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ABSTRACT

This report presents the results of the Early
Engineering Evaluation of the Saturn SA-6 test flight.
Second of the Block II Series, SA-6 was the first of the
Saturn Class Vehicles tocarry an Apollo Boilerplate,
BP-13, payload. The performance of each major ve-
hicle system is discussed with special emphasis on
malfunctions and deviations.

NASA

acility

1)

s

!
1

; Date
star Control Station

cunical Information F

L

AL,

CLASSIFICATION CHANGE
£ ’ H ittt

Test flight of SA-6 proved the functional S-Iengine
out capability when inboard engine 8 failed at 116. 88
sec after liftoff. The ST-124 guidance was active
during S-IV flight and was the first Saturn flight test
with closed-loop guidance. This first guidance test

was highly successful under severe conditions. Inser- Nﬁ e
tion velocity was very near the expected value and all =l '} +
missions fo the flight were successfully accomplished. W N2
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GEORGE C. MARSHALIL SPACE FLIGHT CENTER

MPR-SAT-FE-64-18

RESULTS OF THE SIXTH SATURN I LAUNCH VEHICLE TEST FLIGHT

By Saturn Flight Evaluation Working Group

SECTION 1.

1.1 FLIGHT TEST RESULTS

Saturn launch vehicle SA-6, the second of the
Saturn I Block IT vehicles, was launched at 1207 hours
EST on May 28, 1964. The flight test was a complete
succeas with all missions being achieved. The only
significant deviation from expected performance was
the premature cutoff of S-1 engine 8 after 116. 88 sec—
onds of flight.

SA-6 was the second vehicle launched from Com-
plex 37B at Cape Kennedy and represented the first
launch of a Saturn/Apollo configuration. The first
launch attempt was made on May 26, 1964. A scrub
and two-day recycle resulted at T-115 minutes due to
a malfunction of a compressor motor in the Environ-
mental Control System.

The successful launch countdown, concluded on
May 28, 1964, was interrupted by four holds. The
first, at T-84 minuies, lasted for 38 minutes for an
ST-124 stabilizer azimuth alignment. Then at T-70
minutes a 60 minute hold was required to adjust the
8-1 LOX replenish Annin valve. A momentary hold, 1
minite, was called at T-4 minutes due to S5-IV LOX
pump inlet temperatures not being within specifica-
tions. The last hold required came at T~41 sec due
to LOX boiloff vapors breaking the theodolite beam and
causing loss of ST-124 alignment; this hold lasted for
1 hour and 15 minutes.

The actual flight path of SA-6 deviated consider-
ably from nominal. Total velocity was 33. 2 m/s lower
than nominal at engine 8 cutoff, 99.2 m/s lower than
nominal at OECO and 4.1 m/s higher than nominal at
S-1V cutoff. At S-IV cutoff the actual aititude was 2. 4
km lower than nominal and the range was 41.4 km
shorter than nominal. The cross range velocity de-
viated 3.5 m/s to the right of nominal at S-IV cutoff.
The S-1V payload at orbital insertion {S-1V cutoff + 10
sec) had a space-fixed velocity 6.0 m/s greater than
nominal, a perigee altitude of 183. 3 km and an apogee
altitude of 239.7 km giving a predicted lifetime of 3. 3
days, 1.5 days shorter than nominal. The extrapo-

FLIGHT TEST SUMMARY

lated orbit, based on data for an epoch of 15002 May
31, reached the estimated breakup altitude of 86 km
at approximatety 00:27Z June 1 at coordinates of 19. 9
deg N latitude and 167.2 deg E longitude. The theo-
retical ballistic impact time was approximately 00:392
June 1 at coordinates of 13. 6 deg N latitude and 179.0
deg E longitude.

The S5-I propulsion system (eight H-1 engines)
performed satisfactorily, but slightly lower than pre-
dicted, until 116. 88 sec of flight. At this time engine
position 8 unexpectedly cutoff. Vehicle longitudinal
thrust during S-I burn averaged approximately 1.22
percent lower than predicted prior to the premature
cutoff of engine 8 and 13. 80 percent lower than pre-
dicted after engine 8 cutoff. The specific impulse was
very close to predicted, averaging only approximately
0. 42 percent iower than predicted. The performance
of the S5-IV propulsion system {six RL10A-3 engines)
was within design limits throughout the SA-8 flight.
The S-IV thrust averaged 1.25 percent higher than
predicted due primarily to the failure of the engine 4
thrust controller. The specific impulse was within
0. 75 percent of the predicted.

The overall performance of the SA-6 guidance ang
control system was satisfactory. The ST-90S system,
along with the control accelerometers, generated a
partial load relief program which was then biased by
the special angle~of-attack pitch program. The vehicle
responded properly to these signals and to the roll
maneuver program executed shortly after liftoff. Elec-
trical differentiation of the ST-90S attitude error sig-
nals was used to provide a necessary angular rate
information to the control system during S-1 burn. The
counterclockwise roll moment, due to the unbalanced
aerodynamic forces caused by the S5-I turbine exhaust
ducts, resulted in a roll attitude error of -3.5 deg
near 60 seconds, The premature shutdown of engine
8 had virtually no effect onthe vehicle control system.
Minor changes inroll and yaw attitude and angular ve-
locity were noted at 110 sec due to change in control
system gain coefficeints, and atIECO due to the change
in thrust vector alignment. A roll torque, due to
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thrust vector misalignment, caused a 1 deg roll angle
shortly after liftoff; at OECO this had increased to 3
deg primarily because of a reduction in the roll gain
of 50 percent at 110 seconds.

Separation was execuied smoothly; the resulting
control deviations were small and easily controlied
out.

Platform switchover (from the ST-90S to the
ST-124) at separation plus 14 sec was very smooth.
The ejection of the command module launch escape
system tower at separation plus 12 sec had virtually
no effect on the vehicle control.

Path guidance was initiated at 18. 7 sec after sepa-
ration by the ST-124 guidance system. The steering
command generated in the yaw plane was smaller than
expected due to the deviations of only -765 m and -8. 3
m/s. Due to the premature shutdown of engine 8 the
steering angle in the pitch plane was much larger than
predicted. The performance of the pitch plane adap-
tive guidance system was cxcellent. The total meas-
ured ST-124 guidance system velocity vector at S~1V
cutoff was 7806. 3m/s (7805. 95 m/s programmed cut-
off velocity vector). The space-fixed velocity vector
at S-IV cutoff from orbital tracking was 7808. 8 m/s.

Guidance and control system hardware environ-
ments were within the specified limits.

All separation systems operated properly and the
5-1/S-1V stage was separated within 0. 03 sec of the
expected time, Only 0.1 m (3.9 in.) of the available
lateral clearance (0.74 m) was used during the sepa-
ration period. The entire vehicle had attitudes and
angualr rates considerably less than design values at
separation; however, angular rates for both stages in-
creased during the separation period but were of no
consequence to separation.

The vibration levels experienced on SA-6 were,
in general, within the expected limits. The vehicle
was subjected to high bending moments for the first
time due to a planned high angle-of-attack at maximum
dynamic pressure. The major structural components
performed as required and structural integrity was
maintained. The structural analysis revealed that no
pogo instability existed during the flight. The failure
of the aft interstage structure that was noted after the
S-1/S-1IV separation of the SA-5flight test was not ob-
served during the SA-6 separation.

The S-1 stage based thermal environment was
similar tothe SA-5 base environment indicating maxi-
mum heating in the outer base region. Convective
cooling was again dominant until approximately 35 km

altitude. Engine compartment temperatures indicated
that no fires existed in the base region.

The §-1V stage base environment deviated from
SA-5 results, but since improved flight instrumenta-
tion was utilized on SA-6, the resulting heat fluxes are
considered most realistic. The SA-6 results are in
agreement with wind tunnel results.

S-IV stage common bulkhead pressure displayed
an unexpected pressure rise during S-1 powered flight.
A pressure of 4. 48 N/em? was rapidly reached by 55
sec, then decreased to 0.76 N/cm® by 160 sec, and
remained constant until the end of powered flight. This
rapid pressure rise after liftoff is indicative of a leak.

The vehicle clectrical systems performed satis-
factorily. A designerror inthe Instrument Unit placed
the on/off control relay for the P1 telemeter on the
short life battery. This resuited in only 55 minutes
of P1 operation.

Overall reliability of the SA-¢ (8-, S5-1V, and
IU} measuring system was 98. 9 percent; this includes
13 measurements that resulted in total loss of infor-
mation. Operation of the three airborne recorders
was satisfactory; however, the IU recorder experi-
enced some wow and flutter and the S-IV recorder re-
corded only 12. 5 sec of the intended 25 seconds. The
S-1V recorder did however cover the period of retro
rocket attenuation.

The boilerplate Apolle Spacecraft (BP-13) per-
formance was highly satisfactory with all spacecraft
mission test objectives being fulfilled by the time of
orbital insertion and additional data were obtained by
telemetry through the Manmed Space Flight Network
until the end of effective battery life in the fourth orbi-
tal pass.

1.2 TEST OBJECTIVES

The objectives of the Saturn SA-6 flight test were
as follows:

1. Launch Vehicle Propulsion, Structural and
Control Flight Test with Beilerplaie Apollo Payload -
Achieved

2. Second Live Test of S-IV Stage - Achieved

3. Second Flight Test of Instrument Uni¢ -
Achieved

4. Demonstrate Physical Compatibility of Launch
Vehicle and the First Apollo Boilerplate under Pre-
flight, Launch and Flight Conditions - Achieved
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5. First Active Guidance System (ST-124 at Sepa-
ration + 14 sec) - Achieved

6. First Test of Guidance Velocity Cutoff (5-1V
Stage) - Achieved

7. S-I/S-1V Separation - Achieved
8. Second Launch From Complex 37B - Achieved

9. Planned, Large Angle-of-Attack During High
Q - Achieved

10. Recovery of 8 Movie Cameras which veiw LOX
Sloshing, Separation, Chilldown, etc. - Achieved

11. Flight Control Utilization of S5-I $tage Fins -
Achieved

12, Demonstrate Launch Escape System {LES)
Under Flight Conditions - Achieved

13. Vented Hydrogen During Childown - Achieved

14, Second Launch of Vehicle from Eight Fixed
Launcher Arms - Achieved

15. Separation Initiated by Timer - Achieved
16. Second Orbital Flight and First Orbital Flight
of Burned Out S-IV Stage, Instrument Unit and Apollo

Boilerplate; approximate weight 17,100 kg (37,700
ib) - Achieved

1.3 TIMES OF EVENTS

Range Time {sec)

Event Actual Pred. Act-Pred

Ignition Command -2.95 =3.02 0.07
Commit 0.04 -- -
Firgt Motion (Stud Fin Meas) 0.17 - -
Liftoff Signal (IU Umb Disconnect) 0. 40 - -
Guidance Computer Release Q.43 -- --
Begin Rol! Maneuver (ST-903) 8.40 8.40 0
End Holl Maneuver (ST-908) 12.70 13. 40 -0. 70
Begin Tilt (cam) 15. 55 15. 40 0.15
LHy Prestart and 5 Movie Cameras On

(Signal) 107, 04 i07. 00 0.01
Inboard Engine 8 Cutoff 117.28 - --
Freeza Tilt (cam) 134,65  134. 40 0.15
S5-IV LOX Prestart { Ports Blown Open) 141. 21 138.47 2.74
IECO 143. 23 140. 24 2,99
OQECO 149,23 146.24 2.99
Uliage Rocket Ignition {Signal) 149.50  146.56 2.84
§-1/8-1V Separation (Signal) 149. 62 146, 64 2.98
Retro Rocket Ignition (Signal) 149. 68 146.71 2,87
8-IV Ignition {Signal} 151,31 148,34 2.97
Jettison Ullage/ LES {Signal) 161.82 158, 64 2.98
Switch Platforms (ST-50S to ST-124) 163.62  160.64 2. 98
Start Active ST-12¢ Guidance Commands

{Resume Tilt) 168. 23 164.24 3.99
End 5T-124 Guid. Corrections (Stop Tilt) £22.13 62393 -i.B0
Guidance Velocity Cutofl Signal 624,86 625,93 -1.07
Insertion 634. 86 635. 83 -1. 07

Note: All predicted times including and following [ECQ are based on
a first motion time of 0. 17 seconds.
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SECTION II. INTRODUCTION

2.0 INTRODUCTION

Saturn launch vehicle SA+6 was launched at1207:00
EST on May 28, 1964, from Saturn Launch Complex
37B, Atlantic Missile Range, Cape Kennedy, Florida.
SA-6 was the sixth vehicle to be flight tested in the
Saturn I R & D program and represents the second of
the Block II series. The major mission of this test
was to evaluate the performance of the complete ve-
hicle system (two live stages) and to place into orbit
the first Apollo Boilerpiate, BP-13, payload configura-
tion.

This repori presents results of the Early Engi-
neering Evaluation of the SA-6 test flight. Perform-
ance of each major vehicle system is discussed with

special emphasis on malfunctions and deviations.

This report is published by the Saturn Flight
Evaluation Working Group with representatives from
all of Marshall Space Flight Center Laboratories, John
¥. Kennedy Space Center, the MSFC's prime contrac-
tors for the S-I stage (Chrysler) and S-IV stage
{Douglas Aircraft Company} and engine contractors.
Therefore, the report represents the official MSFC
position at this time. This report will not be followed
by asimilarly integrated reportunless continued anal-
ysis and /ot new evidence should prove the conclusions
presented here partially or entirely wrong. Final
evaluationreports may, however, be published by the
MSFC Laboratories and the stage coniractor covering
some of the major systems and #or special subjects as
required.



SECTION III. LAUNCH OPERATIONS

3.1 SUMMARY

The first Saturn/Apcllo SA-6 launch attempt
was made on May 26, 1964. A scrub and two-day re-
eycle resulted at T-115 minutes because of an IU
Environmental Control System (ECS) compressor
motor malfunction. At 1207 hours EST on May 28,
1964, Saturn I, SA-6, was successfully launched from
Complex 37, Pad B, Cape Kennedy, Florida.

Four holds interrupted the final countdown of the
SA-6 successful launch., The first, at T-85 minutes,
lasted for 38 minutes foran 8T-124 stabilizerazimuth
alignment, Thenat T-70 minutes a 60 minute holdwas
required to adjust the S-I LOX replenish Annin valve.
A momentary hold, 1 minute, was calledat T-4 minutes
due to S-IV LOX pump inlet temperatures not being
within specifications, The last hold required came at
T-41 sec due to LOX boiloif vapors breaking the theo-
dolite beam and causing loss of ST-124alignment; this
hold lasted for { hour and 15 minutes.

3.2 PRELAUNCH MILESTONES

The S-1 first stage of the Saturn/Apollo SA-6,
together with the IU, arrived at Cape Kennedy via
barge on February 19, 1964. The Command Module
of the Apollospacecraftarrived viaair transportation,
A chronological summary of the launch preparations is
shown in Table 3-1.

TABLE 3-I. PRELAUNCH MILESTONES

Date Event
February 14, 1964 Spacecraft Launch Esecape Sys-
tem (LES) arrives at Cape
Kennedy
February 17, 1964 Spacecraft Service Module and
Adapter arrive at KSC
February 19, 1964  8-1, 1U, and Spacecralt Com-
mand Module unloaded at KSC
February 20, 1964 S-1 erection and BP-13 Space-

craft Adapter fit checked with
IU in Hanger AF

February 22, 1964 8-1Vv stage arrived via the
"Pregnant Guppy'* aircraft

February 26, 1964 Power applied to S-1-6

TABLE 3-I. PRELAUNCH MILESTONES (Cont'd)

Date

February 27, 1964

March 3, 1964

March 19, {964

March 23, 1864

March 26, 1964

March 27, 1964

March 30, 1964

March 31, 1964

April 1, 1964

April 2, 1964

April 3, 1964

April 6, 1964

April 13, 1964

April 20, 1964

April 21, 1964

April 22, 1964

Event

S-1 large fin installation com-
plete

S-I LOX system leakage test
completed

S-IV stage erected - IU marked
for drilling

Final IU erection

S-1 and IU flight sequence test
complete

S5-IandS-1V Command Destruct
Receiver (CDR) functional tests
performed

First launch site power transfer
tests of S-1 and TU

S-1V EBW and CDRtesisand S-1
EBW [unctional tests complet-
ed - §-1 and TU sequence mal-
function tests performed

S5-IV engine cutoff and fiight se-
quence test performed

S-1IV stage overalltest complet-
ed and Spacecraft erected

s-1/10 computer-controlled
overall test

5-1, RP-1 loading test

Umbilical eject test with Space-
craft

Spacecraft electrical mate with
Launch Vehicle

Launch Vehicle EBW and flight
sequencer test - Launch Vehicle
sequence malfunction test

Launch Vehicle LOX system
simulation



TABLE 3-I. PRELAUNCH MILESTONES (Con-
cluded)

Date

April 23, 1964

April 24, 1964

April 28, 1964

April 30, 1964

May 4, 1964

May 7, 1964

May 17, 1964

May 20, 1964

May 23, 1964

May 25-26, 1964

May 27-28, 1964

May 28, 1964

Event
RF compatibility and interfer-
ence tests with Service Struc-
fure around Vehicle
RF-1 tesis with Service Struc-
ture in launch position and S~IV
full tank pressurization

Swing-arm overall test

Space Vehicle all systems over-
all test

First run of 8pace Vehicle all
systems overall test { Plugs dis-
connected)

S-IV LOX and LH, tanking
Re-runof S-IV LOX tanking test
Simulated Flight Test

S-1 fuel {RP-1) loading

First launch attempt

Second launch attempt

LAUNCH

3.3 ATMOSPHERIC CONDITIONS

At 0100 hours EST onMay 28, 1964, a highpres-
sure ridge extended from northof San Salvador through
central Florida, and into the central Gulf of Mexico.
Middle and highceilings were prevalent over southern
Florida with scattered to clear skies over Cape
Kennedy and the rest of central and northern Florida.

At T-0, the high pressure ridge continued to
dominate Florida and the upper range. There was no
significant or unusual weather changes in the area.
Cape Kennedy reported scattered cumulus and cirrus
clouds. Visibility was 16.1 km (10 miles) and the

surface winds were from the southeast at 5.15 m/s
{10 knots) . Specific observations atlaunchtime were:

Pressure 10. 142 N/cm? (1014, 2
millibars)

Temperature 302°K

Dew Point 294, 7°K

Relative Humidity 64%

3.4 COUNTDOWN

The Saturn/Apollo launch countdown is divided
into twoparts, eachperformed at different time inter-
vals. Part 1 begins at T-1035 minutes and proceeds
to T-545. Part II picksup at T-545 minutes and con-
tinues through launch,

3.4.1 FIRST LAUNCH ATTEMPT

The SA-6 countdown began on May 25, at
T-1035minutes, 0350 hours EST. Thecountwas con-
tinuous until T-795 minutes when a hold was called
for 128 minutes. The count was then resumed and
continued through the remainder of Part] to T-545
minutes. Part II did not resume as scheduled at 2355
hours EST on May 25, butwas delayed untit 0020 hours
May 26, due to a failure of the critical power system
in Compilex 37. It was decided to attempt the count-
down on industrial power; all systems were switched
to the industrial loop.

Part II was begun at T-545 minutes and ran con-
tinuously until T-115 minutes. At this time a holdwas
called because of the IU ECS compressor motor mal-
function, The hold resulted in scrubbing the launch
and the count was recycled, delaying the launch 48
hours,

3.4.2 SECOND (FINAL) LAUNCH ATTEMPT

Part I was not repeated in its entirety. Sev-
eral itemswere reconfirmedon May 27, - Part II began
on schedule at 2355 hours on May 27. Several holds
developed (see Para., 3.4, 3).

3.4.3 CHRONOLOGICAL LISTING OF EVENTS

A chronological listing of the major difficul-
ties encountered in the SA-6 countdown is shown in
Table 3-1I. Figure 3-1shows hold tirne vs, count time
for the final launch attempts,



TABLE 3-IL

CHRONOLOGICAL LISTING OF COUNTDCWN DIFFICULTIES

Honday, Mey 35, 1964
T-1035 {0350 houra)

T-L000 (0425 hours)
T-93% (D530 houra)
T-900 (D605 houra)
T-BJ0 (0635 hours)

T-800 (0745 houre)

T-79% (0290 hours}

T-795 (0958 houte)

T-780 (1013 houre)

T-175 (1018 hours)

T-545 (1408 houra)

Flekup of Part 1 ¢ountdown

5.1V cold heliuvm dump valve lesked during propulsion checks
5-TV high-level multicoder (Telemerer D2) malfunctioned
$-1V cold helium dump valve replaced

S-IV high-ievel aulticoder replaced

Plight control ‘compurer experiences intermirtest null ahift during
vehicie nlew checks

Bold In the countdown eatablished to ztlow for complerion of 5-IV propulsion
checkout prior to beginning 35-1V ordnance inataltation snd connnecticns

Count resumed (128 minutee hotd duraiion)

Hoisture content of 5-IV IH; tank helium samples out oi specifleation
Purge rlme extended.

ST-124 servo-smplifier problem

Part 1 completed

puring rhe buflt-in hold time from 140B hours until 2355 hours, the stabilized platform problem

(ST-124) wms corrected,
start but was delayed 25 minutes due to a critical power failure within Launch Complex 37.

At T-545 minutes (2355 hours) Peart 11 of the countdown wes acheduled te
Tc was

decided to attempt the launch countdown on the Lnduatrial power since a 24-hour esCimate was given

for repatr nf the crirical power failure.

1964 )
Moy 26, 1964

T-545 (0020 hours)

T-115 (O30 hours)

T-115 (0913 hours)

T-1L5 (0340 houre}

{Note: Repalrs were made to the cricical 1oop an May 24,

Starc of the Part 1T countdown

Hold estahlished. The solenoid associated with the conlrel pressure

for hot gas by-pass valve failed rausing the valve to cioie, Also, the
motor that drives the ECS compressor for the IV failed. Becaume of the
increaning temperature within the T, the launch sttempt was acrubbed.
The compreasor and valve were veplaced after the scrud and the ECS unit
wes ready for a mecond attempt of the launch countdown on May 23, 1964

Buring the hold, the burar diac on the maln tOX facility tank ruptuved
The bursc-diec was replaced.

Launch attempt was acrubbed, due to fatiure af the moror cthac drives the 1U
£CS compressor.

The taunch count was recycled to T-545 minutes. After a repeat of meveral mandmtory functions
from the early part of the coundown, a second Launch sttempt was begun at 2335 houre on Hay 27, 1964,

May 22, 1964
T-%5 {239% houra)

T-400 (0220 hours)

T-150 {0630 hours)

T-109 (0N haura)
T-95 (0725 houra)

T-85 (0175 hours)

T-85 (0813 hours)

T-70 (0828 hours)

T-70 (0928 houre)
T-24 (1014 hours}
T-27 (1016 houra)

T-§ (1070 hours)
T-4 (103 houra)
T-4 {1035 hours)

T-41 seconds
(5037 houra)

T-15 mjnutes
{1152 hours)

T-0 (1207 hours)

Pickup Part Il countdown

Hurst-disc on main LOX storage Eank reptured.
tesulced in no countdown hold time,

Dinc wap ceplaced and

An ST-124 stabllizer aligreent problem requived personnel to return to the
launch pad. #Ho hold was called at thia time,

ST-124 stabilizer alfigrnment probles resclved (ares clear for §-1 LOX precoal).
A dropout problem was encountered with the $-1 stage telemerer P-2.

Hold eatablished untfl completion of §-T LOX losding. The reason for the
hold was not attriboced to rhe LOX loadlng but cather the tiew required for
the ST-I24 stabillrer ariwuth aligneent. However, during the hold, it was
decided to make a fuvrther check of the P-2 telemercy unit which calied for
recunning gn AF sequence, Thig rerun delayed telemetry Eluse calibrarion
by the Range. (Calibration had to be completed belfate count was resumed,
becduse hydrogen loading required S5-IV telemerry link D-1.)

Count resused { 60 min hald duration)

Hold established due to the S-T LOX replenish Annin valve freezing to the
open podition causing a#n overshoot of the LOX inte the 5-T stage. The valve
was #adjusted and g GN, purge was eatgblished on the valve. Hold lasted 60
sinutes.

Coupt resumed (60 min hold duration )

Range ground AZUSA station problem - no hold required
BP.) level adjunr slow - no hold required

Range C-Bsnd beacon intecference. The Range nal:ed they could track
through the interference

Momentary hoid establ ished due to S5-IV LOX pump inlet temperatures not
heing within specifications

Count resused ( 1 min hold duration )

Moléd escablished. Manual cutoff of the sutomstic sequence was due to loss
of ST-12G alignmenc, (Alignment was lost because LOX boileff vapors
intertupted the thecdolite bean.) The alignment aypetvidion cirfuil was
jumpered out of the mandstory requirements for ignttion, Manual abservation
of the atabilizer apd flight contrel system blockhouse parsmeters was sub-
stituted during the last few secomds of the countdown. The count was
recycted to T-15 minutes. During thia hold 4 recording amplifier was
replaced tn che guidance system.

Count resumed {75 min hold duration }

LIFTO¥F
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FIGURE 3-1. HOLD TIME VERSUS COUNT TIME
3.4.4 ST-124 AZIMUTH ALIGNMEMENT PROB-
LEM

At T-150 minutes of the SA-6 countdown, a
ST-124 stabilizer alignment problem required person-
nel to return to the launch pad. No hold was required
at this time, but the azimuth alignment loop would not
operate properly with the ground computer {RCA-110).
By T-109 minutes the ST-124 alignment problem had
been resolved by substituting the azimuth computer
simulator into the system to program the ST-124 to
the desired azimuth. (The azimuth computer simu-
lator is primarily intended for utilization during labo-
ratory testing of the ST-124 Stabilized Platform System
but did have a backup capability for launch azimuth
setting.) At T-85minutesa holdwascalleduntil com-
pletion of 8-1 LOX loading. The reason for the hotd
was not attributed to the LOX loading, but rather the
time required for the ST-124 azimuth alignment.

