateulaterd from orbital inscrtion conditions. The
average residual errors of the range measurcments
were approximately six metersfor all rudars and o 02
degree in axinmuth and elevation measurements. The
onboardaltimeter residunls averaged about 530 m; this
was consistent with previous expericnee,

Table 3-IV shows a comparison between the actual

and nominal srbital insertion elements,

TABLE 5-1V. INSERTION ELEMEXTS COMPARISOX

t Parameter Aciual @ Nominal | Avl-Nom
Time of Orbitd I

insc¢riion : i
{Range Time secy 4§31, 659 4, UL !
Space Fixed Velovity ;
{nw's) Tunl, B Fe=2.1 I s :
— —_ - 4 ot ——— ) IR
Flight Path Angle
{deg) -, 925 w. vl - UL
b - - J— .. _ DR S —
Altitude (km) 449, 6 U, 0 PR U |
Ground Hange (km} 19a, U 1924, 1 14,1

R — . .. | _ _ I

L Cross Hamte {kmj | 52,9 EEIE ] B )

i —_—— — [ S H .

Cross Ramge Velovity T i
(ny's) ERLTA ] ) ER{I ] ) - vy
Apogec Altude (wim) 5.0 1171 -2l
Perigee Altitude (kmj - 96,5 1906, 9 [T

" Period {min) wi.l 3.1 u U
Inclination {dog) $1.76 ST - u,ul
Excess Circular
Velovity (m/s) 57,3 [y o 4
Lifetime {days) 1158 1260 -h2

i

* The Apogee and Perigee altitudes are referenced to
a spherical earth of radius 6378, 165 km.
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SECTION VI
6.1 SUMMARY

The performance of both the S-I and $-IV pro-
pulsion systems was satisfactory for the SA-9 flight,
The SA-9 flight was considered the first operational
flight of the Saturn vehicles, It was the fourth Saturn
vchicle to employ H-1 engines at a thrust level of
836,000 N (188, 000 IbD) to power the S-I stage. SA -9
also represented the fourth flight of the RL10A-3 en-
gines to power the S-IV stage.

The vehicle sea level longitudinal thrust of the
S-Istageaveragedbetween 0. 4 percent {engine analy-
sis) and 0.6 perceni (flight simulation) higher than
predicted. Vehicle specific impulscaveraged 0.2 per-
cent higher than predieted, as indicated by both the
engine analysis and flight simulation. The performance
ofatl pressurization systems, purge systems, hydrau-
lic systems, and other associated systems was satis-
factory.

The propulsion performance of the S-IV stage was
within design limits throughout the stage powcered [light
phase. From engine analysis the average vehicle
longitudinal thrust was higher than predicted by 0.08
percentand the specific impulse was 0. 25 pereent be-
low the predicted level. The flight simulation method
indicated a thrust deviation 0. 51 percent higher than
predictedanda specific impulse deviation 0. 14 percent
lower than predicted. Satisfactory performance was
obtained from the individual cngines, the tank pres-
surization systems, the helium heater, the hydraulic
systems, the PU system, and the nonpropulsive vent
system,

6.2 8-1 STAGE PERFORMANCLE

6.2.1 OVERALL STAGE PROPULSION
PERFORMANCE

The propulsion system of the S5-I stage per-
formed satisfactorily. Ignition command was initiated
-3.39 seconds before liftoff signal. Engine thrust
buildup was satisfactory except for pressure disturh-
ances in engine position 3 {(Para. 6.2.3). The cham-
ber pressure buildup for all engines otherwise was
normal; the cengine starting scequence was within
expected tolerances of the prescribed 100 ms delay
between starting pairs, Figure 6-1 illustrates the
thrust buildup of each engine. The buildup shown for
engine 3 is based on a combination of chamber pres-
sure data and turbepump speed since the chamber pres-
sure measurement failed shortly after ignition. The
largestdeviationin the thrust buildup times of the en-
gines that received ignition signal at the same time was
37 ms (engines 6 and 8) .

PROPULSION

Engine analy sis revealed that the vehicle local sea
level longitudinal thrust (upper portion of Fig. 6-2)
averaged 0. 4 percent higher than predicted. The ve-
hicle specifie impulse (lower portion ol Fig. 6-2)
averaged 0.2 pereent higher than predicted, The ve-
hicle mixture ratio was 6.2 pereent lower than pre-
dicted. Vehicle total propellant flow rate and mixiure
riatio are shown in Figure 6-3.

FIGURE 6-1. INDIVIDUAL ENGINE THRUST
BUILDUP
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Average S-Ipropulsion parameters from the en-
gine analysis method for the SA-9 flight are sumsmarized
in Table 6-I and show excellent agreement with the

values obtained from the flight simulation method
{Para. 6.2.2).

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

To Y%
Parameter Engine Dev. From Flight Dev. From
Predicted Analysis Predicted Simulation Predicted
Liftoft Weight (kg) 503. 602 503. 850 503 850
(ibm) 1.114,662 1,110,800 -0.35 1,116,800 -0.35
Sea Level Thrust (N) 6.773,716 6.800,802 6,814,751
(i1bf) 1,522,792 1,528, 881 0. 40 1.532,017 0.61
Flow Rate (kg’s) 2,690, 2,696.0 2,701, 1
{lbm/s) 5,932, 5.943.6 0.19 5,951.6 0.37
Sea Level Specific
Impulse (sec) 256. 257.2 0.19 257. 3 0.23
Weight at 140 sec RT
(IECO - 0. 22 sec) (kg) 127,273 125, 460 124, 889
(lbm) 280.590 276,583 -1,42 275,333 -1.87
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FIGURE 6-3. VEHICLE MIXTURE RATIO AND
TOTAL FLOWRATE

The engine cutofl sequence was normal for all
engines. A typical thrust decay ol an outboard engine
is presented in Figure 6-4. The cutoff sequence was
initiated at 138. 60 seconds by the liquid level sensor
located in LOX tank 2. Inboard enginc cutolf (IECO)

FIGURE 6-4. TYPICAL OUTBOARD ENGINE
THRUST DECAY

occurred at 140,22 seconds of flight; this was 0.48
second sooner than predicted. The burning time was
influenced by several factors. The lower LOX den-
sity and the lowe r than predicted LOX level differential
between the outboard and center LOX tanks acted to
increase burning time to IECO. The higher than pre-
dicted LOX pump inlet pressure, the higher than pre-
dicted power levels, the lower fuel density, and an
approximate 136%-kg short 1oad of propellants acted
to shorten burning time. The net effcct was to shorten
[ECO by 0. 48 second, Quthoard engine cutoff (OECO}
occurred at 145, 56 seconds.



It was predicted that the center LOX tank orifice
would produce a 16.51-cm (6.5 in) differential be-
tween the center and outboard LOX levels at inboard
engirie cutoff. Probe data indicate that an average
differential of 7. 62 cm (3 in) was obtained; this made
approximately 363 kg (800 lbm) of center tank LOX
available for consumption prior to inboard engine cut-
off. The 6 seconds predicted differential between [ECO
and OECO was based on the assumption that the out-
board engines would cavitate at approximately 6 sec-
onds after IECO. The lower than predicted LOX level
differential, while making more LOX available for
consumption prior to [ECQO, decreased the consumable
LOX for the outboard engines; OECO was initiaied
5.34 seconds after IECO due to LOX depletion.

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 simulation of
the tracked trajectory. The simulation of the tracked
trajectory was accomplished through the use of a six-
degree-of-freedom trajectory calculation incorpora-
ting a differential correction procedure. This pro-
gram determined corrections to 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 weight as given by the MSFC
weight group was considered known.

Table 6-1 presents a summary of the average
values and deviations of sea level longitudinal thrust,
specific impulse, and weight data derived by comparing
results of the flight simulation with the postflight en-
gine analysis and predicted values. The cluster effect
in the local thrust variation, shown in Figure 6-5, is
incorporated into the flight simulation results. The
effective longitudinal force acting on the vehicle is
shown in the upper portion of Figure 6-5. The drag
coefficient resulting from this solution is presented in
Figure 12-1.

The maximum deviations of the simulated trajec-
tory were 0, 1 rn/s2 inacceleration, 0. 4m/s invelocity,
and 7 m in slant distance. This is indicative of the
goodness of {it of the simulation.

6.2.3 INDIVIDUAL ERGINE PERFORMANCE
Individual performance of all cight -1 engines
was satisfactory. All engines operated with slightly

higher than predicied perfermance levels except engine
position 3. Figure G-6G shows the engine-to-engine

deviations for thrust and specific impulse. The larg-
est thrust deviation from predicted was position 2,
which averaged 3. 0 percenthigher than predicted. The
largest deviation in specific impulse was also on posi-
tion 2 and was 0.4 percent higher than predicted.
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FIGURE 6-5. FLIGHT SIMMULATION RESULTS

The engine position 3 thrust level was approxi-
mately 1.2 percent lower than predicted and that of
position2 was 3. 0 percent higher than predicted. These
are considered significant deviations from the over-
all average increase. Although small variations in
turbopump inlet and thrust chamber cxit conditions
may be expeected from engine to engine, deviations
Irom predicted values should be in the same direction
for all engines, and of approximately the same mag-
nitude. The deviations noted in positions 2 and 3 were
unusual and have not been explained. The analysis of
flight data indicates that there were no engine mal-
functions or irregularities with the exception of a main
propellant ignition "pop" cxperienced by engine posi-
tion 3. This pop did not wffcet the performance of the
engine in position 3 during flight.

19




Jl_fﬁﬂ H SR

;ﬂﬂﬂﬂﬂﬂﬂﬂ_

B . " I8 B

FIGURE 6-6. DEVIATIONS IN IKDIVIDUAL 5-1
ENGINE PERFORMANCE PARAMETERS

The cause of the higher than predicted perform-
ance cannot be determined Trom the available data.
During the early portion of the flight the thrust levels
for six of the eight engines were approximately as pre-
dicted or lower. The thrust levels then gradually in-
creasedabove the predicted levels during the remain-
der of the ftight. This phenomenon also occurred during
the SA-6 and SA-7 flights. One possible explanation
is that the cngines do not reach a steady state perform-
ance during the 140 seconds of burning. Another pos-
sible cxplanation is that turbine puwer increascs hoe-
cause exhaust pressures become lower during the late
portion of flight. The propulsion system flight per-
formance predictions assume that the engines reach
steady state performance after 30 seconds of flight and
do not consider any turhine exhaust clicets.

During the greater portion ol the flight, the LOX
pump inlet pressures were slighdy higher than pre-
dicted (1.4 N,-—-"vm2 or 2 psi omaximum} because ol a
higher tanpredicted LOX tank pressure history. llow-
ever, the small magnitude of the deviations can account
for only a small portion of the power level increase
(about 1330 N or 300 Ibf thrust per engine) . Both LOX
and tuel densitics were approximately 1.6 kg/md o, 1
1hm/i’} lower thanpredicted. These small variations
result in a slightly lower performance.

During the time interval belween S-1 stage ignition

and liftoff, cngine position 3 indicated combustion

chamber pressure disturbances. The combustion
stability monitor (CSM) on engine 3 recorvded exces-
sive dome vibrations for approximately 4 ms at Pe
prime during the start transient. The CSM records
engine LOX dome vibrations and initiates engine cutoff
when 100 ms of vibration in excess of 100 Gy g have
veeurred.  Only frequencies between 960 and Goon 1z
are counted in the accumulation of 100 ms of such
operation.  Because of the combustion roughness the
chamber pressure transducer fabled and recorded no
further data. Figure 6-7 shows the data from both the
chamber pressure and the CSM during this period,
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FIGURE 6-7. ENGINE 3 IGNITION COMBUSTIOXN
STABILITY

Thrust chamber ignition was recorded satisfacto-
rily lfor 305 ms. The disturbance oceurred simultanc -
ously with main propetlunt ignition. The lack of any
other pressure measurement between the thrust cham-
ber and the pump inlet prevents further corrvelation.
The occurrence was posilively identificd by the CSM,
the chamber pressure measurement, and another lon-
gitudinal dome vibration measurement.

This type ol disturbance is property termed 3 main
propellant ignition "pop.™ A pop occurs at Pe prime
when the main fuel first enters the combustion chamber,
A satisfactory ignition lame musthave bheen establish -
cdprior o this Lime by the hypergolic igniter Trictuvl-
aluminum) . If the ignition source in one oy more com-
partnients of the Ladlied injector is weak or nonexistent,
a mixture of raw LOX and RP-1 will fTorm. [gnition



then must come from another compartment and is de-
lnyed, Detonationof this relatively large mass of pro-
pellant results in the pop phenomenon.

Cluster static lests and Rocketdyne (Div. of Noxrth
American, Inc.) production acceptance tests have not
shownany cases of main propellant ignition pops, Nu-
merous thrust chamber ignition pops have heen record-
edbut were not considered serious since they occurred
carly in the ignition phase when chamber pressures
werce very low; also, the causes were not similar,
R&D tests by Rocketdyne have been made to determine
the causc of this phenomenon. Similar resulls were
obtained only when an igniter fuel poppet was inten-
tionally blocked or partially restricted.

Thehistory of the furnace-brazed baffled injector
(asinstalled on engine 3) shows that the occurrence of
random bursts of instability increases with the length
of service of the injector. The possibility of the dis-
turbance being test-time oriented was studied. One of
the cight injectors installed on 8A -9, engine 1, had 634
seconds of operation and 8 starts. Enginc 4 had the
least time with 462 scconds and 7 starts. Engine 3
appeared average with 533 scconds and 8 starts, It
was concluded, therefore, that test time was not re-
lated to the incident. A similar pop vecurred on engine
3 of 5-I-7 during taunch. The test and checkout pro-
cecures usedat Cape Kennedy were reviewed. The re-
view showed that no special treatment or unusual pro-
cedures were given the siage or engines,

Early in the Saturn I program, a GN, purge was
required for the igniter fuel system to clear completely
the igniter fuel passages after o test. However, test
experience has shown that if the test was of sufficient
duration, the fuel that follows the hypergol would ade-
quately flush the system. Consequently, a purge of the
igniter fuel systemis no lenger required. Igniter fuel
purges were not performed on any Block II hooster en-
gines. Beginning with S-I3-1, a purge will he perform-
cd on the igniter fuel system after static testing,

There were several similarities between §-1-7 and
8-I-9. The S$-I-7 was the {irst buoster to have the
unitized injector. Inthe unitized injector the hypergol
container is welded to the injector and internal pass-
agesare providedbetween the container and the injec-
tor. This design improvement eliminated several po-
tential leakage points. No special significance ean be
attached to this improvement hecause there were no
pops of this nature oncluster static tests or contractor
tests on S-I-7, 8, 9, or 10, although all the stages
were identically equipped with the unitized injector.

Another similarity inthe two stages is the attitude
or positioninwhich ¢ngine 3, inhoth cases, was trans—
ported from Rocketdyne 1o Cape Kennedy . The shipping

transporter used for movement of the engine places
the engine horizontal, with the turbopump up and the
hypergol container down. In elustering, the engine
couldbeplaced in any number of positions, but always
horizontal. The hooster was shipped from the Manu-
facturing Engineering Laboratory tu the Static Test
Tower East in a horizontal position with fin 1 down.
Inthis position, engine 3 was 45 degrees off top center
and the hypergol container was 45 degrees from the
top of the engine. This same shipping attitude was
used when the stage was returned to Manufacturing
Engincering Laboratory for refurbishment, During
shipment to Cape Kennedy for ercetion and launch, the
stage was horizontal with engine 1 down and engine 3
on top with the hypergol container up, A contaminant
could hecome lodged in the igniter fuel system pass-
ages during shipment and restrict igniter flow. How-
ever, all engines are subject to this mishap.

The probable cause of the pop was a restriclion or
blockage of the igniter fuel system. The obstruction
causedanunsatisfaclory flame in at least one injector
compartment. The substance (s) which restricted the
passage {s) is unknown, It is fortunate that this ineci-
dent occurred in an engine with a baffled injector. On
the obsolete flat face injeector, it is doubtful that the
perturbations would have damped so quickly, if at all.
Itis considered that engine 3 pressurce disturbanecs on
both stages S-1-7 and S-1-9 were coincidental.

It is recommended that the igniter fuel passages
leadirg from the hypergol container to the injector
facebe inspected or tested to insure that they are clear
of all obstructions and contaminants prior to launch.

6.3 S-1 PRESSURIZATION SYSTEMS
6.3.1 FUEL PRESSURIZATION SYSTEM

Fuel tank pressurization provides increased
tank struetural rigidity as well as adequate cngine fuel
pump inlet pressure. The only significant difference
between the $-1-9 fuel tank pressurization system and
previous Block II vehicle systems is that only pres-
surizingvalve 1 wasusedovertfuel tank 1 for prepres-
surization; all threevalves were used on previous ve-
hicles. The system operated as expected with no major
deviations from predicted performance.

The fucl pressuorization system is designed to
maintain a constant ullage pressure of approximately
11 N/em? gauge (16 psig) [ur the first 70 scconds of
flight. During this time the fuel container pressurtzing
switch will openand closcany of the three pressurizing
valves which are active to maintain the tank pressure
hetweenapproximalely 10, 3and 11,7 N/em?® gauge (15
and 17 psig). At 70 seconds, the flow of pressurant
to the fuel tanks is terminated and the GN, remaining
in the spheres is joined in one system and allowed to
cqualize with GN, in the LOX/SOX spheres.
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Fuel tank prepressurization to 11.5 N/cm?® gauge
(16.65 psig) of a 6-percent ullage was accomplished
in 10.1 seconds on SA-9. This may be compared to
11.96 N/cm"’ gauge (17.35 psig) with a 5.4-percent
ullage in 3.25 seconds on SA-7. The pressure in the
fuel tanks was similar to the pressure recorded on
past flights and the predicted value (Fig. 6-8). The
fluctuations in pressure during system operation are
normal and are expected as manifestations of the action
of the fuel container pressurizing switeh. These pres-
sure oscillations are transmitted to the fuel pumps, but
have negligible effect onengine performance. The tank
pressurization valves operating during SA-9 flight
were:

Number of Pressurization
Valves Operating

Time Interval
(Range Time-Sec)

0to 39.3 3
39.3 10 54.3 2
54.3 to 70.3 1
70.3 to OECO 0

FIGURE 6-8. GAS PRESSURE IN FUEL TANK AND
HIGH PRESSURE SPHERES

Gas temperature in the 0.57 m® (20 %) spheres
and the nitrogen manifold reilect normal operation.
The ullage gas temperature in fuel tank F-3 was ini-
tially 293°K and decreased to 262°K at 104 seconds
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range time. Subsequently, aerodynamicheating effects
became dominant and caused the temperatire to in-
crease to 266°K by the end of flight. The overall sys-
tem performed as predicted. In general, system gas
temperatures were lower than during the SA -7 flight
pbecause of lower ambient temperatures.

6.3.2 LOX TANK PRESSURIZATION SYSTEM

Pressurization of the LOX tanks provides in-
creased tank structural rigidity and adequate LOX
pump inlet pressures. Prelaunch pressurization is
achieved with helium from a ground source. From
vehicle ignition command to liftoff, anincreasedhelium
flow is used to maintain adequate LOX tank pressure
during engine start. This was the first flight with a
GOX flow control valve (GFCV) set point of 34 N/cm?
(50 psi); previcus Block I GFCV set points were 41
N/cm? (60 psi). This also was the first vehicle in
which LOX suction line helium bubbling was accom-
plished after the LOX tank vent valves were closed.
Operation of the LOX tank pressurization system dur-
ing prelaunch and flight was satisfactory.