Post launch inspection and testing of the azimuth
control panel used for SA-6 as returned from Cape
Kennedy showed the following conditions:

(1) The phase detector on the coarse syncro was
set at maximum gain.

(2} The nuli detector would not drop from coarse
to fine outputs consistently.

(3) The gain of the Y repeater drive amplifier
was set at a high level, and when the system was in
the computer mode, noise would cause the drive motor
to creep when stop signals were applied to the D/A
converter.

Modifications have been made to the azimuth align-
ment equipment, and tests will be performed at MSFC
and KSC prior to SA-7 to verify the system operation
with these medifications. The meodifications are ex-
plained in detail in Reference 1.

3.5 AUTOMATIC COUNTDCOWN

Lack of surface winds resulted in LOX vapor
from the LOX wnbilical vent line (S-IV LOX supply)
interrupting the line of sight between the ground theo-
dolite and the ST-124 platform during the automatic
sequence of SA-6 countdown,

At T-41 sec the automatic countdown was manually
stoppedwhen the theodolite infrared beam was broken.
If the automatic sequence had not heen stopped manu-
ally, countdown would have continued but ignition would
nothave occurred. Toinsure that ignition would occur
after the countdown was resumed, relays were by-
passed (patchbecardwas physically inserted to jumper
relays).

A wiring change is being initiated so that if beam
interruption should ever occur again, the "stop' at
ignition can beby-passed by manual override, thereby,
preventing extensive delay, If the beam is broken dur-
ing the last 100 sec of countdown the maximum drift
error should still be tolerable if that is the only exist-
problem.

In addition, the outlet of the LOX umbilical vent
line which presently terminates al the NW corner of
the umbilical tower beneath level 7 will be connected
into the NASA precool valve vent line near the same
location. This modification consists of rerouting and
modifying approximately 6.1 m (20ft) of 5.08 c¢m
{2 in.) pipe, relocating a check valve and installing a
new flex line, This modification will prevent LOX
vapors from obscuring the ST-124 platform line-of-
sight to theodolite, and/or prevent dumping LOX onto
the umbilical tower structure and equipment.

3.6 PROPELLANT LCADING

3,6.1 S-ISTAGE

The Saturn Propellant Loading system is de-
signed to accurately tank a given weight of LOX and
fuel, The design goal of the system is +0. 25 percent
of the total propellant load. The required propellant
loadis based on mission requirements and propulsion
performance prediction.
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Propellant loading tables are provided to indicate
the weight of LLOX andfuel required for the actual densi-
ty of the fuel at the time of launch. The predicted
tanking weights of LOX and fuel are basedon a partic~
ular fuel density. The LOX density is assumed to be
constant, but the fuel density must be determined for
time of launch.

A fuel density checkwas made at T-25 minutes on
the initial countdown. The density at this time as de-
termined from the density computerwas 99. 40 percent
of nominal. 'To account for the anticipated increase
in fuel density between that time and liftoff, the LOX
and fuel corrections were based on a fuel density of
99. 44 percent, The corrections for this density were
0. 041 N/cm? (+0, 060 psi) for LOX and -0, 059 N/cm’
(-0. 085 psi) for fuel, These corrections were dialed
into the computers and the semiautomatic loading sys-
tembeganto correct the propellant load. At T-41 sec,
8 hold of approximately 75 minutes durationwas initi-
ated, after which the countdown was recycled back to
T-15 minutes. At T-9 minutes on the last countdown,
final readings of the loading computers were noted.
It was discovered at that time that both the density
computer and the density manometer were indicating
a fuel density less than it was at T-25 minutes on the
first countdown. Both the density computer and mano-
meter utilize the same sensing lines. A check of the
bulk temperatures in the fuel tanks substantiated
erroneous fuel density readings. Atthistime, approx-
imately 1 hour and 46 minutes hadelapsed since the
original corrections had been dialed into the loading
computers, Due to the erroneous readings of the
density computer and manometer, and difficuities pre-
viously encountered with the LOX replenish vaive in
the GSE, a decisionwas made not to attempt to corract
the LOX and fuel weights for the density thatexisteda!
that time.

The indicated load by KSC-LOC, basedonthe T-25
minute readings, was 279,109 kg (615,330 1bm) of
LOX and 122,820 kg (270,771 lbm) of fuel. However,
due to the extended hold time, these weights were not
true for the actual liftoff time.

Figure 3-2 is a fuel specific weight versus tem-
perature curve for SA-6 withapplicable prelaunch and
flight data included. At T-9 minutes of the final count,
the bulk temperature measured in fuel tank F-4 was
292, 8°K. The average temperature in all fuel tanks
was 292.9°K. From the fuel chemical analysis data,

the fuel density corresponding to this temperature of
292. 8°K is 99.68 percent of nominal, Therefore, the
final weights indicated by the loading analysis, corre-
sponding to this density, are 278,860kg (614,7801bm)
of LOX and 123,183 kg (271, 573 lbm) of fuel.

Spwr ihis eiphe (Rieh)

rond

M

FIGURE 3-2.

RP-1 SPECIFIC WEIGHT

Discrete level probe datz, in conjunction with re-
constructed flowrate data, indicated that LOX was
short loaded by 411 kg (905 lbm) and fuel by 680 kg
{1500 Ibm} compared to the KSC/ LOC propellant loads
from the T-25 minute readings, Therefore, the best
estimate of the actual propellant loading was 278, 697
kg (614,423 1bm) of 1.LOXand 122, 139kg (269,271 1bm)
of fuel. The final weights from the various sources
are compared below:

Densily Fuel oy
T-2% Reading 93 .44 122,820 kg 279,609 kg
(270,771 ibm) {515,330 ibm)
Final lLoading Data 99 68T 123,183 kg 278,860 kg
(271,573 Lbm) (614,380 Ibm)
Discrete Level Prohes - 122,139 kg 278,697 kg
(269,271 1bm) {616 423 1bm)

The accuracy of the loading system could account for
approximately 998 kg (2200 lbm) of this difference.
Figure 3-3 is a propellant load weight versus fuel
specific weight curve with applicable weight informa-
tion included., Fuel specific weight as a function of
time prior tolaunchis also shown in Figure 3-3. This
figure shows the effect of the hold timeon fuel specific
weight and the necessity of final tanking at the pre-
scribed time before liftoff, A similar curve will be
furnished KSC/LVOprior to SA-7launchtobe used for
loading adjustments in case a preblem of similtar nature
should recur.
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3.6.2 BS-1IV STAGE

3.6.2.1 LOX

The oxidizer system was satisfactorily load-
edwith LOX by cooling downand filling in two phases:
(a) Main Fill (b) Replenish. The automated LOX
loading system, in conjunction with the LOX supply
pump, was successfully utilized for loading the LOX
tank. The LOX tank vent valves remained open
throughout the LOX loading process. LOXloading into
the S-IV stage was initiated 7 hours and 7 minutes
prior to liftoff. The LOX transfer line had been pre-
cooled for approximately 9 minutes prior to the initia-
tionof LOX main fill, The LOX transfer line pressure
reached a maximum of 147 N/cm? (213 psi) and stabi-
lized at approximately 140 N/cm? (283 psi). At ap-
proximately the 10 percent level, a stabilized loading
rate of 750 gpm was reached and maintained until the
98. 0 percent mass level was attained 21 minutes and
25 sec after initiation of the LOX transfer line pre-
cool. At this level the PU loading system closed the
main LOX fill valve as scheduled, After completion
of the 8-1 and S-IV LOX replenish system cooldown,
the cyclic replenish operation was then initiated, Dur-
ing this operation, the LOX in the tank was allowed to
boil off to the 99. 25 percent level and then replenished
ata 200 gpm rate to the 99.75 percent mass level, This
replenishing cycle continued until tank prepressuriza-
tion was initiated,

The LOX tank was pressurized during loading
of the LH, tank, After LH, fill was completed, the
LOX vent valves were opened and the LOX replenish-
ing cycle was resumed until the start of the 150 sec
automatic count. Atthistime the tank was again pres-
surized, and the final LOX replenishing was accom-
plished.

10

3.6.2.2 LH,

The fuel system was satisfactorily loaded
with LH, by cooling down and filling in four phases:
{a} Initialfiil (b) Mainfill (c) Replenish (d) Re-
duced replenish,

The automatic fuel loading system was success-
fully utilized for loading the LH, tank. Loadingof LH,
into the S-1V stage was initiated at approximately 2
hours and 40 minutes prior to liftoff. The LH, trans-
fer line had been precooled for approximately 13 min-
utes prior to the initiation of LH, initial fill. The LH,
transfer line cooldown was accompiished through the
helium precool heat exchanger and the vehicle LH,
tank, The initial LH, fill was accomplished with a LH,
transfer line pressure of 17,2 N/cm? (25, 0 psia) and
with the LH, vents open, The stage loading was initi-
ated at approximately 460 gpm, During this initial fill
process, the LH, tank ullage pressure was monitored
for evidence of a pressure decrease below the prefill
ambient pressure; the tank pressure did not decrease
and the loading rate was increased 10 approximately
1820 gpm. When the 95.5 percent level was reached
(approximately 40 minutesafter initiation of LH, pre-
cool}, the main fill valve closed automatically. LH,
replenish continued with normal automatic operation
until pickupof the 99. 25 percent mass level, Reduced
replenish was then initiated to increase the LH, mass
level and cycled between the 99,25 percent and the
99. 5 percent level.

However, a leak developed in the LH, replenish
valve; therefore, the LH, mass was maintained by
manually operating the LH, main fill valve until just
prior to the initiation of the automatic count.

During the 150 sec automatic count, the automatic
loading system was used to complete the final replenish
operation of the 100 percent mass indication.

3.6.3 PROPELLANT SYSTEM MALFUNCTIONS
AND DEVIATIONS SUMMARY
3.6.3.1 RP-{ TANKING
During final adjust level drain, the level
adjust valve failed to open completely except for one
brief moment then throttled to 3 to 5 percent. The
adjustment was completed but the time required was
excessive. Finalclosure of thevalve was initiated by
the propeliant panel operator, After the count was re-
cycled and the S-I stage RP-1 tanks were vented, nei-
ther the density computer nor the density manometer
read correctly; hense no further RP-1 adjustmentwas
atiempted after the hoid at T-15 minuies,



3.6.3.2 LOX TANKING

i. During the May 26 countdown LOXloading, the
main facility tank burst-disc ruptured during a hold at
T-11{5 minutes. No additional hold time was required
to change the disc. The launch was postponed later
due to IU environmental control system difficulties.
Also during this loading the S-I LOX transfer pump
seal leaked.

2, During the countdown LOX loading of May 28,
the main tank burst-dise ruptured approximately 3
minutes after start of S-1 stage precool to 18 percent.
The 35.2 N/cm? gauge (51 psig) disc was replaced with
a 40.7 N/cm? gauge (59 psig) disc.

3. At 100 percent 5-1 LOX level the LOX replen-
ish and throttle control valve failed to close and the
level rose to 101, 4 percent at which time the replenish
was terminated by the propeliant panel operator, The
Annin vaive packing gland was loose and iced. The
packing gland was thawed, tightened, and a GN, purge
placed on the packing gland to prevent further icing.

4, Two, ball-valve, feedback switches failedin
the LOX component check prior to loading and were
changed out. Another feedback switch failed during
loading but did not affect the sequence.

5, The 8-1 LOX replenish system precool was
initiated at 65 percent (was 75 percent on SA-5) to
allow for the extended precool time of 6 minutes through
a 2.54 c¢m replenish control bypass valve (new since
SA-5).

6. The replenish tank level was replenished twice
by dropping the sequence and transferring from the
main storage tank.

7. Several LOX replenish line couplings leaked,

3.6.3.3 LH, TANKING

i, Prior to clearing the pad for S-IV LOX load-
ing, a GN, leak developed in the LH, transfer line fill
valve pneumatic actuator. The actuator was changed
pricr to clearing the pad.

2, DAC S-IV LH, replenish valve leaked and the
main fill valve was used for final replenish of LH,.

3. DAC S-1V LH, skidrelief valve leaked past the
seat.

4. The LH, system remained in an extended
transfer line precool prior to LH, loading due to a hold
called on the S-I LOX replenish and throttle control
valve,

3.7 HOLDDOWN

The combustion stability monilor and all asso-
ciated recording equipment performed satislactorily
during the launch of Saturn/Apollo SA-6. The maxi-
mum level observedwas 36 Grms and the average was
between 13 and 15 Grms.

The fire detection monitor and all associated re-
cording equi pment performed satisfactorily during the
launch of SA-6, and indicated that no fires existed.

3.8 GROUND SUPPORT EQUIPMENT

The active ground support equipment (including
launcher, engine service platform, helddown arms,
firing accessories, umbilical swing arms, environ-
mental control system, and pneumatic distribution
system) sustained the launchol SA-6with less damage
than in any previous Saturn launch. The added rein-
forcement, shielding and insulationof the ground sup-
port equipment, protected the systems to the extent
that no assemblywas damaged beyond repair, As was
expected, equipment above and beneath the launcher
was heavily scorched.

Except for several cracked welds in the floor and
one ona trackofl the engine service platform, no signi-
ficant damage was noted to the launcher, engine ser-
vice platform, or main structure of the firing acces-
sories. Electrical cables, pneumatic flex lines, water
quench hoses, and cryogenic and fuel flex hoses and
bellows were burned beyond repair, but generally only
portions of these were completely destroyed. One
holddownarm pad was lost, and two of the four stain-
less steel plunger assemblies cracked. None of the
four mild steel plunger assemblies cracked. Since the
stainless assemblies do not compromise the launch,
they will be used until expended; then replacedwith
mild sleel.

The environmental control system sustained negli-
ble damage. Insulation covers and insulation were
blown from the launcher and boattail ECS ducts in
several places, Tape was blown from the tower ECS
ducts.

Damage to the pneumatic distribution system was
limited to the scorching of several pneumatic lineson
the northand west legs of the launcher, and scorching
of the thrust chamber fuel injector purge v .o valve
along the AGCS wali.

A visual inspection of the umbilical swing arm

system revealed blast damage in the following areas:
Portion of USA No. 1 access platform roof blown off;

11



USA No. 1 platform door ripped from its hinges; minor
damage toumbilical arms 1 and 3airconditioning duct
aluminum wrapping; and umbilical arm No, 2 forward
air conditioning flex hose completely destroyed.

Launch records available to date indieate that all
active ground support equipment systems performed
within design specifications. Nec deficiencies were
noted.

3.9 LAUNCH FACILITY MEASUREMENTS

The near-, mid-, and far-field sound pressure

12

level measurement systems recorded levels at 43 lo-
cations during the launch of Saturn/Apollo SA-6 on May
28, 1964, All stations functioned properly except one
near-field station which apparently was mullified by S-1-
first stage engine exhaust.

The sound pressure levels recorded during the
launch were generally 2 to 6 db lower than those for
SA-5. The far-field locations recorded levels that a-
gree with previous Saturn launches. There was no
evidence of focusing during this launch, and rawinsonde
data gathered prior to launch indicated no thermal gra-
dients that would cause focusing.
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SECTION IV, MASS CHARACTERISTICS

4,1 VEHICLE MASS

The total vehicle mass was approximately
518,150 kg (1,142,300 lbm) at S-1 ignition, 65,800 kg
(145, 000 lbm) at S-IV ignition and 17,080 kg {37,670
Ibm) in orbit. The orbital payload included approxi-
mately 1300 kg (2860 lbm) ballast. Approximate
bhooster propellant (mainstage) consumption during
S-1 powered flight was 385, 000kg (849, 000 lbm). The'
approximate S-IV siage propellant (mainstage) con-
sumption was 45,670 kg (100,700 lbm) during pow-
ered flight (see Fig. 4-1 and 4-2), Table 4-1is a ve-
hicle mass breakdown at significant flight events, A
flight sequence mass summary is given in Table 4-IL.
The predicted mass presented in this section does not
include the 867 kg (1912 lbm) of residuals used in the
predicted trajectory. The vehicle mass used in the
trajectory at S-IV cutoff signal was 17,825kg (39, 297
Ibm},
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FIGURE 4-1, VEHICLE MASS, CENTER OF GRAV-

ITY AND MASS MOMENT OF INERTIA

4.2 VEHICLE CENTER OF GRAVITY AND MO-
MENTS OF INERTIA

Longitudinal and radial center of gravity and
roll and pitch moments of inertia are given in Table
4-I1I, These parameters are plotted versus bhurning
time in Fipures 4-1 and 4-2,

Ceater of Crevwity 1n Calibevs

Hene {kg) (Refl Sta. 1066.000) {1 cal = 5.08 &
8 a 164 ——1 —— } 2.0
i
b Iy
Center of Gravity
[ -1} p——
2 0.5
o 0
0 100 00 300 400 00

S-TIV Rurning Tiee {Bec)

Moment of Ipevtia

Homent of imrli-
Pitch (kg-m?) )

Roll (k.=
4w 10® - - 6 x LO°
Roll. j‘
o
3 i N
2 4
ic'h._/r—\
L 1
0 2
0 100 200 300 400 500

$-1V Burning Time (8ec)

FIGURE 4-2, VEHICLE MASS, CENTER OF GRAV-
ITY AND MASS MOMENT OF INERTIA
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TABLE 4-1, VEHICLE MASSES
OUTBOARD 5-1V STACE S—::DS('S:GE
NITION COMMAND ' FIRST MOTION ENGINE CHTUFF FPARAT L0 ON COMMAND -1V STAGE )4 .
EVENT ICNT SEPARATION GHITT S-1V STAGE CUTOF?| THRUST DECAY
Tred* i Acrtual Pred* Actual Pred® Acrual Pred* | Actual Predw Actual Preds Acryal Freds Actual
RANGE TIME {sec) 1.82 -2.9% o a1z 146_ 47 14623 iak 87, 149 62 Lad. s? 151.32 626_16k h2u 86 - 6270
MASS {kg)
£-1 Stage, Loy 48,670 48,631 48,670 48,63: | &850 48,630 4B 670 48,631
LOK ' 208,713 278,697 215,797 713,874 3,868 6,597 1,606 1 e 280
HE- | 122,165 122,139 126,957 120, 737 1,725 3,056 3,303° 7 896 i
LOK ULlage Gas (COX & Red u? 53 59 53 1,765 1,759 1,76% 1,259
Hel lum 3 1 3 3 3 3 3 1 | |
Hvdraulte 0il 13 1 H L3 i 13 [} L] 3 E
Retro Rurket Propellant 313 bl4 b4 biu (30 el4 6l4 o4 '
Frost 453 iBe 453 186 0 o a o
Oronlte 14 14 1 [ 0 o o 0
3, 381 18¢ 381 34 J08 3i2 10 309 :
1 B i
Tota: $-1 Stage 451,21 450,936 445 957 Qa4 Tt a8, Teb 60 94T 63, 50% H |
5-1/8.1V jaferstage 1,099 L, 101 1,095 L100 AL 523 Yok oIy
S-1V Stage, Dry 6,200 | A 206 b, 260 9,206 & 260 &.206 6,260 6, 106 6,260 5,206 6,260 b, b 6,201 6,206
Lox 13,210 I 38,283 38,210 I, 281 38,162 38,230 a8, 160! 38,227 38.15% 38,2148 2 124 4 100
1X, 7,808 S, 1% 7,808 UMY FLe2 VB9 7,693 Inin T.6u2 }.623 19 49 H ud
10X Ullsge Gem (GOX & Hel 12 ' 14 12 14 12 26 12 P2 2 % 49 117 &5 112
LH; Ullage Cau (GHy & He} 16 14 th ta i 7 17 v ? 1 Li sH e 53 7”2
Other Helium 39 - 9 L %1 a8 0 Ak, k) H§ 0 59 b 5 ab
Utlage Rocket Propellant 1o 10 1o i i) Lo 10 106 § oK LT o2 o 4] c o
T1'age Rockel Cases 2y | 12 127 i 17 127 I!:’I Hes 27 127 U 37 o 32
Fruet ¢ 68 [ bt 4] [} o 0 0 a o 0 [} Q
— - ; . -
Tota! S-1V Stage 52,632 52,6649 52,632 . ¥ obbY L 42,434 52,469 ~d, 628 52,392 52,364 6,464 b, bh 5,434 b,b|2
Vehicle Tnstrument Unit 1,77 1‘ 2,784 2. ! 2, 768 o167 2,170 2,187 2,710 I, 067 2,063 s, bt 2,163 7,761
Payioad Assmebly 7,32 [N Pom 1,721 7,713 7,721 7,413 1,121 7,711 B F1) 13 an
LES & Q Bal) 2,3% 2,958 2,956 2,98 2,958 7,9% 2,958 7,956 2,998
Flrst Flighe Srage Tatal 316,440 16, LY s13,126 $10,030 L ras 6as ¢ 122,200 | 125,181 127,352
second Filght Stage Tolal 65,00H , kS, Bt 63,831 | 65 810 16,9401 17,124 | 16,911 ] 17,093
H
KASS (1va)
S-1 Stage, vy 107,300 102,211 107,300 1a: 213 Jor,300 | 107,713 | 107,300] ro2,210
L 6lb, 667 614,423 505,829 603 TR 8,527 14,457 2,945 13 BaS
RE- 269,769 269,271 266, 664 206, 16y 7,712 6,242 7.282 & 384
oY Ullage Cas (GOX & He) £03 [B%:} 121 3% 3,891 1,828 3,841 3,8/8
Helium & & 6 & & 6 & b
Hvdrautic QL1 8 28 28 28 8 28 28 26
Retru Rocket Propellant 1,353 1,353 1,353 1,333 1,353 1,353 1,353 1,191
Frost 1,000 850 1,000 8sp 0 4 a Q
Oronite 12 32 32 37 L) 4] 0 o
Ny B0 asa 8o 8%0 +80 689 873 bBY
Total $-1 Stage 997,093 994, tub 983,169 980,423 134,366 128,578 1 133,189
S-125-1¥ lIaterstage 2,413 ?,42B 2,613 2,428 : 21459 2,130 2, 14%
i
S-1V Stage, Dry 11, 8¢0 13,68] 13,800 13 681 \ 13,681 13,800 13,681 13,800 13,6381 13,800 13,68) 13,800 13,681
ox B4, 238 84,400 84,7138 84,400 B84 282 84,128 B4 170 B4, L07 84,258 &0 23 1o 2710
M3 17,214 17,100 17,214 17,100 16,520 16,975 16,817 16,959 16, 80" 4z 109 2 96
10% Cllage Gas (GOX & He) 27 32 27 2 s5r 7 ks 27 %7 98 248 99 248
N3 Ullage Cas (CHy & He) 36 31 36 3t kL] 38 18 b1} 38 139 199 129 159
Other Helium 1986 200 196 200 199 194 199 L9 199 121 102 12t 192
Ullage Rocket Fropeliant 241 243 243 243 243 23 237 10} 124 a Q o 0
Ullage Rocket Cases 280 279 280 219 280 19 780 279 280 279 a 4 ] .
Frost [} 150 0 150 o o Q [1] 0 1] [ [+] a il
Total S-1V Stage 116,634 L6, 016 116,034 Tla, 1ie | 105,895 ) 15 %99 | 115 4261 115,584 § 115,506 | 105 442 14,291 1,663 § 14,186 14,522
- - —_—
Veticle Instrument Unic 6,110 6,105 6,110 6,105 6.106| b, 101 6,106 6,101 6,006 6 102 6,092] t.087 | 6,092 6,087
i
Peayload Agsembly 17,006 ¢ 12,023 17,004 17,023 | i7,004 7,022 17,004 17,023 17,004 17,023 17,004 17,023 9,004 | 17,070
LES & ¢ Ball 6,36 &, 520 6,518 6,520 b, %18 6,520 6,516 6,520 6,516 6,320 <] o o o
Firet Flighr Scage Toral KU 145,170 |0, 142,336 | 1,431,246 | 1,128,615 | 2727 008| 284,756 | 275,910 | 280, /62 :
1
Second Flight Stage Total 145,302 } 145,228 165,132 | 145,066 33‘]:.21 3i,7%% B, 282] 37, 487

Hotes:

- -

oo

COX vented accounted for.
Bo GNj venced from RP-! contatners (S-1 Stage).
Ignition weight inciuded ducket prefill (predicted-loeated i containers)
Predicted RP-i weights based on density of 860.9 wg/m> (50,00 I6/1¢3) accus! RP-1 weights based on B06.5 kg/m
Fuel consumed :ncludes 2| kg/s (46 ib/s)

lube RP-1 flow per engine.

b. S5-IV propeilant consumed inciudes 11 kg (24 b} for helium heater consawption.
*Prediceed weights ave those reported in R-PAVE-VAW.64. 56

1

(5635 /MR



—=lGOMNHDENTIAT

TABLE 4-H. SA-6 FLIGHT SEQUENCE MASS SUM-

MARY

5-1 Stage @ Ground Ignition

§-1/5-1IV Interstage @ Ground Ignition
5-1IV Stage @ Ground Ignition

Vehicle Instrument Unit @ Ground Ignition
Payload @ Ground Ignition

lst Flight Stage @ Ground Ignition
Thrust Buildup Propellants
lst Flight Stage @ First Motion

Mainstage Propellants

Frost

Fuel Additive

Lube 0il {Oronite)

S5-I Stage N, for S5-IV Tall Purge

$-1 Stage N, for Camera Purge

8-1/S-IV Interstage N,

Vehicle Instrument Unit N,

$-1V Stage Chilldown Propellants
Inboard Engine Thrust Decay Propellants

lst Flight Stage @ Cutoff Signal

§-1 Stage N2 for $-1IV Tail Purge

Qutboard Engine Thrust Decay Propellants
{To Separation)

S-IV Stage Chilldown Propellants

§-IV Stage Ullage Rocket Propellants

lst Flight Stage (@ Separation

5-1 Stage @ Separation

§-1/8-1V Interstage (3 Separation
S-IV Stage Chilldown Propellants
§-1V Stage Ullage Rocket Propellants

2nd Flight Stage @ Ignition

Thrust Buildup Propellants
Mainstage Propellants
Helium Heater Propellants
Ullage Rocket Propellants
Ullage Rocket Cases

Launch Escape System
Vehicle Instrument Unit N3
Helium, S-IV Pneumatic

2nd Plight Stage @ Cutoff Signal

Thrust Decay Propellants
Propellant Below Pump Inlets

2nd Flight Stage @ End of Thrust Decay

S$-1V Stage @ End of Thrust Decay
Vehicle Instrument Unit

Payload

NOMINAL ACTUAL

kg (1bm} kg (1bm)
452,273 997,093 450,936 994, 144
1,095 2,413 1,101 2,428
52,632 116,034 52,669 116,116
2,771 6,110 2,769 6,105
10,669 23,520 10,679 23, 543
519,440 1,125,170 518,155 1,142,336
-6,316 -13,924 -6,223 -13,721
513,124 1,131,246 511,931 1,128,615
-385,454 -849,783 -382,088 -842,361
-454 -1,000 ~454 -1,000
-251 -553 -250 -552
-15 -32 -15 =32
-56 -123 -56 -123
-17 -37 -17 -37
-128 -283 -128 -283
-2 -4 2 -4
-154 -339 . -leé -367
-944 -2,084 -953 -2,102
175,649 277,008 127,802 281,754
-3 -7 -3 -7
-486 -1,072 -440 -370
-5 -10 -4 -8
-4 -9 -3 -7
125,151 275,910 127,352 280,762
-58,277 -128,478 -60, 504 -133,388
~966 -2,130 -973 -2,145
-17 -37 -15 -32
-50 -133 -50 -111
65,831 145,132 65, Bi0 145,086
-22 -49 -22 -49
-45,723 -100, 800 -45,537 -100, 392
-11 -24 -11 -24
-46 -101 -57 -125
-127 -280 -94 -208
-7,956 -6,516 -2,957 -6,520
-6 .14 -6 -14
0 -1 0 -1
16,940 37,347 17,12 37,753
-10 -23 -1 -24
-19 -42 -19 -42
16,911 37,282 17,095 37,687
-6,435 -14,186 - 6,612 -14,577
-2,763 -6,092 -2,761 -6,087
7,713 17,004 7,721 17,023

ib
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RANGE 1ONGI TUDTHAL ROLL MOMENT FETCH MOMENT
TIHE C.G. (X-Sta) OF THERTIA OF [NERTTA
EVENT —— — | —— - e T
sec T mei{oTs Dev % Dev kg-m' 1 Dev
Inches
Peeox HiA 9.9? 113,122 3,791, 780
6.9
S-1 Stage, Dry b— ——— 1 - e -]
Actual T2 9.57 6.0 0.0 132,856 1,788, 708
0. 376,9 oo o.0 0.07 0.08
Predv KiA 26.91 7,1 5913
1,059 h
8-1/S-1V interstage {—— - - I =
Actual N/A 76,91 0.0 0.0 1,190 9,935
. 1,059 6 e.0 0.0 (0] 0./0
Preds K/A 10.39 26,735 85,965
§-1V Srage, Ory L1961
Rithout Ullage — - JE— — S
Rockel Cases Actual N/A 30.39 o0 26,009 84,176
0 1,196.3 Y 0.86 T
Predk N/A 1760 | 5,796 1,510
vehicie 1,480.3
Tnetrument —— - - ] 7ﬁ“
Untt Actual NiA 37 60 0.0 5,288 3,534
[ 1,480.3 0.0 0.1% 0.11
"
T
Preds NIA 47.07 20,808 228,468
Payload 1,853}
Apaembly Witn I - — . . - — —
lE.& & ¢ Ball Actual NIA 4t e 0.0 a 20, 836 228,600
] 53,1 0.0 0.14 0.0%
=
Predt H/A 44,75 20,454 65,862
Payload [PELE
Assembly Without e . - i —_— L m— e
LF.S. & QBall Actusl NA S6.75 | 0.0 6.6 20,484 69891
0. 3 00 (] 014 ©.0%
Predk R/A 16,09 2,012,215 186,990,201
5
1st Flight Stuge 613.
at lgnition —_ Bt e — R
Actual K/A 16,07 .07 2,106,801 18,953 993
o. 632.7 .8 0.7% 0.09
Fredt N/A 15 9% 2.0/8,696 38,661, 48%
629 7
L5U Flight Stage &9
at Firai Motrien o - - - — e ———— P
| actual /A 15.98 0.0! 0. 7,074,128 18,629,284
X 0. 629 0 0.7 0. 0.72 008
Pred» N/A e 44k 063 3,016 |
- H57. 6 ! H
Ls¢ Flight Stage
4t OECO b= - p— T s
Actual HiA 2142 2,26 . 454 988 29,103,680
1. 7.3 0.30 0. 136 2
H i
!
Pred N/A Les 4an 65 24,449 0B?
IS
Lst Flight Siage 0.2 | I
at Separtation - - - # e -
Actusl Na YA 28 0. 452,930 24,999 102 l
1. EPC T B .00 0. 1,38 720
!
Pred* N/A 32, R4 54, F4 3,157,369
8 B
Ind Flight Stage Lasz i
at Tgnition r - - — S -
Actual N/A FEIIA o R 54,741 1,158, 644 ’
[ 1,829 10 0 c.0t ! 0,04
Proge NiA 38,1 52,417 Bb0 196 i
H
7ud Fiight Stege 'osu0.2 .
at CD - N - - - - - N
Autaal Nia 15.0 NE 52,593 848,17
t, 1,496.2 [ 0.33 ; 2.0
Preak NiA 38,2 53,372 B2, 460
Znd Flighe Stage at L, 300.9
End of Thrast Decay [ —— ] EREEER -
Actual Nik 3801 0.1 0. 57,566 B94 . 504
1. 1e97.2 1 3 e 0. 0.3% 7,01
|
Predx HIA 9,61 391,226 5,491,995 |
5-Y & S-1/5-Tv EL
Interstage = - — — P
at Separatton Actusl KA 950 0.11 397,806 4,525,730
3 374.2 9 ). 66 J 0.7

NOTF:  Perceal Joviation = Deviation + AJtual x 100

*Predictied mass charncterigtics are those repocted
ditfer from the nominal erajectory in Chapter 4.0
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SECTION V. TRAJECTORY

5.1 SUMMARY

The actualtrajectory of SA-6 deviated consid-
erably from nominal, primarily due to the premature
shutdown of engine 8, Total velocity was 33.2 m/s
lower than nominal at engine 8 cutoff, 99.8 m/s lower
than nominal at OECO and 3,1 m/s higher than nomi-
nal at S-IV cutoff. At S-IV cutoff the actual altitude
was 2.4 km lower than nominal and the range was 41.6
km shorter than nominal. The cross range velocity
deviated 3,5 m/s to the right of nominal at S-IV cut-
off.

A theoretical free flight trajectory of the separa-
ted S-I booster indicates that the impact ground range
was 58.5 km shorter than nominal. Impact, assuming
the tumbling booster remained intact, occurred at
577, 2 sec range time,

The S-1V payload at orbital insertion (5-1V cutoff
+ 10 sec) had a space-fixed veloeity 6.0 m/s greater
than nominal, a2 perigee altitude of 183.3 km and an
apogee altitude of 239.7 km,, giving a predicted life-
time of 3.3 days, t.5 days shorter than nominal. The
extrapolated orbit, based on data for an epoch of 1500
7 May 31, reached the estimated breakup altitude of
86 km at approximately 00:27Z June 1 at coordinates
of 19. 9 deg N latitude and 167. 2 deg ¥ longitude, The
theoretical ballistic impact time is approximately
00:397 June 1 at coordinates of 13.6 deg N latitude
and 179, 0 deg E longitude,

5, 2 TRAJECTORY COMPARISON WITH NOMINA L

Actual and nominal altitude, range and cross
range (Z,) are compared graphically in Figure 5-1
for the S-1 phase of flight and in Figure 5-2 for the
S-IV phase. Actual and nominal earth-fixed total ve-
locities are shown graphically in Figure 5-3. Com-
parisons of actual and nominal parameters at the four
cutoff events are shown in Table 5-1, The nominal
trajectory is presented in Reference 1.

]
Ramge snd Alrltude {imd) 2 U Cross dampe i@)
100 !

400

an
Mange Time (ac)

FIGURE 5-i. S-I TRAJECTORY

Raeggr (km)  Al{itude (km) Cross Rangr (im)

300 ¢ 780 s-wv o 120
———. Actual :
— —~ Nominal
2000 1 Za0 O 8ptimized Trajectory 1 ]
1
Al Itude :
1600 | 700 \/ i 20
Ve
P
1200 »0
800 an
400 0
o v T q
%0 220 wo a0 b 40 6?0 a0

FIGURE 5-2, S5-IV TRAJECTORY

Earth-Pixed Velocity (@/s)
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T ,{ $-1V Cutalf l
| i .
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! )
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| =—=— wNomlnal |
s200 p———— 1. 1] : _ !
I :
1
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! i
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i

i
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1200 (— -
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FIGURE 5-3. EARTH-FIXED VELOCITY

Altitude and range were both less than predicted
during S-Iburn, The actual earth-fixed velocity was
33.2 m/s less than nominal at engine 8 shutdown and
99,8 m/s at OECO. The velocity deficit at engine 8
shutdown has been attributed to lower than nominal
performance of the S-I stage (see Section 6.0). This
low performance projected out to OECO would result
in a velocity defieit of 48 m/s. The loss of engine 8

17



TABLE 5-1. CUTOFF CONDITIONS

Engine B 0O IFCO VECO . 5-1¢ CO
PARAMETER {Guldance Signel)
Actual Momingl Act-Now Actusl ’ Rominal Act-Nom Actusl Weminal A<t -Noa Actusl | MNominal Act -Nowm
Ringe Tlme (sec) 112,28 117, 28% .- WwWin . 140, 24% 2.9¢ 146, 24 2.9% 24 _Bb 625 93 -1.07
atireute ey | w9 ¢ aim a1 e | eise | e T s ] 0 sz | uesas 4 2 as |
- P - - . i o —- ——— [ - — — RN
Renge (km} 37.06 3805 -0 9% BO.03 i 76,98 1.05 97,3 90,69 265 2054 76 - 209%.83 | 43 59
| ) _ e B I BRI Sk g AT A
Cross Range, 7, (ka) -0.11) 0.147 -0.260 ¢. 086 0.3%8 -0.272 0_168 0.439 Q271 s0.10 ' 50 01 0.09
[ Ceona Range velocity, car ean 1 o3 1.0 izl | ser w68 | eek | wea2e | 22713 v e 1 3.2
2, (wia) i |
e - . | . — o P S
Faren.Fized Velocity 149650 rlﬁz'?, 2 -33.722 2403 92 2497 49 -B8.92 553.0 2651.01 -99. 81 06 57, 401 18 T\ 1.09
ta/n) H
i i I . . . - o
Earth-Fixed Velucity Vector 13.87 1 3419 -0.32 26.01 ¢} 7686 -0.85 24 90 25,73 -0 8 0.086 a 137 -0.057
Elevation (deg) i '
Farth-Tixed Velucity Vectar 105.20 | 105.% o 105,64 10951 Towr | s | e T nes | nces T owsar | em
Azimuzh (deg) | ' ; L
| Space Fixed Velocicy | 18303 T 3081 | 27ev.e6 ¢ 8se.23 | -es.1 f z97n 9z ) ame w974 | rsos s imas.es | 2.87
(wre) H i
7L(;11!lludlnal A(re’leru’( Lon 33_ lU_- 39.01 ! -0,97 47 77 ) “h_7% ) - 8. 98 T 3. 67 a 30[] . 41.--‘-6. ) 2!_‘?' . 22.36 ' o ;5"-
/ i ' . : H
tw/2%) L 1 : i i i
*Based an Firet Motioa Time of ¢ 17 eec.
Earth-Fixed Velovity Accuracy Altitude Accuracy
Eng 8 COt B.4 m/a gng 50t v
OECO L 0.5 i DECO Y n
5-1v 00 * 1.0 afs S-1vo t 1Ml a
at 117,28 sec caused an additional velocity loss of 40
m/s (direct effect of removing one engine thrust plus
indirect effect of reducing the thrust from decreased Longitedinal Arceleration (n/a’)
acceleration head on the remaining engines), The re- ol i (R T [ 1 T -
.. . .. S.1¥ gutoff
maining velocity deficit of 11.8 m/s can probably be i i
attributed to the increased propellant residuals. The o L /‘Ar I
various contributing factors to the S-1 velocity deficit ! : ?
are summarized below: Hi i
Y -
; i \
Contributing Factor Velocity Deficit (m/s) ; : ;
o | I i J
1%0 230 310 340 479 hee d30 1o 750
Low S~1 Performance 48 Range Time Cave)
Eng‘ine 8 Shutdown 40 Longitudinal Acceleration (m/sz)
60 - ey — - Rt - -
IT 1
. : ‘
Increased Propellant Residuals 11,8 { Enmine 800 / {ee !
Total 99,8 !

OECOQOocecurred at 149,23 sec, 2,99 sec later than
predicted. This was primarily due to the loss of en-
gine 8 which caused a lower flow rate, increasing the
burning time of the S-I stage.

The longitudinal acceleration was about 1,7 per-
cent lower than nominal until engine 8 shutdown (Fig.
5-4). From this time until IECO the acceleration av-
eraged 1.9 percent lower than a simulated "engine
cut" case, This increased percentage devialien is due

60 BO 100
to the thrust on the remaining seven engines being Reage Time (sec)
lower than nominal because of the decreased acceler-
ation head. FIGURE 5-4. LONGITUDINAL ACCELERATION
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The total earth-fixed vel ...,y av >-1V cutoff was
3.1 m/s greater than nominal even though S-IV cutoff
was given 1. 07 sec earlier than predicted, Since the

S-1 stage cutoff 2,99 sec late, the S5-IV stage gained
103.5 m/s more velocity than nominal in 4,06 sec less

burning time, This was caused by the failure of the
thrust controller on engine 4 which resulted in the
thrust being t., 25 to 2.0 percent higher than predicted
(see Section 8,7), Longitudinal acceleration during
S-IV burn averaged 2, 8 percent higher than predicted
(Fig. 5-4).

The actual space-fixed velocity at the S-IV cutoff
signal given by the puidance computer (624,86 sec)
was 7808,82 m/s, compared to a preset value of
7805, 95, The actual velocity is based on the powered
flight trajectory, which is within 0.1 m/s of the ve-
locity deduced from orbital tracking. The deviation
was due principally to errors known prior to flight
{see Section 7.0). The revised predicted velocity was
made up as follows:

Guidance Computer Setting 7805,95 m/s

Y - Accelerometer Misalignment 2,786

Guidance Computer Programming
Error 0.39
Expected 7809,10 m/s

The actual altitude and range were both less than
nominal during the entire flight, The actual apex al-
titude reached during S-IV burn was 8.4 km lower
than predicted, However, by S-IV cutoff this deviation
was reduced to 2,4 km, The altitude deviation at S5-IV
cutoff was primarily due to a misalignment of the ST~
124 guidance Y-accelerometer which was known prior
to flight, The predicted altitude deviation due to this
error was a reduction of 2.2 km at insertion, The
lower apex altitude was primarily due to the velocity
deficit at S-IV ignition. Also shown on Figure 5-2 is
an altitude profile of an optimized calculus of varia~
tions trajectory run from the actual S5-IV ignition con-
ditions. This trajectory reaches a peak altitude only
about 3,5 km higher than the actual trajectory, ne-
glecting a known guidance accelerometer misalign-
ment, which indicates excetlent performance of the
adaptive guidance steering.

If a precut cam had been used to generate the tilt
program during S-IV burn rather thanusing the adap-
tive guidance, insertion altitude would have beenabout
18.5 km lower, Orbit would have been achieved; how-
ever, the lifetime would only have been several revo-
lutions.

Mach number anddynamic pressure are shown in
Figure 5-5, These parameters were calculated using

measured meteorological data to an altitude of 47 km.
Above this altitude the 1959 ARDC reference atmos-
phere was used.

Hach | Dynamic Prassure (8/cm’)

12 4+ 4.8

————— Actusl

—— — Nomina!

Dynami« Fressure

0 20 40 60 80 100 1?0 n 16C
Range Time (aec)

FIGURE 5-5. MACH NUMBER AND DYNAMIC PRES-
SURE

A comparison of actual and nominal parameters
at significant eventtimes are given in Table 5-1I. Apex
is given for both the S-IV stage and the discarded S-1
stage. It should be noted that loss of telemetry signal
and impact apply only to the discarded S-I stage.

TABLE 5-IL SIGNIFICANT EVENTS

| | ' l
Paramonir i Acreal i Feainal 1AL C-pm

Lﬂra- Malion

1 aih e

! o Gl
R L N R Y

| Max e Bynam .

Ranpe Tiow (ac) At N Ao FRareS
AbViUade (5) 168 20n %4 R
Range {km) T N

i y Earth.Fuacd Volaots Lefs) 4150 73 PETTIRN

Kprs (S-IV Stage)

PLess wf Telemitoy 5 oA
]es-1 St} , R
T

'

.
i
| tmpace (5.1 $tag) '

l | i :

A theoretical free flight trajectory was computed
for the separated first stage using initial conditions
from a Cape Kennedy (0,18) radar at 175 sec range
time, The impact location relative to the launch site
is shown in Figure 5-6, A compariscn of calculated
and nominal impact parameters are shown in Table
5-II, The preliminary [P report from the Cape indi-
cated an impact time of 586,6 sec and a range of
767,52 km, All eight camera capsules were recov-
ered on SA-6. The camera capsule impact location
is shown in Figure 5-6,
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FIGURE 5-6. BOOSTER TRAJECTORY GROUND TRACK

5,3 INSERTION CONDITIONS (S-IV CUTOFF + 10

SEC)

The orbital insertion conditions for SA-6 were
determined by a differential correction procedure.

Table 5-1II shows a comparison between the actual
and nominal orbital insertion elements,
h.4 ORBITAL DECAY AND REENTRY
The SA-6 apogee and perigee altitudes from
orbital insertion to reentry are shown in Figure 5-T7.
The orbital decay hlistory was established by GSFC on
a rea! time basis for the lifetime of the vehicle, The
initial apogee and perigee decay rates respectively
were 11 km/day and 7 km/day.

The orbital tracking data which were used at
MSFC for determination of the terminal decay of the

TABLE 5-III, ORBITAL INSERTION ELEMENTS

Actual Nominal Act-Nom
Time of Qrbital Insertion 634, 86 636,16 -1.30
{Range Timc sec)
Spaced-Fixed Velocity (m/s) 7811. 87 7805, 80 6. 07
Pitch Angle (deg) 89.9% 89,87 0,08
Altitude (km) 182,76 185.26 -2,50
Ground Range {(km) 2126, 24 2168.18 ~Ll, 94
Cross Range (km) 52.17 52.20 -0.03
Apogee Altitude (km)* 239.7 229.9 4.8
Perigee Altitude (km)* 183.3 183,15 0. 14
Period {min) 88.62 88.52 010
Inclination (deg) 31.78 31,77 0.0L
Excess Circular Velocity (m/s) 15.7 11.1 4.6
Lifecime (days) 3.3 4.8 -1.5

*The Apogee and Perigee altitude is referenced to a spherical
earth of radiue 6373 km,
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SA-6 orbit is as follows:

Station Acquistion Time

Type of Tata

White Sandds, New Mexico 15:327 May J1 Radar Skih Track
Patrick AFB, Florida 15:377 May 1t Radar Skin Track
Antigua 15:457 May 11 Radar Skin Track
White Sands, New Mexico 17:047 May 31 Radar Skin Track
Patrick AFR, Florida 17:117 May 31 Radar Skin Track

Santiagn, Chile 23:28:157 May 31 Minitrack Meridian

Cropping
{ Last Signal Received from Vehicie)

Additional radar data later than the above have
been received, but the data were either invalid or in-
consistent with the data above. A report of some
NORAD data during the above time period was also re-
ceived, but the data themselves were not received,

An orbit determination was made for the position
vector, velocity vector, and apparent drag effect uti-
lizing the radar data listed above foran epoch of 1500Z
May 31, The orbital parameters determined were
then uged as initial conditions for an integration of the

orbit to impact. This extrapolated orbit yields a
Santiago meridian crossing time of 23:28:11, 5Z, which
is in reasonable agreement with the Santiago obscer-
vation. The orhit would reach the estimated breakup
altitude of 86 km at approximately 00:237 June 1, at
coordinates of 26.1 deg N latitude and 151.8 deg E
longitude (see Fig. 5-8). The theoretical hatlistic
impact time is approximately 00:357 Junc 1 at co-
ordinates of 21,1 deg N latitude and 167, 7 deg E long-
itude. This reentry location is consistent with the
fact that no signal was received from the Minitrack
beacon after the Santiago crossing. The Canton Island
station would have been expected to receive the signal
had the vehicle not hroken up or impacted prior to
reaching the visibility limits of the station. The cle-
vation limit for the Canton Island station (shown in
Fig. 5-8 for a 100 km vehicle altitude) is -2 deg, ac-
cording to GSFC. Since the reentry occurred near
noon local time in an ocean area, the probability of
any sightings of the reentering ohject is very small.

The extrapolation of the orbit for over sceven hours
(five revolutions) from the last appreciable tracking
involves several assumptions and permits significant
error in the estimated reentry point. However, the
good correlation of the extrapolation with the single-
point Santiago observation and with the absence of
signalat Canton Island confirms that the extrapolation
is essentially valid.

An error analysis for the 15007 epoch orbit de-
termination shows the 2¢ error limits indicated by the
consistency of fit of the tracking data te be about :23
minaltitude, +0. 02 m/s in velocity, and :1 percent in
the apparent drag solution, These errors are highly
correlated. Propagating these errors through the
orbit extrapolation leads to 2¢ error limits for the
time of 86 km breakup altitude of about +1 min, or
approximately +350 km ground range. These limits
are indicated in the Figure 5-8. However, the true
error limits are somewhat larger, due to systematic
orbit determination error not properly accounted for
and due to possible variation in the assumed drag over
the last five revolutions.

A theoretical ballistic impact time of 00:31%Z
June 1 has been reported by GSFC, based on the same
data described above, The reasons for the difference
in solutions is not known at this time, but may casily
be due to slightly different assumptions or refinement
of data. The coordinates of this theoretical ballistic
impact are 21.1 deg N latitude and 162, 3 deg E long-
itude. This impact location differs by 250 km from
that obtained with the 1500Z solution, approximately
the 2¢ uncertainty in the sclution.
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SECTION VL

6.1 SUMMARY

S8A-6 was the second Saturn vehicle to employ
-1 engines at a thrust level of 836,000 N (188,000
lbf) to provide thrust for the S-Istage. The second
stage (S-IV) utilized the RL10A-3 engine. This en-
gine was tested on the Saturn vehicle for the second
time.

The S-1 propulsion system performed satisfac-
tory and approximately as predicted until 116. 88 sec
of flight, At this time engine position 8 unexpectedly
cut off, Vehicle longitudinal thrust during S-I burn
averaged approximately 1. 22 percent lower than pre-
dicted after engine 8 cutoff. The specific impulse was
very closeto predicted, averaging only approximately
0. 42 percent lower than predicted.

The performance of the S-IV propulsion system
was within design limits throughout the SA-6 flight.
The S-1IV thrust from flight simulation averaged 1. 25
percent higher than predicted due primarily to the
failure of the engine 4 thrust controlier. The specific
impulse was 0.75 percent lower than predicted, The
thrust on engine 4 averaged approximately 8. 0 percent
higher than predicted.

6.2 S-1STAGE PROPULSION SYSTEM

OVERA LL VEHICLE PROPULSION PER-
FORMANCE

6.2.1

The propulsion system of the S-I stage per-
formed satisfactory and approximately as predicted
until 116, 88 sec of flight, At this time engine position
8 unexpectedly cut off, The performance of the other
engines was satisfactory throughout the entire booster
powered phase.

Ignition command was initiated 3. 35 sec before
liftoff signal. Engine buildup was satisfactory, with
the engines starting within their prescribed sequence
and maintaining the programmed 100 milliseconds be-
tween starting pairs. Figureé-1illustrates the cham-
ber pressure buildup of each engine. The largest de-
viation in the thrust buildup times of the engines that
received ignition signal at the same time was 80 ms
(engines 5 and 7), This is well within the tolerance
of expected buildup times.

6.2,2 CLUSTER PERFORMANCE

Vehicle longitudinal thrust (upper portion of
Fig. 6-2) averaged approximately 1, 22 percent lower
than predicted prior to the premature cutoff of engine
8. After the loss of engine 8, the average thrust was

PROPULSION
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FIGURE 6-2. VEHICLE LONGITUDINAL THRUST

AND SPECIFIC IMPULSE

13. 80 percent lower than predicted. The 13. 80 per-
cent represents both the loss of the failed engine as
well as a slight drop (about 1%,) in the thrust level of
the other engines due to the drop in pump inlet pres-
sure caused hy reduced acceleration after engine 8
cutoff.