Prepressurization of the 6. 3-percent ullage to
approximately 41 X/cm? (59 psi) was accomplished in
67 seconds. Helium bubbling started at -151 seconds
range time. Predicted and measured LOX tank pres-
sure during flight are shown in Figure 6-9. The cen-
ter LOX tank pressure rose to 13.4 N/cm? {19. 4 psi)
at -103 seconds when helium bubbling was ended, and
LOX tank prepressurization commenced. The time
allowed for pressurization was 50 to 90 seconds. At
the beginning and end of the flight actual tank pressures
werea maximum of 2 N/em? (3 psi) below the predicted
pressures. During flight, in the interval of about 30
to 90 seconds range time, the actual pressures were
approximately 1.4 N/em? (2 psi) above the predicted
pressures.

FIGURE 6-9. 10X TANK GAS PRESSURES



The measured pressures of the center and out-
board LOX tanks appeared to be equal at 40 to 80 sec-
ends: however, this would be possible only in cases of
significant venting. Since there were no indications of
ventingand the traces of the outboard LOX tank pres-
sures were almost identical, it was assumed that the
center LOX tank pressure was in error by approxi-
mately 0.3 N/em? (6.5 psi) ; this is approximately one
percent of the measuredvalue. The curve of the center
LOX tank pressure, presented in Figure 6-9, was re-
constructedby adding the measured differential pres-
sure between center and outboard tanks to the meas-
ured outhoard LOX tank pressure.

The maximum center LOX tank pressure was 37.8
N/em? (54. 8 psi) at 36 seconds range lime. Although
this is greater than the 34,5 1.7 N/cm? (50 2 2.5
psi) set point of the GFVC, it is within the designed
parameters of the system operation. The flow of GOX
will he about 7.9 kg/s (17.5 Ibm/s) when the GFCV
is in its most closed pesition. This flow exceeds that
which is necessary to maintain a nominal 34.2 N/cm?
(50 psi) inthe LOX tanks during a portion of the flight.
This valve setting is commensurate with system sta-
bility and temperature requircments, and is not de-
trimental to overall system performance.

6.3.3 CONTROL PRESSURE SYSTEM

The pneumatic control pressure system sup-
plies GN,at a repulated pressure of 517 + 34.5 N/em?®
gauge (750 + 50 psig) for operation of the LOX system
pressure reliefvalves 1 and 2, the LOX vent valve, the
LOX replenishing control valve, the suction line pre-
valvecontrol valves, engine turbopump gearbox pres-
surization, calorimeter purging, and LOX pump seal
purging. The control pressurec system operated satis-
factorily throughout the flight.

The supply sphere pressure (Fig. 6-10) at OECO
was 1324 N/cm? (1920psi) ;1276 N/em? (1850 psi) was
recorded during SA-7 OECO. The higher final pres-
sure at OECO for SA-9 was caused by a higher initial
sphere pressure of 2013 N/cm? {2920 psi) at liftoff,
compared with 1965 N/em? (2850 psi}) for SA-7. The
sphere pressure decay rates for SA -7 and SA-9 flights
were almost identical.

The regulated supply pressure {Fig. 6-10) was
between 517 and 525 N/cm? gauge (750 and 761 psig)
throughout S-I stage powered flight. Although this
pressure was measured in absolute, it is presented in
gauge because the control pressure was controlled by
a gauge repgulator.

6.3.4 LOX-SOX DISPOSAL SYSTEM
All data indicated successful operation of the

LOX-SOX disposal system used to purge the S-I/8-IV
interstage of LOX or SOX resulting from the S5-IV stage
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FIGURE 6-10. GN, SUPPLY AND REGULATED
CONTROL PRESSURE
chilldown, Pressure equalization between the ¢.57 m?
{20 ft3) nitrogen spheres of the fuel tank pressurization
system and the 0, 028 m® (1 [ta) triplex spheres occur-
red at 70. 5 seconds range time when the two systems
were joined. This equalization was shown by an in-
crease in pressure in the fuel pressurization system
0.57 m3 (20 th) spheresto 1138 N/em? (1650 psi) and
by a decrease in temperature in the 0.028 m? (L ft‘)
spheres of the LOX-SOX system (Figs. 6-5 and 6-11) .

The S-I/S-IV interstage vent ports were blown
open at 138,76 seconds range time by the electrical
bridgewire (EBW). Initiation of S-IV LOX chilldown
was indicated by a sudden decrease in S-I/S-IV inter-
stage temperature at 139. 95 seconds {upper portion of
Fig. 6-11) . Plenum chamber pressure (lower potrtion
of Fig. 6-11) increased rapidly after the opening of
LOX-80X disposal. A pressure surge after 142 2
seconds showed that valve number 4 opened and after
143.52 seconds another rise in pressure showed that
valves 1 and 7 opened, completing the sequenced op-
erations, Maximum pressure recorded in the plenum
chamber was approximately 212 N/cm? gauge (3308
psig); the pressure in the SA-7 plenum chamber was
similar.

6.3.5 HYDROGEN VENT DUCT PURGE

The hydrogen vent duct purge system removes
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the chilldown hydrogen flowing through the S-IV stage
plumbing approximately 35 seconds prior to S-1/8-IV
stage separation. The hydrogen flows from the 5-IV
stage through three 0.3 m (12 in} diameter ducts that
lead down the sides of the S-I/S-IV interstage and the
S-1 stage in line with stub fins II, I, and IV. Prior
to launch, low pressure helium from a ground source
purges the three ducts. A helium triplex sphere as-
sembly onboard the S-Istage supplies GHe for the purge
after liftoff. This purge continues through the chili-
down operation and S-1 stage powered flight.

The hydrogen vent duct purge system operated
satisfactorily. Atliftoff, the temperature of the helium
inthe sphere was 286°K with a pressure of 2013 N/cm?
(2920 psi). The SA-T flight readings at liftoff were
297°K and 2041 N/em? (2960 psi). The pressure at
OECO was 445 X/cm?( 645 psi) for SA-9and 441 N/cm’
{640 psi) for SA-7. The temperature of the gas in the
sphere at OECO was 211°K for SA-9 and 218°K for
SA-7. The sphere temperatures were lower for SA-9
flights because of lower ambient temperatures.

6.4 S-1STAGE PROPELLANT UTILIZATION

Propellant utilization, defined here as the ratio
of propellant consumed to propellant loaded, is an in-
dicationof the propulsion system performance and the
capability of the propellant loading system to tank the
proper propellant 1oads. Propeliant utilization for the
S-I-9 stage was satisfactory, although slightly higher
than predicted. The predicted and actual percent of
loaded propellants utilized during the flight are shown
below:

Propeliant Predicted (%) Actual (%)
Total 99. 15 99. 22
Fuel 98. 20 98. 23
LOX 99. 58 99. 63

The loading of the propellants (LOX and fuel) on
SA-9was similar to that for S-1-5 and S--6 and called
for a simultaneous depletion of the usable propellants
for a fixed total mainstage propellani consumption.
The ratio of LOX to fuel loaded was dependent upon
the fuel density at ignition command.

SA -9 was the second flight on which a LOX star-
vation cutoff of the outboard engines was attempted.
The LOX level cutoff probe heightsand flight sequencer
settings were chosen to give a predicted interval of
6.0 seconds between inboard engine cutoff (IECO) and
outboard engine cutoff (OECO). OECO would be ini-
tiated by the thrust OK pressure switch of any outhocard
engine should LOX starvation of its turbopump cccur,
It was assumed that a total of approximately 315.7 kg
{696 1bm) of LOX from the outboard suction lines was
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usable. The backup timer (flight sequencer) was set
to initiate OECO 6.1 seconds after IECO if LOX star-
vation cutoff had not occurred within that time. To iit-
sure against fuel starvation, fuel depletion cutoff sen-
sors were located in the F2 and ¥4 container sumps.

The cutoff sequence on the S5-1-9 stage began with
the signal from the LOX level cutoff probe in container
02 at 138. 60 seconds range time. IECO was initiated
by the flight sequencer 1.62 seconds later at 140.22
seconds range time. This time interval had been 2
seconds on previous flights but was changed to 1.60
seconds to compensate for the LOX liquid level cutoff
probes, These probes had been set at a level lower
than that determined from the flight prediction for a
two-second time interval.

OECO occurred at 145.56 seconds range time,
5.34 seconds after IECO., The {light sequencer was
set to initiate OECO 6.! seconds after IECO. Since
the actual inierval between IECO and OECO was less
thané. i seconds, a LOX starvation cutoff is indicated.
Several pressure measurements in the outboard engine
chambers also indicate a LOX starvation cutoff. At
least two of these engine measuremeats showed that
thrust decay had begun prior to the cutoff setting of the
flight sequencer.

The predicted time interval between IECO and
OECO for a LOX starvation cutoff was 6.0 seconds.
This 'predicted time interval was based upon a 16.5-
em (6.5 in) liquid level differential at IECO between
the center LOX tanks and outboard LOX tank levels.
The actual LOX level differential at IECO was approxi-
mately 7.6 ecm (3 in) and was determined from con-
tinuous level probe data. The smaller than predicted
LOX level differential at IECO implies that 363 kg
(800 Ybm) less LOX than predicted were available for
consumptionafter IECC, andpartially accounts for the
earlier than predicted OECO.

Another contributing factor to the earlier than pre-
jicted OECO was the average LOX level in the outboard
tanks at IECO. This average LOX level was slightdy
less than predicted at IECO, which indicates that less
LOX thanpredicted was available for combustion after
IECO. Probable causes of the lower than predicted
average LOX level were: a) there was a time delay in
the response of the LOX level cutoff probe; and b) at
IECO the LOX levels in the two tanks without cutoff
probes were lower than the LOX levels in the two tanks
containing the cutoff probes.

A fuel bias of 839 kg (1850 lbm) was specified for
S8-I-9. Fuelbiasassures a minimum of propellant re-
siduals with the anticipated variations of the total ve-
hicle mixture ratio at stage shutdown. If the proper
propellant loads, called for in the propellant loading
tables for the fuel density at ignition command, had been
loaded, and if performance had been as predicted, the
fuel bias would have been left as a residual after cutoff.



A comparison of reconstructed and predicted fuel re-
siduals indicates that approximately 136 kg (300 lbm)
‘more fucl were consumed than predicted. Approxi-
mately 64 kg (140 Ibm) of this are explained by the
lower thanpredicted LOX residual. This indicates that
approximately 73 kg (160 lbm) of the fuel bias were
consumed. However, reconstrueted loads indicate that
there were approximately 1361 kg (3000 lbm) less LOX
loaded than required by the propellant leading tables,
Had this 1361 kg (3000 lbm) of LOX been loaded, in-
dications are that approximately 612 kg (4350 lbm)
more fuel would have been burned.  Analysis of flight
data indicates thathad the proper propeliant loads heen
onboard, approximately 680 kg (1500 1bm) of the fuel
bias would have heen burned.

Praopellant utilization was analyzed from signals
received from the three types of probes located in the
nine preopellant containers. A description of these
probes is listed below:

1. A system of 15 discrete level probes was lo-
cated in each propellant container. Anclectrical signal
was initiated by each probe as it was uncovered by the
passing liquid level.

2. Propellant level cutoff probes were located in
LOX containers 02and G4 and in containers F2 and F4,
The cutoff probe signal times and sctting heights from
container hottoms were:

ontainer Height Range Time
{cm) (in) (sec)
02 G4. 16 25, 26 138. 605
04 64. 16 25.26 138. 612
F2 81.G69 32.16 138. 980
F4 81.69 32. 16 138. 906

3. The continuous level probe located near the
bottom of each propellant container indicated the level
from within28. 410130 cm (11,2 to 51.2 in) of the con-
tainer bottom. The data from these probes were in
good agreement with discrete and cutoff probe data, and
wereused in conjunction with reconstructed flowrates
to determine propellant residuals,

The S8-I propellants left onboard at engine cutoff
were as follows:

Endof Thrust

PROP. IECO OECO Decay
(kg) | (lbm} | (kg}| (lom)} (kg) [lbm)
LOX 6487 | 14317 1348 | 2974 1016 | 2245
Fuel |5537 | 12203 | 2702 | 5958 | 2087 ]| 4603

6.5 S-1 STAGE HYDRAULIC SYSTEMS

The hydraulic systems for gimbaling the S-I en-
gines performed satisfactorily. Source pressures re-

mained adequate, oil temperatures were within speci-
fied limits, and desired oil levels were maintained
throughout the S-I-9 stage flight. These parameters
are shown in Figure 6-12.
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FIGURE 6-11. LOX/SOX SYSTEM OPERATION

FIGURE v-12. HYDRAULIC OIL PRESSURE,
LEVEL, AND TEMPERATURE

The magnitude of the source pressure in position
number one remained below its predicted values
throughout flight; the other three source pressures
were almost exactly as predicted. The source pres-
sure of the hydraulic system of engine 1 varied from
the other source pressures by as much as 165 N/em?
gauge (240 psig) during S-I-9 stage operation and ex-
perienced a pressure decrease greater than expected
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from liltoff to stage shutdown. ITowever, this partic-
ular socurce pressure remained within the assigned
limits and the magnitude of its decrease during flight
was not sufficient to warrant concern. The oil levels
and temperatures at this position substantiate normal
operation.

Flight data indicated an oil temperature rise and
subsequent decay of approximately 2. 8°K hetween 80
to 100 seconds of flight and gradual decrease through
the remainder of S-I-9 stage operation. Such an oc-
currence indicates unusually high demands for pitch
and yaw movements in this engine position, and should
be seen in the source pressure and oil level traces.
Neither of the latter parametcrs showed albnormal
drops or variations during this period. Measurement
ervor appears to be the mosi probable cause of the
temperature variations ohserved.

6.6 RETRO ROCKET PERFORMANCE

Ignition of the four 151,240 N (14, 000 lbf) thrust
solid propeilant retro rockets occurred as planned and
performance was satisfactory. The chamber pressure
measurement on rocket number 1 experienced a mal-
function shortly after ignition. The fact that this was
a measuring failure rather thana malfunction of the
retro rocket is clearly indicated by (a) separation
film, (b) strain gauge measurements, (c) vibration
measurements, (d) separationextensometers, and (e)
S-Istage attitude hetavior during retro fire, Thecom-
bustion chamis ¢ preszere on the remaining rockets
showed normal buildup, steady-state, and decay
characteristics. The average thrust of the motors was
slightly lower thanneminaland the burning times were
greater than nominal. Thesc parameters indicate that
the propellant grain temperatures were lower than ex-
pected at the time of ignition. A typical chamber pres-
sure [or the SA-9 retro rockets is shownin Figure 6-13.
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FIGURE 6-13. TYPICAL RETRO ROCKET
COMBUSTION CHAMBER PRESSURE

Measured, calculated, and predicted performance
values are shown in Table 6-1I.

6.7 S-IV STAGE PROPULSION SYSTEM
6.7.1 OVERALL PERFORMANCE

The performance of the S-IV propulsion sys=
tem was within design limits throughout S-IV-9 flight.
Satisfactory performance was obtained from the indi-
vidual engines, the tank pressurization systems, the
helium heater, the hydraulic systems, the PU system,
and the nonpropulsive vent system.

6.7.2 CLUSTER PERFORMANCE

Two separate analyses were utilized in recon-
structing the S-IV siage six-engine performance.

The first method, an engine analysis, used the
telemetered engine parameters to compute clustered
thrust, specific impulse, and mass flow. A correction
factor was used to account for the helium heater flow
rates, the helium heater thrust, the chilldown vent
thrust, and the six-degree engine cant angle from the
vehicle center line.

The second method, a postflight simulation, used
the thrustand mass flow shapes ohtained from the co-
gine analysis, adjusting thelevels to simulate the actual
trajectory as closely as possible. This simulation was
constrained to the cutoff weight determined from capa-
citance probe data, pointlevel sensor data, and meas-
ureddry-stage mass. Tocompare the postflight simu-
lation results with the engine analysis results, a cor-
rection factor for base pressurc and engine cluster
effects must be applied. Cluster effects were deter-
mined [rom previous flight analyses (S-IV-5, -G, and
-7} and resulted ina reduction in thrust of 2785 N (626
Ibm) . The predicted trajectory was based on a thrust
with this correction applied, and is called the "'biased
predicted. ™
6.7.2.1 ENGINE ANALYSIS
Based upon evaluation of burn time with
respect to propellant consumed during powered flight
phase, the analysis of data from the 5-IV-9 flight in-
dicated that stage longitudinal specific impulse devi-
ated from predictedby 0. 28 percent und that stage lon-
gitudinal thrust deviated from predicted by 0. 05 per-
cent. These values are based on biased predictions.

Engine analysis performance characteristics were
reconstructed from LH, cooldown through engine cut-
off. Three independent computey programs were uscd
to gain statistical confidence in the reconstructed
values and profiles.

oo,
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TABLE 6-H. RETRO ROCKET PARAMETERS

Retro Rockets I PREDICTED*
prx 2 3 4 ot |

iBurning Time {sec) 2.1 2.30 2.27 - 2.15
Total Impulse (N-s) - 332,282 331,393 325,832 - 331,393

(lb-s) 74,7060 74,500 73,250 74,500
Average Thrust (N} - 143,678 144,122 143,678 154,131

(lby 32,300 32, 400 32,300 34,650
Average Pressure (N/em?) - 858 858 858 - -
(psi} 1,245 1,245 1,245

Firing Command RT (scc) 146, 42 146. 42 146, 42 146. 42 - - J

Definition of Terms:

1. Burning time - Time interval between the intersection points on the zero thrust line described by
a line tangent to the rise of thrust at the point of inflection extended to intersect the zero thrust line and
by a linetangent tothe 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 - Total impulse divided by burning time.

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

= Predicted values were based on a propellant grain temperature of 289°K and an altitude of 76. 2 km

(250, 000 ft).

=% Bad data prevent determination of parameter values.

: Rocket 1 prevents determination.

Based on data oblained from the acceptance firing
of the S-IV-9 stage, propellant depletion time had been
predictedas 481,84 seconds burn time. Extrapolation
of the flight data indicates that bad depletion occurred,
it would have becn a LOX depletion, Based on a LOX
residual of 391 kg (863 1lbm), cutoff would have uvecur-
redat478. 5 sceonds burntime, or 5,34 seconds short
of predicted. The mainportionofthis difference (4.16
sec) isdue to the variation between the predicted LOX
loadatengine ignition 38,126 ki (84, 053 Ibom) and the
actual LOX load at engine ignition 37, 796 kg (83,325
Ibm) as determined by the engine analysis. The re-
maining i . 18 seconds canbe attributed to slight varia-
tions between predicted and actual pump inlet conditions

and their effects on LOX flowrate. Using the hest es-
timate propellant residuals at engine cutoff and the
burn time discussed above, engine analysis is unable
toaccount for 175 kg (387 lbm) of the "best estimate”
propellant consumption shown in Table 6-1¥. The bhest
estimate propellant consumption value is the weighted
average of the consumption values obtained from engine
analysis, PU system analysis, and flight trajectory
simulation based upon the estimated accuracy of cach
analysis method. The propellant consumption values
determined by each analysis method are also present-
ed in Table 6-IH.