The lower portion of Figure 6-2 presents the ve-
hicle specific impulse, The specific impulse was very
close topredicted, averaging only approximately 0. 42
percent lower than predicted.
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Vehicle total propellant flow rate and mixture
ratio are shown in Figure 6-3, Flight mixture ratio
averaged approximately i, 54 percent lower than pre-
dicted, A portion of this deviation, 0,92 percent is
atiributed to a 0.7 percent higher than predicted fuel
density (Sec, 3.0}, and the remainder is duc to a pre-
diction error on Engine Position 5.
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FIGURE 6-3. VEHICLE MIXTURE RATIO AND TO-
TAL FLOW RATE

Average propulsion parameters for the time up to
engine 8 shutdown are summarized below:

Propulsion % Deviation
Evaltation From Predicted
Longitudinal Vehicle 6,794,716 N -1.22%
Thrust 1,527,513 1bf
Vehicie Mass Loss  2,684.5 kg/s ~0. 80%
Rate 5,918,4 lbm/s
Longitudinal Vehicle 258, 30 sec -0, 42%

Specific Impulse

Engine cutoff sequence for the engines in positions
1 through 7 was normal. The cutoff sequence was ini-
tiated at 141, 21 sec by the liguid level sensor located
in fuel tank F-2, Inboard engine cutoff (IECO) for
positions 5 through 7 occurred at 143,23 sec, and out-
board engine cutoff (OECQ) occurred 6 sec later at
149, 23 seconds, A typical chamber pressure decay
of the outboard engines is presented in Figure 6-4,

6.2.3 INDIVIDUAL ENGINE PERFORMANCE

All individual engine performance parameters
were reduced to sea level conditions for comparison,
The overall performance was satisfactory. Engine
thrust of all engines except engine 8§ was within the
specified plus or minusthree percent of the rated sea

24

FIGURE 6-4, ENGINE CHAMBER PRESSURE DECAY

level value 836,000 N (188,000 lb). Engine 8 exhibi-
ted a sea level engine thrust of 866,696 N (194,841
ib), which is 3.64 percent above the rated sea level
value. The higher thrust level for this engine was
consistent with MSFC static test results, and was not
of sufficient magnitude toadversely affect vehicle per-
formance. A high performance level was predicted
for engine 8.

Engine mixture ratio of all engines was within the
required plus or minus two percent of the rated sea
level value (2.26:1). The average engine mixture
ratio was 0.84 percent lower than predicted which
agrees with the higher than predicted vehicle fuel
flow rate noted in the vehicie performance section.
Average engine specific impulse was 0,18 percent
l[ower than predicted.

The average deviations from predicted for indi-
vidual engine sea level thrust and specific impulse are
shown in Figure 6-5, These parameters werec deter-
mined by utilizing the Saturn Mark IV reconstruction
procedure, Input for the reconstruction was obtained
from flight data and consisted of propellant and vehicle
weights, pump inlet conditions, propellant densities
and flight measured pump speed. The maximum de-
viations observed in thrust and specific impulse for
the individual engines were 2.7 percent and 0.5 per-
cent respectively,

Engine 5 showed the greatest deviation from the
predicted thrust. Part of the engine 5 deviation was
due to the high fuel density; however, a greater por-
tion is attributed to a prediction error, The predic-
tion for this engine was based on the results of static
tests SA-i4 and SA-15. The engine exhibited essen-
tially the same thrust onboth static tests, even though
the gas generator LOX orifice was changed after test
SA-14 in order to reduce the thrust approximately
22,240 N (5000 lby. The results of stalic test SA-15
indicated no significant change in thrust level. On
both tests the thrust level was substantiated by turbo-
pump speed, Data from static test SA-15 were used
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to determine the predicted sea level performance.
Flight data indicate a reduction in sea level thrust of
17,553 N (3946 lb) from predicted. At present, there
is no explanation for the apparent random performance
of engine 5,

After 117.28 sec range time, when engine 8 cut
off, the actual local thrust levels of the other seven
engines dropped approximately 1, 0 percent due to the
effect of the lower vehicle acceleration on the pump
inlet pressures. This was expected for the loss of
one engine,

The maximum deviation of individual engines from
predicted specific impulse was 0.5 percent on engine
5. The effect of the failed engine on actual local spe-
cific impulse was not as pronounced as the thrust ef-
fect and resulted in a glight increase in individual en-
specific impulse.

Engine 8 cut off earlier than predicted. This en-
gine failed in flight at 117.24 sec range time and cutoff

gignal from the engine was received at 117 28 seconds.
The failure occurred within the Mark III turbopump
assembly (Fig. 6-6) and data indicate twoe possible
failure modes. The failure mode that is more likely
tohave occurred is substantiated by past performance
of the Mark III turbopump assembly, This type of
failure is caused by stripping of the teeth from the "A"
high speed pinion gear by the "B* reduction gear, The
other possible failure mode, which is less likely to
have occurred, is a seizing of the high speed pinion
bearing (bearing number five) and a subsequent tor-
sional failure of the quill shaft that is splined to the
turbine shaft, Past tests have proven the quill shaft
to be reliable even under conditions of overload, en-
gine performance of 890, 000 to 1,023,000 N (200,000
to 230, 000 lb) thrust, and the probability that it failed
is extremely low, Gear box flooding was not indicated
to be the cause of failure because any increase in
pressure in the gear case indicates a rise in the level
of the lubricants within the gear box, Such a rise in
the level of the gear box lubricants was not evident on
the flight,

Indications of lubrication blockage of both gear
andbearing jets were not seen, The "Gear Case Lube
Low" pressure measurement indicates the pressure
just upstream of bearing and gear jets. No pressure
fluctuations were seen in this measurement, indicat-
ing that there was no lubrication jet blockage,

The first indication of failure was a decrease in
both the engine combustion chamber pressure and the
turbopump speed, The turbopump speed drepped from
6590 to 6520 revolutions per minute, while the com-
bustion chamber pressure showed an approximate de-
crease of 6,89 N/cm? (10 psi) from the normal oper-
ating pressure of 465 N/cm? (675 psi). The first
noticeable change in engine performance was at 114
sec with a gradual decay until 117, 24 seconds. At
117, 28 sec both parameters abruptly dropped initiat-
ing the cutoff sequence, This abrupt change in pump
speed and combustion chamber pressure is presented
in Figure 6-7,

With the cutoff of the engine system, the immed-
iate termination of the pump operation caused a surge
of propellant inlet pressure of 68 N/cm? gauge (99
psig) for fuel and 139 N/em? (202 psi) for LOX (Fig.
6-8). Subsequent to cutoff an immediate rise of the
gas generator conisphere temperature occurred, This
value exceeded the upper limit 1255°K of the trans-
ducer range, With a cutoff of this type, shifts in per-
formance as were found are expected. Rapid increase
of the static pressures at the pump inlets was caused
by the immediate stagnation of the fluids when the
pumps became inoperative, The excessive tempera-
ture within the conisphere was caused by the ghift in
the gas generator mixture ratio caused by the abnorm-
al engine cutoff,
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Under normal operating conditions, the main fuel n 7 ; i 120
valve will begin closing 230 milliseconds after the i ;
main LOX valve starts to close, During the cutoff of i 128 wom L, [l %
the engine in position 8, the main fuel valve closing e icals rivanses (py3

followed that of the main LOX valve by only fifty mil- l‘*‘}f’;F/H\‘i\f l o

liseconds, indicating a very rapid decay in fuel pump s

discharge pressure, Thiscutoff characteristic causes s T

a LOX-rich mixture ratio in the gas generator and FIGURE 6-8. FUEL AND LOX PUMP INLET PRES-
would result in the high temperature that was recorded. SURES




Other indications of the premature shutdown are
seeninthe increase in temperatures of the high speed
pinion bearings numbers 5 and 6 and of turbine shait
bearing number 8 {Fig. 6-9), The rise in tempera-
ture of the pinion bearings is attributed to a radial
leading of the bearings experienced with this failure,
However, the temperature rise associated with the
number 8 bearing is presumed to have been caused by
hot gases entering the bearing cage from the gas tur-
bine assembly. Cracking of the carbon seal separat-
ing the gas turbine assembly and the gear case would
have allowed the hot gas to enter the gear case at this
point,
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This was the last Mark I turbopump scheduled
to be flown in for the Saturn I or IB program. Their
replacement, the Mark IIf H turbopump, has been de-
signed with a 20 percent increase in gear face width
of the "A" and "B' gears. The widths of gears "C"
and "D" have been increuased to the dimensional limit
of the gear case.

The premature shutdown of the engine in position
8 eaused no damage to the remaining seven engines,
but resulted in their burning approximately three sec-
onds longer than predicted,
6.3 S-1 PRESSURIZATION SYSTEMS
6.3.1 FUEL TANK PRESSURIZATION SYSTEM

Fuel tank pressurization provides increased
tank structural rigidity as well as adequate engine fuel

pump inlet pressure. The system operated satisfac-
torily with no malfunctions or major deviations from
the predicted performance,

The system is designed to maintain a constant ul-
lage pressure of approximately 11 N/cm? gauge (16
psig) for the first 70 sec of flight. At 70 sec, the flow
of pressurant to the fuel tanks is terminated for the
remainder of flight, The GNy remaining in the spheres
(see Fig, 6-10) after termination of fuel tank pres-
surization is joined as one system and allowed to
equalize with the GN, in the LOX-80X spheres.
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FIGURE 6-10, GAS PRESSURE IN FUEL TANK F3

AND HIGH PRESSURE SPHERES

The pressure in the fuel tanks was close to that
predicted and was satisfactory throughout the flight
(Fig. 6-10) although pressure oscillations occurred
during the first 30 sec of flight, The pressure oscil-
lations were eaused by intermittent opening and clos-
ing of the fuel tank pressurization valves upon signal
of the pressure switch in fuel tank F3.

The fuel tank ullage pressure oscillations were
transmitted to the fuel pump inlets, and are reflected
in their pressure measurements, The maximum
change infuel pump inlet pressure due to ullage pres-
sure oscillations was approximately 1.4 N/cm? (2
psi). This change in pump inliet pressure amounts to
a negligible 0.28 N/cm? (0.4 psi) change in engine
combustion chamber pressure,
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The ullage gastemperature was 294°K at ignition
and decayed to a minimum of 268°K at 92 sec of flight,
The temperature then increased because of aerody-
namic heating effects and reached a value of 278°K at
the end of S-I stage flight. The SA-6€ fuel tank tem-
perature was in good agreement with that recorded for
SA-5.

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, an increased he-
lium flow is used tomaintain adequate [.OX tank pres-
sure during engine start, Operation of the LLOX tank
pressurization system during prelaunch and flight was
satisfactory.

Predicted and measured LOX tank pressure dur-
ing flight are shown in Figure 6-1t. The pressure in
both the center and outer LOX tank averaged 1.7 N/cm?
(2.5 psi) lower than predicted throughout flight.

)
Runge Time (aech

FIGURE 6-11, LOX TANK ULLAGE PRESSURE

The operation of the GOX flow control was satis-
factory., The effect of the shutdown of engine 8 was
reflected in the GOX flow control valve effective flow
area, The measured GOX temperatures upstream
from the flow control valve indicates that the SA-6
heat exchanger performance was approximately 311°K
higher than that on the SA-5 flight, Static test data
for both stages shows SA-6 heat exchanger perform-
ance to be 285°K higher than that on SA-5, This var-
iation of heat exchanger performance from stage to
stage is characteristic of the system.

On the SA-5 flight, leakage of GOX past one of
the four-inch pressure relief valves was indicated by
a rise in the measured gas temperature at approxi-
mately 69 seconds. At that time the gas pressure at

28

the valve was approximately 39.3 N/cm® gauge (57
psig) which caused the relief valve to open, To pre-
vent GOX venting on SA-6 the mechanical relief set-
tingonthe vailves was increased by applying additional
preloading on the valve spring, Test of the valves on
SA-6 after resetting indicated cracking pressures
were 43. 8 and 43, 5 N/em? gauge (63,7 and 63.2 psig)
at 116° K. The maximum ullage pressure in the center
LOX tank during SA-6 flight was 40.3 N/cm? gauge
{58.5 psig). LOX temperatures measured upstream
of the pressure relief valve indicate that no GOX vent-
ing occurred during SA-6 flight.

6.3.3 CONTROL PRESSURE SYSTEM

The pneumatic control pressure system sup-
plies GN, al a regulated pressure of 516 + 10,3 N/cm?
gauge (750 + 15 psig) for operation of LOX system
pressure relief valves 1 and 2, the LOX vent valve,
the LOX replenish control valve, and the suction line
prevalve control valve; and for engine turbopump
gearbox pressurization, calorimeter and LOX pump
seal purging, and purging of the engine compartment
PV camera, The control pressure system operated
successfully throughout the flight,

The SA-6 system was  basically the same as
SA-5, with the exception of the addition of an engine
compartment TV camera purge.

The supply sphere pressure was 1980 N/cm®
(2835 psi) on the SA-5 flight. At 150 sec range time
the supply sphere pressure had decayed to 1085 N/cm?
(1575 psi). Supply sphere pressure on the SA-5 flight
was 1180 N/em? (1716 psi) at 150 seconds. The lower
pressure at the end of flight was the result of addi-
tional flow required for the engine compartment TV
camera purge,

The regulated supply pressure was 527 N/cm®
(765 psi) throughout S-1 stage powered flight,

6.3, 4 LOX-S0X DISPOSAL SYSTEM

The function of the LOX-S0X disposal system
istoprevent premature S-IV engine combustion cham-
ber ignition possibly leading to an explosion, LOX or
S0X, which could collect inside the chamber, is va-
porized and purged leaving an inert atmosphere of
concentrated nitrogen at the time of propeliant injec-
tion during the ignition cycle. The system used to
accomplish this function is illustrated in Reference 3.

Successful operation of the LOX/SOX disposal
system was indicated by the flight data, Initial tem-
perature in the triplex spheres was 8. 3°K higher than
on the SA-5 flight and the initial temperature in the



5-1/8-1V interstage was 11.1° K higher than during the
SA-5 flight. This increase in temperature was prob-
ably due to an increase in ambient temperatures.

Pressure equalization between the fuel tank pres-
surirzation high-pressure spheres and the LOX/SOX
digposal triplex spheres at 70 sec range time was in-
dicated by a sudden drop in the triplex sphere GN,
temperature. The initiation of S-IV LOX chilldown at
142 sec range time was indicated by a sudden drop in
the S-I/S-1IV interstage ambient temperature. A build
up of pressure in the plenum chamber at approximately
the same time indicated the admission of GN; into the
S-1/8-1V interstage,

6.3.5 HYDROGEN VENT DUCT PURGE

The hydrogen vent duct purge system removes
the chilldown hydrogen flowing through the S-IV stage
plumbing at approximately 35 sec prior to §-1/8-IV
stage separation. The hydrogen exits the S-IV stage
through three 30.48 c¢m ({12 in.) diameter ducts that
lead down the sides of the S-1/S-IV interstage and the
S-1 stage in line with stub fins I, III, and IV. Prior
to launch, low-pressure helium from a ground source
purges the three ducts, A helium triplex sphere as-
sembly onboard the S5-I stage supplies GHe for the
purge after liftoff, This continues throughout the
chilldown operation and S-I stage powered flight,

The hydrogen vent duct purge system operated
satisfactorily. The sphere conditions at liftoff were
2070 N/cm? (3000 psi) and 292°K for SA-6 as com-
pared to 2085 N/cm? (3025 psi) and 283°K for SA-5,
The pressure at outboard engine cutoff was 379 N/cmz
(550 psi) for SA-6. The temperature of the sphere
exceeded the lower limit of the transducer 288°K at
approximately 78 seconds.

6.4 S-I PROPELLANT UTILIZATION

Propellant wtilization (the ratio of propellant
used to propellant loaded) is an indication of the ef-
ficiency of a vehicle propulsion gystem in consuming
loaded propellant. Propellant utilization on the SA-6
flight was less than both the predicted values and pro-
pellant utilization on the SA-5 flight, The predicted
and actual percent of loaded propellant utilized on the
flight were calculated from the vehicle weight data
and are as follows:

Predicted (%) Actual (%)
Total 98. 39 97, 84
Fuel 97.62 97,77
LOX 98,73 98. 00

This decrease inpropellant utilization can be pri-
marily attributed io the actual fuel loaded being 1044
(2303 lbm) less than the corresponding value tabu-
lated for that specific weight from the propellant load-
ing tables and to the premature cutoff of the engine 8.
The fuel specific weight at liftoff was 7910, 48 N/m?
(50, 3572 1b/ft%) which was 56,11 N/m? (0. 3572 Lb/ft%)
higher than predicted. Because ofthe higher fuel spe-
cific weight, fuel flow rate was greater than predicted
and LOX flow rate was less.

Cutoff probes in both the [LOX and fuel tanks were
preset for tank-bottom LOX depletion. Had the en-
gines operated as predicted with the loads specified
by the propeilant loading tables, the engine cutoff se-
quence would have been initiated by a LOX cutoff
probe, and the fuel bias of 807 kg {1780 Ibm) would
have been unused. Because of the short fuel load,
cutoff was initiated by the fuel level cutoff probe in
fuel tank F-2 at 141, 21 sec range time,

The fuel cutoff probe signal initiated a preset time
sequence (2-sec delay to inhoard engine cutoff followed
by 6-sec delay to outboard engine cutoff), The se-
quence was predicted on having all engines operating.
with the engine in position 8 out, the propellant that
would have been used during the two seconds between
the cutoff probe signal and inboard engine cutoff, along
with the propellant used during thrust decay, remained
as part of the propellant residuals,

The propellant left onboard at engine cutoffs were
as follows:

End of
IECO OECO Thrust Decay
LOX 12,262 kg 6557 kg 6225 kg
(27,032 lbm} (14,457 lbm} (13,723 Ibm)
Fuel 5961 kg 3058 kg 2448 kg
(13,142 Ibm) 6742 lbm) (5397 lbm)

6.5 S-IHYDRAULIC SYSTEM

Four independent, closed-loop hydraulic sys-
tems provide outboard engine gimbal motion during
engine firing and non-firing operations without the use
of an external pressurizing source, The gimbal forces
are provided by two electrohydraulic actuators mounted
in perpendicular planes of motion on each outhoard
engine. These gimbal forces are proportional to the
magnitude of an electrical input signal to aservo valve
located on each of the actuators. Each outboard H-1
engine is capable of plus or minus eight degrees of
motion in a square pattern.
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Performance of the hydraulic systems during S-
I-6 stage flight was satisfactory. No excessive de-
mands were placed on the systems, indicating mini-
mum gimhaling requirements, The hydraulic oil
temperatures and source pressures were higher than
predicted, but remained within the specified limits,

The hydraulic source pressure of engine { dropped
68.9 N/cm? (100 psi) when the inboard engine 8 fail-
ure occurred. This pressure decay continued for fif-
teen sec after the inboard engine failure, and then
began to rise, This rise continued through the re-
mainder of S-I-6 stage operation, Since the engines
did not undergo any large gimbaling movements during
this time, there appearedto be no cause for large flow
demands corresponding to this reduced pressure. The
slow reaction of the system to correct for the pres-
sure drop could have resulted from an attenuation of
the compensator sensing, However, this slight drop
in pressure was not serious and the performance of
the hydraulic systems was considered satisfactory.

6.6 RETRO ROCKET PERFORMANCE

Four 151,240 N (34,000 1bf) thrust, solid pro-
peilant retro rockets provided the necessary retarding
force on the S-I stage to prevent S-1/S-IV stage col-
lision after separation. These retro rockets were
mounted to the spider beam at the top of the S-I stage,
90 deg apart and midway between the main fin posi-
tions, The nozzles were canted 12 deg from the ve-
hicle longitudinal axis to direct the thrust vectors
through the 5-1 stage center of percussion.

Operation of the retro rockets was satisfactory
with ignition occurring after outboard engines thrust
was less than ten percent of maximum. The pro-
grammed tape signal for ignition of the retro rockets
and actuation of the explosive nuts was at 149, 62 sec-
onds. Due to a timed delay, retro rocket ignition was
0. 06 sec later to allow for scparation bolt retraction.

Atypical chamber pressure for the retro rockets
is shown in Figure 6-12. The chamber pressure meas-
urements were recorded on the S-I stage tape record-
er and played back after the RF blackout caused by
reiro rocket exhausts,

FIGURE 6-12. TYPICAL RETRO ROCKET COM-
BUSTION CHAMBER PRESSURE

The combustion chamber pressure for retro
rocket No, 1 peaked at a lower pressure than retro
rockets 2, 3, and 4, Also, during retro rocket main-
stage burning the chamber pressure of retro rocket
No. f remained more constant than the pressures of
the other three. The chamber pressure for retro
rocket No. 4 indicated higher values during decay and
a longer burning time,

Measured, calculated, and predicted performance
leveis are shown in Table 6-1, As indicated, lower
thrust and longer burning times were experienced,
Totzal impulse was below predicted for retro rockets
1, 2, and 3, but was above predicted for retro rocket
4.

TABLE 6-1. RETRO ROCKET PARAMETERS
PARAMETER RETRC-ROCKETS PREDICTED
INDIVIDUAL
1 2 3 4 Total PERFORMANCE
Burning Time (sec) 2.25 2,25 2,25 2.35 --- 2.15
Total Impulse (N-s) 325,387 325,832 320,272 338,732 1,310,223 331,393
Average Thrust (N) 144,616 | 144,812 | 142,343 | 144,140 575,911 154,131
Average Pressure (N/em?) B64 876 855 860 “-- -
Firing Command 149.68 149,68 149,68 149.68 - 146.71
{sec range time)

Average Pressure - Area under pressure versus time curve divided by burning time,
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Retro rocket performance wasexceptionally good.
Interaction of S-I and S-1V stage was prevented through
proper operation of all four retro rockets,

6.7 S-IV STAGE PROPULSION SYSTEM

6.7,1 OVERALL S-IV STAGE PROPULSION PER-
FORMANCE

The perfoermance of the S-IV propulsion system
was within design limits throughout the flight test of
5-IV~6. Performance of individual engines were close
to expected except for an apparent malfunction of the
thrust controller on engine 4, The performance of
tank pregsurization systems, helium heater, hydrau-
lic systems and PU system were very close to pre-
dicted values.,

6.7.2 CLUSTER PERFORMANCE

Two independent analyses were used to recon-
struct the S-IV stage six engine performance.

The first method is an engine analysis, which
uses the telemetered engine parameters to compute
clustered thrust, specific impulse, and weight flow,
A correction factor is used to account for the 6 deg of
engine cant angle to the vehicle center line, helium
heater flow rates, helium heater thrust and chilldown
vent thrust,

The second method is a postlight simulation
which uses the thrust and weight flow shapes obtained
from the engine analysis and adjusts the levels to sim-
ulate the actual trajectory as closely as possible.

The two results are consideredtobe in agreement
if the flight simulation and engine analysis do not dif-
fer by more than 1 percent,
6.7,2,1 ENGINE ANALYSIS
Flight dataanalysis performed on the S-IV-
6 stage based on the cverall evaluation of burn-time
and the propellants loaded, and the possible error as-
sociated withthese quantities, indicated thatthe thrust
and specific impulse deviated from predicted by 2. 08
percent and -0, 42 percent respectively.

The engine analysis performance characteristics
were reconstructed starting from LH;cooldown to en-
gine cutoff. Three independent computer programs
were used to gain statistical confidence in the recon-
structed values and profiles.

Based ontheacceptance firing of the S-IV-6 stage,
the propellant deptetion time had been predicted as

488 sec burn time. The actual depletion time extra-
polating the propellant residuals remaining at com-
mand cutoff would have been 475 sec or 13 sec short
of predicted, Nine seconds of this is attributed to the
engine 4 high operating performance level, The bal-
ance of four seconds is primarily due to differences
between the actual and predicted propellant loads, The
average stagethrust was highby approximately 2 per-
cent; 1.5 percent of this is attributed to high per-
formance of engine 4 and 0,5 percent is due to greater
EMR caused by the PU system excursions during the
first 150 sec of S-1IV flight, The performance excur-
sions were within the predicted bands and shapes;

The resulting thrust, specific impulse, total pro-
pellant weight flow rate and engine mixture ratio are
presented in Figure 6-13,
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6.7.2.2 FLIGHT SIMULATION

Both a three-degree-of-freedom and a six-
degree-of-freedom flight simulation computer pro-
gram, incerporating a differential correction proce-
dure were employed to adjust the propulsion parame-
ter histories obtained by the engine analysis, These
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programs determined adjustments to the assumed lev-
els of stage longitudinal thrust and weight flow that
yieldeda nearly exact fit of the actual trajectory. The
observed trajectory was matched by these simulations
with the following average deviations.

Average Deviation

Velocity 0.5m/s
Altitude 122 m
Slant Range 15 m

Since the trajectory was matched this closely, the
only significant uncertainties in the resgults are those
due to possible errors in postflight estimation of ve-
hicle weight at cutoff, errors in the observed trajec-
tory and in the thrust and weight flow shape from the
engine analysis, These uncertainties could cause es-
timated errors in each of the parameters of 0.3 per-
cent,

Table 6-I1 presents the simulation results, Itcan
be seen that the thrust and weight flow are higher than
predicted, which is compatible with the malfunction
of the thrust control valve on engine 4 (see Para.
6.7.3). Using the value of average stage longitudinal
thrust, the total impulse impacted to the vehicle from
90 percent thrust to S-IV cutoff is about 189, 7 x 10°
N-5 (42.55 x 10° Ibf-s).

TABLE 6-H.

The mass flow determined by flight simulation,
combined with vehicle mass at S-IV cutoff, allow the
making of an accurate determination of vehicle mass
during S-IV burning. Using this method the S-IV ve-
hicle mass at ignition is determined to be 65,627 + 181
kg (144,680 + 400 lbm). This figure compares with
the actual vehicle mass at ignition of 65,810 kg
(145,086 lbm) obtained from a combination of engine
analysis, capacitance probe, and point level sensor
data,

The fact that the simulation results do not agree
exactly with the engine analysis results can be caused
by a number of factors. Most obvious of these are
telemetry data inaccuracies which affect the engine
analysis to a greater degree than the flight simulation
analysis. Other factors in the difference could be ac-
counted for by uncertainties in engine analysis values
for thrust and weight flow caused by leakage through
the LH, chilldown valves, helium heater thrust and
weight flow and base pressure thrust,

6.7.3 INDIVIDUAL ENGINE PERFORMANCE

The six Pratt & Whitney RL10A-3 engines,
which powered the S5-IV stage, operated satisfactorily
throughout the full duration of the flight, except for
engine 4, After the start transient, the thrust con-
troller of engine 4 malfunctioned, causing the engine
to operate at a higher thrust level and lower engine
mixture ration {fuel rich). The deviations from

S-IV-6 PROPULSION SYSTEM PERFORMANCE (FLIGHT SIMULATION)

Average Values

Parameter Flight Simulation¥®
4021703 1 1206 N
90416,0 T 271 1bf

Longitudinal Vehicle
Thrust

Vehicle Mass Loss
Rate
se

Longitudinal Vehicle 426.6 T 1,28 sec

Specific Impulse

k
96.14 T 0,29 §§3 -0.49
211,96 T 0. 63 22M

Definition of Propulsion Paramcters

% Deviation From % Deviation From
Engine Analysis Predicted

-0.83 T 0.3% +1.25 t 0,3

4
=}
[9]
e
o+
=
.
(%]
Ea

+2.00

-0.33 T 0.32 -0.75 ¥ 0.3%

helium heater propellant weight flow,

loss rate,

Longitudinal Vehicle Thrust accounts for engine cant angle and includes helium heater
thrust, and thrust originating at the cooldown vents due to leakage of LHy through the
engine cooldown valves during engine operation.
Vehicle Mass Loss Rate includes all stage weight flowrates, such as the sum of individual
engine propellant weight flowrates, leakage of LH, through the cooldown valves, and

Ullage rocketr flowrate is not included,
tudinal Vehicle Specific Impulse is vehicle longitudinal thrust divided by vehicle mass

*Average values between 90% S-IV thrust and S-IV cutoff,

Ullage rocket thrust is not included.

Longi-
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predicted for the individual engine thrust and specific
impulse are shown in Figure 6-14.

% Deviation From Predicted Thruat

10

Engines

FIGURE 6-14., DEVIATIONS IN INDIVIDUAL EN-
GINE PERFORMANCE PARAME-
TERS (5-1V)

The largest deviation noted in thrust was, of
course, engine 4 which experienced a thrust controller
malfunction, Engine 4 thrust was 9,5 percent higher
than predicted.

The largest deviation in specific impulse was en-
gine 3 which was 1 percent lower than predicted.
6,7.3,1 ENGINE COOLDOWN
The engine cooldown period for LH, was
44, 3 sec and for LOX was 10 seconds. The LH, chill-
down period was longer than the planned 41, 5 sec be-
cause of the longer S-1 stage burn time, The LOX
consumption for cooldown was approximately 68,04
kg (150 Ibm), or an average flow rate of 1.13 kg/s
(2.5 lbm/s) per engine. The LH, consumption for
chilldown was approximately 136 kg (300 lbm), or an
average LH, flow rate of 0,508 kg/s (1,12 lbm/s) per
engine,

6.7.3.2 START TRANSIENTS

Normal start transients were noted for all
engines. The engine thrust buildup at the 90 percent
level was achieved by all engines between 1.74 and
2, 02 sec after start command. For comparison, the
chamber pressure transients at start are shown in
Figure 6-15. The initial individual engine chamber
pressure overshoot at engine start was 2 maximum of
approximately 6, 9 N/em? (10 psi) which corresponds
to approximately 2224 N (500 1bf) or 3.3 percent
thrust.

Thrust Chamber Preasure (N/cm®)

Thrust Chamber Pressure (psi}
290 — -

150

Time After S-1V Pngine Start (sec)

FIGURE 6-15, INDIVIDUAL ENGINE START
TRANSIENTS

The engine 4 thrust controller appeared to main-
tain control up to and including the initizl overshoot,
but abruptly shifted up to near maximum pressure of
251 N/em? {365 psi) or approximately 80,068 N
(18,000 tbf) thrust at 2. 5 sec after S-IV ignition. Af-
ter the overshoot period the pressure stabilized to
227 N/cm? (330 psi} or 73,396 N (16,500 Ibf) thrust
at approximately 4 seconds. The maximum engine 4
thrust overshoot was 6672 N (1500 lbf) or 10 percent
above its steady state value,
6.7.3.3 STEADY STATE OPERATION
Satisfactory performance of the engines was
demonstrated throughout the flight with only engine 4
deviating from the expected band, Engine 4thrust was
9.5 percent higher and mixture ratio 2,0percent lower
than predicted due to the thrust controller malfunction.
The response of the engine was different from the
other engines in that is was more sensitive to the PU
valve variations.
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As discussed in paragraph 6,7, 3, 2, the engine 4
thrust controlier appeared to have operated during the
start transient, However, 2, 06 sec after start com-
mand the chamber pressure started increasing and
reached a peak level of about 251 N/cm? (365 psi) by
2. 5 seconds., The effect of mixture ratio changes on
the engine chamber pressure during steady state op-
eration indicated a typical turbire bypass valve closed
operating line rather than a normal operating line,
All of the evidence indicates that the engine thrust
control turbine bypass vilve went fully closed and re-
mained fully closed throughout the flight.

In an effort to establish the cause of the thrust
control malfunction on engine 4, gngine assembly rec-
ords and acceptance test data were reviewed. No ev-
idence was found of any thrust control abnormalities
which might have contributed to the malfunction. De-
velopment engine malfunction records were reviewed
but mo other thrusi control malfunctions with similar
characteristics could be found. As a result, various
possible failure modes were simulated on an analog
computer., In addition, some of the more probable
failure modes were simulated on a development en-
glne. These tests indicated that the most probable
failure modes were (1) restricted thrust control body
vent line and/or vent orifice, (2) failed thrust control
motor bellows, or (3) loss of chamber pressure sig-
nal to the thrust control due to a leaking or damaged
sense line, Comparisons of the flight chamber pres-
sure data with the analog and engine test results for
each of these simulated faijJure modes are shown in
Figure 6-18,

A failure of the motor bellows or chamber pres-
sure sense line would have had to occur at the precise
time of the abrupt rise in chamber pressure in order
for such a start characteristic to have been present,
However, a restriction of the vent orifice or vent line
could have occurred any time priortoengine start and
would have resulted inthe acceleration characteristics
noted in flight,

Presently, the flight configuration thrust control
vent lines are removed during all static firings of the
engines and the vents are plumbed to a low pressure
source on the test stand. Purpose of this is to allow
a demonstration of inflight overshoot characteristics
as the thrust control body must be vented to a low
pressure source in order to prevent excessive over-
shoot, Prior to flight the flight configuration lines
which vent the thrust controls to the engine vent col-
lectors are reinstalled. As a result, no static firings
of the engines are accomplished with the thrust control
vent lines in the flight configuration. While the sub-
ject vent lines are X-rayed and flow checked prior to
being installed on an engine being prepared for deliv-
ery, subsequent removal and reinstallation contributes
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FIGURE 6-16. SIMULATED S-IV ENGINE 4 THRUST
CONTROL MALFUNCTION

to an unknown condition. As part of the evaluation ef-
fort to establish a possible cause for the thrust con-
trol malfunction, preflight checkoff records were ex-
tensively examined and more than 100 engine photo-
graphs of S-IV-6 were reviewed but no indications
were found of any abnormalities in the thrust control
plumbing.

As a precaution to preclude the possibility of a
recurrence of a similar malfunction on the remaining
S5-IV vehicles the following procedures have been in-
stituted:

{1} On S-IV-7 all thrust control body pressure
vent lines are being removed and the vent lines and
vent orifices checked for restrictions to normal flow,
On subsequent vehicles it has been recommended that
the vehicle acceptance tests be accomplished with the
thrust control vent lines installed in the flight configu-
ration. This is being considered.



(2) Athrust control motor bellows high pressure
leak check will be performed during the last engine
leakage check prior to flight. Thishigh pressure leak
check will supersede the low pressure bellows check
which was utilized for S-IV-6.

{3) Preflight inspection procedures have heen
reviewed and they are being amended as necessary to
provide special emphasis on engine thrust control vent
lines and chamber pressure sense line systems.

6.7.3.4 CUTOFF TRANSIENTS

Engine cutoff was initiated by a guidance
signal at 624,86 sec range time. The solenoids on the
propellant valves received the signal to close 22 ms
later. The six engine cluster experienced a smooth
thrust decay and reached 5 percent within 0.124 to
0.156 seconds. The cutoff impulse of the individual
engines, based on 624. 88 sec when the engine sole-
noids received the cutoff signal, ranged from 6450 N-s
to 8007 N-s (1450 to 1800 lbi-s}. The total cuatoff im-
pulse, from engine measurements, was 42,392 N-s
(9530 lbf-s) compared to a predicted impulse of
31,805 + 3114 N-s (7150 lbf-s). Analysis of velocity
gains determined from guidance indicates a cutoff im-
pulse of 40,243 N-s (9047 Ibf-s8),

6.8 S-IV PRESSURIZATION SYSTEM

Pressure (/)

6.8.1 LH, TANK PRESSURIZATION

During the S-IV-6 flight the LH; tank pressur-
ization system demonstrated satisfactory perform-
ance. The LH, pump inlet conditions were maintained
withinthe engine specification range excepti for a per-
iod of approximately 33 sec when the NPSH dropped
below the minimum value of 5,5 N/cm? (8 psi). This
period began approximately 23 sec prior to step pres-
surization. It should be noted, however, that the over-
all engines system performance was not affected dur-
ing this time. The LH, tank was prepressurized on
the ground from 10.96 to 26.1 N/cm? (15.9 to 37. 3
psi) with helium (see Fig. 6-17). Final LH, replen-
ishing increased the ullage pressure to 27.2 N/cm?
{39. 5 psi). The ullage pressure decayed normally to
25,23 N/cm? (86.6 psi) by the initiation of LH, pre-
start, During cooldown the ullage pressure decreased
to approximately 20,7 N/cm? (30.0 psi) at 143, 4 sec
at which time the ambient helium makeup was initiated
by the LH, tank ullage pressure switch., Makeuplasted
approximately 5. 8 sec and used 0. 307 kg (0.677 lbm)
of ambient helium,

The LH, tank ullage pressure cycled between ap-
proximately 21,3 and 22, 5 N/em? (30. 4 and 32. 3 psi)
prior to initiation of step pressurization (48,16 sec).
Theullage pressure increaged from 21, 6 N/em? (31, 4
psi) at initiation of step-pressurization to 28,7 N/cm?
{41 psi) at S-IV cutoff.
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The average pressurant temperature was approx-
imately 173°K. The average pressurant flow rates
obtained during normal, control and step were 0, 053
kg/s (0,116 1bm/s), 0. 083 kg/s (0.183 Ibm/s}, and
0.134 kg/s (0.296 lbm/s) respectively and are in close
agreement with the predicted design flow rate.
6,8.1.1 LH, PUMP INLET CONDITIONS
As noted previously, the LH, pump inlet
conditions were within the engine specification range
except for approximately 30 sec when NPSH dropped
below the minimum (see Fig. 6-18). However, the
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FIGURE 6-18, LH, PUMP INLET PARAMETERS

pump inlet conditions appeared to be adequate as no
detrimental affects in engine performance were noted
during this time. K should be noted that the NPSH
limits for ground test have been changed to permit
operation at levels as low as 3. 45 N/em? (5 psi) since
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testing has shown the engines to be capable of satis-
factory mechanical operation at this level. However,
the engine manufacturer does not guaraniee specifi-
cation performance below a NPSH value of 5.5 N/cm?
(8 psi). It is also noted that the LH, data during S-
IV-6 flight was questionable, As a regult the temper-
ature profile and NPSH levels shown in Figure 6-18
are somewhat dubious,

6.8.2 LOX TANK PRESSURIZATION

During the S-IV-6 stage flight the LOX tank
pressurization system ovoperation was satisfactory,
The engine total pump inlet pressures were maintained
above 31 N/cm? (45 psi) and the NPSH was above 10, 3
N/em? (15 psi) throughout flight.

At the initiation of the automatic final seguence
{153 sec prior to liftoff) the LOX tank was prepres-
surized to approximately 32,6 N/cm? (47.3 psi) with
about 3.1 kg (6.9 lbm) of ground supplied helium, Be-
tween 120 sec and 100 sec before liftoff the LOX tank
vented fourtimes. The LOX tank ullage pressure then
decayed to the lower pressure switch setting at 16,
94, and 136. 4 sec of flight, requiring a 0, 15 kg (0. 34
lbm), 0,17 kg (0. 37 lbm), and 0. 14 kg (0. 31 lbm) of
cold helium respectively from the stage storage
spheres to replenish the pressure.

During the S-IV powered flight the LOX tank ul-
lage pressure was maintained between 30. 3 and 32, 7
N/cm?® (43 and 47, 4 pei). The helium heater second-
ary coil control valve cycled one and one half times
and then remained open for the remainder of the S-IV
powered flight. The periods of one and two coil op-
eration are shown in Figure 6-19., As indicated in
Figure 6-19, the helium inlet pressurant flow rate
decreases when the secondary coil control valve
closes. This is due to the higher pressure drop en-
countered when the total helium flow passes through a
single coil. The coil helium regulator operation was
satisfactory throughout flight,

The lack of vent cycles during boost and the rel-
atively constant LOX tank ullage pressure appears to
be due to leakage through the pilot valve in the LOX
tank vent valve, The pilot valve begins to open at a
slightly lower pressure than the main poppet. The
vent valve purge used on S-IV-§ to assure proper
valve operation can contribute in causing the piiot
valve to partially open. The gas passing the pilot
valve can escape through the labyrinth seal and thus,
if the rate of pressure rise were low enpough, the valve
leakage might compensate for flow into the tank to the
extent that the vent valve main poppet would never
open, In addition, a comparison of the mass in the
LOX tank ullage indicated by the ullage pressure and
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FIGURE 6-19.

LOX TANK ULLAGR PRESSURE DURING PREPRESSURIZATION

S-1 BOOST AND S8-1V FLIGHT

temperature with the mags flow into the ullage shows
a helium loss of about 2.3 kg (5.0 lbm). Further in-
vestipations are underway at DAC to define the extent
of the problem and to obtain the best solution.

The S-IV-6 flight demonstrated the successful op-
erational capability of the helium heater as an integral
component of the stage LOX tank prepsurization sys—
tem. The helium heater ignition was normal at the
S-IV stage engine start command, with combustion
chamber temperature stabilizing at approximately
1111°K shortly thereafter. This temperature was
maintained within an approximate plus and minus 83°K
band reflecting the change in propellant mixture ratio
caused by the varying LH, and LOX tank ullage pres-
sures. The maximum operating combustion tempera-
ture of 1211°K was achieved after 260 sec of S5-IV
flight and prior tothe initiation of LH, tank step pres-
surization, At this time the increasing acceleration
of the stage, and its effect on the LOX and LH, hydro-
static head, adds to increasing the mixture ratio of
the propellants and consequently the combustion tem-
perature, The temperature decayed normally during
the step pressurization phase of the flight and was
978°K at cutoff command.

The heater operated in two coil mode of operation
throughout most of the S-IV-6 powered flight., The
only periods of single coil operation occurred within
the first 25 sec of helium heater operation. The heat
input to the helium during the period of combined pri-
mary and secondary coil operation averaged 61.5 kil-
owatts (210,000 Btu/hr). The helium heater operat-
ing parameters are presented in Figure 6-20. The
helium heater propellant mixture ratio averaged 1. 0:1
before LH, step pressurization, decreasing during
step to a minimum of 0.75:1. Combustion chamber
pressure was maintained at approximately 4.3 N/cm?
{6, 2 psi) prior to step and increased to a maximum
of 6.1 N/cm? (8. 8 psi) at S-IV cutoff.
6.8.2.1 LOX PUMP INLET CONDITIONS
The LOX supply system delivered the nec-
essary quantity of LOX to the engine pump inlets while
maintaining the required conditions of pressure and
temperature. This entailed maintaining a minimuam
Net Positive Suction Head (NPSH) of 10,3 N/em? (15
pei}. Thiswas successfully achieved with a minimum
NPSH of 21.2 N/em? (30, 8 psi) which occurred at 8-
IV stage cutoff, LOX pump inlet temperature stabilized
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the bulk temperature probes located at the bottom of ¢ O o A
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with the pump inlet temperature, The inlet conditions 0] R Sl e T T
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of cold helium bubbling, were within the range of
78.3°K to 80.6*K which compared favorably with the
expected values, By prestart the temperatures had
increased to between 90,6°K and 93. 1°K which were
within the required limits of 90.3°K to 97,2°K. At
engine start, the inlet temperatures were between
89, 6°K and 90, 8°K. A time history of the LOX pump

inlet temperatures during the cold helium bubbling op- R I
eration and the LOX pump cooldown period is pre-
sented in Figure 6-22, FIGURE 6-21. LOX PUMP INLET CONDITIONS
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6.8.3 COLD HELIUM SUPPLY

During S-1V stage flight the cold helium supply
was more than adequate, The pressure and tempera-
ture in the cold helium spheres at S-IV ignition were
2072 N/em? (3005 psi) and 22, 8°K respectively which
indicated a helium mass of 55,8 kg (123, 5 lbm). At
8-IV stage cutoff the recorded sphere pressure and
temperature were 352 N/em? (510 psi) and 31,9°K,
These conditions indicate that the final helium mass
at this time was 12, 2 kg (27 lbm). Thus, the helium
usage during burn was 43,5 kg (96.0 lbm) which
agrees well withthe integrated helium flow rate based
on orifice conditions. Conservatively speaking, had
a two coil helium heater operation been maintained at
the end of flight with maximum helium flow prevailing,
there would have beenan additional 30 sec of potential
pressurant available,

The cold helium regulator performed very closely
to the specificd range of 172 Nfem? + 17,2 N/cm?
gauge (250 + 25 psig) the minimum and maximum
valves being 159 and 172 N/em? gauge (230 and 250
psig) respectively,

6.8.4 LOX TANK PRESSURIZATION BACKUP SYS-
TEM

The LOX tank pressurization backup system,
consisting of 18ambient helium spheres and associated

controls, was installed in the forward interstage, Al-
though they were on active standby condition for the
entire S-IV flight, the LOX tank pressure demands
and the normal tank pressurization system operation
were such that this system was not utilized, The
hackup system will be removed for the S-IV-7 and
subsequent flights,

6.8.5 CONTROL HELIUM SYSTEM

The S-IV-6 pneumatic control system opera-
tion was satisfactory during preflight checkout and
flight, The control helium sphere was pressurized to
approximately 2072 N/cm? (3005 psi) at liftoff, de-
creased during S-1 powered flight to about 2020 N/cm?
(2930 psi) , and was approximately 1851 N/em? (2685
psi) at 8-IV engine culoff. The sphere temperature
ranged from 287°K at liftoff to a minimum of 267°K
about 250 sec after S-IV engine start and increased to
268° K at 58-IV engine cutoff,

The control helium regulator outlet pressure
ranged between a minimum of 338 N/cm? 1490 psi) and
a maximum of 356 N/em? (517 psi). The reguiator
outlet pressure drifted from 358 N/cm? (520 psi) to
344 N/cm? (499 psi) from liftoff to S-IV engine cutoff,
reflecting the change in the ambient reference pres-
sure,

6.9 S-IV PROPELLANT UTILIZATION SYSTEM

The propellant utilization (PU} system per-
formed satisfactorily. The usable residuals above the
pump inlets at command cutoff were 109 kg (240 lbm)
of LOX and 45 kg (100 lbm) of LH,.

6.9,1 PROPELLANT MASS HISTORY
The propellant mass history at various event

times is presented in the following table. The values
are for total mass above the pump inlets.

TABLE 6-H0I, S-IV STAGE FLIGHT PROPELLANT
MASS HISTORY
Event LOX LH,
kg 1bm kg 1bm
Liftoff 38,283 84,400 7,756 17, 100
LHy Prestart 38,275 84,381 7,755 17,096
LOX Prestart 38,271 84,175 7,649 16,864
Ignition 38,204 84,225 7,619 16,796
PU Activate 37,919 83,598 7,564 16,675
Residual (COQ) 109 240 45 100

The valves inthe table are based on independent stud-
ies of telemetered subsystem and engine propellant
fiow data, The value at LOX and LH, prestart are
based primarily on computations of boiloff using pro-
pellant tank ullage pressure and temperature data,
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6.9.2 SYSTEM RESPONSE

The PU system responded properly during S-
Iv-6 flight and provided the necessary PU valve move-
ment to correct for the mass errors sensed by the
system. At the time of PU system activation the sys-
tem sensed a positive equivalent 1LOX mass error
(excess LOX) and positioned the PU valves, causing
the engines to assume a higher mixture ratio., The
factors primarily responsible for thiserror included:

1. A longer than nominal LH, cooldown peried
(44 sec instead of 41, 5 sec).

2. Alower operating EMR for the engines due to
number 4 performance deviations.

3. The non-linearities in the system.

The PUvalves returned to normal by 170 sec, and fol-
lowed the correction necessary to compensate for open
loop errors andthe non-linearities present in the sys-
tem. The average engine mixturc ratio excursions
during flight varied between 4.97 and 5, 40 which is
well within engine operational capabilifies,

6.9.,3 PUSYSTEM COMMANDS

The PU system is designed to originate three
commands:

1, The PU System Gain Change Command
2, The LH,; Tank Step Pressure Command
3. The Arm All Engine Cutoff Command

The first two commands were observed at the
proper times; the third was overridden by a signal
from the IU,

The PU System Gain Change was scheduled to oc-
cur when the PU system indicated that the LOX mass
decreased to 33,425 kg (73,690 [bm). The command
was observed to occur at 211, 4 sec (S-IV-86 stage en-
gine start command +60.1 sec}. The LOX mass at
the time was 33,330 kg (73, 480 |bm) which was with~
in the expected tolerance,

The LH; Tank Step Pressure Commmand was sche-
duled to occur when the PU system indicated that the
£.OX mass had reached 11,444 kg (25,230 lbm), This
command was observed to occur at 481, 7 sec, at
whichtime the LOX mass was 11,476 kg (25,300 lbm},
This value of mass was within telerance.

The Arm All Engine Cutoff Command was sche-
duled tobe generated by the PU system when the LOX
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decreased to 843.7 kg (1860 lbm). This command
was generated earlier by the IU at 596. 3 sec (445 sec
after S-IV start command) when the LOX mass was
2354 kg (5190 Ibm). Actual generation of the signal
by the PU system was overridden and was unobserva-
ble. However, the PU system did generate the signal
at some time following 596, 3 sec range time. This
was evidenced by a continuation of the observed signai
after a signal solely from the IU would have dropped
out,

6.10 S-IV HYDRAULIC SYSTEMS

The hydraulic systems' installation, P/N
1A38401-1, was installed on the S-IV-6 stage, the
first S-IV stage to utilize this installation, This sys-
tem was incorporated after the stage acceptance fir-
ing, A similar installation, however, was demon-
sirated under operational conditions during the S-IV-7
stage acceptance firing, prior to the S-IV-6 stage
flight,

The S-IV hydraulic systems' performance was
satisfactory throughout the SA-6 flight, The sequence
valves opened upon command, and the accumulators
provided an adequate supply of high pressure oil to
pre-position the engines prior to engine start. When
the engine-driven pumps achieved a stabilized output,
the accumulators bottomed in an oil-filled position,
This reaction was as expected, The accumulators are
not required to absorb pump pulsations or pressure
surges; system compliance provides the necessary
damping. The minimum inlet pressure, at the engine
driven pump start, was 0.69 to 2.1 N/em? (1 to 3 psi)
lower than the expected pressure of 10.3 N/em? (15
psiy. It is suspected that the temperature of the oil
in the tubing between the reservoir and the inlet was
lower than that recorded at the pump manifold. The
combination of this colid fluid and the initial pump suc-
tion would account for the decreased pressure that
resulted, Pump operation was not affected by this
pressure decrease,

During steady state operation, the only variations
in the pressure parameters were due to temperature
variations. All oil temperatures were at levels suf-
ficient for system operation during start and cutoff,
After engine cutoff, the accumulator GN, pressures
were corrected to preflight conditions, resulting in
pressures similar to the precharge values. This sim-
ilarity inpressures indicates that no GN; leakage was
experienced during ftight,

6.11 ULLAGE ROCKET PERFORMANCE

Ullage rocket performance was satisfactory,
The ignition command for the ullage rockets was given
at approximately 149,5 sec, with a nearly simultaneous



chamber pressure buildup occurring in all four rock-
ets (Fig. 6-23). The burn time (above 90% thrust)
was 3.7 seconds. The total impulse (longitudinal) was
200,170 N-s (45,000 lb~-8) , which is within 1 percent
of the predicted,

Rockets 1, 2 and 3 indicated jettison 12. 0 sec af-
ter separation command, . There was no indication of
jettisoning of number 4 rocket, The failure was re-
vealed in the jettison talk-back which is obtained from
the ullage rocket chamber pressuré measurement that
is electrically shorted when the rocket is jettisoned,

The uilage rocket assembly is mounted to the S-
IV stage at two locations. Each mounting bracket con~
tains a bolt and a frangible nut, which is fractured by
a Confined Detonating Fuse {CDF) and a charge, The
bolt has a spring washer which causes the bolt to clear
the mounting bracket when the nut is fractured. There
isalso a jettisoning spring which exerts a force on the

Pressure (N/ cmz)

vehicle and causes the ullage rockel case to move a-
way from the vehicle when the nuts are fractured.
There are several possibilities that could cause the
rocket to remain on the vehicle.