The discrepancy between the engine analysis and
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These vilues refer to propellants above the pump.

the PU system analysis probably is o result of a cali-
bration shift in the LOX mass sensor empty calibra-
tion point, which was revealed prior to flight (Scction
6.9). The cause of this shift most likely affected the
full calibration point; however, there is no way to de-
termine preciscly the magnitude of this shift using
available flight data. The accuracy of the LOX mass
sensor readout at full load condilions is therefore
questionable. The engine analysis is statistically more
sceure [rom the effects of measurement malfunctions
because of the large number of engine measurements
made during a flight and the use of several independent
methods for determining propellant consumption, No
anomalies were observed inengine performance during
the S-IV-9 flight and therefore there is no reason to
doubt the accuracy of the engine flowrates,

The flight simulation method used 1o reconstruct
the flight yvielded an average flowrate value of 95.2
kg/s (209. 8 Ib/s) as compared toan engine analysis
valuc ol 94, 9Kg /s (2092 [hAs) o I is felt that the dif~

fercnce between the flight simulation method and the
engine analysis probably is due to small varigtions in
the engine thrust shape that wasusedin the thight simu-
lation method.

The resulting stage longitudinal thrust, stage lon-
gitudinal specific impulse, stage mass flowrate, and
engine mixture rativ are presented in Figure 6-14 and
are comparced with the unbiased predictedvalues. Table
6-IV compares the thrust vehicle mass loss rale and
longitudinal vehiele specific impulse from the engine
analysis with the biased predicted vatues and the flight
simulation resuits.
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FIGURE 6-14. TOTAL S-IV STAGE PERFORMANCE
{ ENGINF ANALYSIS)
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TABLE G-IV, 8-TV-9 PROPULSION SYSTEM

compared te the observed trajectory, The following

PERFORMANCE: average ( root-sum-square) and maximum differences
were found;
Enginc EFlight
Predicted | Analysis  [Simulation Parameter Average Maximum
Longitudinal Slant range {41 m (135 f1) 169 m (526 ft)
Vehicle Thrust
{N) | 395,460 395,785 397,493 Earth fixed
{1bf) 88,903 B8,976 89,3060 velocity 0.4 m/s (1.16 ft/5)| 0.8 m/s (2. 81 fr)
Vehicle Mass Altitude 128 m {421 1t) -434 m (-1490 It)
Loss Rate . ] o K
(kg/s) 94. 5 91. 90 95. 16 The maximum inaccaracies in the simutated propulsion
(lbm/ s) 208, 4 209, 2 209, 8 system parameters are estimated at 0.3 percent for
specific impulse and 0.2 percent for thrust and mass
Longitudinal flowrate. These inaccuracies are caused by inaccar-
Vehicle wcies in simulation technique and in ohserved trajee-
Specific Im- tory data. Anadditional factor is whether the estimated
pulse (sec) 426.5 425.3 425.9 vehicle mass at cutoff is accurate. Any inaccuracy in
vehicle mass causes additional innccuracies in thrust

* Average values between 90 percent S-IV thrust and
S-1V cutoff.

Definition of Propulsion Parametcrs

Longitudinal vehicle thrust accounts for engine cant
angle. and includes helium beater thrust, and thrust
originating al the cooldown vents caused by leakage of
L1, through the engine cooldown valves during engine
operation. Ullage rocket thrust and predicted acro-
dynamic base drag (600.3 Nor 135 by thrust effect)
are not included. The engine analysis thrusi level is
adjusted downward 2735 N (626 1bf) to account for en-
gine clustering cffects averaged [rom previous ve-
hicles.

Vehicle massloss rate includes all stage weight flow-
rates, such as the sum of individual engine propellant
weight flowrates, lcakage of LH, throughthe cooldown
valves, and helium heater propellant weight flow.
Ullage rocket flowrate is not included.

Longitudinal vehicle specific_impulse is vehicie longi-~
tudinal thrust divided by vehicle mass loss rate,

6.7.2.2 FLIGHT SMULATION

A six-degrec-of-frecdom trajectory simu-
lationprogram was uscd to adjust the S-IV propulsion
system parameters obtained by the engine analysis,
Usinga differential correction method, this simulation
program determined adjustments to stage longitudinal
thrustand stage mass Howrate that vielded a simulated
trajectory that closely matched the vbserved trajec-
tory. The simulated trajectory, with adjusted propul-
sion system parameters incorporated into it, was

and mass flowrate, but not in specific impulse. It is
estimated that the maximum crror percentage for pro-
pulsion system parameters was 0.3 percent for each
parameter. This percentage includes the accuracy of
5-IV-9 mass at cutoff, which was estimated as being
within £ 36 kg (= 80 lbm). Table 6-IV comparces 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 postflight engine analysis and trajectory simu-
lation results for each S-IV flight stage.

The specific impulse of the S-IV-9 stage was in
good agreement with preflight predictions. However,
stage mass flowrate and stage longitudinal thrust, re-
spectively, were 0.67 and 0.51 percent higher than
predicted. These differences from the predictedvalues
for thrust and mass flowrate can be explained partly
by stage propellant mixture ratio that was higher than
predicted due to PU system excursions during the carly
portion of S-IV {light (para. 6.7.3.3). Also, slizht
errors in the estimate of S-IV mass at cutoff could
cause slight errors in the zimulation results for thrust
and mass Nlow, hut not specific impulse. For example,
if the simulation was constrained to a cutoff mass that
was in error by 0.3 percent, there would be a corre-
sponding 0. 3-percent error in the simulation thrust
and mass flowrate.

The trajectory simulation technique provides an
accurate inethod of determining vehicle mass history,
if the vehicle mass at any point in time on the trajec-
tory is accurately known. From the combination of
capacitance probe data, pointlevel sensor data, analy-
tically determined ullage gas mass, and measured dry
stage mass, the best estimate of S-IV-9 cutoff mass
hasbeen determined to be 13, 404 & 36 kg (33, 961 2 50
Ibmyj .

il N



Byusing 15, 404 kg (33, 961 lbm) as the value for
the mass of the simulated vehicle at guidance signal
cutoff, it was determined that the ignition mass would
havetochavebeen61, 800181 kg (136, 246 + 400 ibm),
to provide an acceleration history that would corre-
spond to the acceleration history of the observed tra-
jectory. This ignition mass derived from the trajec-
tory simulation technigue is 23 kg (50 lbm) tower than
the best estimate of ignition mass from all sources.
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{ The correction factors applied to this bar chart are
the same as those used in Table 6-1V with the except-
ion of predictions made prior to S-Iv-9 flight. These
predictions do not include corrections due to cluster-
ing effects.)

FIGURE 6-15. COMPARISON OF 5-1V STAGE
PROPULSION SYSTEMS PERFORMANCE

6.7.3 INDIVIDUAL ENGINE PERFORMANCE
The six Pratt and Whitney RL10A-3 engines,

which powered the S-IV stage, functioned satisfacto-
rily during prestart, start, steady state, and cutoff.
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All engine events occurred as scheduled, and per-
formance levels of all engines were consistent with
those established during acceptance testing.

6.7.3.1 ENGINE COOLDOWN

The engine cooldown period was 49, 3 sec-
onds for LH; and 9. 4 seconds for LOX, The LOX con-
sumplion for cooldown was approximately 83.4 kg
(184 lbm), or un average mass flowrate of 1,48 kg/s
(3.262 lbm/s) per engine. The LH, consumption for
cooldown was approximately 140.8 kg (310 lbmj, or
an average LH, mass flowrate of 0.381 kg/s (1.28
lbm/s) per engine, The above values reflect only en-
gine analysis results and not the "hest estimate’” val-
ues presented in the S-1V PU System, Section 6, 9.

Helium bubbling to subcool the liquid oxygen in
the oxidizer inlet ducts was satisfactorily completed
prior toliftoff. Oxidizer conditions at the engine pump
inlets were normal, ranging from 91.9 to 93.3°K at
prestartand 90.4 to 91.7°K at 5-IV engine start com-
mand, The minimum oxidizer temperature levels dur-
ing prestart were comparable to the levels obtained
on SA-7 and approximately 0.6°K higher than during
the flights of SA-5 and SA-6. At the time of engine
start, the fuel pump inlet pressure was approximately
23 N/cm? (38 psi), and was higher than during any of
the three previous flights.
6.7.3.2 START TRANSIENTS
Normal starttransients were noted forall
engines. The engine thrust buildup to the 90-percent
leve! was achieved by all engines between1.78 and 2. 04
seconds after start command. For comparison, the
chamber pressure transients at start are shown in
Figure 6-16. The individual engine chamber pressures
and the thrust overshoots during engine start transient
were negligible. Engine thrust overshoot values were
less than 5 percent on all engines.
6.7.3.3 STEADY STATE OPERATION
The engines performed satisfactorily
throughout flight. The average of the individual engine
specific impulse was 429.9 seconds and the average
of the totaled individual engine thrust was 400,037 N
(89, 932 1bf) . During flight, maximum and minimum
propeilant mixture ratio levels were 5.35 and 4. 88,
respectively. The maximum propellant mixture ratio
occurred at a PU valve angle of -20.3 degrees, while
the minimum occurred at an angle of 19.2 degrees.
6.7.3.4 CUTOFF TRANSIENTS
Engine cutoff was initiated bya guidance
signal at 621.66 seconds. The six-engine cluster ex-
perienced a smooth thrust decay, reaching 0§ percent
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FIGURE 6-16. INDIVIDUAL ENGINE START
TRANSIENTS

within 0.12 to 0. 17 seconds after engine CO, as shown
in Figure 6-17. Subsequent to guidance cutoff signal,
the total stage cutoff impulse based on guidance accel-
eromeler data was 48, 806 N-s (10, 972 lb-s), as com-
pared to a predicted nominal impulse of 48,672 N-s
{10, 942 1b-s} .
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FIGURE 6-17. S$-IV ENGINE CUTOFF TRANSIENTS

6.8 S-IV PRESSURIZATION SYSTEM
6.8.1 LH; TANK PRESSURIZATION

During the S-IV-9 [light, the LH, tank pres-
surization system performed satisfactorily, Figure
6-18 presents the LH, tank ullage pressures during
prepressurization, S-I boost, and S-IV flight, The
LH, tank was prepressurized with ground-supplied
helium from 11.2 to 26.0 N/cm? (16.2 to 37.7 psi) .
The ullage pressure increased to 27.3 N/cm? (39.6
psi) as a result of replenishing, The ullage pressure
continued to increase to the vent setting of 28.8 N/cm2
(41. 8 psi) . The number 2 LH, vent valve opened twice,
atliftoff -39 seconds and at liftoff -2 seconds. Because
of the complex thermodynamic process existing in the
ullage and the limited instrumentation available, it is
difficult to ascertain if hoiloff is contributing to this
latter pressure rise.

FIGURE 6-18, S-1V STAGE FUEL TANK ULLAGE
PRESSURE

The ullage pressure decreased during cooldown
and was approximately 22.3 N/cm?® (32,4 psi) at S-
IV-9 engine start command. Ambient helium makeup
of the LH, tank was not required because of the high
tank pressure 28.8 N/cm? (41,7 psi) at initiation of
cooldown.

Proper fuel 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 fuel tank prepressurization system. Prior to ini-
tiation of step pressurization, and on signal from the
propellant utilization system at$-IV engine start com-
mand plus 335.66 seconds, the LH, tank ullage pres-
sure cycledbetween 20. 9 to 21.9 N/cm? (30.3 to 31,7
psi). The initiation of step pressurization opened the
step pressure solenoid valve, allowing the tank pres-
sure to approach the vent setting. The ullage pressure
increased from 21.2 N/em? (30,7 psi} at initiation of
step pressurizationto 26. 8 N/em? {38.8 psi) at S-IV-9
stage cutoff.
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The average pressurant temperature was approxi-
mately 175°K. The average pressurant flowrates ob-
tained during normal, control, and step pressurization
were 0,052, 0,080, and 0. 129kg/s (0,115, 0.177, and
0.285 lbm/s), respectively. The average ullage tem-
perature was approximately 148°K. During flight,
37.4 kg (82.5 lbm) of GH, were used to pressurize
the tank.

The performance of the nonpropulsive vent sys-
tem was as expected. Section 14,0 contains details of
system performance.

L1, PUMP INLET CONDITIONS

Based on engine performance data, the LH,
pump inlet conditions were adequaie throughout the
entire flight (Fig. 6-19), although minimum required
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FIGURE 6-19. LH, PUMP INLET PARAMETERS
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conditions were not achieved for approximately 60
seconds. Minimum net positive suction pressure
(NPSP) was 4.6 N/em® (6.7 psi) ab initiation of stey
pressurization, which was 4.y Nsem? (1.3 psi) below
the minimum reguirement. '

6.8.2 LOX TANK PRESSURIZATION

During S-IV-9 stage flight, the operution of the
LOX tank pressurization system was sutistactory,
Immediately before liftoff the LOX tnk was pres-ur-
ized with cold GHe from 4 ground source. During S5-IV
powered flight, pressure wasprovided to the LUX tank
by the helium heater. Figure 6-20 shows the LOX tank
ullage pressure during prepressurization, §-I hoost,
and S-IV flight.
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S-IV STAGE LOX TANK ULLAGE
PRESSURE

FIGURE 6-20.

Throughout flight, the total inlet pressures of the
cngines were above 32. 4 N/em? (47 psi) and the NPSP
was well above the minimum required limit of 10,3
N/cm? (15 psi). At the initiation of the automatic
count (147.5 sec prior to liftoff), the LOX tank was
prepressurized to approximately 33.6 N/em? (45,7
psi) with approximately 2.13 kg (4.7 IThm} of ground-
supplied helium.

Between 117 and 109 seconds prior to liftoff, the
LOX tank No. 1 vent valve cycled three times. The
LOX tank ullage pressure then decayed to approximate-
Iy 31.5 N/cm? (45. 7 psi) at approximately 60 seconds
prior to liftoff, after which it leveled off until liftoff.
The ullage pressure decrease that occurred following
liftoff may have been caused by propellant sloshing.
6.8.2.1 HELIUM HEATER OPERATION
As shown in Figure 6-21, the $-IV-9 flight
demonstrated the operational capability of the helium
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FIGURE 6-21. S-IV HELTUM HEATER
PERFORMANCE

heaterasan integral component of the stage LOX tank
pressurization system. Helium heater ignition was
normal at S-IV engine start command; the combustion
temperature rose rapidly to above 556°K within three
seconds. The combustion temperature continued to
rise for 115 seconds of S-IV powered flight, and then
cycled in a band between 1180°K and 1354°K. This
temperature was slightly higher than normal, but was
within the desired limits of 533°K to 1367°K. The
higher combustion temperature can be attributed to
the fact that the heater exhibited higher combustion

temperatures during acceptance test and therefore
should exhibit higher temperatures during flight. In
addition te this the wllage pressure cycles were such
thata relatively high mixture ratio was induced, prior
to step pressurization, which would result in higher
combustion temperatures.

Helium heater heat flux was satisfactory for the
full duration of S-1IV powerced flight, averaging approxi-
mately 61,500 watts (210, 000 Btu/hr) during single
coil cperationand 83, 600 watts { 290,000 Btu/hry) during
double coil operation. This heat flux, which was ap-
proximately 8800 watts (30, 000 Btu/hr) higher than
normal, resulted from the high combustion tempera-
turc. The helium beater secondary coil control valve
cycled 3.5 times during S-IV powered flight, with
single-coil mode occurring during 43, 8 percent of this
time, and two-coil mode occurring the remainder of
the time.
6.58.2.2 LOX PUMP INLET CONDITIONS
The LOX supply system delivered the
necessary guantity of LOX to the cngine pump inlets
while maintaining the required pressure and tempera-
ture conditions. The LOX pump inlet temperature
stahilized at the bulk temperature of 90.72°K within
five seconds after engine start. The temperature then
increased slowly, and reacheda maximum temperature
of 92, 06°K by S-IV stage cutoff. Throughout S-IV op-
eration, the inlet conditions, shown in Figure 6-22,
were within specificd temperature and pressure limits.
Cold helium bubbling was initiated 486 seconds prior
o liftoff, and continued satisfactorily until termination
at 188 seconds prior to liftoff. The LOX pump inlet
temperatures decreased nermally and, at termination
of coldhelium hubbling, were withinthe range of 78. 7°K
to §0.3°K. This temperature range compared favor-
ahly with expected values., By prestart, the tempera-
tures had increased to between 91.8°K and 93.1°K, a
value that is within the required limits of 90.3°K to
97.2°K. At engine start, the inlet temperatures were
between 90.3°K and 91.6°K. Figure 6-23 provides a
time history of LOX pump inlet temperatures during
cold helium bubbling and LOX pump cooldown.

6.8.3 COLD HELIUM SUPPLY

During S-IV stage flight, the cold helium supply
was adequate. At SA-9 liftoff, respective pressures
and temperatures in the cold helium spheres were
2120 N/em? (3075 psi) and 20.8°K, respectively, in-
dicating a helium mass of 57.5 kg (126.9 ibm). Based
upon integration of the pressurant flowrate during S-1
boostand S-IV powered [lights, it was determined that
35.6 kg (78.55 lbm) of helium were expended for LOX
tank ullage pressure replenishment during 8-I powered



flight, and 35.4 kg (78.1 1bm) were consumed for LOX
fank pressurization during S5-IV powered flight. The
total amount of cold helium residuals in the botdes
after S-IV engine cutoff was 20. 9 kg (46. 1 1bm}, hased
on the hotile pressure and temperature that was indi-
cated. This value, which would indicate that 36.6 kg
(80.8 lbm) of helium were consumed, is in close a-
greement with the 35.6 kg (78.5% lbm) calculated by
integrating the flowrate.
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FIGURE 6-22. LOX PUMP INLET CONDITIONS

6.8.4 CONTROL HELIUM SYSTEM

The operation of the 5-IV-2 preumatic control
system was satisfactory during both preflight check-
out and flight. The control helium sphere was pres—
surized to approximately 203C N/cm2 (2940 psi); it
decreased during powered flight to approximately 1786
N/em? (2590 psi) at S-IV engine cutoff. The sphere
temperature ranged from a maximum of 294°K at lift-
off to 2 minimum of 269°K approximately 200 seconds
after S-IV engine start. By the time of S-IV engine
cutoff, the sphere temperature had increased to 274°K.

The outlet pressure of the control helium regulator
variedbetween 321 N/em? and 340 N/cm? (466 psi and
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493 psi), decreasing briefly to 300 N/em‘ (435 psi)
at initiation of both LH, and LOX prestart. The re-
gulator operated within the desired band of 324 N/cm’,
plus 31 and minus 17.2 N/cm? (470 psi, plus 45 and
ninus 25 psi), exceptforthe normal spikes occurring
at prestart periods.
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FIGURE 6-23. COLD HELIUM BUBB LING
PERFORMANCE

6.9 S-IV PROPELLANT UTILIZATION SYSTEM

The propellant utilization ( PU) system performed
satisfactorily. The residuals ahove the pump inlets
at command cutoff were 391 kg {863 lbm) of LOX
{includes 5 kg or 11 lbm of LOX trapped in the tank)
and 116kg (253 1bm) of LH; {includes 4.5 kg or 10 lbm
of LH, trapped in the tank). If the S-IV-D flight had
been permitted to run to propellant depletion, the pro-
pellantutilizationat depletion cutoff signal would have
been 99.92 percent of the usable propellants loaded.
The residual at depletion cutoff would have been 37.6
kg (83 1bm) of LH,.

As a comparison, analysis indicated that had the
flight been conducted without the control of the engine
mixture ratio { EMR) by the PU system, the propellant
utilization efficiency rate would have been approxi-
mately 99.85 percent. The residual then would have
been 68.0 kg (150 lbm) of LOX.