The most likely reason for this failure is that the
frangible nut in the forward mounting bracket may not
have been fractured., There are two CDF trains em-
inating from the detonator block and proceed to the
frangible nuts (first to the aft mounting bracket and
then to the forward mounting bracket). The CDF's
are ignited withinthe detonator block by EBW's, There
is an inherent time lag within the detonator block,
such that one of the redundant CDF's is ignited first
and reaches the frangible nut in the aft mounting
bracket prior to the other. In this situation, when one
of the two charges on the nut explodes, the second
charge also explodes and severes the redundant CDF,
The originating CDF wili then pro'cede normally to the
forward nut without the redundant CDF foliowing, At
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ULLAGE ROCKET CHAMBER PRESSURE
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the forward nut, a failure could have occurred at the
elbow fitting preventing the initiation of the charge that
fractures the nut, The bolt then would not be released
from the forward mounting bracket. This mode of
failure is suspected as being the most probable cause
of ullage rocket number 4 not jettisoning on S-1IV-6.

There have been past failures exhibited by the el-
bow fitting such that on SA-7and subs the elbow fitting
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will be replaced with a Tee fitting similar to the con-
figuration at the aft frangible nut, A 7.62 cm (3 in,)
extension to the CDF will be used at the Tee fitting,
No failures have been experienced with the Tee type
configuration., In addition, the non-simultaneous ini-
tiation of the CD¥'s in the detonator block has been
corrected. A crossover of detonator charges has been
installed within the detonator block which wil! initiate
both redundant CDF trains simultancously when either
of the EBW initiators are fired,



G OM D ENTFHAr——

SECTION VII,

7.1 SUMMARY

The overall performance of the SA-6 guidance
and control system was satisfactory. The ST-908
system, along with the control accelerometers, gen-
erated a partial load relief program which was then
biased by the special angle-of-attack pitch program,
The vehicle responded properly to these signals and
to the roll maneuver program executed shortly after
liftoff. Electrical differentiation of the ST-90S atti-
tude error signals was used by the control computer
and filter networks to provide a necessary angular
rate informationtothe control system during S-1 burn,
The counterclockwise roll moment, due to the unbal-
anced aerodynamic forces caused by the S-I turbine
exhaust ducts, resulted in a roll attitude error of 3.5
deg at approximately 60 sec of flight. The premature
shutdown of engine number eight had virtually no ef-
fect on the vehicle control system, Minor changes in
roll and yaw attitude and angular velocity were noted
at 110 sec due to change in control system gain co-
efficients, and at IECO because of the change in thrust
vector alignment, A roll torque due to thrust vector
misalignment, caused a +1degroll angle shortly after
liftoff; at OECOQ this had increasedto +3deg primarily
because of a reduction in the roll gain of 50 percent at
110 seconds.

Separation was executed smoothly; the resulting
control deviations were small and easily controlled
out,

Platform switchover (from the ST-308 to the ST-
124) at separation plus 14 sec was very smooth, in-
dicating good agreement betwpen the attitude error
signals of the two systems. The ejection of the com-
mand module launch escape system tower at separa-
tion plus 12 sec had virtually nc effect on the vehicie
control,

Path guidance was initiated at 18, 7 sec after sep-
aration by the ST-124 guidance system, The steering
command generated inthe yaw plane was smaller than
expected due to the deviations of only -765 m and -8, 3
m/s, The premature shutdown of engine eight caused
the steering angle in the pitch plane to be much larger
than predicted. The performance of the pitch plane
path adaptive guidance system was excellent, The
total measured ST-124 guidance system velocity vec-
tor at S-IV cutoff was 7806, 3 m/s (7805, 95 m/s pro-
grammed cutoff velocity vector). ’

The agreement between the tracking trajectory
velocities and the ST-124 and ST-9%0S accelerometer
values inthe pitch plane is quite good. The agreement

GUIDANCE AND CONTROL SYSTEM

between the ST-124 range accelerometer data and the
corresponding guidance computer values is within 0. 4
m/s. In the yaw plane the agreement between the ST-
124 guidance system values (both velocity and dis-
placement) and the tracking trajectory values is rather
poor, The accelerometer values in altitude and cross
range differ from the guidance computer values by 0, 1
m/s throughout flight,

Guidance and control system hardware environ-
ments were within the specified limits,

7.2 SYSTEM DESCRIPTION

SA-6 was the second Saturn [ vehicle to be
launched carrying both an ST-908 stabilized platform
system and an ST-124 guidance system in the Instru-
men{ Unit,

Figure 7-1 shows the interrelationship between
the components of these two systems, their integration
with the other elements in the control system and the
active periods of operation of all these major compeo-
nents in the guidance and control system,

7.3 CONTROL ANALYSIS
7.3.1 S-1STAGE
7.3.1.1 PITCH PLANE

The maximum pitch plane control parame-
ters for the S-1I stage powered flight were:

Range Time

Parameter Magnitude {8ec)
Attitude Error (deg) ~2.1 75.6
Angle-of-Attack (free-
stream) (deg) 5.8 7i.1
Angular Velocity (deg/s) -1.8 74,0
Normal Acceleration
(m/s? 2.7 69, 3
Actuator Position (deg) 2.9 71.4
Angle-of-Attack Dynamic
Pressure Product
(deg-N/cm?) 21. 8 71.9

Pitch attitude deviations were small throughout
8-1 stage flight and increased to maximum values
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around the max @ region (Fig. 7-2). Vehicle tilting
was initiated by the ST-90S tilt cam at 15,55 sec range
time (Fig. 7-3). Tilting of the vehicle was arrested
at 134, 55 sec range time at an angle of 67, 1 deg from
the launch vertical,
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First mode sloshfrequencies are evidenced in the
pitch attitude from 160 sec through JECO, At 110 sec
when the conirol attitude gain changes from 1.5 to
1.0, these attitudes show an expected increase in am-
plitude.

The pitch tilt program based on a zero wind pro-
file was programmed to give 2 maximum 4 deg angle-
of-attack during the max Q region for the purpose of
obtaining improved aerodynamic and structural data
(Fig. 7-3). Maximum winds (20 m/s) occurred as
head wind during the max Q region, increasing the
maximum angle-of-attack to 5. 5 degrees.

In Figure 7-4, a comparison of the pitch compo-
nent winds is made between the rawinsonde and angle-
of-attack winds. The angle-of-attack winds were de-
termined from the onboard Q-ball angle-of-attack
measuring system. Due to low dynamic pressure the
angle-of-attack winds are considered questionable af-
ter 100 seconds. Even beginning around 80 sec, the
angle-of-attack winds seem to indicate excessive fluc-
tuations and must be considered questionable., The
peak rawinsonde measured wind shown in this figure
is approximately 8 m/s less than the angle-of-attack
determined wind component at 71 sec range time,

FIGURE 7-4, PITCH PLANE WIND COMPONENT
AND FREE-STREAM ANGLE-OF-

ATTACK

A digital simulation was made using Q-ball angle-
of-attack winds, postilight engine performanom, and
postflight aerodynamic coefficients (Fig. 7-2). Dur-
ing the max regionthe agreement between simulated
and telemetered was within 0. 25 deg in attitude error,
and 0.3 deg in average actuator deflection.

7.3.1.2 YAW PLANE

The maximum yaw plane control parameters

for 8-I stage powered flight were:

Range Time

Parameter Magnitude (sec)
Attitude (deg) -0, 8 74.8
Angie-of-Attack (free-
stream) (deg) -1,2 74.3
Angular Velocity (deg/s) -1.3 74,0
Normal Acceleration
(m/s8% 0.9 72,1
Actuator Position (deg) -1.6 74,8
Angle-of-Attack Dynamic
Pressure Product
(deg-N/cm?) 4,7 74,3

The yaw attitude, angular velocity, and average
actuator positionare shown in Figure 7-5. After 117.3
sec (engine 8 shutdown) the vehicle trims in a nega-
tive -0. 1 deg attitude until TECO when it returns to a
positive 0.3 deg attitude, The maximum angle-of-
attack (-1. 2 deg) which occurred at 74. 3 sec appears
to have been caused by a 14 m/s wind gust ( Fig. 7-6).
This alsc appears to be verified by the engine deflec-
tions.

FIGURE 7-5, YAW ATTITUDE, ANGULAR VELOC-
ITY AND AVERAGE ACTUATOR PO-

SITIONS

A digital simulation using Q-ball angle-of-attack
wind, postflight engine performance, and postflight
aerodynamic coefficients is shown in Figure 7-6.
There is moderately goodagreement in trends between
telemetered and simulated values with maximum de-
viations at max Q of 0.4 deg in yaw attitude, and 0.7
deg in average aciuator position,



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

7.3.1.3 CONTROL DESIGN PARAMETERS

A comparison of total actuator deflection,
angle-of-aitack, and dynamic pressure angle-of-attack
product between flight and Block II control design val-
ues is shown in Figure 7-7. The design value is based
on a 95 percent nondirectional wind velocity with 2 ¢
shears and 11 percent variation inaerodynamics. Var-
iations in propulsion and mass characteristics are
also considered in arriving at the design vaiues. The
SA-6 parameters, which in general are twice as large
as those of SA-5, are within the control design values.
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However, SA-6 did not have the structural integrity to
meet this control design value as evidenced by the 6. 2
deg structural allowable limit during max Q.

7.3.1.4 ROLL PLANE

Immediately after launch, the SA-6 vehicle
rolled clockwise to 1.0 deg (see Fig. 7-8). This in-
dicates S-I thrust misalignment in roll equivalent to
0. 2 deg of equivalent engine deflections, At approxi-
mately 8, 4 sec range time, the vehicle began its pro-
grammed roll maneuver, changing from the 90 deg
launch azimuthto the 105 deg flight azimuth. The pre-
flight predicted ST-90S roll program rate was 2.8
deg/s: however, postflight evaluation indicated an av-
erage rate of 3.5 deg/s which was in excess of the
specified 3.0 + 0.25 deg/s, The vehicle completed
the roll maneuver by 12. 7 sec range time.
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FIGURE 7~8, ROLL ATTITUDE, ANGULAR VELOC-

ITY AND AVERAGE ACTUATOR POSI-
TIONS

The maximum roll plane control parameters dur-
ing S-1 flight were:

During Roll Manecuver Aiter Roll Mancuver

Parameter Karimum  Range Tirxe FHaximum Ronge Time
Atcytude {(dog) 3.1 4.7 -h 98,1
Angular Velocity (dep/s) L8 1¢.2 1. 11L&
Engine Deflection Rell (deg) na 9.1 -0 56,7

As in the SA-5 flight, a gradual increase in roll
attitude error in a CCW direction (viewed from the
rear) was observed following the roll maneuver, reach-
ing 2 maximum angle of -3.5 deg at 58. 1 seconds, An
aerodynamic roll mement coefficient was computed
through the transonic region, considering the contri-
hution of the engine misalignments in roll. This roll
moment coefficient is generally consistent with that
determined from SA-5 flight data. A comparison' with
wind tunnel aerodynamic measurements indicates that
this SA-6 momentcoefficient is approximately 75 per-
cent of that determined in the wind tunnel (Fig, 7-9).
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The moment is due to some kind of aerodynamic flow
effects associated with the turbine exhaust ducts on
the basec of the S-1 stage,

7.3.2 S5-IV FLIGHT CONTROL SYSTEM

The S-IV-6 control system performance was
excellent throughout flight, Separation attitude tran-
sients and guidance initiationtransients were smooth,
No disturbances resulted from the LES tower jettison
at separation plus 12 seconds. The lack of transients
at switch-over of the attitude error signals from the
ST-90S tothe ST-124 at separationplus t4 sec (163.62
sec) indicates thatthe platforms were in close agree-
ment in attitude,

From the initiation of path guidance at 168,23
sec, vehicle yaw attitude built up to 6 deg at 176 sec
(measured by the ST-908 platform} (Fig. 7-10). A
1, 0deg clockwise roll attitude was also sensed by the
ST-90S. These vehicle attitudes resulted from the
steering commands x, and X.. The peak aititude er-
ror signals sensed by the ST-124 were 2.4 deg in yaw
and 0,6 deg in roll, The time required to reduce the
vaw plane steering commands to near zero was about
100 sec after guidance initiation.

The transientin vehicle pitch attitude at guidance
initiation, as sensed by the ST-80S was 3. 8 deg nose
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up from the 67 deg tilt arrest angle; the pitch attitude
error from the ST-124 was -1.3deg (¥Fig. 7-11}).
Shortly after guidance initiation the pitch steering
command went from 6 deg to 63. 6 deg (noise up ma-
neuver). The vehicle began programming nose down
again at approximately 178 seconds.
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Later in flight the vehicle'trimmed to smatl pitch
and yaw attitude error angles to compensate for stage
unbalances and the higher than nominal thrust of en-
gine 4, The S-IV stage experienced thrust vector mis-
alignments of approximately 0.2 deg in pitch and 0.1
deg inyaw. Engine deflections remained smail through-
out flight, with maximum deflections occurring just
after separation. The pitch plane steering vector
misalignment value telemetered from the guidance
computer during S-IV operation was 1 deg shortly af-
ter guidance initiation and increased to about 1. 4 deg
at S-IV cutoff. The predicted 3 o value for steering
misalignment is about 2.5 degrees. The calculated
steering vector misalignment in yaw was approxi-
mately 0. 35 degrees,

7.4 FUNCTIONAL ANALYSIS

7.4,1 CONTROL SENSORS

7.4,1.1 CONTROL ACCELEROMETERS

Two Statham control accelerometers (piteh
and yaw) located in the Instrument Unit provide partial
load relief between 35 and 110 sec flight time. Peak
lateral accelerations of 2. 9 m/s? inpitch and 0, 9 m/s?
in yaw occurred near max Q. As seenin Figure 7-12,
a2 0. 8 Hz slosh frequency appears pronounced from 70
sec on. Functioning of the accelerometers was sat-
isfactory throughout flight.
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7.4.1.2 Q-BALL ANGLE-OF-ATTACK SENSOR
Pitch and yaw angle-of-attack components
were measured bya Model F16 Q-ball angle-of-attack
meter mountedonthe tip of the launch escape system.
The comparison with rawinsonde wind components in
Figures 7-4 and 7-6 included an assumed Q-ball mis-
alignment of 0. 25 deg in pitch and 0. 3 deg in yaw de-
termined from the flight data. With respect to the
vehicle centerline, this misalignment is approximately
the same as that deduced on SA-5,

7.4.1.3 RATE GYROS

The SA-6 vehicle was instrumented with
three rate gyro packages. One 3-axis Minneapolis
Honeywell control package was located in the Instru-
ment Unit (used in closed loop for conlrol purposes
during S-IV flight). An additional (x 100 deg/s) rate
Zyro package in the instrument compartment was used
for failure and reentry analyses. A frequency of 6
cps was observed on the IU Reoll Control Rate Gyro
during S-1 burn.

7.4.1.4 HORIZON SENSORS

Four Saturn I type horizon sensors were
mounted in a pod on the Fin I side of the Instrument
Unit at Station 1475, The sensors were oriented at 90
deg to one another and at 45 deg to the principle axis
of the vchicle. The sensors sweep a 70 deg are from
the vehicle-iixed yaw plane, At 167.1 sec the aero-
dynamic shield protecting the horizon sensors was
biown off andthe sensors went into their search mode,

At this time sensors 3 and 4 immediately locked
on the horizon as predicted. Sensors { and 2 which
should have locked on the horizon at 320 sec went into
a searchmode and immediately locked on a false gra-
dient. Experiments run by the Applied Research
Branch of ASTR verify that these sensors can lock on
the edge of their viewing window, thus indicating a
false sensor angle of 70 degrees. This appears to
have occurred through loss of signal of sensor 1 and
intermittently for sensors 2 and 4 (Fig. 7-13).

As shown in Fipure 7-13 the sensors functicned
as follows: from 165 to 412 sec there are two sensors
tocked; from 418 to 602 sec one sensor is locked; and
from 602 to 670 sec there are two sensors locked,
After 670 sec when the vehicle is rolling, sensor 3
intermittently locks on the horizon,
7.4,1,5 STABILIZER ATTITUDE COMPARISON
A comparison of the attitude measurements
from the two platforms (ST-908 and ST-124) shows
some differences in all three axes. The largest de-
viation occurs in the pitch plane during the period of
vehicle tilting, This difference is due to differences
in the tilt program for each platform.
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7.5 PROPELLANT SLOSHING

7.5.1 S5-1 POWERED FLIGHT PROPELLANT
SLOSHING

S5-I stage sloshing was monitored by means of
differential pressure (A P) measurements in three of
and nine propellant tanks (L.OX tank 02, Fuel Tank F4,
and Center LOX Tank), The tank configuration and
measurement locations were the same as on SA-5,
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The frequencies from the S-I1slosh measurements
were, in general, lower than predicted first mode.
This was also observed on SA-5. The reasons for
this discrepancy are not known. Observed frequencies
from the S-IV PU system during S-I flight were very
near predicted first mode for both the LOX and LH,
{Fig, 7-14). The maximum slosh amplitudes ob-
served during S-I powered flight were considerably
lower than those of SA-5 (Fig. 7-15 and 7-16). The
slosh amplitudes as determined from the telemetered
AP probes are compared with amplitudes calculated
from the telemetered engine deflections lﬁsing theo-
retical transfer functions.
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FIGURE 7-15. S-I SLOSH AMPLITUDES

7.5.2 S§-IV POWERED FLIGHT PROPELLANT
SLOSHING

7.5.2.1 LOX SLOSHING

LOX sloshing during S-IV-6 flight was sim-
ilar to that observed on 5-IV-5. Both first and sec-
ond mode oscillations were encountered with second
mode appearing dominant because of the location of
the mass sensor at the second mode anti-node. Fig-
ure 7-17 shows the LOX slosh frequencies for the
S-Iv-5 and 5-1V-6 flights as well as the theoretically
predicted slosh frequencies, Observed frequencies,
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both first and second mode, agree closely with pre-
dicted LOX sloshing frequencies. The S-IV-6 data
has been separated by Fourier analysis into its first
and second mode frequencies; whereas the S-IV-5 data
was not, However, the preliminary S-1IV-6 data agreed
very closely with the S-IV-5 data. Throughout most
of the S-1V-6 flight the LOX sloshing heights shown in
Figure 7-17 were essentially the same as encountered
on S-IV-5.
7.5.2.2 LH,; SLOSHING

LH, sloshing, dueto very low damping, was
sustained throughout flight and was very close in am-
plitude to that seen on S-IV-5. Figure 7-17 shows a
comparison of the slosh heights seen on the 5-1V-5
and S-IV-6 flights. The 8-IV-6 slosh data was ana-
lyzed by Fourier Techniques and the frequency data
for different flight times are shown. The first and
second mode frequency points follow the theoretical
first and second mode curves closely. The third set
of frequency points coincide with the LOX first reso-
nant frequencies from preflight control sysiem studies
which indicates that the intermediate LH, sloshing is
being driven by LOX first resonant mode sloshing.
{The LOX first resonant mode sloshing is the result
of the natural LOX first mode being coupled with the
S-1V control system frequency,)
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7.6 GUIDANCE SYSTEM PERFORMANCE

The overall performance of the ST-124 guid-
ance system (ST-124 stabilized platform and elect-
ronic box, guidance signal processor and digital com-
puter) was satisfactory; however, an analysis of the
of the telemetered data from the guidance system re-
vealed that:

1. The predicted and actual guidance intelligance
errors were in disagreement in the cross range (Z)
direction.
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2. The actual space-fixed velocity vector at
S-1V cutoff was 2.5 m/s larger than the digital com-
puter value of 7806. 3 m/s (7805. 95 m/s was the pro-
grammed cutoff velocity vector}.

3. Minor velocity differences existed between
the accelerometer measurements and the digiial com-
puter inertial velocity data.

The detailed analysis of these deviations are pre-
sented in subsequent parts of this section.
7.6.1 GUIDANCE INTELLIGENCFE ERRORS
Guidance intelligence errors are defined as
the differences between the range, altitude and cross
inertial velocity components measured by the guid-
ance accelerometers and the corresponding velocities

calculated from tracking data which included Mistram
and Glotrac data during S-TV burn.

The sources of guidance intelligence errors may
be divided into two general categories; component
errors and system errors. The component errors,
scale factor and bias, are those which are attributed
directly to the guidance accelerometers. The system
errors (contributed by the stabilized elemenit on

which the accelerometers mount) are: gyro drift
rates (constant and g-dependent), platform leveling
errors, non-orthogonality of the accelerometer meas-
uring directions and misalignment of the platform
flight azimuth. With the exception of the leveling and
azimuth errors, the above data was obtained by lab-
oratory measurements several weeks prior tolaunch.
The leveling and azimuth deviations were determined
from data which was available only at liftoff.

Flight azimuth of the ST-124 platform was moni-
tored by the ground based automatic theodolite system.
The ST-90S platform azimuth was manually set prior
to LH, tanking; then the platform was driven to the
flight azimuth and monitored by the onboard vehicle-
fixed azimuth readout system.

7.6.2 8T-124 STABILIZED PLATFORM
ERRORS

SYSTEM

Predicted ST-124 system errors for the SA -6
flight test ( References 4 and 5) which were based on
laboratory calibration of the platform system are
shown in Table 7-I. Also shown are their contribu-
tions to errors in the three inertial velocity compo-
nents,

TABLE 7-1. SIGNIFICANT GUIDANCE INTELLIGENCE ERRORS (ST-124 SYSTEM)
Errors Inertial Velocity Errors at S-IV cutoff {m/s)
Laboratory Pre-Ignition |Established - -
Error Source Unils JErrors Meas- |Error Meas- | from Tra- AX| AY; 87
lurements urements eclory
Analysia Lab, Traj. | Lab. Traj. | Lab. Traj.
{. Bystem Errors deg
a. 1) about X axis ~-. 008 -. 026 ] o 1] 0. 4 i.3
2} about Z axis -. 005 -. 005 -0.3 0,7 0.7 0
b. Azimuth Alignment deg .0008 | -.035¢ 0 0 0 0.1 -4.7
¢. Accelerometer Non-
Orthogonality deg
Y axis rotated toward X
axis ~-0. 057 -. 057 [ 7.8 7.6 0 0
d. Gyro Drift Consiant deg/hr
1} Yaw (%) gyro, (about
X axis 0.13 0.13 1] 0 0 -0, 2 -0, 2
2} Roll (¥} gyro, (about
Y axis) -. 038 -. 038 0 0 0 -0.4 -0.4
3} Pitch (Z) gyro, (about
Z axia) . 053 . 053 0.1 -0.7 -0, 7 0 i
2. Component Errors m/a?
a. Acceleration Bias
1) Range Accelerometer -.2x 107 -.2x107? -0.1 0, 0 [t} 0
2) Altitude Accelerometer - 17 x 1073 -, 17 x f072 0 -0.1 -0.1 0 ]
b. Afceleromeler 3cals Factor g/g
1) Range Accelerometer L33 x 1074 .33x10-% | 0.2 0 0 Q 0
Total Error -6.1 7.5 7.5 -0, -4.0
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The pre-ignition errdrs for platform leveling
about the X and 7 axes (Table 7-1) were computed
from the accelerometer outputis prior t{o engine igni-
tion. Examination of the ST-124 system attitude
measurements indicated that an additional change in
leveling and azimuth alignment {about the X axis) oc-
curred between'ignition and liftoff of the vehicie. This
was supported by the inflight error analysis.

In addition, ST-124 system 3¢ tolerances were|
used to develop an error band for each velocity com-
ponent to serve as a standard for comparison with
the actual inertial veloeity errors (Fig. 7-18). Iner-
tial velocity differences (measured from first metion}
between the telemelered ST-124 accelerometer meas-
urements and those determined from the trajectory
based on external tracking are shown in Figure 7-18.
Inertial velocity differences at principal event times
are listed in Table 7-11. Velocity differences larger
than those calculated from the ST-124 30 deviations
(shaded portions in Fig. 7-18) were noted in the
gltitude and cross range directions. The differences
noted in the range velocily were very nearty within
the 30 limits except after about 330 seconds. Some
of this later error contribution is attributed to track-
ing data inaccuracies. Because the velocity errors
in the range direction nearly fall within the estimated

tracking data accuracy, it was not possible to deter-
mine the sources of this guidance intelligence error.
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The sources of the guidance intelligence errors
were determined by trajectory analysis; this is, by
matching the actual velocity diiferences using the
known error sources (laboratory data) and solving
for the additional error sources that contributed to
total velocity. differences.

TABLE 7-11 COMPARISON OF INERTIAL GUIDANCE VELOCITIES (8T-124)}
Event ﬁ_'.[;o't.i-;l.w;leh)cil.y Range Velocity Altitude Vc].ocm(, 038 Range Veloeity
| #ange Time {sec) I‘ypt_: _0_[ _1)ala Tbtud-l | Acteal ] miff, “Actual 1 Ditf. ____Agj.mg};___l A
FECE Accelerometer 3250. 6 2197.0 2395.7 -6, 6
Tracking 3248.9 21970 2393, 4 -6 1
Precaléulated 3324.1 2260.7 2437.0 -6, 2
143,23
Accel. - Tracking 1.7 0 2,3 0.5
. 5 Tracking - Precal, P R i %2 -63.7 o -43.6] i 0.1,
OECO Accelerometer 3409.8 2356.6 io2464. 4 -6.9
Tracking 3408, 1 2356, 8 2461, 9 -6, 3
Precalculated 3494, 4 243407 25097 -6.6
149, 23
Accel. - Tracking -0.% 2,6 -0.6
o _;l‘rm:king - Precal, S 1-86.3 | ____{B_._ﬂ_ A -47.6 _ b 0.3
Guidance Accelerometor 3512.2 2458. 5 2508, 3 -8.1
Initiation Tracking 3510, 6 2458.7 2505, 8 -7.4
Precalculated 3588.1 2524 9 2549. 6 NA
168,23
Accel. - Tracking 1.6 -0. ¢ 2.9 -0.7
L Trackiog - Precal. 17,7 -66. 2 -43.8 . ]
5-1V cutoff Accelerometer 8228, 0 7639, 2 30656, 6 0
Tracking §225. 8 7638.7 3049, 4 4.1
Precalculated 8208.3 - 76384 3006, 2 [
624, 86 '
Accel. - Tracking 2.2 -0.5 7. -
o Tracking - Precal. 17.5 i.3 44.2
Orbital loserlion Accelerometer 4230, 5 7642, 2 3355, % 01
Tracking 8224, 3 7642,7 3048, 6 4.1
Precalculaled NA NA NA NA
634, 86
Aecel. - Tracking 2.2 -0, 7.3 -4.0
Tracking - Frecal. o 1o P S
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The only ST~124 system errors allowed to vary
in this analysis (least squares solution) ‘were the
leveling and azimuth alignment errors. The trajec-
tory analysis results, shown in Table 7-I, were eon-
sistent with the laboratory measurement and the atti-

tude deviations observed between ignition and liftoff.