During flight, the residual LOX mass determined

by the PU system differed substantially from the resi-
dual LOX mass determinedby the liquid level sensors.
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They differed by approximately 109 kg (240 lbm).
Based upon the mass indicated by the PU system, a
comparison was made between the mass ioaded prior
to loading test and the mass loaded prior to prelaunch
loading. This comparison revealed on apparent mass
shift equivalent to a probe capacitance of 0.27 pico-
farad. These readings were considered empty cali-
bration readings since the LOX tank was at ambient
conditions and had nitrogen atmosphere. When there
is no LOX mass in the tank, the fine mass value read
prior to the loading test should be 42 percent of the
first leg on the saw tooth scale, Prior to loading for
launch, the reading of 48.5 percent indicated a high
LOX mass residual of 82 kg (181 lbm). After the
measuring instruments were corrected, the residual
LOX mass determined by the PU system differed by
54kg (119 lbm) from the mass determinedby the liquid
level sensor. This difference was within the combined
accuracy bands of the two measuring systems.

Three possible causes of the calibration shift in
the empty PU system werc suggested,

i, Either extranecus material inside the mass
sensor or damage to the PU system bridge or wiring
caused anactual change in the PU system output capa-
citance. An actual capacitance change would result in
a constant mass output shift of 82kg (181 1bm) through-
out flight.

2. Anaccumulation of moisture on the LOX mass
sensor feedthrough resultedin a de resistance change,
causing an apparent PU capacitance shift. Any such
shift probably would skew the PU output so that a dis-
crepancy of 82 kg {181 lbm) would accur at cngine
cutoff and a lesser discrepancy would occur at engine
ignition,

3. A miscalibration by the PU system could have
resulted in either constant or skewed PU system out-
put shifts.

The most probable cause of the shift appears to be
the existence of extraneous material inside the mass
gensor or the damage to the PU system wiring or bridge.
It would take a large amount of moisture to cause the
observed empty calibration shift. Further, the empty
calibration shift occurred during a period when there
was no possibility of miscalibration occurring.

6.9.1 PROPELLANT MASS HISTORY

The propellant mass history at various event
times as determined by the hest estimate is presented
in Table 6-V. The values are for total liquid propel-
lant mass above the inlet.

TABLE 6-V. PROPELLANT MASS HISTORY

LOX LH,
EVENT _

kg tbm kg lbm
5-1 Liftoff 38,015 + 91 83,809 + 200 7,747 £ 53 17,079 z 117
LH, Prestart 38,015 + 91 85, 809 + 2(_)0 ' 7 7?7-1}3# 573 17,077 + 117
LOX Prestart 38,015 + 91 83,808 £ 200 7,641 + 53 16,846 ¢ 117
S-IV Ignition 37,938 + 91 83,639 + 200 7,596 = 53 16, 747 = 117
PU Activation 37,652; 91 83,008 = 200 ‘7,-.";48 i-:');}"‘” i6.640 t—-l.;
Residual 391-_:-. 36 863 = B0 115 = 11 253 + 25
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G.9.2 SYSTEM RESPONSE

The PU system responded properly during
S-Iv-4 flight and provided the necessary PU valve
movement to correct the mass crrors caused by the
system. Figure 6-24 shows the typical movement of
a PU valve during S-IV stage flight.

FIGURE 6-24. TYPICAL PROPELLANT
CTILIZATION VALVE POSITION

At the time of PU system activation, the system
senseda positive equivalent LOX mass error {excess
in LOX of 226 kg or 500 Ibm) and pesitioned the PU
valve, causing the engines to assume a higher mixture
ratio. The factors primarily responsible for this PU
valve excursion were nonlinearities in the system and
the initial LOX mass error sensed in the system. This
initial mass errer on SA -9 was within the accuracy of
the loading system.

The average engine mixture ratio excursions dur-
ing flight varied beltween 4, 88 and 5,35, and are well
within engine operation capabilities.

6.9.3 PU SYSTEM COMMAND

The PU system is designed to originate three
commands:
t. PU system gain change command
2. LHy tank step pressure commamnd
3. Arm all engine cutoff command
All three commands occurred at the proper times;

however, the third was preceded by a signal from the

Iv.

The PU system gain change was scheduled to occur
when the PU system indicated that the LOX mass had
decreased to 32,799 = 544 kg (72,109 + 1200 lbm) .
The commandwas observedtooceur at 214, 83 seconds
(5-IV-9Y stage engine start command was 145, 12 see-
onds}. The LOX mass at this time was 32, 728 kg
(172,133 Ibm), which was within the wilcrance rnge.

The LH, tank step pressure command was sched-
uled to occur when the PU system indicated that the
LOX masshadreached 11,177 2 534 kg (24, 642 £ 1200
1bm) . This commandwas vhserved to occur at 454,13
seconds, at which time the LOX mass was 11, 290 kg
{24, 890 Ihm). This mass value was within tolerance.

Thearmall engine cutoff command wus scheduled
to occur when the PU system indicated that the LOX
mass had reached 793 + 227 kg (1749 £ 500 [bm) or
upon command of the IG. The IU command, which pre-
ceded the PU system command, accurred at 552,23
seconds. The PU system command was ohiscrved to
occurat 616, 51 seconds, at which time the 1.OX mass
wits 842 kg (1857 1hm)} . This mass waswithiniolerance.

6.10  S-IV IYDRAULIC SYSTERM

The hydraulic systems of all six enaines func-
tioned properly during S-IV-4 powered flight. Tele-
metry data of pressure, temperature, and position
were similar to previous flights. No system malfunc-
tions or incipient performance degradations were evi-
dent in the data received.

Prior to engine start, the engines were satisfacto-
rily positionedby the accumulators' charge. At engine
start, the pressurized flow of the hydraulic pumps re-
charged the accumulaters to their bhottomed positions
and maintained operating pressures above the accum-
ulator Gl pressures. All these events were consist-
tent with normal system operation.

G.11  ULLAGE ROCKET PERFORMAXNCE

Ullage rocket performance was satisfactory
with all rockets jettisoning properly. The ullage rock -
et ignition command was given at 146,32 scconds, as
monitored in the IU. The chamber pressures of all
four rockets increased at o rate of approximately
1G, 900 to 22,400 N/em?P/s {24, 500 to 32, 500 psi/s)



(Fig. 6-25). The expected initial pressure overshoot
was recorded; however, the mainstage pressure aver-
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FIGURE 6-25. ULLAGE ROCKET CHAMBER
PRESSURE

aged approximately 670 N/cm? (970 psi), which was
slightly lower than the predicted 630 N/cm? (1000 psi) .
By 148.8 seconds, the pressure of rocket No. 3 had
decreased to approximately 34 N/em? (50 psi) less
than the average of the other three. However, the
pressure was satisfactory. The burn time of rocket
No., 3 (pressure above 90 percent thrust or approxi-
mately 585 N/cm? (850 psi) was 3.8 seconds, as com~
pared with the required minimum burn time of three
seconds.

At burnout, the chamber pressures of all four
rockets decreased simultaneously. A comparison of
the flight data with the manufacturer data shows that
the overall pressure profiles during rocket ignition
were typical for a grain temperature of 294°K. It
should be noted that as on previous flights, the ullage
rockel pressure sensing lines were empty when instal -
led, rather thanfilled with vil, Rocketthrust data show
that the total longitudinal impulse (parallel {o the axis
of the siage) was 182, 822 N-s (41,100 Ibf-s). This
impulse was within 1.2 percent of predicted nominal.

The ullage rockets were successfully jettisoned
between 158. 46 and 158. 48 seconds.
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SECTION VI, GUIDANCE AND CONTROL

7.1 SUMMARY

The overall performance of the guidance and con-
trol system on SA-9 was very satisfactory. The ve-
hicle responded properly to the simultaneously exe-
cuted roll and pitch programs, which began shortly
after liftoff. As expected, a counterclockwise roll
moment {(due to the unbalanced aerodynamic forces
caused by the S-1V stage turbine exhaust ducts) gen-
erated a vehicie maximum roll attitude error during
S-1 stage powered flight of -1.7 degrees at 56 sec-
onds. Although the thrust vector misalignments on
SA-7 and SA-9 were very nearly equal during S-1 burn,
the maximum roll angle observed on SA-9 was 30 per-
cent smaller than on SA-7. This reduction in roll
angle was due principally to the increased roll control
gain factor on SA-9. The roll torque due to the thrust
vector misalignment caused a 0.2-degree clockwise
roll atiitude error shortly after liftoff, The roll angle
before and after IECO was constant at 0.7 degree.
These angles are somewhatlarger than those observed
on SA-7, but much smaller thar the SA-6 roll angles
of one degree after liftoff and three degrees after
1ECO.

A vehicle roll deviation of 3. 1 degrees developed
during S-I stage separation, caused mainly by the
0.75-degree total misalignment of the S-IV ullage
rockets. The pitch and yaw attitude errors and angu-
lar rates were nearly zero during this time. When
the S-IV control system became effective about two
seconds after separation, the roll angle was rapidly
reduced. During this correction, the maximum roll
rate observed was 3.9 deg/s.

The control system performed very well through-
out S-IV stage propelled flight, The system responded
properly to the initiation of pitch and yaw plane path
guidance at 163.9 seconds.

The overall performance of the guidance system
was very satisfactory. The vehicle's total space fixed
velocity at S-IV cutoff, recorded by tracking, was
7678, 50 m/ s at an altitude of 499, 728 km and a space
fixed path angle of 90,033 degrees. The differences
in value among the precalculated mipus computer,
computer minus tracking, and precalculated minus
tracking were all within the 3 o limits for the velocity
vector. However, they exceeded the 3 o band for the
computer minus tracking and precalcuiated minus
tracking for the altitude and pilch angle deviations.

The inertial velocity components measured by the
ST-121 accelerometers are in excellent agreement
with these indicated by the digital computer. With the

exception of the range component, the measured and
predicled velocity differencesfall within the 3¢ error
band but disagree widely witheachother, In the range
direction, the measured and predicted velocity differ-
ences agree rather well but fall outside the 3 o band
by a factor of 2.0 and 1.4, respectively.

The actual space fixed velocity and altitude at or-
bital insertion, determined from tracking, were
7681,82 m/s and 499,619 km. The corresponding
precalculated and computer values differ from the
actual data by only 0,26 and -0.33 m/s and by 0. 358
and -0. 385 km. The total space fixed velocity differ-
ences are well within the accuracy of the tracking data
(+ 0.5 m/s) but the altitude differences are guite sig-
nificant compared to the + 0. 100-km altitude accuracy
(20].

7.2 SYSTEM DESCRIPTION

SA-9 was the second Saturn I vehicle to employ a
fully active ST-124 guidance system. The principal
functions of this syslem are to:

1. Generate attitude error signals for vehicle
control and steering throughout flight.

3, Issue timed discretes to the spacecraft, In-
strument Unit, S-IV, and S-1 stages for sequencing
vehicle events throughout the entire flight period in-
cluding Pegasus wing deployment.

3. Computeand issue steering commands for ac-
tive path guidance during S-1IV stage burn,

4, Terminate path guidance and initiate S5-IV en-
gine shutdown at the preselected space fixed velocity.

The ST-124 guidance system consists of the ST-
124 stabilized platform assembly and electronics box,
the guidance signal processor, and the digital com-
puter. Figure 7-1shows the interrelationship between
the components of this system and their integration
with the elements of the vehicle control system. The
operationai periods of these major guidance and con-
trol system components are also indicated.

The ST-124 guidance system generates attitude
error signals (A ¢'s) by comparing the three command
resolver signals {x's} with the four ST-124 gimbal
resolver position signals (6's). The angular rate in-
formation reguired for damping vehicle disturbances
is obtained from the three-axis control rate gyro pack-
age located in the Instrument Unit. Vehicle lateral
acceleration control is accomplished in both the pitch
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and yaw planes during S-I flight by meuns of 1wo body
fixed control uccelerometerslocatedin the Instrument
Unit.

To supply the total vehicle system with the basic
signals from a single source (the digital computer),
new time bases must be generated during flight, The
first time base starts when the IU umbilical separates
from the vehicle and ends at S-1 propellant level sen-
sor arming, The second time base begins at activa-
tion of the first propellant level sensor and terminates
when the S-1 “"thrust OK" switches are ganged for
backup ol the normal OECO mode. The third and final
time base commences with OECO and continues
throughout the remainder of the flight.

Pitch and yaw plane path guidance is initiated at
separation command plus 17 seconds, This is accom-
plished by unlocking the brakeson the three com mand
resolvers in the guidance signal processor, loading
the ladder networks in the digital computer according
to the measured guidance values, and issuing the com-
putedcorrectionsignals (3} o the command resolvers
in the guidance signal processor,

The iterative guidunce mode (IGM) is employcd
for the pitch plane path guidance program to compule
the required steering communds (-, ) from the meuas-
sured real time “'state variables,' each 1000 ms.
Tolerances in engine and stage alignment, resolver
chain errors, computational time lags, and other in-
herent conditions resuit in the misalignment of the
thrust vector with respectio the guidance plane. Pitch
plane steering misalignment correction (SMC or x )
is introduced shortly aiter guidance initiation to cor-
rect for this condition.

Deltz minimum path guidance, where the vehicle
is constrained to a predetermined reierence, is em-
ployed in the yaw plane, Boththe ¢ross-range velocity
and displacement are utilized 10 steer the vehicle back
into the reference plane. The range of initial condi-
lions at the introduction of guidance necessitates lim-
iting the cross-range steering command (YCR) 1o 0.25
radians (14.3 deg) to prevent saturation for too long
a time.

When the computer's space fixed velocity vector
reaches the initial digital computer presetling (Vs =
7633 m/s), the signal is issued o lock command
modules, the steering commands are arrested, and
path guidance is terminated. The compuier then shifts
1 a faster cycle in which it searches for the cutoff
velocity of 7678.95 m/s, space fixed. When this value
is attained, the compuler issues the guaidunce cutoff
command that initiates shuidown of the 5-IV engines.
The final space fixed velocity achieved by the vehicle
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al the end o

-1V thrust decay was prodicted to be
4.1 m/s higher than the velocity al puiduance cutolt
command,

7.3 CONTROL ANALYSIS
7.3.1 5-31 STAGE FLIGHT CONTROL
7.3.1.1 PITCH PLANE

In the pitch plane, the performance ol the
control system was very good, The magnitudes ol the
control parameters were small throughout -1 stage

flight. The maximum values observed (in the Mach 1
1o maximum dynamic pressure region) were:

Runge Timve
Parameter Magnitude { see)
Attitude error
(deg) 0.6 6.5
Angle of attack
(free stream) (deg) -1, 4 62,4

Angular rate (deg/s) -1.u 65,0

Normal acceleration
(mn/s%) -0.G G4.2

™

Actuator position

(deg) -1.3 63,0
Angle-of-attack

dynamic pres-

sure product

(deg-N/cm?) 4.3 G2.5

As in SA-7, the digilal computer provided the
pitch program using a 6-term lime polynomial to gen-
erate therequired pitch rate. The 5A-9 vehicle begaun
a programmed pitch over at 8, 86 seconds which con-
tinued uniil 137, 8 seconds when it was arvested at 52
degrees from the launch verticul (Fig. 7-2).

The pitch program for the vehicle during S-1 stage
was biased for the average of the mean winds of the
months Devember, January, February, and March,
The increase in pitch attitude error to 0,4 degree at
137 seconds (Fig. 7-3)} is due to the shape of the tilt
program polynomial.

First mode slosh frequencies (0.9 to 1.1 Hz) of
the propetlants during the S-1 stuge propelled flight
are indicated by the pitch angular rates and engine
actuator deflections (Fig. 7-3). The slosh forces are
largest between 75 and 110 scconds; the resultling an-
gular rates are + 0.2 deg/s.
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FIGURE 7-2. PITCH PROGRAM AND PITCH
VELOCITY VECTOR ANGLE

FIGURE 7-3. PITCH ATTITUDE ERROR,
ANGULAR RATE, AND AVERAGE ACTUATOR
POSITION

Figure 7-4 shows a comparison of the rawinsonde
wind, the angle-of-attack wind and theangle of atiack.

FIGURE 7-4. PITCH PLANE WIND VELOCITY
COMPONENT AND FREE STREAM ANGLE OF
ATTACK

The angle-of-attack wind was calculaled using Q-ball
angle of attack, attitude angle, and trajectory angle; it
is in good agreement with the rawinsonde wind, The
largest pitch wind was 26 m/s, observed during the
max Q region (Fig. 7-4}. During the maximum dy-
namic pressure region (60 to 8¢ sec), the angle of
attack determined from the rawinsonde wind was within
0. 3degree of that calculated from both the Q-ball and
the fin angle-of-attack meters data, The agreement
between the Q-ball and fin meters is good until 120
seconds (30 sec longer than the agreement of these
Same measurements on SA-=7),

An external nose down pitch moment, similar to
that experienced on SA-7, having a maximum value of
670,000 N-m at 70 seconds, was required Lo simulate
the SA-9 flight control parameters.

7.3.1.2 YAW PLANE
The performunce of the control system in the

yaw plane was very satisfactory. The maximum con-
trol values for the S-I powered flight were:;

Range Time
Parameter Magnitude (sec)

Alttitude error

(deg) -0.6 64.1
Angle of attack

(Iree stream) {(deg) 2.9 G4, 0
Angular rate (deg/s} 0.6 65.4
Normal acceleration

{m/s?) -1.1 G4.1
Actuater position

{deg) -1.7 64.3
Angle-of-attack

dynamic pres-

sure product

(deg-N/cm?} 9.3 64.0

First mode slosh frequencies (0.9 to 1.1 Hz) of
the propellants during S-1powered flight are indicated
in the yaw angular rates and engine actuator deflec-
tions (Fig. 7-5). The yaw angular rate resulting from
these maximum slosh forces (75 to 110 sec) was £ 0. 1
deg/s.

The rawinsonde and angle-of-attack yaw plane
winds are shown in Figure 7-6. The maximum wind

{23 m/s) occurred at 70, 3 seconds.

As in previous Block II vehicles, an external yaw
momentis required (in addition to the angle-of-attack
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winds) to simulate the telemetered control system
performance. This required external moment had a
value of 270, 000 N-m at 70 seconds.
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FIGURE 7-5. YAW ATTITUDE ERROR, ANGULAR
RATE, AND AVERAGE ACTUATOR POSITION

FIGURE 7-6. YAW PLANE WIND VELOCITY AND
FREE STREAM ANGLE OF ATTACK

7.3.1,3 CONTROL DESIGN PARAMETERS

A comparison of the SA-9 flight resuits and
Block II control system design criteria total actuator
deflection, angie of attack, and dynamic pressure
angle-of-attack product is shown in Figure 7-7. The
design values arebasedona 95 percent nondireciional
wind velocity with 2 o shears and 11 percent varia-
tion in aerodynamics. Two sigma variations in pro-
pulsionsystem performance and vehicle mass charac-
teristics are alsoconsidered in arriving at the design
values. The SA-9 data are slightty higher than for
SA-7 but well within the design values.

7.3.1.4 ROLL PLANE

SA-9 rolled clockwise to a steady state atti-
tude error of 0.2 degree by 7 seconds range time

42

Total Average Actuator Dellection (deg)
(Vector Sum of Pitch and Yawl

- -
Max Q Vaul Blork 11 Desizgn
| / .
4
0 20 40 60 :14] 100 L 20
Range Time (scc)
Free Stream Angle of Attack {deg)
o Blocw I Dusige
8 /
4 b
3
Lo
0 o .
ol 2G 10 60 HO 100 i2n
Range Time {sec}
Dynamic Pressure Angle-ol-Attack Product (deg-N/cmi?)
30 J
— Block IT Design
20 |
10 F
o . !_k‘,__._“:'...., L ] e
o 20 40 60 80 190 120

Range Time (sec)

FIGURE 7-7. COMPARISON OF SA-$ CONTROL
PARAMETERS WITH VEHICLE DESIGN CONTROL
PARAMETERS

(Fig. 7-8). This indicates a thrust misalignment in
roll equivalent to 0, 05-degree engine deflection for

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



each S-I stage control engine. At B, B6 seconds the
required launch-to-flight azimuth roll maneuver pro-
" gram began; the vehicle's piich and yaw axes were
rotated into coincidence with the stabilized platform
axes, The 15-degree roll program, executed at a rate
of 1 deg/s, was completed at 23.9 seconds (Fig. 7-8).

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

During Roll Mancuver
Parameter [Magnitude] Range Time

After Roll Maneuver
Magnitude | Range Time

Altitude error

{dey) 1,23 10. B -L7 aG. @
Angulay rate
(dey/ ) -1.2 1.7 -0 52.9

Engine defleetion
roll (deg 0,2 10,0 -{.4 56.0

A significant attitude error {-1.7 deg) was also
observed between Mach 1and max Q@ {Fig, 7-8). This
roll attitude error is consistent with previous Block
II flights and is attribated to aerodynamic flow about
the turbine exhaust fairings {see SA-7 report). The
increasein roll control gain {(from 0.2 on SA-7 to 0.3
on SA-9) reduced this roll attitude error from -3.5
degrees on SA-7 to -1, 7 degrees on SA-9. The roll
attitude error bias after the control gain chunge at 140
seconds indicates a 0.07-degree thrust misalignment
in roll for each control engine.

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 after path guidance initiation,
The pitch, yaw, and roll attitude errors are presented
in Figure 7-9.

FIGURE 7-9. S5-IV STAGE ATTITUDE ERRORS

At path guidance initiation (163.9 sec}, the ve-
hicle's space fixed velocity was almost one percent
higher than nominal, This condition caused the guid-
ance system to issue a nose down pitch steering com-
mand correction (sz) , Which peaked at 2. 5 degrees
at 170 seconds. During this period {at 166 sec}, the
ST-124 platform issued a maximum nose down pitch
attitude error signal of 1,1 degrees to the vehicle
flight contrel system, The vehicle pitch program
angle (X z) was reduced o a minimum of 49, 2 degrees
at 170 seconds { Fig. 7-10).
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FIGURE 7-10. VEHICLE RESPCNSE TO PITCH
PLANE GUIDANCE INITIATION

In the yaw plane, the computer data showed that
the vehicle was to theleft {(-12.0 m/s and -1100 m) at
guidance initiation {(163.9 sec}. Consequently, the
guidance system issued maximum steering corrections
of 5,5 degrees X and 6,3 degrees \,, (nose right and
CW viewed from rear) at 170 and 171 seconds, re-
spectively, i.e, XCR reached a2 maximum value of
8. 8 degrees at 171 seconds. During this time (at 167
sec), the ilargest attitude error signals issued by the
ST-124 to the vehicle flight control system were 2,3
degrees nose teft yaw and 0.1 degree roll (CCW viewed
from rear}. The maximum yaw and roll attitudes re-
sulting from the initiation of yaw plane guidance were
8. 2 degrees nose right at 173 seconds and ¢. 5 degree
CW at 169 seconds,
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The overall performance of the guidance system
was excellent, At guidance initiation the computer
indicated thatthe vehicle was to the left of the planned
trajectory; 250 seconds later these initial values of
~12.0m/s and -1100m reached 6 m/sand -80 meters.
Slight perturbalions caused the cross-range velocity
and displacement measured by the compuler at S5-IV
cutoff to increase 1o -0, 3m/s and -122 m; these values
compare very [avorably with the nominal {predicted)
values of -0, 2 m/s and -173 meters.

The pitch plane steering misalignment correction
term (y,.) intreduced some 6 seconds after guidance
initiation increased from 1.05 degrees o 1. 16 degrees
at the end ol path guidance, well within the expected
range.

The S-IV stage steady state atlitude errors and
engine deflections were very near the predicted val-
ues. The meun pilch attitude error increased {rom
0.28 degree nose up at 250 seconds (o the maximum
of 0.3 degree at 585 seconds. Pretlight prediclions,
based on simulation results, indicated that the pitch
attitude error varied from 0, 40 degree nose up at 250
seconds to 0.45 degree at 580 seconds. The minor
discrepancies betweentheflightdata and the predicted
data can be accounted for by small thrust vector mis-
alignments und a center of gravity offset difierent
from predicted.

The mean yaw attitude error increased from0.12
degree nose left al 250 seconds to 0. 30 nose left at 600
seconds. The preflight simulation predicted an in-
crease from 0.2 degree nose left at 250 seconds to
0.47 degree nose left at 600 seconds. This discrep-
ancy isalsoattributed to the factors mentioned above,

The mean roll attitude error was less than 0.1
degree throughout S-IV powered flight.

Vehicle steering commands were arrested when
the space fixed velocity vector computed by the guid-
ance system reached 7633 m/s. This occurred about
two seconds before S-IV guidance cutoff command,
The steering commandanglex, was arresiedat 120, 05
degrees, just U.62 degree less than predicted. Due
to the increasing yaw attitude error during S-IV burn,
the computer's cross-range velocity reached a steady
state value of -0.3 m/s and the cross-range displace-
ment increased to -122 m at 5-IV cutoil.

The angular rates resulting {rom steering arrest
and S-1V stage thrust decay were nearly zero, Al the
end of S5-IV thrust decay the rates were -0, 1 deg/s in
pilch, -U.05 deg/s in yaw, and 0, 03 deg/s in roll.
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7.4 FUNCTIONAL ANALYSIS
7. 4.1 CONTROL SENSORS
7.4.1.1 CONTROL ACCELEROMETERS

Two body fixed control accelerometers lo-
cated in the Instrument Unit (to provide partial load
relief in the pitch and yaw planes from 35 to 100 sec)
functioned properly. Peak lateral acceleration of
~0.6 m/s? in pitch and -1, 1 m/s® in yaw was meas-
ured near max Q. Figure 7-11 shows good agreement
between the measured lateral accelerations (trans-
ferred to the vehicle CG) and the flight simulation re-
-1 and S-1V propeliant sloshing and the first
two bending modes were evident during portions of the
time that accelerometer control was aclive.

sults,
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FIGURE 7-11. PITCH AND YAW CONTROL
ACCELEROMETERS

7.4.1,2 ANGLE-OF-ATTACK SENSORS

Pitch and yaw angle-of-attack components
were measured by a model F16 Q-hall angle-of -attack
transducer mounted on the tip of the launch escape
system (LES) and by Edeliff angle-of-attack meters
mounted on booms atl the lips of fins I and Ii. Both
systems compared well with the computed angle of
attack. This comparison included 0.2-degree pitch
misalignment for the Q-ball, and SA-T7-determined
upwash factors for the fin meters. During the max Q
region, the maximum pitch angles of attack indicated
were -1,37 degrees {Q-ball) and -1, 3% degrees (fin
meters). Maximum yaw angles of attack were -2, 86
degrees {Q-ball) and -2.1 degrees (lin meters).

7.4.1.3 RATE GYROS
A description of the three SA-9 rate gyro

packages is listed below. ALl three pachages func-
tioned properly.



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

2. The second rate gyro package also is a 3-axis
£ 10 deg/s range, and control type unit which was
flown for developmental purposes and was located in
the thrust structure area of the S-] stage. The roll
rate gyro apparenily functioned properly, but because
of the commutated measurement the data generally
were unusable,

3. Three ¢+ 100 deg/s measuring rate gyros, re-
quired for vehicle motion analysis in case of a failure,
are located in instrument compartment 12 at the for-
ward end of the S-1 stage.

The control rate gyros indicated thatthe first four
bending modes and the first torsional mode were ex-
cited during portions of the S-] stage powered flight.
The 1U contrel rate gyro package functioned properly
in the control loop.

T.4.1.4 CONTROL ACCELERATION SWITCH

This is the first flight test which provided
suilable data 1o evaluate the performance of the con-
trol acceleration switch located in the IU. Laboratory
{esis on this switch indicated a switch closure initia-
lion value of 0,254 g with a time delay (time from
sensing of g value to switch closed signal) of almost
0.6 second.

On SA-9, the switch signaled closed at 137.4 sec-
onds; thisis almost 0.9 second after the vehicle long-
itudinal acceleration dropped below the switch setting
and nearly 1.0 second after separation command at
146,42 seconds, If the apparent time delay due to
commultation of the measurement and the start of phys-
ical separation of the S-] siage is considered, the
actual time delay of 0,8 second was about 0.2 second
longer than predicted.

Switch settings on SA-8 and SA-10 are 0,254 and
0,303 g; the corresponding laboratory measured time
delays (g value sensed to swilch closed} are approxi-
mately 0.3 and 0. 4 seconds. Since the vehicle longi-
tudina}l acceleration curve on SA-8 and SA-10 will be
similar to SA-9, the acceleration switch can be ex-
pecied to signal closed at about 0.5 to 0.6 seconds
after separation command.

7.4.2 RESOLVER CHAIN ERROR COMPARISON

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
digital computer,

A compariscen of predicted with calculated pitch
axis resolver chainerror isshown as a function of the
pitch command resolver angle (x,) in Figure 7-12,
The calculated resolver error was obtained by sub-
tracting the calculated pitch attitude error from the
telemetered attitlude error. The calculated attitude
error was obtained from a vector balance using the

=A% - AT
Resolver Chain Error (€} {deg) o2 i Pe
A5 P, = Telemetered Pitck Attitude Error (J Catculated S-1 Stage
O Calculated S-1V Stape
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0.2
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z
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FIGURE 7-12. CALCULATED AND PREDICTED PITCH AXIS RESOLVER CHAIN ERROR
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guidance system measured space fixed acceleration,
the body fixed pitch and longitudinal accelerations, and
the telemetered pitch steering command (X,}. Pre-
dicted and calculated values of pitch axis resolver er-
ror have the same general shape and indicate a bias
of approximately 0.2 degree. The pitch axis resolver
chain errors had only an extremely minor effect on
the vehicle altitude.

Since the predicted resolver chain errors {based
on laboratory measurements) inthe yaw and roll axes
are very smail (less than 0,1 deg) no comparison of
predicted and calculated values was attempted.

7.4.3 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 S-1
and S-IV actuators. Excepl for the sizeable S5-IV ac-
tuator deflecticns (2.6 deg) during S-1 stage separa-
tion, due to the vehicie roll deviation, the S-IV engine
gimbal angles were quite small (+ 0.25 deg) through-
out flight.

The S-I stage telemetered atiitude error, angular
rate, and lateral acceleration signals were analyzed
with an open loop analog simulation of the control sys-
tem filter and shaping networks. The difference be-
tween the telemelered and simulated data was within
0.2 degree, which is within the accuracy of the flight
measurements.

The performance of all eight S-I stage and all
twelve S-IV stage actuators was satisfactory. The
following tabulation presents a summary of the maxi-
mum measured actuator flight data:

S-1 Stage* $-IV Stage™™
Parameter Type of Data Liftoff max & QECO Ignition Cutoff
Gimbal rate Measured 2.0 2,0 0.5 4 0.5
{deg/s) design limit - 17 - 15
Torque Measured 6,200 10,600 16,400 33¢
(N-m} design limit 29,200 1,180 375

% Maximum actuator deflection was 1.7 deg; occurred near max Q.
=% Maximum actuator deflection between S-IV ignition and S-IV cutoff was 2.6 deg in roll; measured at

i49. 9 sec.
7.5 PROPELLANT SLOSHING
7.5.1 S-1 POWERED FLIGHT PROPELLANT SLOSH

S-1 stage sloshing was monitored (similarly
to the previous Saturn I vehicles) by means of differ-
ential pressure measurements in three of the nine
propellant tanks ( LOX tank 02, fuel tank F4, and cen-
ter LOX tank). S-IV stage sloshing was monitored
by the continuous level sensors of the S-IV propellant
utilization system. In Figure 7-13 the peak-to-~peak
slosh amplitudes are presentedas envelopes of values
calculated from onboard slosh monitoring and theo-
retical transfer functlions using engine deflections,

The pitch and yaw engine deflection frequencies
are predominanty first mode sloshing from 70 io 120
seconds. The maximum peak-to-peak response of the
engine to sloshing was 0.55 degree in pitch and 0.25
degree in yaw at 85 seconds (Fig. 7-14). Wind oscil-
lations of 2 to 4 m/s were observed from 70 to 80
seconds, The frequency of these windoscillations was
well within the range of predicted firsi slosh modes

during this lime, thus contributing to the vehicle re-
sponse. Wind oscillations of the same order of mag-
nitude were observed from 80 to 90 seconds on SA-T7;
however, the frequency of these oscillations was only
0.5 Hz, and the response of the engines to sloshing
was 0,1 degree.

Attempts to simulate the propellant sloshing am-
piitudes and to obtain the correct vehicle response
have been unsuccessful. The most plausible explana-
tion for the higher than expected vehicle response on
SA-9 seems io be a system instability which occurs
when the S-IV LOX tank slosh [requency moved through
the 0.9 to 1.0 Hz range. The lower predicted fre-
quency, for first mode 5-1V LOX sloshing (calculated
on equivalent cylindrical tank theory, whichhas proved
inadequate for this fill level), used in the control sys-
tem design produced a stable condition for the S-IV
LOX tank. The higher (corrected) frequency observed
in flight and calculated on equivalent sphe rical tank
theory produces a marginaily stable condition in the
S-IV LOX tank (Fig. 7-15). After passing this mar-
ginally stable region the propeliant damps at



approximately the predicted rate for the slosh baffles
(Fig. 7-13). The predicted slosh frequencies shown
in Figure 7-14 were based on data obtuined after the
flight of S-1V-9.
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7.5.2 S$-IV POWERED FLIGHT PROPELLANT
SLOSH

The LOX sloshing amplitude and freguency
during S-IV powered flight are shown in Figure 7-16.
The sloshing amplitude history agrees with the pattern
seenon previous flights and the frequencies agree well
with predicted values.

The LH, sloshing amplimde and frequency during
S-1V powered flight are also shown in Figure 7-16.
The lack of disturbing moments in the pitch and yaw
planes during separation resulted in a lower initial
LH, slosh amplitude during the $-1V-$ flight than was
seen on previous flights. The LH, slosh frequencies
agree closely with the predicted values.
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FIGURE 7-16. S-1V LOX AND LH, SLOSHING
PARAMETERS DURING S-IV POWERED FLIGHT

7.6 GUIDANCE SYSTEM PERFORMANCE

The overall performance of the ST-124 guidance
system {(ST-124 stabilized platform and electronic
box, guidance signa} processor, and digital computer)
was very salisfactory. Detailed analysis of the tele-
metered guidance system data is discussed in subse-
quent parts of this section,

7.6.1 GUIDANCE INTELLIGENCE ERRORS’

Guidance intelligence errors are definedas the
differences between the range, altitude, and cross-
range inertial velocily components measured by the
ST-124 accelerometers and the corresponding param-
eters calculated from tracking data.

The sources of the guidance intelligence errors
may be divided into two general categories: component
errors and system errors. The component errors,
scale factor and bias, are those atiributled directly to
the guidance accelerometers. The system errors are
atiributed to the stabilized element on which the ac-
celerometers mount. These include gyre drift rales
{constant and g dependent), platform leveling errors,
nonorthogonality of the accelerometer measuring di-
rections, and misalignment of the platform {light azi-
muth, With the exception of the leveling and azimuth
errors, the above data were obtained by laboratory
measuremenis several weeks prior to launch, The
leveling and azimuth deviations weredetermined from
data which were available only immediately before
liftoif.

The predicted ST-124 inertial velocity errors for
the SA-9 flight test were based on laboratory calibra-
tion of the ST-124 stabilized platform system (Table
7-1 and Fig, 7-17). Accelerometer leveling and azi-
muth alignment velocity errors weredetermined from
the data on the system errors available at launch. The
ST-124 system 3 ¢ error band for each velocity com-
ponent was used as the standard for comparison with
the actual inertial velocity dilferences,

In Figure 7-18& the differences between the tele-
metered ST-124 accelerometer (inertial) velocities
measured from vehicie first motion and the corres-
ponding velocity components determined from
MISTRAM tracking data are compared with the pre-
dicted 3 ¢ error difference. Differences between the
telemetered velocity data and tracking are listed for
principal event times in Table 7-II. With the excep-
tionof the range direction, the measured and predicted
velocity component differences fall within the 3 o er-
ror band but disagree widely with each other. In the
range direction, the measured and predicted velocity
differences agree rather well but fall outside the 3 ¢
band by a factor 2.0 and 1.4, respectively.

-
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TABLE 7-1.