The attitude deviations affected only the cross range
velocity. The predominant source oferror in the al-
titude direction was the 0. 057 deg non-orthogonality
of the Y accelerometer.
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Figure 7-19 shows the guidance intelligence errors
along with the reconstructed error curves resulting
from the trajectory analysis. The shaded area be-
tween the two sets of curves shows the difference
between the guidance intelligence errors and the tra-
jectory analysis results, The differences in the al-
titude and cross range velocities are within the un-
certainties of the tracking data. Several additional
curves are presented which show the contribution due
to the several sigmificant guidance intelligence error
sources.

Table 7-II presents a comparison of inertial ve-
locities ( referenced to first motion) as sensed by the
S5T-124 system with those determined from tracking
at significant event times.

The differences between the telemetered and
precalculated velocities are primarily the result of
non-standard vehicle performance (early shutdown of
engine 8 on the S-I stage).

7.6.3 8T-90S STABLIZED PLATFORM SYSTEM
ERRORS

The laboratory measured and pre-ignition deter-
mined errors of the ST-%0S system are shown in
Table 7-I11. The -0.015 deg leveling errordetermined
prior to engine ignition was in excess of the 3¢ error
tolerance of + 0. 010 degree.

TABLE 7-TI, ST-90S STABILIZED PLATFORM
SYSTEM ERRORS

Error

Source

i. System Frrors
a. Platlorm Levelung
1) About X Axis
2) About 2 Axis

b. Azimuth Alignment

Units

Laboratory *
Errer Mcas

Pre-agnition
Error Meas.

-0.01%
Unknown

Unknown

¢, Accelerometer

Nonarthogonalaty deg
1)Slant Range Accel,
Z2)Slant Altitude

Accel (rotated

toward - X axis)
1}Crose Range

Accel,

Not Meapurcd

0.0058

Not Measured

d. Gyre Drift Rates
1)¥aw (X} Gyro -0.038
2)Roll (Y) Gyro -0.079
HPulch (2) Gyre 0. 08k

degihr

2. Component Errors
a. Acceleromncier
Bizs mfs
1}Slant Range Accel.
Z)8lane Altucude
Accel.
1)Cross Range Accel.

5.6 % 104

-9.5 x to-4
-6.9 x 1074

h. Accelerotneter
Scale Factor elz
1 )Stant Range Accrl
2)Slant Altitude
Acecrl.
3}Croea Range Accel.

2.6 w 107"
Lialns

-3 6 x k07

* See Reference 5.

Inertial velocity differences between the ielem-
etered ST-90S accelerometer measurements and those
determined from tracking are shown in Figure 7-20
{solid lines}. The velocity differences which would

hlast Soge Valortty
| Oiereen cmia)
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Aang AL N Vi ter 1
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FIGURE 7-20. ST-90S GUIDANCE ACCELEROME-
ETER VELOCITY COMPARISONS

{TELEMETERED - TRAJECTORY)
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be caused by the preflight known guidance system
errors are shown as the dashed lines. The ST-908
guidance accelerometer coordinate system is -diffeneat
than the ST-124 system in that the X and Y axes are
rotated 41 deg about the 7 (cross range) axis. The X
axis in the 3T-90S system is therefore inclined above
the X axis in the 5T-124 system. The dashed lines
in Figure 7-20 are the velocity errors that would re-
suit from the known guidance system errors shown in
Table 7-III. No attempt has been made to further
identify any errors from the trajectory analysis,

Table 7-1V presents a comparison of inertial
velocities at significant event times as sensed by the
ST-90S system with those determined from the {ra-
jectory based on tracking.

Asinthe ST-124 system, the differences between
the telemetered and precalculated velocities are pri-
marily the result of non-standard vehicle perform-
ance (early shutdown of engine 8 on the S-I stage).

7.6.4 OVERALL COMPARISON OF GUIDANCE

VELOCITIES

Table 7-V presents a comparison of the space-
fixed orbital insertion velocities computed from the
8T-124 accelerometer data {corrected for errors
determined by trajectory analysis) with velocities
determined from the orbital tracking. The ST-90S
telemetered velocities are based on the original te-
lemetered data with no corrections applied. The ve-
locity components and total velocity vectors calculated
from accelerometerdata compare very favorably with
tracking data.

It should be noted that the ST-124 cross range
velocity was reduced to nearly zero at cutoff, but the
cross range displacement was -140 m at S-TV cutoff.
This was due principally to the small C. G, offset in
the yaw plane,

TABLE 7-1V. COMPARISON OF INERTIAYL GUIDANCE VELOCITIES (ST-908)
Fvent Total Veloeity Range Velocilty Altitnde Velooity | Cross Range Velacity]
Type of Data i _
Range Time (sec) Actual Diff. Actual DIff. | Actual Diff. | Actual Diff, ]
NECO Accelerometer 3248.9 2196.9 2393. 5 -4. 8
Tracking 3248.9 218790 2393. 4 —6.1
Precalculated 3324, 1 2260, 7 2437 0 -6.2
Accel. - Tracking -0 1 01 1.3
Tracking - Precal. ~-75.2 -63.7 -43.6 | 0.1
IOECO Accelerameter 34048, 2356. 5 2462. 1 -5 0
Trucking 3408, 1 2356. 8 2461, 9 -6.3
Precalculated 3494. 4 24347 2509. 5 -6.6
Accel. - Tracking 1 -0.3 0.1 1.3
‘'racking - Precal. ~-86.3 -74.9 -47. & 0.3
sGuidance Initiation Accelerometer 3510. 4 2458, 4 2505. 8 -6.1
Tracking 3510.6 2458, 7 2505. 8 -7.4
Precalculated 3388.3 2524, 9 2549. 6 NA
Accel, - Tracking . 2 -0.3 1] 1.3
Tracking - Precal. 7.7 -66. 2 -43, 8
B-1V Cutoff Accelerometer 8225. 0 7639.1 1048, 6 4.2
Tracking 8225, 8 7639, 7 30434 4.1
Precalcuiated f208. 3 7638. 4 3005, 2 0
Accel, - Tracking .8 -0.6 - 8 0.1
Tracking - Preeal, -3 1.3 44. 2 4.1
|Orbital Insertion Accelerometer 8227.7 76542, 3 3047. 3 4.2
Tracking 8228.3 7642, 7 3048. 6 4.1
Precalculated KA NA KA [}
Accel. - Tracking .6 -0.4 -0.7 0.1
Tracking - Precal, 4.1
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TABLE 7-V. COMPARISON OF SPACE - FIXED
GUIDANCE ACCELEROMETER VE-
LOCITIES AT ORBITAL INSERTION
: Total Range Altitude | Cross Ranpge
Type of Data Velocity Veioeity Velocity Velocity
tm/e) (m/s) {m/s) (m/s)
Precalculated? 7805. 95 7288. 7 -2793.5 -B4. 8
Telemetered 5T-124 7811. 6 T276. 2 ~-2840. 8 -81.2
{carrected)
Telemelered ST-124 | 7812.2 7291 -2840. 5 -80, 3
{uncorrected)
Tracking (orbital) 7811. 8 7276, 6 -2840.7 -81.1
8T-124 - Track's -0. 3 -0, 4 -t -0.1
ST-908 - Track's 8.4 0.5 0. 2 H). &

% Note: The precalculated total velocity vector of
7805. 95 m/s was used in the preflight predicted tra-
jectory as the value atorbital insertion; however, when
the puidance computer was programmed that value
was used as the S$-1V guidance cutoff velocity. Con-
sidering this fact, the correct prediction of the actual
orbital insertion velocity should have been 7811. 8 m /.

7.7 GUIDANCE SYSTEM HARDWARE ANALYSIS
7.7.1

GUIDANCE SIGNAL PROCESSOR AND GUID-
ANCE COMPUTER ANALYSIS

The performance of the ST-124 guidance sys-
tem hardware was satisfactory with the exception of
{1) the difference between the cross range acceler-
ometer readings and the tracking data and (2) the 265
arc second error in the orthogonality of the altitude
accelerometer.

Table 7-VI presents a comparison between the
ST-124 guidance accelerometer velocity signals and
the vetocities computed by the ASC-15 guidance com-
puter. The maximum difference between the two ve-
locity values (accelerometer minus ASC-15) was-0. 4
m/s in range velocity, +0.1 m/s in altitude velocity
and +0. 2 m/s in cross range velocity. Since differ-
ences of +0. 1 m/s (between the accelerometer veloe-
ity value and the corresponding guidance computer
output) are acceptable, only the -0. 4 m/s deviation in
range vetocity is of concern. Evaluation of this dif-
ference has revealed that only the effect of earth ro-
tation was considered in selecting the velocity incre-
ment t{o be subtracted from the range velocity built up
between guidance release {~158 sec prior to liftoff
and computer initialization 0. 403 sec after it senses
tiftoff. Since the earth rotation effect ic only about
0. 14 m/s for 158 sec {maximum of two #. 1 m/s puls-
es), only one 0.1 m/s pulse was programmed to be

TABLE 7-VI. COMPARISONOFY ST-124 ACCELER-
OMETERS AND ASC-15 GUIDANCE
COMPUTER VELOCITY DATA

- Range Yime T Rangr Welocity Altde Veocily Trous Rasge
Erent _Amex) 1 1M Sourve ‘,415/;! - =y Muocity (m/s),
e R o i s N
o IR ! Accelerometer PEICN 6L Ex
! tompmier 23879 el S
Ganlmace lex. 30 [ — 2458 s 7508 3 .l
tnitlatlon Comguter prresy n08 2 1
ERTZ. T T Accele romeer 7633, 2 3006 & o
Lomputar 1633 6 205k 5 a1
e | Tl SRS G W
i i Mow: The veliesiy dola a1a 8 fr Pe{reeneeta © 17 we o Fital Motiom

subtracted from the preliftoff accumulated range ve-
locity. The velocity accumulated (0. 21 m/s) due to
range accelerometer leveling error was not subtract-
ed, and this, together with other minor effects, re-
sulted in the ~0. 4 m/s difference in the range velocity
valued {accelerometer-computer). All of these max-
imum velocity differences developed when the guidance
computer velocity values were initialized shortly after
the computer sensed tiftoff (0. 026 sec after liftoff).
The range velocity difference is -0. 3 m/s until about
400 sec and -0. 4 m/s thereafter while the altitude and
c¢ross range differences 1emain constant at+0. 1 m/ s
and +0. 2 respectively.

The introduction of the path guidance signals (path
adaptive in the pitch plane and delta-minimum in the
yaw plane) into the vehicle control system was accom-
plished shortly after platform switchover (ST-90S re-
placed by ST-124 as the active system} by a signal
from the ASC-15 guidance computer at 168. 14 sec
range time. At 168. 30 sec, after the ladders in the
computer were loaded, the resolver positioning sig-
nals were sent to the command resolvers in the guid-
ance signal processor and path guidance started.

The response of the vehicle to the steering signals
was completely satisfactory. The path errors (ve-
locity and displacement) in the yaw plane were satis-
factorily driven toward zero; the cross range values
issued by the computer at S-IV cutoff were -0. 2 m/s
and -140 meters. At 622. 13 sec, the guidance com-
puter solved the initial culoff velocity presetting equa-
tions (required velocity 7740 m/s: computed velocity
7742. 8 m/s) and the computier issued the "lock com-
mand modules'" signal and switched into a shorier
computation cycle to search for the solution to the
final cutoff conditions. The computer shifted into the
fast computation loop when the total velocity vector
very nearly equalied the cutoff velocity. At S-IV cut-
off signal (624. 86 sec) the guidance computer velocity
vector value was 8706. 3 m/s*, slightly in excess of
the preset value of 7805. 95 m/s.
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The space-fixed velocity vector at S-IV cutoff
based on orbital tracking was 7808. 8 m/s. The guid-
ance computer value resulted from the following con-
ditions:

5-1V cutoffl velocity presetting 7805, 95 m/s

Fast cuioff loop time error of

0. 016 sec 0.37 m/s
Accumulated prelaunch velocity error -0.34 m/s
ST-124 Y accelerometer alignment

error __2,76m/s
Total Velocity Vector at 8-1V Cutoff 7808.74 m/s

The predicted velocity vector at orbital insertion was
7811, 27 m/s based on the following breakdown:

S-1V cutoif velocity pre-

setting 7805. 95 m/s

Fast cutoff loop time error

(0. 016 io 0, 040 sec) 0. 65 + 0.28m/s

ST-124 Y accelerometer

alignment error {205 arc

sec) 2.76 m/s

3 o platferm sysiem error

(gyro drift, platform level-

ing, bias errors, etc.) 0 + 0.80 m/s

S-1V engine cluster and H,

vent cutoff impulse 1.94 + 0.13 m/s
Total Velocity 7811, 27 + 0.8 m/s

If the prediction had included all sources contributing
o the insertion velocity vector then the predicted vai-
ue would have been increased to 7811.8 m/s due to
the fact that the predicted $-1V total thrust decay ve-
locity increment should have been 2,34 i+ 0.14 m/s.
This includes 0.52 m/s to accounl for the time delay
between the guidance cutoff signal and the signal to the
solenoids lo close the engine propellant valves. This
prediction would have agreed exactly with the actual
velocity vector computed from the orbital tracking
data.

# This includes the accumulated prelaunch velocity
error which resulted primarily from the range accel-
erometer.

7.7.2 5T-124 AND ST-90S8 STABILIZED PLATFORM
SYSTEMS HARDWARE ANALYSIS

The performance of both stabilized platform
sysiems was satisfactory. Agreement between the
two stabilizer attitude error signals at platform
switchover was very good.

The ST-90S, which was the active system until
separation +14 sec showed minor discrepancies in
two areas:

1. A slow running tilt cam which introduced a
maximum error of 0. 22 degree.

2. The roll maneuver rate was 3. 5 deg, slightly
outside the 3 + 1/4 deg/s rate specified.

The three gyro servo-loop pickup measurements in-
dicate sustained maximum deflections of less than
+0. 2 deg in yaw and roll and 0. 35 deg in pitch. Whitle
these values are somewhat larger than those experi-
enced on SA-5, they are not abnormal.

The ST-124 stabilized platform developed alarge
leveling error about the pitch axis between S-1 engine
ignition and liftoff. The air bearing pendutums, which
generate error signals used to maintain the stabilized
element leveling prior to launch, were lelt in the
erection loop until liftoff. The high vibration levels
experienced during the last second of the holddown
period caused the penduium to drift, issuing erroneous
leveling commands, These signals caused the servos
to drive the stabilized element (on which the g idance
accelerometers are mounted) off level.

The stabilized platform also appeared to have a
significant azimuth misalignment of 0. 035 deg. Ap-
proximately 0. 015 degof thisis attributed to an error
in the alignment procedure of the 8T-124, The re-
mainder is apparently due to an azimuth shift which
was observedas a platform roll attitude signal of 0.02
degrees during the last second of the holddown period.

The gyro pickup measurements on the ST-124
were all within 0. 1 deg of null; the redundant servo
and the three accelerometers sustained maximum
servo-loop pickup signals and were alsc within less
than £0.1 deg of null. These values are normat and
along with the X and Z encoder signals indicate a good
performance of the ST-124 system.
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7.7.3 GUIDANCE AND CONTROL SYSTEM HARD
WARE TEMPERATURES

A cooling system is provided to maintain a
stable temperature withinthe Instrument Unit for both
preflight and inflight operation. The ground cooling
system 22 SCM/min {780 SCFM) at 283 to 300* K, (air
or GNy) is turned on priorto energizing the electrical
equipment. Fifteen minutes before 8-IV LH, tanking
the GN, purge is initiated. The overall ambient In-
strument Unit temperature limits are 273 to 230® K.
All component temperaiures measured during flight
were within these limits.

7.7.4 CONTROL COMPUTER AND GIMBAL ACTU-
ATORS ANALYSIS

The commands issued by the control computer
to position the engine gimballing actuators were cor-
rect throughtout the entire flight of both stages and
were well within the angle, velocity and torque capa-
bilities of both the $-T and S:1V actuators,

The maximum gimbal angle required of the S-I
actuators was 3 deg in piich around max @ due to the
angle-of-attack biased ST-90S pitch program. With
that exception, the S-I stage actuators were seldom
called upon to exceed 1 deg oul of the 8 deg available,
When engine 8 (inboard) shut down prematurely at
117,28 sec, only very minor changes were noted in
the actuator differential pressure measurements and
actuator positioning signals. When IECO occurred a
more substantial change in the AP measurements was
noted because of the elimination of the unbalanced
torque.

The maximum 8$-1V gimbal angles at no time ex-
ceeded 1 deg and with the exception of separation
transients and guidance initiation steering reguire-

ments, the angles seldom were more than ¢.5degrees.

No deficiencies were noted in the performance of the
new S-IV actuators. (The DAC type actuators were
replaced by the Moog type actuators on S-1V-6 and
subsequent. }

7.8 GN; SUPPLY SYSTEM

On SA-6, the GN, supply system provided highly
filtered gaseous nitrogen at a closely regulated tem-
perature and pressure to the gas bearing components
of the ST-124 and ST-90S stabitized platform systems.
The supply system consists chiefly of two high pres-
sure storage bottles, heating and pressure regulating
assemblies and the necessary interconnecting piping,
check valves, etc.

The performance of the GN, supply system was
completely satisfactory. The two storage spheres
were pressurized to 2068 N/em? (3000psi) by the high
pressure ground supply 90 minutes before liftoff: at
liftoff, the supply pressure measured 2103 N/cm?
(3050 psi) for the ST-124 and 2041 N/cm? (2960 psi)
for the ST-90S. Both of these values are well within
the launch requirements of 1793 and 2206 N/cm? (2600
to 3200 psi). From liftoff to S-IV cutoff, the ST-124
used 0. 8 SCM (29 SCT) (16%) of its total GN? supply
and the ST-90S consumed 2.1 SCM (74 SCF) (41%)
from its identical supply. These values agree with
the predicted consumption rates of 0. 08 SCM/min
{2.77 SCFM) (ST-124) and 0.2 SCM/min {7.04 SCFM)
(ST-908).

Before liftoff, the average temperature of the GN,
supplied to the ST-124 gas bearings was 297.7* K (298
+2* K specified); the GN, supplied to the ST-908 av-
eraged 288 2° K (298 1 2° K specified). Inflight, the
temperature of the GN, supplied lo the ST-124 and ST-
90S remained well within the specified limits of 298 +
5¢ K.

During flight, the regulated pressure differential
between the gas bearing supply pressure and the In-
strument Unit pressure was constant at 11, 9 N/em?
differential (17.3 psid) for the ST-124 and 23.5 N/em?
differential {34. 1 psid) for the ST-908S,

7.9 ORBITAL ATTITUDE

The S-1V-6 stage with Instrument Unit and Apolio
Boilerplate Payload was inserted into orbit with a 0. 3
deg pitch attitude error, -0. 4 deg yaw attitude error,
and 2 -0, 1 deg roll attitude error. The angular rates
were small {(less than 0. 1 deg/s).

There were 29 LH,vents observed during the time
of Autigua telemetry (insertion to 860 sec), 21 LH,
vents during Ascension Island telemetry reception
(1340 to 1700 sec), and 11 LH, vents observed by
Pretoria, South Africa (1940 to 2400 sec). The first
and longest vent occurred at 630.8 sec range time and
remained open for 9.9 seconds. The change in roll
rate due to the first LLH, vent was -0, 9 deg/s. After
the first vent, the average duration of LH, vents was
approximately 2 seconds. The roll rate increased
from -0.1 deg/s at insertion to -23 deg/s at loss of
telemetry signal at Pretoria, South Africa ( Fig. 7-21).
The last angular rate transmitted from link 5 occured
at 1700 seconds. At this time the pitch/yaw (tumble)
rates were oscillatory with a maximum peak-to-peak
amplitude of 1.0 deg/s, The roll rate thereafter, dur-
ing the period telemetry was received from Pretorta,
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South Africa, was obtained from the frequency of os-
cillations in the §T-124 platform. However, it was
impossible to define the pitch/yaw rates after 1700
seconds.

Hel Angiiar Rt iexives )
o m e Mean)

\
———— e — A

FIGURE 7-21. ROLL RATE DUE TO HYDROGEN
VENTING

LOX vents were observed during the first orbital
pass in the telemetry received by the stations listed
below. The average duration of LLOX vents was iwo
seconds,

Time of Vent (After LO)

Station Hr. Min. Sec.,
Pretoria, South Africa 0 36 46
Carnarvon, Australia 0 85 30
Cape Telemetry IT 1 36 46
Cape Telemetry 11 1 40 35

Indications were that no LH, vents occurred after
loas of telemetry at Pretoria, South Africa,
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Radar, Telemetry and Minitrack signal strength
records (AGC), and Radar and Telemetry cperator's
logs were utilized in attempts to ascertain SA-6orbi-
tal attitude rates after the loss of telemetered angular
rates.

Analysis of AGC records from Carnarvon, Aus-
tralia; Hawaii; Green Mountain, Alabama; and Eglin
AFB, Florida during the first orbital pass indicates a
spin period of 13 sec (28 deg/s equivalent angular
rate) and a tumble period of 170 sec (2.1 deg/s equiv-
alent angular rate) at the end of the firstorbital pass.
Analysis of comments from Radar and Telemetry op-
erator's logs and AGC records after the first orbital
pass indicate no change in spin period, but adecrease
in tumble pericd to 80 sec (4 deg/s equivalent angular
rate) during the first day of orbital flight, with ro
significant change in observed angular rates after this
time. It can be assumed that the increase in tumble
rate after the first orbital pass was due to LOX vent-
ing,

The estimated residual LH, and ullage gas of 116
kg (see Section 6.0) produced an observed angular
impulse of 25,000 N-m-s (18, 800 lbf-ft-s) in the roll
plane and 7650 N-m-s (5650 1bf-ft-s) in the pitch/yaw
plane, while the LOX and ullage gas residual of the
212 kg {see Section 6.0) produced an anguiar impulse
of 53,500 N-m-s (39,500 lIbf-ft-s) in the pitch/yaw
plane.

In summary, itis believed that LH, venting ceased
by the end of the first orbital pass, and that LOX vent~
ing-was completed at least within 24 hours. Attempts
to further define the end of venting are inconclusive.
At the end of venting the vehicle was spinning ata rate
of approximately 28 deg/s and had a gyroscopic pre-
cessional motion with a period of approximately 90
sec (4 deg/s equivalent tumble rate} and a half cone
angle of 65 degrees.



SECTION VIII.

8.0 SEPARATION
8.1 SUMMARY

SA-6 was the second Saturn 1 vehicle having a live
second stage (S-1V) and the necessary hardware for
separating it from the S-1 stage. Separation forces
were provided by firing four ullage rockets mounted
on the forward end of the S-1 stage. The ullage rockets
mounted on the S-1V stage and four retro rockets
mounted on the spider beam at the forward end of the
3-1 stage. The ullage rockets have a nominal thrust
of 15,125 N (3,400 lb) per rocket and are used for
both separation and propellant seating prior to S5-IV
ignition. The retro rockets have a nominal thrust per
rocket of 164,580 N (37,000 lb). The ullage rockets
fire on a signal from the program device 0. 1 sec prior
to separation. Next, the separation command signal
from the program device fires the four explosive bolt.
and nut assemblies that attach the S-IV stage to the
S-1/8-1V interstage. Retro rockets are fired by the
same signal that fire the explosive bolts. A reiaydelay
time of 16 {0 31 milliseconds exists between the signal
and the retro rocket ignition signal from the EBW
units.

All elements of the separation system operated
properly and the S~1/8-1V physical separation occurred
within 0. 03 sec of the expected time. Only 0.1 m (3.9
in. ) of the available lateral clearance (0.74 m) was
used during the separation period.

At S-1V engine ignition command the exit plane of
the S-IV engines was 7. 3 meters (23.9 ft) forward of
the lip of the interstage; this is 4. 2 meters (13. 8 ft)
greater than the design requirement,

The vehicle had altitudes and angular rates con-
siderably less than design values at separation; how-
ever, angular rates for both stages increased during
the separation peried but were of no consequence to
separation, The roll atfitude was larger than expected
at separation due to an effective thrust misalignment
in the rell plane of the S-1 stage. Roll plane deviations
were not critical in separation of the two stages how-
evVEeT.

8.2 SEPARATION DYNAMICS
8.2.1 TRANSLATIONAL MOTION
At the start of separation the vehicle had the

following deviations: (Design values are listed for
comparisoen. )

SEPARATION

Parameter Actual Design
Pitch (deg) 0 1.0
Yaw (deg) 0.2 (Nose right) 1.0
Roll (deg) 3.0 (CWfrom rear)

Pitch Rate (deg/s)
Yaw Rate (deg/s)
Roll Rate (deg/s)

6.2 (Nose up) 1.
0.1 (Nose right)
0.3 (CCW {rom rear) --

...
c ol

In Figure B-1 is the actual separation sequence
for the SA-6 vehicle. The separation signal was is-
sued by the program device to the flight sequencer at
149.62 seconds. The first motion between the two
stages was observed [rom telemetry at 149. 75 sec and
the S-IV stage cleared the S-I/S-IV interstage at
150. 69 seconds. Onboard camera data indicated that
first motion occurred at 149. 72 seconds.