GUIDANCE INTELLIGENCE ERRORS

Tre-rtia Vvléc‘iL_v Dil ference al S-1V CO «m/si

Laboratory & | Error Sources " T . X
Parameter Symbol| Units Prelaunch Established From AN '\Yi ALy
Meas, Errors | Trajectory Analysis|™ 1, 7 Traj | Lab | Traj | Lab | Traj |
1, System Errors ‘
a. Platform Leveling deg
1) About X Axis Ly 0,0068+£0,005 0. 00038 0 0 0 0 -0.39] -0.02
2) About Z Axs Ly 0,0057£0,005 0. 0035 0.32 | 0.19 ~0,72|-0.46 ] © 0
b. Azimuth Alignment A,A |deg 0. 00240, 007 -0, U065 ¢ 0 0 ] 0.25| -0,85
c. Accelerometer Misalignments deg
1) Range Accel, Rotated Toward Z Axis| My, -0, 0031 -0. 0031 0 0 0 0 ] 0
2) Aliitude Accel, Rotated Toward X Axis MYx -0, 0004 -0, 000~ 0 1] 0. 03 0,05 0 0
3) Altitude Accel, Rotated Toward Z Axis MYz -0.0033 -0, 0033 0 ] 1] 0 0 0
d. Gyro Drift Rates, Constant deg/hr
1) Yaw (X) Gyro (About X Axis) 6X 0. 164 0. 135 0 0 0 0 |-0.08| 0.01
2) Roll (Y) Gyro (About Y Axis) bY -0, 041 -0, 081 0 0 0 0 |-0.50] -1, 01
3) Pitch (Z) Gyro (About Z Axis) o7 -0, 024 0, 027 0 0 0.29 | -0,34 0 0
e, Gyro Drift Rates, g - Dependent deg/hr/g
1) Yaw (X) Gyro (About X Axis due to % 62&/5\! 0,174 0, 152 0 0 0 0 0 0. 08
2)  Yaw (X} Gyro (About X Axis due to ?’) 3x/¥ -0,015 -0, 034 0 0 0 0 0.04 0,08
3) Roll (Y) Gyro (About Y Axis due to %) | dy/X 0.050 0. 03 0 0 0 0 0.63 0.1
1) Roll (Y) Gyro (About Y Axis due to ¥) | &y/¥ 0,015 -0, 048 0 0 0 0 0.17| -0.57
3) Pitch (Z) Gyro (About Z Axis due to X)| bz/% -0, 067 -0, 166 0 {009 | o.87 | 2.29] © 0
6) Piteh (Z) Gyro (About Z Axis due to ¥)| 62/Y 0. 025 0,011 g.07] 0.03 | -0.30|-0,13| 0 0
2. Component Errors
a, Accelerometer Bias m/s/s 0. 00004 0,22] 0,03 0 0 0 1]
1) Range Accelerometer Bx 0. 00036 -0, 0004+ 1] 0 0.04 | -0,27 0 0
2) Altitude Accelerometer B (. 00007 0. 00013 0 0 0 0 -0,12{ 0.08
3) Cross-Range Accelerometer Bi 0, 00020
b, Accelerometer Scale Fuctor e
1) Range Accelerometer SF, 0. 000V16 0. 000075 0.12{ 0.56 0 0 0 0
2) Aititude SFy 0. 000010 0. 000072 0 0 0. 03 0,22 0 0
3} Cross-Range Accelerometer SF, 0. V00033 0, 000033 0 0 0 0 0 )
Total Error 0.75| 0.90 | 0.26 | 1367 0,02 -1.79
{m/s) 4




veresensnas 39 Deviation Laboratory (or prelaunch} ) Errors determined from
measured error sources trajectory analysis
Platform Leveling - Azimuth Accelerometer Gyro Drift Rates,
About X and Z (deg} Alignment (deg) Misalignment {deg) Constant (deg/hr)
0.010 - 0.020 0.0030 4 0.150 1 R
AA My My, My, 3
0,005 4 0,010 4eeenarenernancans 0.00L5 Fesenrranuransicaanaacnnrnsancacs . 0,075 hresaes _i_ aresssrnesasanse senasant
0 0 .___.A:l.__ 0 0 q_l
<0, 005 Fersesreensaanas eenasmecnne 20,010 frrrecennence wenes -0,0015 4 ELLLLLE «0,075 dennusmanarescssssprnnasaancanareses
-0,0104 -0.020 - -0,0030 - -0,150
Gyro Drift Rates, g Dependent (deg/hr/g) Accelerometer Bias (m/sz) Accelerometer Scale Factor (Percent)
0.20 V. . 0.0020 + 0.0C008
1 swk o ixw Gk v G e/ ] i
i
0.15 - g 0.0015 - 0, 00006 - ]
: SE, S!.y SF,
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fh i8 1l o
0 o L‘J L n : y 0 3 HU UI_] 0 .
-0'05 . Illl.llillllll.lllllllllll..ll“"']l"ll ; shsussnnmsmssnnan —0,0005 e N LT TIT IR LTI TR LA -0. Q0002 =aesnusacsassssansssrsantensesronces
-0,104 -0.0010 - -0.00004 -~
0.166 |

FIGURE 7-17. ST-124 STABILIZED PLATFORM SYSTEM ERROR SOURCES



TABLE 7-1I. COMPARISON OF INERTIAL GUIDANCE VELOCITIES

Event Total Velocity (m/s) Range Velocity (m/s) Altitude Velocity (m/s) Cross-Range Vel. {m/s)
Range Time Data Source | \ctaal | Vel. Diff. Actual Vel. Diff, Actual Vel. Diff. Actual vel. Diff,
(sec)

Accelerometer | 3583.4 1992, 4 2978,4 -11,4

IECO Tracking 3583.2 1992, 2 2978.3 -10.9
Precalculated 3531, 2 1969, 9 2930.6 -10.6

(140.22)
Accel-Track 0.2 0,2 0.1 -0.5
Track-Precal 52.0 22,3 47.7 -0.3
Accelerometer | 3749, 0 2129,1 3085. 7 -11.6

OECO Tracking 3748, 8 2128, 9 53085.6 -11.0

(145. 563) Precalculated 3714.1 2121.2 3048, 7 -11.1
Accel-Track 0,2 0.2 0.1 -0.6
Track-Precal 34.7 7.7 36.9 0.1
Accelerometer | 3849.4 2211.6 3150.6 -12,0

Guidance Tracking 3849.2 2211, 4 3150.5 -11.3

. Precalculated 3818.3 2206, 7 3116, 8 -11.9

Initiation

{163, 863) Accel-Track 0.2 0,2 0.1 -0.6
Track-Precal 30.9 4,7 34,4 0.5
Accelerometer | 8091.1 7483. 0 3077, 5 - 0.3

S-Iv Tracking 8089.6 7482, 0 3076.3 1.6
Precalculated 8116.6 7489, 9 3127.4 - 0.1

Culoff

(621, 659) Accel-Track 1.4 1,0 1.3 -1.9
Track-Precal -26.9 -7.9 -51.1 1.7
Accelerometer | 8093,1 7485. 8 3076. 0 - 0.4

Orbital Tracking 8041, 8 T484.9 3074.7 1,5
Precalculated 8118.5 7492, 6 3125. 8 - 0,1

Insertion

(631, 639) Accel-Track 1.3 0.9 1.3 -1.9
Track-Precal -26.7 7.7 -51.1 .6
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FIGURE 7-18. INERTIAL VELOCITY COMPONENT
DIFFERENCES (ACCELEROME TER-TRACKING)

Detailed examination ot each ine rtial velocity
component dillerence (measured-tracking) jmdicates
that the signilicant inflight velocity error sources do
not agree with the predlight crror sources in the cases
of platiorm leveling, azimuth alignment, roll gyro
constunt and g dependent drift rates, pitch gyro g de-
pendent drift rate, range acceleromeler bias, and
scale factor, It should be noted, however, that all ot
the above computed error source values {determined
by trujectory anulysis) fall within the range of the pre-
fhight error data + the 3 @ tolerunce, except the g de-
pendent roll and pitch gyro drift rutes and the range
acceleromeler scale factor.  This analysis generully
indicates that the g dependent gyro driti rates were
the least predictableand largest inertial velocity com-
poneil error sources {they principally afected alti-
tude and cross-range errors). The effecls of the ac-
celerometer scale factors were the least significant.

Figure 7-19 compures the actual velotily compo-
nent error curves with the reconstructed velocity er-
ror curves using the postilight delermined guidance
system errors shown in Table 7-1 and Figure 7-18.
The differences between these iwo curves are well
within the accuracies espected [rom the tracking data
(shaded area).

7.6.2 GUIDANCE SYSTEM PERFORMANCE COM-
PARISONS

A comparison ol the space fixed wital velocity
and space fixed velocity components al S5-IV cutolt
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FIGURE 7-19. RESIDUAL INERTIAL VE LOCITY
COMPONENT DIFFERENCES (TRAJEC TORY
ANALYSIS-TRACKING)

{from the precaledlsed trajectory and the telemetered
ASC-15 computer data} with the orbital tracking data
is presented in Table 7-11L The velocity dillerences
(computer - Lracking) ail fall wilhin the specilied 3 @
error baml except the space {ixed range velocity dif-
ference, whichis approximately 2.6 times larger than
4 o value. The tolal space fixad velocity ditference of
0.8 m/s was apportioned among its three components
as Lollows: ._\..\S {51 pereent or 9.391 1/ o), AY (s
percent or U, Us6 n/s), and _\.'/,5 (1 pereent or U, U3
m/s).

The space Lixed range and altitude velocily dit-
ferences (computer - tracking} indicute the excellent
performance ol the iterative guidance mode (IGM)
scheme i the pitch plane, .. while ,3.‘-\'5 anld A&ﬁ
vary widely {rom the preculeulited trajectory vialues,
the total velocity veetor difference is only 6,45 m/s.
This is the first tlight test in which the space {ined
cross-range velocity crror el within the 4 g crror
band at S-1V cutolt.

Only the range velocity dilference _\)'\'b_ was sig-
nificantly cutside the 3 ¢ hand. As noted carlier, this
range velocity crror, though larger than the 5 @ band
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TABLE 7-II. COMPARISON OF SPACE FIXED VELOCITIES AT S-1V GUIDANCE CUTOFF
1621. 659 SECONDS RANGE TIME)

Total Range Altitnde Cross Range
Data Source Total Velocity Range Velocity Altitude Velocity Cross Range Velocity
4o Velocity | Differcnce | Velocity | Difference Velocity Difference Velocity Difference

(m?x) (m/s) (m/s) fm/s) fm/s) (m/s) (m/'s) (m/s)
ASC-15 Computer T67H, 98 T269. 46 =2472. G5 -87. 82
Orbital Tracking 7678, 50 T2068. 44 -2471. 22 -H6. 15
Precal. Trajectory 7678. 95 T261. 71 -249%. 15 -37.32
Computer - Tracking 0. 48 1.02 .57 -1. 64
3 o Error Band +0. 71 FURETH +}. 60 +1. 80
Precal. Tracking 0.45 -7.73 -23.93 -1 14

of + 0.4m/s, was within 0.3 m/s of the value pre-
Lroas R Veloe ity ane Pasplaem

dicted based on laboratory ST-124 system calibration
data. The total space fixed range velocity difference
of 1.02 m/s was caused primarily (87 percent) by the
ST-124 system error,

In Table 7-1V, the precalculated and telemetered
(ASC-15 computer} guidance system parameters are
compared with tracking atorbital inseriion. As in the
case of the comparison made at -1V cutoff, the total
measured errors (telemetry - tracking) at orbital in-
sertion all fall within the 3 ¢ error band except the
radius vector (and altitude), the path angle, and the
range velocity, Again, only the range velocity was
significantly larger than the 3 g error band although
il was in lairly good agreement with the predicted
value, The increase in vehicle veloci ty between S-IV
cutoff command and orbital insertion was 3. 17 m/s,
which agrees very well with the predicted increase of
3.10 m/s.

The satisfactory performunce of the yaw plane
(delta-minimum) guidance scheme is shown in Figure
7-20. The ASC-15 computer cross-range velocity and
displacement at guidance initiation (-12.2 m/s and
-1100 m) were reduced to minimum values at about
400 seconds. The increase in all parameters (veloc-
ity, displacement, and steering command} after this
limeis due to the increasing vehicle lateral CG offset
and/or thrust vector misalignment. Due to these con-
dilions, the cross-range velocily and displacement in-
creased to-0.3 m/s and -122m ({remaining within the
3 o band) at 8-V cutoff,

7.7 GUIDANCE SYSTEM HARDWARE

7.7.1 GUIDANCE SIGNAL PROCESSOR AND DIGI-
TAL COMPUTER ANALYSIS

The overall performance of the guidance sys-
tem hardware was satisfactory. The countdown
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FIGURE 7-20, YAW PLANE DELTA MINIMUM
GUIDANCE PARAMETERS

procedure used on SA-7 was altered on SA-9 to force
a recycle of the digital computer back through guid-
ance release 45 seconds before liftoff. This change
gave updated "C" revolver readings much closer to
lifioff and reduced by a factor of four the possible
inertial velocity errors sensed by the computer at
liftoff. This new approach actually eliminated all
inertial velocity errors at SA-9 liftofft,

N




TABLE 7-IV. COMPARISON OF GUIDANCE PARAMETERS AT ORBITAL INSERTION
(631, 659 SECONDS RANGE TIME)
Error® ¥
) , Total Meas Error Residual™ ™ "
v} '} v ol “F - r 2 D Tal
Parameter Units|symbol I reca.lc.uldbed ASC-15 Tr‘ackmg Errox: (ASC-15-Trk) 3 g Error | Factor Error
Trajectory |Computer |Trajectory (Precal-Trk) Band ,
E |§'? [ IE—S cl
Total Velocity m/s | V, 7682, 08 7682, 15 | 7681, 82 0,26 0.33 £0,71 0, 46
Radius Vector km R 6875, 049 6875. 022 | 6874,673 0. 376 0.349 +302 1.15 0. 047
Path Angle deg | 8¢ $0, 013 90. 014 90, 027 -0, 014 -0,013 £0.011 | -1.18 0. 002
Altitude km h 499, 877 500, 004 | 499,619 0,358 0. 385 £302 1,27 0,083
Range Velocity m/s S’.s 7235, 58 7244,60 | 7243.76 -§. 18 0,84 +0, 40 2,10 0. 44
Altitude Velocity m/s i(s ~2579, 39 -2554, 13 | -2555. 57 -23, 82 1,44 +1.60 0. 96 -
Cross-Range Velocity m/s is -86, 67 -87. 18 -85.64 1. 03 1.54 +1,80 0. 86 -
Range Displacement km X, 2306, 538 2283, 796 | 2283, 609 22,929 0. 187 *iﬁ 0,78 -
Altitude Displacement km Y, 6476,417 | 6484,450 | 6484, 148 -7.731 0,302 *‘;Zi 0.81 -
Cross-Range Displacement | km | 2 47081 | -45.958 | -45,572 | 1,469 -0. 396 f;?g 0. 67 -
a2 +1- 70"
Cross-Range Velocity m/s z, -0,25 -0,40 1.49 -1, 74 -1.89 210 -0.99 -
(inertial) )
Cross-Range Displacement | m Z. -7 -125 530 -701 -655 +326 -0,493 -
(Inertial) ! -686

4

& Unsymmetrical 3 ¢ values are due to known biases in the ASC-15 computer.

w% grror factors greater than 1,00 indicate that the total measured error excee
-+ % Residual errors exist only where the measure error exc

ds the 3 ¢ error band.
eeds the 3 o error band,
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After approximately 56 seconds of flight, a bit in
the digital computer's telemetry word counter dropped
out and remained zero for the rest of the flight. This
- malfunétion had no effect on the flight performance of
the guidance system; however, it did delay the com-
puter data reduction effort slightly. The dropped bit
wus in the word that served as identilication for the
digital computer data. As a result, incorrect scale
factors were used in the conversion of the data to
decimal form. This problem was correcled by re-
constructing the proper identifying word, resulting in
complete recovery of the computer data. The possi-
ble cause of the malfunction has been isolated to a
series connection of elements in the guidance signal
processor and the telemeilry multiplexer. However,
thereis no way to isolate the [ailure to any particular
element of the series connection.

S-IV cutoff occurred 8.35 seconds earlier than
predicied; this condition was altributed to the higher
performance of both stages.

The SA-9 predicted total velocily at orbital in-
sertion (7682.05 m/s) included the revised (since
SA-7 flight}) velocily increment resulting from S5-IV
stage thrust decay. The value determined by tracking
was T682.15 m/s, a difference of merely -0, 10 m/s,
This verifies the ability to achieve very accurately a
desired orbital insertion velocity.

The digital computer issued all its sequencing
command functions satisfactorily, The #total delay
(including the data acquisition system) between the
predicted and actuai sequencing times was 0, 004 sec-
ond for the S-1 stapge sequencer and 0. 013 second for
the Instrument Unit sequencer.

The totzl number of computer telemetry words
fromliftoff 10 entry into the cutoff loop at 620 seconds
was 52,080, Of this number, 51,660 or 99.19 per-
cent were available for examination by the bit-by-bit
comparison program, The remainder was lost due to
restart of the bit-by-bit program in second stage.
Slightly over 59 percent (59.7 percent) of the teleme-
try were examined by the bit-by-bit program; the re-
mainder were minor loop telemetry. Thus, 59,20
percent of the total flight computer telemetry during
the time interval considered were examined in this
analysis, An estimated 1.11 percent of the telemetry
were lost due to dropouts.

7.7.2 ST-124 STABILIZED PLATFORM SYSTEM
HARDWARE ANALYSIS

The overail performance of the ST-124 system
was very satisfactory; only the range velocity com-
ponent exceeded its 3 o error band by a significant

amount. Table 7-1 shows the various error sources
that contributed to the total range velocity difference,
Note that the predicted difference, based upen labora-
tory calibration tests, agrees quite well with the dii-
ference determined by the trajectory analysis method,

On SA-7, the largest inertial velocity errors in
all three componenis were caused by erroneous plat-
form leveling signals issued during the vehicle hold-
down period, This error source was eliminated on
SA -9 by swiiching the platform leveling pendulums out
of the circuit prior to the start of the holddown period.
Azimuth alignment error (affecting only the cross-
range velocity} was the second significanl error con-
tribution discovered after the SA-7 {light 1est; this
error source was greatly reduced on SA-9 by more
exact alignment of the ST-124 cross-range acceler-
ometer.

The three gyro stabilizing servoloop error sig-
nals indicated maximum values ranging from i 0.1
degree (yaw gyro} to i €.2 degree (roll gyro}. The
redundant gimbal servoloop error signal measured a
maximum angle of 0, 05 degree. The three guidance
accelerometer servoloop error signals peak values
were i 0. 05 degree (range and cross-range acceler-
ometer) and + 0.1 degree {(altitude accelerometer},
All these measured values compare favorably with in-
flight data from previous flight tests and fall well
within the expected ranges.

The range and cross-range guidance accelerome-
ter encoder outputs verified the satisfactory functional
performance of these instruments; a limited amount
of these data were checked and indicated the same
equivalent velocity pulse count as the accelerometer
(velocity) measurements and the digital computer
daia,

The three phase power supplied to the ST-124
sysiem by inverter 1 had the following average voli-
ages;

Phase AB 115,3 volts ac
Phase BC 116.5 volts ac
Phase CA 114.4 volts ac

These voliages should average 115+ 1 velt ac under
abalanced load and differ from eachother by not more
than 1.5 volts ac. The phase voltage deviations and
the phase-to-phase differences were caused by the un-
balanced load, (Note that the overall average voliage
was 115.4 volts ac while the phase-to-phase maximum
difference was 2.1 volts ae, )

The measured ST-124 internal ambient pressure
6.9 N/cm? (10,0 psi) exceeded its specified lower

[
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limit 7.2 N/cm? (10.5 psi) hy almost 0.35 N/cm?
(0. 5 psi) . This conditionin no way degraded the per-
formuance of the ST-124. It is quite possible that a
significant portion of the total vrror could be attribu-
ted to the accuracy folerance (¢ 5 percent} ol the dula
ucyuisition systeni.

The inflight temperature of the ST-124 inertial
gimbal was 1 degrees colder than during laboratory
calibration. If il is assumed thuat the guidance accel-
erometers experienced the same temperature shilt,
the range and altitude velocity crrors would have been
significantly affected by the chunge in the accelerom-
eter scale factor errors, A lemperatare shifl of 4
degrees would result in an crror of 0,56 m/s in the
vange velocity und 0, 25 m/s in altitude velocity,

At S-IV cutoff the cross-range velocily error re-
sulting from a temperature shift would be negligilve
because of the near zero acceleration experienced by
the Z accelerometer. The irajectory analysis solu-
tion 1o the range and altitude velocity errors indicates
that an accelerometer temperature change of about 2
degrees appears more feasible,

The maximum temperature of the ST-124 mount-
ing frame was only 292°K, several degrees below the
measurement range of 298 to 318°K. The measure-
ment range is being changed to 248 1o 298°K for 5A-8
and SA-10.

NTIA
7.8 ST-124 GAS BEARING SUPPLY SYSTEM

The SA-9 gas bearing supply system (Jocated in
the Instrument Unit along with the ST-121 stubilized
platform system} provided dry and highly tiltered gus-
eous nitrogen al a regulated temperatlure, pressure,
and flowrate to the ST-124 gas bearing components.
This supply system consisted of one high pressure
storage bottle, a heating and pressure regulating us-
sembly, pressure limit switches, calibrution and
check valves, interconnecting tubing, ¢w. The de-
tailed arrangement of the system is presented in Fig-
ure 7-21,

The SA -9 gasbearing supply systemwas modilied
somewhat from those empleyed on previous Suturn
BlockIl vehicles because of the change to the unpres-
surized IU, On SA-9, the ST-124 enclosure pressure
was used as a relerence (instead of the IU umbical
pressure) to maintain the gas bearing supply differ-
cntial pressure. This was accomplished by routing a
pheumatic line from the ST-124 enclosure hack w the
gas bearing pressure regulator,

The ST-124 stabilized platform enclosure ambient
pressure wus constant it 12,4 Nfem? 13,9 psi) hae-
ing launch countdownandthe first 20 seconds of flight.
The pressure decreased as expected; it reached 7,25
N/em? (10,5 psi) at S-1V cutoff. The pressure at cut-
off was approximately 0.35 N/cm? (0.5 psi) below the

Wote:
SCM = Standard Cubic Meter
SCF = Standuard Cinic Foot
Thermistor LP = Low Pressurc
298 + 59K (8) HP = High Pressure
2979K (M) (8) = Specified
Hand 5 0 (C) = Calculated
Calibration LP 1793 N/cm~ gauge (S) " (M) = Measured
Valve
2206 N/ cm? gauge ({5) \\ 7.63 Nem? a (s)

/

2

7.25 Woem? a (C)

HP r -
Pressure l
Switch :

2127 N/cm2 gauge (M)

5.1 s (C)

1
{Usable) Check Valve

0,628 m)

Filter

Pressure Regulator N
& Heater Assembly
13.5 N/emZd (S)

13.6 H/cmid (M)

{ rifice
)

ST-124:
L '\
\ R
_i GN, Consumption Rate
- 0.033 sM/min (S)

0.058 SQM/min (C)

Inlet Manifold

10.42 + 0.035 N/em2d (5)
10.5 W/emdd ()

e

FIGURE 7-2i. GAS BEARING SUPPLY SYSTEM
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desired minimum value of 7. 63 N/cm? (11, 0 psi), The
desired minimum pressure is based on providing an
ample range of safety above the 5.55 N/cm? (8,0 psi)
critical minimum ambient operating pressure of the
8T-124 gas beuring components.

The performance of the gas bearing supply sys-
tem was not satisfactory due to the apparently exces-
sive gus consumption rate. The GN, storage bottle
(0. 028 n13; 1.0 ft*) was pressurized to 2127 N/em?®
gauge (3085 psig) by the high pressure ground supply
before liftoff, This value is well within the specified
launch requirement of 1793 to 2206 N/cm? gauge {2600
Lo 3200 psig) . From liftoff to S-IV cutoff, the ST-124
gas bearings consumed 0.498 SCM or 10 percent of
the total usable supply of 5. 10 SCM (180 SCF). The
average inflight consumption rate of the gas bearings
was 0, 048 SCM/min, or 34 percent larger than the
predicted rate of 0.0364 SCM/min. No satisfactory
explanation of this problem has been found,

About one hour belore liftoff, the average tem-
perature ol the GN, supplied Lo the ST-124 gas bear-
ings was 295°K (298 ¢ 5°K specified) and the meas-
urement was displaying its characteristic thermostatic
cycling, At -65 minutes the temperature begins to
drop rapidly, reaching the lower measuring range
limit (292.5°K) at abeout -57 minutes. The measure-
ment remained off scule throughout Hight, The block-
house monitoring system and inflight power consump-
tion data both indicate that the gas bearing supply

heater was continuously operative, However, all four
ambient temperatures dropped sharply al commence-
ment of LH, loading from an average of 293.4°K to
289, 0°K at -67.6 minutes and -60 minutes, respec-
lively, The average IU temperature was never higher
than 292,2°K. This low IU ambient temperature is
believed to have resulted in such great heat loss in
the GN, tubing from the healer-regulator tothe ST-124
platform that the GN, heater was unable to bring the
GN; up to the specified minimum temperature. It
should be noted that this was the first Saturn flight
test of this particular heater.

The preset pressure regulator differential pres-
sure (between the measured gas bearing supply pres-
sure and the specified ST-124 enclosure pressure)
was 13.5 N/cm? differential (19,5 psid). The regu-
lator was set atthis value to provide the specified dif-
ferential pressure of 10,42 & 0. 35 N/em? differential
{(15.0 + 0.5 psid) at the ST-124 inlet manifold. Prior
to liftoff, the average pressure differential {gas bear-
ing supply pressure minus ST-124 enclosure pres-
sure} measured 13.5 N/cm? differential; inflight, the
corresponding average pressure differential was 13, 54
N/em? differential 20 seconds after liftoff and 13,72
N/cm? differential at S-IV cutoff. The ST-124 inlet
manifold differential pressure was 10,46 N/cm? dif-
ferential during early flight and 10. 67 N/cm? differ-
ential at S-IV cutoff, well within specified ST-124 in-
let manifold supply pressure requirement of 10.42 3
0. 35 N/cm? differential (15,0 £ 0.5 psid).



SECTION VIII. SEPARATION

8.1 SUMMARY

Separation of the SA -9 vehicle was accomplish-
edin the same manner as in previous Block [I flights.

The chamber pressure of retro rocket 1 (see
Propulsion) indicated a loss of pressure shortly after
start of thrustbuildup. All other available informaticn
indicates that this retro rocket performed as expected
and that the separationtime history was near predicted.

First motion between stages was observed within
0.07 second of separation command. The S5-IV stage
engines cleared the interstage 0. 01 second later than
predicted, relative to the observed first motion time.
(For one retro rocket out the time difference between
predictedand actual clearance would have been about
0.22 sec.) The two stages had separated by 10. 95 m
at S-IV ignition, which is 7.95 m greater than the
specified minimum design requirement of 3 m (10 ft) .

The vehicle attitudes and angular rates were well
boelow design values at separation; however, angular
rates for the separated S5-I stage increased during the
separation period. A systematic pitch and yaw devia-
tion of the S-I stage has been observed on all Block I

Enable §-1 Propellant
Level Sensors

135,32

Dper Interstage Vent Porks
and Initiate LOX Prestart 1

§.1 Irboard Engine Cutoff

(sensed by guidance computer)
§-1 OQutboard Eagine Cutoff

Ullage Moturs Burn {907 Thrust)

Separation Command

First Motion Between Stage

Retrs Motors Burn (90% Thrust)

§-1V Clear $-1/5-1V Interstage

5-1v Ignitien

flights. Only the roll angular rate of the §-IV-9 stage
increased significantly during the separation process.
The roll excursion was approximately T0 percent of
the value observed on the S-IV-7 flight. The direction
of the roll excursion was opposite to that observed on
SA -7 andisattributedto a total resultant ullage rocket
misalignment of 0.75 degree in roll.

8.2 SEPARATION DYNAMICS
8.2.1 TRANSLATIONAL MOTION

The actual separation sequence for the SA-9 ve-
hicle is shown in Figure 8-1, Separation command was
givenat 146, 42 seconds and first motion was observed
at 146.49 seconds. Firstmotion time was established
from extensometers and accelerometer data which
were ingood agreement in both time of separation and
separation distance. Maximum deviation hetween the
two methods of obtaining separation distance was 2 cm,

Figure 8-2 shows the separation distance between
the two stages. Shown for comparison is the SA-T
separation distance. The two stages had separated by
10. 95 matS-IV ignition, which is 7. 95 m greater than
the specified minimum distance but is in agreement
with the predicted nominal separation. Figure 8-2
shows the velocity increment for both stages in addition
to the total relative velocity between stages.

146,16 150,09
AR AR AU R,
146,42

146.49

145, %

156.61

Range Time {Sec)

FIGURE 8-1. SEPARATION SEQUENCE
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Alateral clearance analysis indicated that the SA-9
separation required 0.056 m (2.2 in) of the 0.74 m
(29 in) available lateral clearance corresponding to a
probability of 0. 88,

8.2.2 ANGULAR MOTICN

Attitude angles and angular rates were well be-
low designvalucs of 1 degreeand i deg/s, respectively,
at the start ol separation.

After separation the pitch and yaw angular rates
of the 5-1 stage increased to -2 and -1 deg/s, respec-
tively (Fig. 8-3). This magnitude and direction have
been observed onall Block I vehicles and could be at-
tributed to a systematic total misalignment of the retro
rockets of approximately 0.2 degree in the pitch plane
and 0. 15 degree in the yaw plane. No S-I booster roll
rates were obtained due to a failure in the telemetry
system of this measurement.
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FIGURE 8-3. ANGULAR VELOCITIES DURING
BOOSTER SEPARATION

Very small S-IV stage pitch and yaw rates were
ohserved during the separationperiod (Fig, 3-3). The
roll rate was 1.5 deg/s (CCW from rear) and can be
attributed to a 0.75-degree total ullage rocket misa-
lignment. Shown for compariscn in Figure 8-3 are the
angular rates experienced on the SA-7 flight. The roll
rates for the S-IV stage of both vehicles have the same
characteristic shapes bui are opposite in direction.
The $-IV -9 roll magnitude is approximately 70 percent
of that observed on §-IV-7. No problems were experi-
enced in controlling these roll excursions. Total ullage
rocket misalignments of approximately 2,7 degrees
could be tolerated without the roll attitude error and
angular rate signal being saturated.

Figure 8-4 contains the attitude error signals re-
sulting from separation transients and disturbances.
Shownasa dashedlineare the simulated values, which
agree quite well with the actual values. Conditions
used for the simulations are listed in the figure.
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FIGURE 8-4. S-IV ATTITUDE DURING SEPARATION



SECTION IX.

y.1 SUMMARY

The SA-9 vehicle experienced maximum bending
in the yaw plane at approximately 64.1 seconds. A
maximum static momentof 1, 125, 000 N-m was experi-
enced at station 23.9 m.,

The structural flight 1cads on SA-9 were generally
as expected and no Pogo effects were apparent. The
axial toad data verified that all four retro rockets per-
formed properly.

The bending oscillations observed on SA-9 were
identical to those observed on SA-1T.

The vibrations observed on SA-9 were all within
the expected levels and compared well with those of
SA-7. The IU vihration levels were somewhat higher
than on SA -7 due to the IU configuration change. This
inereased vibration level was expected.

The S5-IV stage load data indicated that all struc-
tural components functioned property.

9.2 RESULTS DURING S-1 POWERED FLIGHT
9.2.1 MOMENTS AND NORMAL LOAD FACTORS

9.2.1.1 CALCULATED VALUES

The Saturn SA -9 vehicle experienced the
maximumbending moment inthe yaw plane at approxi-
mately 64.1 scconds. The distribution of this moment
is presented in Figure 9-1, togcther with the normal
load factor obtained from the accelerometer readings
of the IU measurements, Body bending or dynamics
was consideredas either increasing or decreasing the
static moment. The effects of the dynamics are de-
notedby the dashedlines. The maximum static moment
of 1,125,000 N-m was experienced at vehicle station
23.9m (942 in). The slope of the load factor line in-
dicates the rotational acceleration of the vehicle. The
difference between the load factor value at the IU ac-
celerometer station and the telemetered value can be
considered the effects of dynamics. The telemetered
acceleration is shownas the circled point in Figure 9-1.

9.2.1.2 MEASURED VALUES

The bending moment and axial load data re-
ceived on the S-1 stage of 8A-9 indicated normal per-
formance. Strain gauge measurements were made
only at station 23,9 m (942 in) of the S-I stage at the
LOX studs and tension ties located at the base of the
spider heam. The body loads can be measured at this

STRUCTURES

station with the exception of that portion of the load
carried by the center LOX tank., Body loads are de-
termined by calculating (from strain readings) the
load in the LOX stud tension tie joints and resolving
these into bending and axial loads.

“roam )

FIGURE 9-1,
NORMAL LOAD FACTOR

SA-9 YAW BENDING MOMENT AND

The maxinum bending moment observed on SA -9
ispresented in Table 9-1, together with a comparison
of similar data obtained for SA -5, SA-6,andSA -7, The
bending moments determined from the strain gauge
{neglecting center LOX tank) inthe pitch and yaw plane
and the resultant moment are presented in Figure 9-2.
As indicated by this figure, the vaw bending moment
was the major contributor to the resultant bending
moment.

Vehicle deflections and bending moments were
measured on the ground during the RF checkout of
8A-9, Analysis of the wind data showed goodagreement
with the standard wind profile over a two seconds in-
terval. Dueto the lack of a zero deflection reference,
cameri measurements were related to a lower wind
speed. A comparison of leveling moment and delta
deflection was made fora 5.96 m/s wind at the 18.3 m
level. The bending moments were determined from
strain gauge readings and the deflections measured by
a4 camera viewing the nose. These values are com-
pared with the predicted values below:
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TABLE 9-I. S$-1STAGE MAXIMUM BENDING
MOMENT DATA

Flight
SA-9 SA-T Sa-6 SA-5
Moment
Magnitude 1,080 730 2,750 713
(1000 N-m)
[
S |Magmtude 9,610 6,500 | 23,300 6,320
2 | 1100 in-1b)
2
o | Time 63.38 75.0 LU 66.3
1 (sec) and
63,3
£ | Magnitude 1,020 647 946 713
Z | (1000 N-m)
=
o .
S | Magnitude g,000 | -3,730 | -8,520 6,320
Z | (1000 in-1b)
) ———
% | Time 6.3 67,0 72,7 66.3
- | sec)
& | Mugnitude 552 647 2,720 547
| (1000 N-ni}
r
5 ——
T | Magnitade 4,900 5,730 | 23,080 1,845
3 | (1000 in-iby
b8
S | Tme 63.1 15.0 (TN 63. 6
= l {sec)
1 Yaw Momeni
Sign Convention w Pitch
{ Looking Alt) H Moment
1

{Corrected for contribulion of center LOX tank.)

Station Measurerd Predicted
Delta deflection at
station 45. 44 m
(1789 in) 0.795 cm 0,721 em
{0.313 in} (0.284 in)

Bending moment at
station 23.8 m

(942 in) 57, 800 N-m 56,774 N-m
(512, 000 in-1bY|( 502, 497 in-1b)
9.2.2 LONGITUDINAL LOADS

9.2.2.1 ACCELEROMETER DATA

Instrument readings used to evaluale the
longitudinal structural response were from accelero-
meters located inthe Instrument Unit. Accelerometers
for the Apollo capsule and holddown arms were not
installed on this flight.
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FIGURE 9-2. STRAIN GAUGE BENDING MOMENT
AT STATION 23.9 m (942 in)
(NEGLECTING CENTER TANK)

An investigation was made o compare the calcu-
lated response of the system for the observed applied
forces during the thrust buildup period. The buildup
period is defined as the time interval from ignition of
the first engine to vehicle liftoff. The engines were
scheduled to ignite in pairs, with a 100 ms delay bhe-
tween pairs to limit the vibratory force to 20 percent
of the static thrust. Figure 9-3 shows the engine
staggering times (ignition delay) to be erratic; how-
ever, the maximum response was only 13 percent of
the static thrust.

Longitudinal oscillations that built up during the
period from 40 to 80 seconds after liftoff were not
significantly different from those recorded on vehicles
SA-6 and SA-7. An attempt was made to correlate
peak amplitude frequencies of LOX and fuel pump in-
let pressure, engine chamber pressures. and longi-
tudinal accelerations. No similarities were evident
and the existence of Pogo oscillations was nol apparent.
9.2.2.2 STRAIN DATA

Axial londs at station 23, % m (942 in) were
determinedior SA -9 and clearly indicated the specific



FIGURE 9-3. MAXIMUM DYNAMIC RESPONSE

flight events. The axial loads on SA-9, shownin Figure
9-4, followedthe same general trends as the longitudi-
nal accelerations (Section V). The axial loads during
the cutoff phase are also shown in Figure 9-4, This
figure presents the axial load values during IECO,
OECO, and retrorocketfiring. By using the axial load
data during the retro rocket firing time interval, it was
possible to verify that all four retro rockets fired, In
calculating the average retro rocket thrust, corrections
to the axial load contribution of the retro rockets for
outhoard engines thrust decay, inertia of the spider
beam {using a weight of 1360 kg or 3000 lbm and an
acceleration of 1.17 g), and the 12-degree cant of the
retro rockets were included, The retro rocket thrust
was calculated during the time interval {rom 146.6 to
148. 8 seconds. Anaverage thrust of 145, 000 N {32, 500
1bf) was calculated per retro rocket. This was less
than the nominal value of approximately 151,000 N
(34, 000 Ibf) per rocket. However, it does indicate
that all four rockets did fire.

9.2.3 BENDING OSCILLATIONS

9.2.3.1 BODY BENDING

The SA-9 body hending flight data show no
significant difference from that obtained from the SA-7
flightvehicle. A filter bandwidth of 0.667 Hz wasused

FIGURE 9-4. AXIAL LOAD AT STATION 23.9 m
(942 in) (NEGLECTING CENTER TANK)

for data evaluation. Figure 9-5 shows a comparison
of the SA-9Y vehicle bending frequencies in the pitch
plane with those obtained from dynamic test. The
amplitudes of response for these accelerometers are
shown in the lower part of the figure. The {requencies
indamplitudes were determined from the pitch accel -
erometers located in the T and on the S-IV stage, at
station 37.6 m (1479 in) and 35.6 m (1400 in), re-
spectively.

Allaccelerometers appeared to function normally
and the data received were withinthe ranges of expected
results. After separationofthe S-¥ stage and jettison-
ing of the LES, oscillograph records indicated a negli-
gible response level.

9.2.3.2 FIN BENDING

Allfinaccelerometers appeared to be oper-
ating during flight; however, the vibration levels
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Renge Time [sgec)

FIGURE 9-5. VEHICLE BENDING FREQUENCIES
AND AMPLITUDES, PITCH

exceeded the calibration range during the periods of
Mach 1 and maximum dynamic pressure. Various time
slices were analyzed over the frequency span of 0 to 60
Hz. The power spectral densities indicated the fre-
quency content tohe approximately the same as record-
ed on previous flights; the predominant frequencies
were 30, 37, 40, and 44 Hz.

9,2.4 S-1VIBRATIONS

9.2.4.1 STRUCTURAL MEASUREMENTS

There were 17 accelerometers located on
the S5-I stage structure. All but three of these meas-
urements appeared to function property. The meas-
ured response of the S-1 siage structure was normal
throughout powered Oight and did not exceed expected
levels. Maximum vibration was induced by acoustic
and aerodynamic noise environments present during
launch and max Q. Slightly higher levels, attributed
toanincrease inangle of attack, were measured on the
upperbooster structure during max Q. The maximum
vibrationlevels encountered on SA-%are given in Table
9-T. A time history of the structural vibration level
is shown in Figure 9-6.
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FIGURE 9-6. S-1STAGE VIBRATIONS

9.2.4.2 ENGINE MEASUREMENTS

There were 29 accelerometers located on
the H-1 engines and engine components. An envelope
of the vibration levels observed on the engine meas-
uremenis is shown in Figure 9-6. All telemetered
vibrationdata appeared valid with the exception of the
combustion chamber dome measurements and one GOX
line measurement. The measured vibrations of the
engines and engine components were normal through-
out powered flight and did not exceed expected levels.
The maximum levels for these measurements are pre-
sented in Table 9-TI. Maximum vibration was self-
inducedby the combustion process. The chamberpres-
sure oscillations were transmitted directly to the
engine domes and various components. The vibration
levels were stationary throughout flight.

The combustion chamber dome data were consid-
ered invalid due to the vast difference existing between
adjacent hardwire and telemetered data. At present,
the reason for this discrepancy is undetermined; how-
ever, it appears that some type of external environ-
ment peculiar to the dome structure is influencing the
telemetered signal.