FIGURE 8-1. SEPARATION SEQUENCE

Figure 8-2 shows the separation distance between
the two stages Negative values indicate that the S-1V
stage are still within the interstage. The 5-IV engines
cleared the interstage 0. 03 sec earlier than predicted.
Figure 8-2 also shows the velocity increments for
both stages plus the total relative velocity between
stages. The S-1 stage velocity increment was due to
H-1 engine thrust decay and retro rocket thrust. The
S-1 stage velocity change was mainly the resalt of ul-
large rocket burning: a small amount of the velocity
gain was due to S-1V thrust buildup after 151. 31 sec-
onds. The two stages were separated by 7. 3 meters
at S-IV stage ignition, which is 4.2 meters greater
than the minimum required clearance.

Apredicted clearance probability distribution for
the case of all S-I cuthoard engines and retro rockets
operating along with the 8-1V ullage rockets is shown
in Figure 8-3. This curve includes retro and ullage
rocket misalignment, S-1 and 8-IV CG offsets, varia-
tions of the retro and ullage rockets, The lateral
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clearance used during separation of SA-6 was 0.1
weters. The probability that this amount of ciearance
would be used is-0.7; i.e., 7 out of 10 vehicles would
be expected to use 0.1 m or more. The SA-5 vehicle
used 0.2 m of the available lateral clearance for a
probability of 0. 2.

8.2.2 ANGULAR MOTION

Angular rates experienced by the S-1stage were
considerably larger than for the S5-IV stage (Figure
8-4). One of the primary reasons for the larger S-I
stage rates is the random movement of the outhoard
engines to a hard over position during thrust decay of
the engines. The engines are expected to move at a
rate of { to 5 deg/s; however, the engine positions
are not measured after separation and must be esti-
mated to agree with the observed booster motion. The
S-1 booster angular rates are presented in Figure 8-4.
The solid points are the result of a simulation using
the following conditions along withthe S-I engine thrust
decays and retro rocket thrust obtained from teleme-
tered chamber pressure:

Pitch Yaw Roll

S-1 Engine Average Gimbal

Rate (deg/s) -2.5 -2.5 2.5
Retro Rock Misalign-

ments (deg) 0.2 0 0.9
CG Offset (m) 0.09 0.0t —-

Amutar ¥elocity Phch {degie)

4

Saprietkon

Range Time Isec)

FIGURE 8-4. ANGULAR VELOCITIES DPURING

BOOSTER SEPARATION



The value used for retro rocket misalignment in
yaw was the measured value prior to launch; however,
the roll misalignment measured prior to launch was
approximately 10 percent (0.1 deg) of that used to
simulate the motion, and in the opposite direction. The
measured pitch misalignment was less than 0. 1 deg,
although the misalignment of 0. 2 deg was required for
the simulation. The reason for discrepancies between
measured alignments and the alignments required for
the simulation is not known. Another factor contribu-
ting to the roll, pitch and yaw motion was LOX venting
during separation. The L.OX vent switch indicated the
valve to be in the open position, but the tank pressure
was well below the valve opening pressure. Torques
frop venting, if any occurred, were not considered in
‘the simulation.

The S-1V stage was simulated quite well as seen
in Figure 8-5 (dashed line} by using a distributing
momentof 6,102 N-m (4, 500 lb-ft) in pitch and 12, 340
N-m (9,100 lb-ft) in yaw and lasting for 2 sec from
LH, chilldown exhaust. In addition, nominal CG off-
sets along with the actual thrust buildup of the 8-1V
engines were used to complete the simulation. The
attitude of the vehicle during separation is shown in
Figure 8-5. The 3 deg roll attitude of the vehicle at
separation (due to S-1engine thrust misalignment} was
reduced to near zerc within 5 seconds. Pitch and yaw
attitude deviations of less than { deg resulted fyom the
separation disturbances.
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SECTION IX. STRUCTURES

9.0 STRUCTURES
9.1 SUMMARY

The vehicle was subjected to high bending moments
for the first time and an exceilent time history of the
structural loads was obtained. The high angle-of-at-
tack loaded the fins enough to get coherent readings
from the strain gauges.

The stress levels measured on the S-1V stage
agreed well with the predicted values and those re-
corded on the SA-G flight.

The bonding failure of the aft interstage structure
that was noted after the S-I/S-IV separation of the
8A-5 stage flight test was not obszerved during the
SA-6 separation.

All of the S-IVmajor structural compenents per-
formed as required and the S-1V stage structural in-
tegrity was assured.

The vibrations recorded on the S5-I stage were
generaliy within the data range of past histories.
Slightly higher vibrations were noted on the fuel wrap-
around line on engine 6, and engine 4 gear box was
slightly higher than expected.

The Instrument Unit vibration measurements were
all normal and gave the expected trends. However,
some minor clipping in a few of the measurements did
oceur during critical periods of flight.

The S-IV stage vibration levels were generally
similar to those on SA-5 where comparable. The en-
gine measurements and pitch axis measurements in-
dicated levels approximately 20 percent higher than
SA-5duringthe S-1 powered flight, while the longitudi-
nal measurement on the telemetry rack recorded un-
usually low levels. The vibration measurement on the
engine 4 gimbal block, gear box housing, and feedline
during the S-IV powered flight were 20 percent, 25
percent and 40 percent higher than SA-5 respectively.
Several measurements on S-IV were transmitied on
PDM and presented trend only.

Acoustic data recorded during the SA-6 flight
agreed very well with the predicted environments.

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

Figure 9-1 presents the maximum bending
moment experienced by the Saturn SA-6 vehicle in its
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flight. This pitch bending moment distribution was
calculated using the telemetered control angles, to-
gether withnominal aerodynamic and weight data. The
total normal load factor is presented, and at the IU
station location of the control accelerometers, the
telemetered acceleration is compared with the com-
puted value. Also depicted is the strain gauge bending
moment reading af its station. This moment does not
include that portion of the bending moment experienced
by the 2. 67-m (105-in.) tank. Internal loads distri-
bution analysis indicated that approximately 10 percent
of the total bending moment is carried by the 2. 67-m
(105~in. ) tank at Statior 24m (942 in. ). A 10 percent
reduction of the total bending moment would result in
a very close agreement with the strain gauge moment.

The dashed line (Fig. 9-1) depicts the SA-6 pre-
flight restricted bending moment, based upon the
structural strength of the Instrument Unit.
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FIGURE 9-1, SA-6 PITCH BENDING MOMENT AND
NORMAL LOAD FACTOR

For comparison, the previous flight maximum
bending moment is indicated. This maximum of 0. 95
x 10° N-m was determined from the SA-2 flight.

9.2.1.2 MEASURED VALUES

The LOX tank stud data provided longitudi~
nal load and bending moment on the vehicie at Station
24 m (942 in.) throughout the flight. The maximum



bending moment was 2, 500, 000 N-m (22, 200 in.-kips)
neglecting the center LOX tank. The contribution of
the center tank is approximately 10 percent so the
total moment should be 2,760, 000 N-m (24,400 in. -
kips}. The maximum moment occurred at 71, 0 sec—
onds.

9.2, 1.3 STRESS LOADS

The S-1V stage had eleven channels for strain
measurements. Of these, three were located on the
the LOX tank aft bulkhead and the remainder were on
the thrust structure. The gauges were located in a
manner to provide local strains,

The 8-1V thrust structure strain gauges indicated
the effects of 3-1 acceleration, IECO, and OECO. No
affect was noted from the premature shutdown of the
S-1 engine 8. There were no strains, or stresses,
observed in the S-IV data in excess of anticipated
values.

9.2.2 LONGITUDINAL LOADS

9.2.2.1 ACCELEROMETER DATA

Instrumentation for determining longitudi-
nal dynamic loads consisted of the following accele-
rometers:

1. F5-802 and F6-802 located on the Instrument
Unit

2. 21B12and 21B13 located on the holddown arms.

The Instrument Unit accelerometers are gquestion—
able; similar accelerometers are being tested to
determine their sensitivity to high frequency accele-
ration that can mask the signals wanted.

For flight evaluation and investigation was made
to determine the calculated response of the system for
the . observed applied forces, during thrust buildup.
Buildup is defined as the time interval from ignition
of the first engine to liftoff. The engines were sched-
uled to start in pairs of two, with a 100-millisecond
delay between pairs, in order to limit the vibratory
force to 20 percent of the maximum static thrust. Fig-
ure 9-2 shows the engine staggering time to be erratic;
however, the maximum response was only approxi-
mately 13 percent of the maximum static thrust.

Oscillations of approximately + 0.3 g were ob-
served on the Instrument Unit accelerometer {F6-802)
during the time interval between 40 sec and 80 sec
range time. The pump inlet pressures during time
interval could not be correlated with the oscillations

of this accelerometer, therefore, the existence of pogo
instability has not been demonstraied.
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9.2.2.2 STRAIN DATA

The longitudinal loads on SA-6 were identi-
cal with SA-5 up to 117. 3 seconds. At that time there
was areductionin axial load of approximately 245, 000
N (55,000 lb}. The reduction in axial force at IECO
is smaller than that on SA-5 due to the lower number
of engines burning. The redistribution of load at igni-
tion and liftoff was clearly indicated. All events
affecting axial load on the vehicle were detectable.
The longitudinal load distribution follows the aame
general trends as the longitudinal acceleration shown
in Section 5. 0.

9.2.2.3 FUEL TANK SKIRT LOADS

The fuel tank skir{ loads were very similar
to those observed on SA-5, There was excellent
agreement in detail between the two since the skirts
are noi affected by body bending moment but only by
axial forces. The apparent load relief that occurred
on SA-56 during the time interval between ignition and
liftoff was noted again on SA-6, There is still no sat-
isfactory explanation for this phenomenon. The ap-
parent cooling of the instrument from 8¢ to 110 sec was,
repeated. This instrument is located on the skirt of
fuel tank (F-1) above stub fin 1. None of the other
thirty-one skirt gauges experienced this cooling but
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since the occurrence is identical on SA-5 and SA-6, it
must be considered a valid phenomenon. No explana-
tion is available to account for it.

Atypical time history for a skirt load is shown in
Figure 9-3. Also shown is the apparent load reduction
at ignition, at 117. 3 see, and the cutoff load reduction,

FIGURE 9-3. FUEL TANK SKIRT LOAD

9.2.2,4 FIN LOADS

The strain gauge information from the fins
was usable but fairly crude. The necessity of using a
large number of gauges in the reduction magnified the
individual scatter of the data. It was possible, how-
ever, to determine lift and lift bending moment on the
fins. Fin I experienced very low loads as expected.
Fin I had a maximum lift of 120,000 N (27 kips) and
a maximumn lift bending moment of 130,000 N-m (1150
in. -kips) at the fin root. These values agree very
well with predicted loads for the measured angle-of-
attack. Fin II lift and bending moment are shown in
Figure 9-4.

9.2.3 BENDING OSCILLATIONS
9.2.3.1 BODY BENDING

The SA-6 flight bending oscillation data shows
no significant ditference from that of SA-5 flight test
vehicle. The response amplitude was low in the fre-
quency of 0 to 10 Hz, with a2 maximum on the escape

tower of approXimately 0.1 g single amplitude.

Most of the accelerometers responded throughout
ilight and indicated the expected flight results. How-
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ever, in the first 100 seq, five accelerometers ex-
ceeded their + 1 g range of vibration level, resulting
inclipped datafor some measurements. The informa-
tion thus affected was omitted from the bending mode
analyses because of the distortion in RMS amplitudes.

Life (1000 W3
188 — — —

1ok —— 1

) S /
a W 140 160 B0

Homent (1000 W-w)

160 - .

170 — —

L R . -

AQ e

a b_\\ J

-40 S N G _ . |
° 20 o na 150 180

FIGURE 9-4. LIFT AND MOMENT ON FIN 11

A frequency trend versus flight time compared
to the SA-D6 test is shown in Figure 9-5.
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In Figure 9-6 an indication is given of the amplitude
of response for the escape tower and nose cone,
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FIGURE 9-6. SA-6 ESCAPE TOWER AND NOSE

ACCELERATION ENVELOPES
9.2.3.2 FIN BENDING

The vibration levels obtained from the fin
measurements exceeded the 1 { g range for the first
110 sec of booster flight.

A power spectral density analysis of the clipped
data showed the most predominant frequencies to be
27 Hz and 40 Hz. These frequencies compare favor-
ably with analytical and test results. The first two
natural frequencies obtained from ground vibration
tesis were 29 Hz and 38 Hz. These two model frequen-—
cies compare favorably with analytical vibration fre-
quencies of 28,4 Hz and 41. 4 Hz noted in Reference 6,
and with frequencies of 29 Hz and 38 Hz obtained from
ground vibration testing of the fins.

9.2.4 RETRO ROCKET ALIGNMENT

The measured retro rocket misalignment for
SA-6 was small and within the tolerances specified.

The total measured misalignment in the roll planc was
0.1 deg and in a direction that would give a roll CCW
viewed from the rear. A large CW roll rate (4.5
deg/s) buildup occurred on the booster during retro
firing, indicating a possible misalignment in the op-
posite direction. The measured piich misalignment
was 1.5 minutes and the yaw misalignment was 0.5
minutes. The pitch and yaw motion of the vehicle did
not indicate any large deviations from the measured
values.

9.2.5 S5-I VIBRATION

9.2.5.1 STRUCTURAL MEASUREMENTS

There were 17 structural vibration measure-
ments on the S5-I booster for the SA-6 flight. Of these
17 measurements, the fin measurement and the four
retrorocket support measurements gave no useful in-
formation. The other twelve measurements exhibited
normal or expected trends throughout S-I powered
flight, There was an absence of a marked response
to either inboard or outbeard cutoff.

Six measurements were located in the thrust frame
area, These composite G, levels increased at the
ignition-lifioff, Mach 1, and max Q periods and dimin-
ished during the mainstage periods of flight. A com-
parison of the SA-5 and SA-6 vibration envelopes of
the thrust beams and thrust panels shows the SA-6
levels tobe slightly higher (Fig. 9-7). The composite
Grms levels on the shroud panel were considerably
higher than previously experienced, however; this
measurement was fully exposed to aerodynamic exci-
tation. The shroud panel structure is a thin, lightly
braced, aluminum alloy panel. These higher levels
were anticipated in view of the structure, the excita-
tion at this point and the programmed angle-cf-attack.

There were six structure vibration measurements
located on the web of the spider beam spokes at Fin
Linel. These measurements exhibited the same trends
as previous Block NI spider beam measurements. The
levels were in or just above the ncise floor of the
telemetry system during the mainstage periods of S-1
powered flight. The SA-6 measurements exhibited
slightly higher composite Gpp4 levels than the SA-5
measurements during the critical periods of flight
{Fig. 9-7). These slightly higher Gpmg levels are
attributed to the difference in programmed flight pa-
rameters.

9.2.5.2 ENGINE MEASUREMENTS
There were 35 vibration measurements lo-
cated in the engine area of the 8-1 stage on the SA-6

vehicle. All measurements gave good data with the
exception of a GOX line inlet flange measurement on
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engine 6. Three measurements indicated levels which
showed a marked variation {rom the past history en-
velope. These measurements will be discussed in the
turbine gear box and combustion chamber dome sec-
tions below.

Engine 6 was instrumented to determine the vi-
bration levels of the fuel suction line inlet and outlet
flanges, fuel wraparound line, heat exchanger and the
GOX line inlet and outlet flanges. The fuel suction
line inlet and outlet flanges and the GOX line outlet
flange measurements indicated levels which agreed
closely with SA-5 with no irregularities noted. No
usable information was cbtained on the GOX inlet flange.
The fuel wraparound line measurements responded
from ignition to engine cutoff and indicated levels
slightly greater than on SA-5. TheSA-Bheat exchanger
measurements indicated slightly higher levels than on
SA-5 for the first 40 sec but were about the same for
the remainder of the S-1 powered flight. Envelopes of
these measurements are shown in Figure 9-8.

Six measurements were iocated on the actuators
of engine 4. The SA-6 and SA-5 dataenvelopes showed
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good correlation with no irregularities noted on any
measurement (Fig. 9-8).
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Four turbine gearbox measuremenis were em-
ployed on SA-6. Measurements located on engines 1,
2, and 3 were normal and indicated levels which fell
within the SA-5 envelope (Fig. 9-9). The turbine
gearboX measurement on engine 4 gave good data
throughout flight, however the levels exceeded the
SA-5 envelope from liftoff to engine cutoff, Data from
the SA-5-15 static test indicated the engine 4 gearbox
measurement recorded slightly higher Grmg levels
than the other turbine gearbox measurements. A fur-
ther examination of engine 4 pressure, temperature
and RPM flight parameters indicated a normal engine
operation throughout flight.

Four measurements were located on the combus-
tion chamber domes to monitor vibration levels in the
longitudinal direction., Measurements located on en-
gines 3, 5, and 7 gave low levels and all fell within the
past history envelope (Fig. 9-9). The combustion
chamber dome measurementon engine 1 indicated high
Gyms levelsfrom ignition throughout flight. No static
test vibration data from this measurement was avail-
able so no comparison could be made. An investigation



of pressure, temperature and RPM parameters mecas-
ured on engine 1 revealed no deviation from normal
engine operation.
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Four measurements were located on the combus-
tion chamber dome to monitor vibration levels in the
lateral direction. All levels recorded by measure-
ments on engines 2, 4, and 6 were normal and all fell
within the past history envelope (Fig. 9-9). The com-
bustion chamber dome measurement on engine 8 indi-
cated asharprise in Gymg from ignition to 15 sec then
a slow decrease until 100 seconds. A peak value of
16 Gpyg appeared at 117 sec but no other unusual
phenomenon was noted during the premature cutoff of
engine 8. Data from SA-6-15 static test was investi-
gated and the vibration level of engine 8 was approxi-
mately double the level of the other engines instru-
mented.

9.2.5.3 COMPONENT MEASUREMENTS

Six vibration measurements were made on the
fuel tank instrument compartment panels located in

fuel tanks 1 and 2. The threc measurements located
in fuel tank 1 (F-1) were on a shock mounted panel.
The three measurements located in fuel tank 2 (F-2)
were on g hard mounted panel. These measurements
exhibited normal trends and anticipated levels (Fig.
9-7).

The distributor 3A3 was located inthe aft skirt of
fuel tank 1 (F-1). Two measurements were made on
the distributer 9A3 mounting bracket. Both of these
measurements exhibited normal trends throughout S-I
powered flight. The composite Gppg levels were
slightly higher at Mach { and max Q than previously
experienced on SA-5 flight and are attributed to the
programmed angle~of-attack on SA-6 flight.

9.2.6 S-IV VIBRATIONS
9.2.6.1 STRUCTURAL MEASUREMENTS

There were six structural vibration measure-
ments on the S-IV thrust structure. Three were
located on the gimbal block of engine 4 and one on the
"B actuator attach point to the thrust structure, The
remaining fwo measurements were next to the shock
mount that supports the sequencer. Figure 9-10 pre-
sents an envelope of the S-IV structural vibrations
during S-I flight.

0 -
Tanar Tl (111

FIGURE 9-10. ENVELOPES OF S-1V VIBRATIONS

DURING S-1 POWERED FLIGHT

The three measurements located on the gimbal
block of engine 4 were oriented in the pitch, yaw, and
longitudinal axes and exhibited expected trends during
S-1 powered flight (Fig. 9-10). The vibration levels
were 20 percent higher than measured during the SA-5
flight. The measurements indicated nominal levels at
liftoif which decreased rapidly to very low levels within
15 sec after range zero. The levels increased during
Mach 1 and reached a peak during max Q. At LH,
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prestart {107.01 sec), a transient occurred which
damped out within 5 seconds. At LOX prestart (141, 21
sec), a transient occurred which was caused by open-
ing of the S-IV aft interstage vent panels. During the
remainder of S-1 powered flight the levels were low.

The longitudinal axis measurement, located at the
engine 4 "B actuator attach point to the thrust struc-
ture, exhibited similar trends to the longitudinal axis
measurement onthe gimbal block, during S-1 powered
flight, The levels were within 5 percentof those meas-
ured during the SA-5 flight. This measurement again
produced the lowest levels reccorded in the thrust
structure area.

Two measurements were located next to the shock
mount supporting the sequencer, and were oriented in
the longitudinal and pitch axes. The pitch axis meas-
urement was transmitted by PDM/FM and provided
composite levels from 5 to 12,000 Hz and should be
used for frend only. The longitudinal axis measurement
followed the same trends as the longitudinal axis
measurement on the gimbal block of engine 4. The
vibration levels were 50 percent lower than occurred
during the SA-5 flight. No explanationfor these lower
levels is known at this time.

9.2.6.2 ENGINE MEASUREMENT

There was one measurement located on the
engine 4 turbo pump gear case housing oriented in the
radial direction. The levels during liftoff, mainstage,
Mach 1, and max Q were low.

At LH, prestart (107. 01 sec), transient vibration
occurred which damped out within 5 seconds. At LOX
prestart (141,21 sec), a transient occurred which
was caused by opening of the vent panels. The data
from this measurement was transmitted by PDM/FM
and should be used for trend only. However, a com-
parigson withthe same measurement on the SA-5 flight
will provide a valid comparison of relative levels.
This comparison shows that the levels were 20 percent
higher during the SA-6 flight, but not of sufficient
magnitude to cause damage to the engine.

9.2.6.3 COMPONENT MEASUREMENTS

There were five component vibration meas-
urements on the S-1V stage. Two were located at the
base of the telemetry rack in the forward interstage,
oriented in the longitudinal and pitch axes. Two were
located on the LH; and LOX feed lines of engine 4,
both oriented in the longitudinal axis. The remaining
mesasurement was located on the engine 4 "B" actuator,
oriented in the yaw axis. Figure 9-10 presents an
envelope of the S5-IV component vibrations during S-1
flight.
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The longitudinal axis measurement located at the
base of the telemetry rack had unusually low levels
during liftoff (compared to the pitch measurement).
During Mach 1 and max Q the data was invalid. Dur-
ing the remainder of the S-I flight the data appears
valid and the levels are low {0.2 Gpppg).

During liftoff, the pitch axis measurcment indi-
cated 20 percent higher levels (0.9 G..,.) during
Mach 1 and max Q (compared to 2.5 G, for SA-5)
due to the higher angle-of-attack. The levels were
however, lower than they were at liftoff during either
the SA-5 or SA-6 flight.

The two measurements located on the LH, and
LOX feed lines of engine 4 were oriented in the longi-
tudinal axis. No data was obtained from the LH, feed
line measurement. The LOX feed line measurement
indicated the same low vibration levels (2.0 Gypg)
that were seen during the SA-5 flight. The measure-
ment on the "B" actuator of engine 4 indicated the
same low levels (1.0 Gypg) as measured on the se-
quencer pitch axis measurement.

9.2.7 INSTRUMENT UNIT VIBRATION

The Instrument Unit vibration measurements
were all normal. The quality of these measurements
was very good with the exception of some minor clip-
ping in a few of the measurements during critical
periods of flight.

9.2.7.1 STRUCTURAL MEASUREMENTS

There were five vibration pickups located on
the Apollo mounting ring and five on the Instrument
Unit mounting ring. All of these measurements showed
the expected trends throughout the boost phase of
flight. The levels during the mainstage portion of
beooster flight were within the noige floor of the telem-
etry system for the most part.

The composite RMS envelopes of the SA-6 vehi-
cle showed excellent correlation with the data obtain-
ed from SA-5 vehicle flight (Fig. 9-11). Both enve-
lopes show approximately the same composite levels
with the upper limit for SA-5 being a little higher at
ignition and the lower limit of SA-6 being a little
higher during Mach 1 and max Q. These differences
are not considered as being significaat.

Several of the structural measurements showed
a marked response to eacape tower and ullage rocket

- jettison, but no response to blowout of the interstage

vent panels. This was due to the time division multi-
plex arrangement of the measurements and does not
represent a significant event.



9.2.7.2 COMPONENT MEASUREMENTS

There were nine measurements located on
the ST-124 guidance system and its support structure.
Three measurements were located on the ST-905 guid-
ance system. These measurements showed normal
trends throughout the flight (Fig. 9-11). The maxi-
mum level on the ST-908 during the ignition/liftoff
period was somewhat lower than on SA-5 flight. Some
of the measurements on the guidance systems showed
response at vent panel blowout but no response to
launch escape tower or ullage rocket jettison. How-
ever, this was due to the time division multiplexing
arrangement of these measurements.
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FIGURE 9-ii, VIBRATION ENVELOPES OF IN-
STRUMENT UNIT AND APOLLO
ADAPTER

Thirieen measurements were apportioned among
representative instrument panels and components
throughout the Instrument Unit. These measurements
followed the expected trends througheut the flight.
With one exception, the composite levels fell within
the envelope for SA-3 vehicle flight (Fig. 9-11). This
measurement was on the outer skin of the Instrument
Unit and its higher level is attributed to the aerody-
namic excitation caused by the greater angle-of-attack
for SA-6 vehicle.

A response to interstage vent port blowout was
shown by several of the component measurements but
no measurable response was shown to launch escape
tower and ullage rocket jettison.

An envelope of the vibration levels observed on
the Apollo adapter is also shown in Figure 9-11.

9.2.8 STRUCTURAL ACOUSTICS

Excellent agreement was obtained between the
predicted and the measured acoustic environments for
all 8-I and Instrument Unit acoustic measurements
(Fig. 9-12). The Apollo acoustic measurement agreed
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