TABLE 9-I1L,

VIBRATION SUMMARY

Arca Monitored Ma‘.\. Level thhl Ruemarks
G ) Period
rms
5-1 STAGE
STRUCTURAL MEASUREMENTS
Shear Beany Shear Parels 1t taunch Compares with SA-7
Shroud Panel <zd Much 3 Meas, clipped - Compares with SA-7
Rear Spar Flange 3.2 LO s max Q@ Response Jower by & Grms than Sa-3
Spider Deam Y. 5 maa 4.8 Grm higher than SA-7
5
Retro Hocket Support :
Brackels 1&g 3 [P ] : max 2.h Grms higher than SA-7T
ENGINE MEASUREMENTS
Combustion Chamber Dome - - Data tnvalid
Turinne Gear Case 15 Y0 sec On Eng 4, 4 Grm lower than max, on SA-7
H Ry
(
Fuel Suction Line Eng 6
Outlet Flange | i Level in direction ot flow, compared w 3.0
E G un SA-T.
! rms
Inlel Flange 1.y - Level perpendicular to llow, compared to
‘ 156G unSA-7,
rms
] Heat Exchanger Eng 6 20.3 - ‘ Yaw directon, 1,3 Grm Chigher than $A-7.
i 3
i GOX Lune Eng 6
Qutlet Flange 11.4 Perpendicuiar 1o flow und compures s 10
Inlet Flange 9.1 - G an SA-T,
rms '
Fuel Wraparound Linc :
Eng 6 27 = 4 sec & CO 2,3G lower than 37 -7,
res
COMPONENT MEASUREMENTS
Hiard Mounicd Inst, Punel F-2 is.6 max @ 5.1 Grms tower than 8A-7 mux
Shock Mounted Inst, Puncl F-1 4.4 launch 1.2 Gy higher than $A -7 max.
9.2 Gppyy/lower than maa. on F-2,
YA3 Distributor
Measuring Bracket 6.1 launch Compared to max. on SA-7 of 7.0 Grms
INSTRUMENT UNIT
STRUC TURA L MEASUREMENTS
Lower Mounting Ring 5.0 max Q Compares W 6.2 Gpg on SA-7
» Upper Mounting Ring H.4 Mach 1 4.7 G higher than SA-7 at maxQ
COMPONENT MEASUREMENTS
Guidance System
Inertial Gimbal 1.8 holddewn 1.2 Grm; an 5A-7
ST-124 Suppart Structure 5 max & -
ST- 12+ Mounting Ring 2 max 1.0 G _on SA-T :
rms ¥
Air Bearing Supply 3 max Q - :
i
RF Assembly 3 max Q -
Guidance Computer [ Launch Perpendicular 1o mounting pancel !




9.2.4.3 COMPONENT MEASUREMENTS

There were eight accelerometers located on
various components. 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 period when the sup-
porting vehicle structure was excited by the acoustic
and aerodynamic noise environment. The maximum
levels ohbservedare presented in Table 9-11 and an en-
velope of the levels in Figure 3-6.

9.2.5 S-IV VIBRATIONS

4.2.5.1 STRUCTURAL MEASUREMENTS

Nine vibration mecasurements were taken on
the structure of the S-IV stage. The accelerometers
were located onvarious components of the thrust struc-
turc und Lify tank, and{or discussionthe measureme nts
have been divided into these two areas, The vibration
levels on the thrust stiucture were comparablce to the
levels during the SA-7 flight. The vibrations on the
LH, tank exhibited the expected characteristics. The
vibration levels were higher during the critical flight
perieds but were comparable to those chserved onSA-7.
Envclopes of these vibration levels are presented in
Figure 9-7.

FIGURE 9-7. S-IV VIBRATIONS DURING S-I STAGE

POWERED FLIGHT

9.2,5.2 ENGINE MEASUREMENTS

Measurements were taken on the thrust
chamber dome and on the gear case housing of each
engine. Based upon the results of the SA-7 ﬁighi. the
vibration levels of the S-IV -9 engines were as expected.
The SA-9 levels were below the noise threshold of the
telemetry system and therefore were considered negli-
gible at these locations during 5-1 stage powered flight.

9.2.5.3 COMPONENT MEASUREMENTS

The component measurements were divided
into components onthe LH, tank, the forward interstage,
and the aft skirt and thrust structure, The accelero-
meters on the aft skirt and thrust structure components
were located on the helium heater and at the hase of the
ullage rocket, inverter, PU computer, and seguencer
{pitch and yaw direction). Excepi for the vibration
levelsat the inverter, all the vibration levels at these
components were lower than those occurring on the
same components during S-1 stage powered flight of
SA-T7. The data from the ullage rocket measurements
were considered guestionable after 69 seconds, At that
time, the vibration level abruptly decreased in magni-
tude by approximately 50 percent. At present, there
is no explanation for this anomaly. A comparison of
the SA-7 and SA-9 vibration envelopes is shown in
Figure 9-7.

9.2.6 INSTRUMENT UNIT VIBRATIONS

This was the first of the Bloek Hseries vehicles
to fly a prototype model of the production Instrument
Unit tobcusedon Saturn I-B and V vehicles. Compon-
ents were mounted to panels attached directly to the
. 048-m (120 in) diameter wall instead of in pressur-
ized tubes as on previous flights. Therefore, the levels
ohserved on SA-9 arenot dircctly comparable to pre-
vious flights. Envelopes of the IU vibrationsare shown
in Figure 9-8.
9.2.6.1 STRUCTURAL MEASUREMENTS
There were ecightaccelerometers located on
the upper (Apollo) and lower IU mounting rings. All
telemetereddata were valid. The vibrations measured
onthe mounting rings were normal throughout powe red
flight and did not exceed expected levels, Maximum
vibrations ceeurred during the critical flight periods
when the structure was excited by the acoustic and
aerodynamic environment. .
9.2.6.2 COMPONENT MEASUREMENTS
There were 16 accelerometers located on
various TU components. All telemetered vibration
data appearcd valid. The vibration measured on the
guidance system was noymal throushout powered flight



and did not exceed expected levels. The norm for the
vibration of the other components measured has not
‘beenestablished. The SA -9 {light was the first in which
the vibrations of the gas bearing supply, RF assembly,
and guidance computer were measured. Maximum
levels occurred during the critical flight periods when
the IU skin, to which the component mounting panels
were attached, was cxcited by the acoustic and aero-
dynamic noise environments,

FIGURL 9-8. INSTRUMENT UNIT VIBRATIONS
DURING S-I STAGE POWERED FLIGHT

9.2.7 PEGASUS VIBRATIONS

There were fouracccelerometers located on the
micrometcoroid capsule support struciture. All the
telemetercd daia were valid. The norm [or the vibra-
tion levels measured on this structurc has not been
established since SA-9 is the first vchicle on which
these measurements were made,

The vibration of the upper micrometeoroid capsule
mounting ring {tripod support leg) was measurcd at
longeron 6, The maximum level reached 4.1 G0
during launch. The vibration of the lower micrometeo-
roid capsule mounting ring (boilerplaile ring stiffener)
wasalso measured at lengeron 6. The maximum level
reached 2.7 Gyyg during launch. The time-history
envelopes are shown in Figure 9-9,

FIGURE 9-9. PEGASUS VIBRATIONS
9.2.8 STRUCTURAL ACOUSTICS
9.2.8.1 S-ISTAGE

The S-I stage acoustic environment was
measured with three mierophones. All the telemetered
acoustic data were valid. The noise levels measared
on the S-1 stage were normal throughout powered flight
and did not exceed expected maximums. The maximum
noise occurred during launch and max Q as anticipated.

The internal acoustic cnvironment in the thrust
framearea at station 4.4 m (172 in) reached a maxi-
mum of 146 db (reference 2 x 1075 N/em?} during
launch and 136.5 db during max . The predicted
levels were 145 and 135 diy respectively.

The internal acoustic environment in the instru-
ment compartment of fuel tank 1, stiation 23.36 m
(920 in}, rcacheda maximumof 136. 5 db during launch
and 132, 5 db during max Q. The predicted levels were
136.5 and 132.5 db, respectively. The SA-T levels
were $37.0 and 130, 5 db, respectively.

The internal acoustic environment in the instru-
ment compartment of fuel tank 2, station 23,42 (922
in), reacheda maximumof 135.5 db during launch and
133.0 db during max Q. The predicted levels were

37.0 and 133 db, respectively. The SA-T levels were
136. 0 and 133 db, respectively.

9.2.5.2 S8-IV STAGE

OUn the S-IV stage thrust structure, two a-
coustic measurements were taken Lo determine the in-
ternal Huctuating sound pressure levels. The micro-
phones were located at the gimbal block of engine 4 and
between the sequencer and PU computer inside the
thrust structurce. The S-1IV stage acoustics exhibited
the cxpected characieristics.  The maximum levels



measured during holddown and liftoff were 138 db un
the gimbal block and 136 db on the sequencer. No data
periaining to the S-IV thrust structure were obtained
from the SA-7 flight.

9.2.8.3 INSTRUMENT UNIT

The internal acoustic environment adjacent
to the guidance system was measured with one micro-
phone at station 37.6 m (1480 in}. The acocustic data
were valid. The maximum level measured during
Launch was 139, 0 db and 129.5 db during max Q. The
predicted levels were 139, Uand 130, 0db, respectively.
No appreciable noise was measured during the S5-IV
stage powered flight.

9.2.3.4 APOLLO ADAPTER

The internal acoustic enviromment of the
Apollo adapter was measured with one microphone at
station 37.9 m (1493 in) . The maximum levels meas-
ured during launch were 140.0 and 152.5 db during
Mach 1. The predicted levels were 142 and 130 dh,
respectively.

4.3 RESULTS DURING $-IV POWERED FLIGHT
9.3.1 S5-IV LOADS

Data from the S5-IV stage indicate that all major
structural components functioned as designed. Since
there was no camera coverage of, or instrumentation
in the aft interstage, it was not possible to determine
if there was a recurrence of the aft interstage panel
debonding that occurred on the SA-5 and SA-7 flights.

Particular emphasis was placed on analyzing the
data from the strain gauges mounted on the cylindrical
wall of the LH, tank. There were six uniaxial temper-
ature compensated strain gauges located externaily at
station32, 7 m (1289 in), which is 38.1 ¢cm (L5 in) aft
of the point where the LH, tank forward dome is welded
to the cylindrical section. To obtain a bending mode
indication during flight, these gauges were located ap-
proximately on the fin planes and centered withinan
individual waffle patternof the tank, The gauges on the
finplanes of fins [, I, and IV were oriented to record
strain along the longitudinal axis of the stage, while
the gauges on the plane of fin HI were a rosette that
was onented parallel, perpendicular, and at a 45-
degree angle to the longitudinal axis of the stage.

The data indicated that all six gauges functioned
during flight, with occasional periods of intermittent
operation. During most of the prelaunch period and
during most of the powered flight, there was great
variation between the predicted stressesand the stress
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readings from the rosette strain gauge. The axial
strain gauges exhibited the same characteristics; how-
ever, the individual strain magnitudes differed con- "~
siderably. A comparison was made hetween recorded
straindataand recorded piteh and yaw angle-of-attaed
data. No correlation could be established.

The discrepancies between predicted and meas-
ured strainare explained partly by the characteristics
of the gauges. The temperature compensating gauges
are reasonably constant throughout the range from
2¥3°K to 339°K; however, beyond these points, the ap-
parent strain effect begins to develop quickly. Asan
example, 0,325 x 107 em/cem must be added to com-
pensate for the apparent strain at 228°K. Prior to
liftoff, temperature conditions over the tank can vary
radically from a rib area to the center of the waille,
or from oppaosite sides of the tank. Depending on what
the humidity conditions are (frost forming or water
running off), the temperature differential over the
surface can casily vary from 11, 1°K to 53.6°K. During
Might, differential temperatures could exceed 55.6°K
because of uneven aerodynamic heating. During flight,
the LH; tank skin temperature at station 32.7 m (1259
in) reeorded from 190°K to 235°K, thereby creating
large variations in the indicated strain.

9.3.2 S5-IV BERDING

Body bending motions were not vhserved during
the S-IV stage portion of flight of 8A-9. This was at-
tributed to the lock of disturbing moments at S-1/5-TV
separation,

9.3.3 S5-IV VIBRATIONS DURING S-IV POWLERED
FLIGHT

9.3.3.1 STRUCTURAL MEASUREMENTS

The vibration levels of the thrust structure
during S~-IV powered flight were comparable to the SA-7
flizht levels. Based on the results of the SA -7 flight,
the vibration levels of the LH, tank were as expected,
These levels were Iow (less than 0.2 Gy g) and were
considered negligible. An envelope of the §-IV stage
structural vibration levels during S-TV powered Mlight
is shown in Figure 9-10.

9.3.3.2 FENGINE MEASUREMENTS

Measurcments were taken at the thrust
chamber dome and at the gear case housing of each
engine. No useful information was provided by the
measurements at the gear case of engine 2 or at the
thrust chamber dome of engines 1, 2, and 6. Enve-
lopes of the composite time histories from SA-7 and
SA -9 are shown in Figure 9-10.




E:::, SA-7

t

Thrast Striacare
:

/X/J/W;

pLiH MEH 300 LMY e KOO
Ramue Time (sec)

i [— | E ' : —

Thrust Chamber Dome

27

s 4/ AALII SIS IS
0 | 1
E0 2(!(1 306 430 500U 600
Range Time {sec)
Grms
10 L
Gear Casc
//r

WW/W ”5%0 /

0 L]

2006 300 400 My R0Q
Ronge Time (340)

8

Components on Att Skirt H
! and Thrust Structure !

0
100
Ranze Time (sec)

FIGURE 9-10, S-IV VIBRATIONS DURING S-IV
STAGE POWERED FLIGHT

Thevibration levels on the thrust chamber dome
were comparable to the levels on SA-7. However, the
levels from engine 4 were lower than expected, as
were the levels from engine 1 during SA-7 {light.

The vibration levels on the gear case were com-
parable to the SA-7 stage levels, except on engines 1
and 4 during the first 300 seconds. The data from
engines 1 and 4 measurements show high levels during
this time interval; however, toward the end of S-IV
powered flight, the levels decreased to the expeciled
levels. Datafromengines 1 and 4 appearednoisy dur-
ing most of the 5-IV portion of flight, thereby contrib-
uting to the high levels. It was concluded that the en-
gine vibrations were as expected.
9.3.3.3 COMPONENT MEASUREMENTS
There were ien componenl measurements
taken on the S-IV stage of SA-9, The measurements
were divided as noted in paragraph 9.2.35.3. The vi-
brationlevelsat these components compared favorably
with the levels measured on S8A-7. Envelopes of SA-7
and SA -9 composite time historics are shown in Figure
9-10.

The LH, tank measurements were located at the
attach point of the cold helium sphere to the LH, tank
skin. The forward interstage measurement was lo-
cated at the base of the telemetry rack. Based upon
the results of SA -7 flight, the vibration levels at these
components were as expected. The SA-Y levels were
below the noise threshold of the telemetry system, and
were therefore considered negligible throughout S5-IV
stage powered flight.

9.3.4 INSTRUMENT UNIT VIBRATIONS

There was no significant vibration in the IU
during S-IV powered flight, Thevibrationlevels meas-
ured during this period were of the same order of mag-

nitude as the levels measured during the S-I mainstage
period.

9.3.5 PEGASUS VIBRATIONS

The vibrationof the Pegasus support structure
was negligible during S5-IV powered flight.
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SECTION X. ENVIRONMENTAL TEMPERATURES AND PRESSURES

10.1 SUMMARY

Measured pressure and temperature environ-
ments on the S-1-9 and S-IV-9 stages were generally
similar, or less severe, than those measured on pre-
vious Saturnl, Block Ovehicles. The integrated aero-
dynamic heating rate was approximately 27 percent
Jower than that chserved on previous flights, which is
attributed to the steeper trajectory flown by SA-%.

Heating rate and gas temperature data on the S-I
stage base agreed well with previous flight results.
Engine compartment temperatures indicated no fires
existing in the base of the vehicle. Fifteen Hy-Cal
slope type total calorimeters, flown for the first time
on SA-9, were mounted on the bell and aspirator sur-
faces of engines 3 and 7. Data from these measure-
ments seem questionable since instrument mounting
irregularities were observed prior to flight.

10.2 S-1 STAGE ENVIRONMENT

10.2.1 SURFACE PRESSURES

Surface pressures onthe forward 5-1-9 tank
skirt indicated negative pressure coefficients, as ex-
pected, resulting from flow expansion behind the adap-
ter section ( Fig. 10-1}. It was suspected that these
two measurements hadeither their pneumatic or elec—
trical connections reversed for SA-T; this was con-
firmed on SA-9.

On the spider beam fairing, a peak pressure dif-
ferential of 2.7 N/cm?® {crushing load) was measured
at 63 seconds, compared to a maximum value of 2. 4
N/cm? measured at 60 seconds on SA -7 (Fig. 10-1}.
10.2.2 S-1STAGE SKIN TEMPERATURES
AND HEATING RATES

Because of the steeper trajectory flown by
SA -9as compared to that of previous Block II vehicles
(Fig. 10-2shows altitude velocity comparisons), aero-
dymamic heating to the entire vehicle was less severe
thanon previous flights. Simulation of heating rates on
the SA -91iail shroud {arbitrarily chosenasa represent—
ative location) revealsthatthe integrated aerodynamic
heating to the vchicle was approximately 27 percent
lower than for previous flights (Fig. 10-2). A maxi-
mum temperature of approximately 375K was meas-—
ured on the tail shroud at 140 seconds.

Maximum fin skin temperatures (approximately
375°K near cutoff) averagedapproximately 20°K lowex
on SA-9 (Fig. 10-3). Fin leading edge temperatures
were generally consistent with previous Block II flight
results.
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FIGURE 10-3. TEMPERATURE COMPARISON FOR
THE LARGE FIN LEADING EDGE AND SIDE PANEL

10.2.3 BASE PRESSURES

Measured pressures onthe S-1-9 hase (heat
shield and flame shield) were within or just below those
measured on previous Block II flights. The heat shield
experienced the greatest vacuum pressure (approxi-
mately 0.8 N/cm? belowambient) at an altitude of ap-
proximately 8 km. At approximately 14 km, pressure
onthe heat shield rose to values above ambient due to
recirculation of hot exhaust gases (¥ig. 10-4), The
greatest variation in base pressure occurred on the
flame shield { near the center) wherea minimum value
of 2.8 N/cm?helow ambient was observed at approxi-
mately 2.5 km (Fig. 10-4). Thereafter, pressures
increased steadily and reached maximum values of ap-
proximately 1.8 N/ecm? above ambient at 40 km.
10.2.4 BASE TEMPERATURES
Heat shield and flame shield gas tempera-
tures are showninFigures 10-5and 10-6, respectively.
Maximum temperature on the inner region of the heat
shield was approximately 1100°K at 60 km, In the outer
heat shield region a maximum value of approximately
1140°K was reached at the same altitude.
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FIGURE 10-4. S-I STAGE BASE PRESSURE

Flame shield gas temperatures obtained for both
the short probe {flush with surface) and the long probe
(5.5 ecm aft of surface) measurements fell within the
SA-5, SA-6, and SA-7 databands (Fig. 10-6). As ex-
pected, temperatures measured with the long probe
thermocouple were about 200°K higher than for the
short probe measurcments for all altitudes above 20
km. Maximum values of 2100°K for the long probe
and 1600°K for the short probe were measured in the
flame shield region. )

Engine shroud gas temperatures were unusually
lower than those measured vn SA-7 {Fig. 10-7). No
explanation is available for this deviation and there is
no evidence of instrument malfunction. Gas temper-
atures on the fin trailing edge agreed well with those
measured on previous flights., A maximum fin base
gas temperature of approximately {080°K occurred at
28 km {Fig. 10-7).

10.2.5 BASE HEATING RATES

Base heating rates on the S-I-9 base were
as expected, with results generally falling within the
data band measured on previous Block II vehicles. As
customary, the base area is divided into five major
regions for thermal analysis: inner heat shield, outer
heat shiceld, flame shield, {in trailing edge, and engine
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