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RESULTS OF THE SEVENTH SATURN I LAUNCH VEHICLE TEST FLIGHT

By Saturn Flight Evaluation Working Group

ABSTRACT

This report presents the results of the Early En-
gineering Evaluation of the SA-7 test flight, Third of
the Block II Series, SA-7 was the second of the Saturn
classvehicles to carry an Apollo Boilerplate, BP-15,
Payload., Theperformance of each major vehicle sys-
tem is discussed with special emphasis on malfunctions
and deviations,

Test flight of SA-7 proved the capability of all ve-
hicle systems, This was the first complete flight test
utilizing the ST-124 for both stages and the second to
demonstrate the closed loop performance of the path
guidance during S-IV burn. The performance of the
guidance system was successful and the insertion ve-
locity waavery near the expected value. All missions
of the flight were successfully accomplished.

Any questions or comments pertaining to the in-
formation contained in this report are invited and
should be directed to:

Director, George C. Marshall Space Flight Center

Huntsville, Alabama

Attention: Chairman, Saturn ¥Flight Evaluation
Working Group, R-AERO-F (Phone
876-2701)
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GEORGI: C. MARSHALL SPACE FLIGHT CENTER

MPR-SAT-FE-64~-19

RESULTS OF THE SEVENTII SATURN I LAUNCH VENICLE TEST FLIGHT

By Saturn Flight Evaluation Working Group

SECTION 1.
1.1 FLIGHT TEST RESULTS

Saturn launch vehicle SA-7, third of the BDlock 11
vehicles, was launched at 11:22 AM ESTonSeptember
18, 1961 The [light test was a complele success
with all missions being achieved.

SA-T was the third Saturn vehicle faunched from
Complex 37B at Cape Kennedy and represents the
second launch of o Saturn/Apolle configuration. The
countdown of SA-7 was interrupted by four holds that
lasted for a total of two hours and 42 minutes., The
first hold came at T-245 minutes of the countdown and
was caused by inadvertent firex system aetivation on
the service structure during air conditioning duct re-
moval. The hold lasted for 69 minutes. At T-30min-
ules a scheduled 20-minute hold was extended 4 min-
utes when the S-1V  LOX pressurizing regulator
indicated a malfunction. The third hold, at T-12
minutes, lasled for 20 minutes. The hold resulted
from a malfunctioning of the §-T hydraulic pump tem-
perature OK interlock which prevented S-1 hydraulic
pumps from being turned on. The final hold was a
range safety hold. Grand Turk Radar was operating
intermittently. This hold was called at T-5 minules;
it lasted for 49 minutes, The counl was recycled to
T-13minutes, resumed, and contimied through launch.

The actual {light path of SA-7 deviated from nom-
inal due to high S-1I stage performance. Total velocity
was 39.4 m/s higher than nominal at OECO and 1.3
m/s higher than nominal at8-1V cutoff. At S5-IV cut-
off the actual altitude was 0,99 km lower than nominal
anct the range was 13.72 kin longer than nominal. The
cross range velocity deviated 3.5 m/s to the left of
nominal at S-IV cutoff. The S-IV payload at orbital
inseriion (S-1V cutoff + 10 sec) had a space-fixed ve-
locity 2.8 m/s greater than nominal, a perigee alti-
tude of 180, 21 km and an apogee altitude of 231,10
km, giving a predicted lifetime of 3. 8 days, U. 6 days
longer than nominal. The exirapolated orbit based on
data for an cpoch of 10:57 Z, September 22, rcached
the estimated breakup altitude of 86 km at approxi-
mately 11:50 %, September 22, at coordinates of 21.7
degrees S latitude and 56,4 degrees E longitude. The
theoretical ballistic impact time is approximately

FLIGHT TEST SUMMARY

12:00 Z,September 22, at coordinates of 26. 4 degrees
latitucde and 69. 0 degrees E longilude.

The performance of both the S-Tand S-TV stage
propulsion systems was satistactory forthe SA-7 flight
test. SA-7 was the third Saturn vehicle to employ H-t
engines at a thrust level of 836,000 N (188,000 lby) to
provide thrust for the $-1 stage. The vehicle longitu-
dinal thrust of the S§-1 stage averaged between 0,92
percent (cngine analysis) and i, 24 percent (flight sim~
ulation) higher than predicted, Vehiele specifie im-
pulse averaged between U, 71 percent tengine analysis)
and 0,90 percent (flight simulation) higher than pre-
dicted, The performance of all subsystems was as
expected for the flight test,

SA -7 also represented the third Saturn flight test
of the RL10A -3 engine for the S-IVstage. The vehicle
longitudinal thrust determined by engine analysis was
approximately equul to predicted thrust, and the thrust
determined by flight simulation was 0,89 percent
lower thanpredicted. From engine analysis, the spe-
cific impulse was 0, 02 percent higher than predicted,
but was 9, 9% pereent lower than predicted based upon
flight simulation, The performance of all S-IV sub-
svstems was as expected for the flight test,

The overall performance of the S5A-7 Guidance
and Control System was satisfactory. The ST-124
system, along with control rate gyros, provided atti-
tude and rate control for hoth stages. Partial load
reliel was accomplished by control accelerometers
active in the contrel loop [rom 35 to 1000 seconds.
Vehicle response toall signals was properly executed
including the roll maneuver, pitch program and path
guidance during the S-IV stage flight. The counter-
clockwise roll moment, due to the unbalanced aero-
dynamic forces caused by the S-T turbine exhaust
ducts, resulted ina roll attitude error of -3.5 degrees
near 60 seconds. A large aerodynamic moment in
both the pitch and yaw was required to simulate the
telemetered control parameters during the S~1 stayge

flicht. The source of this moment has not been iso-
lated.
 snaamernilll



Separation wasexecuted smoothly with smallcon-
trol deviations experiencedin the pitch and yaw plane.
A larger than expected ullage rocket misalighment
produced a significant roll deviation of 6. 0 degrees.
The ullage rocket misalignment in roll required to
simulate this deviation was approximately 1.2 degrees
compared to 2 30 RMS value for the four rockets of
1. 4-degree.

Path guidance was initiated at 17. 2 seconds after
separation. Performance of the adaptive guidance
mode in the pitch plane and delta minimum in yaw was
satisfactory in achieving insertion conditions very
near those desired.

A misalignment of the ST-124 stabilized platform
occurred during the holddown period after ignition of
S-1 stage engines. The cause of this conditioh was
traced to a high vibration of the leveling pendulums.
This vibration of the pendulums is believed to have
driven the platform out of alignment before it became
space-fixed at liftoff. The total measured ST-124
guidance system space-fixed velocily at S-IV cutoff
was 7806.0 m/s (7806.0 m/s was programmed for
velocity cutoff). The total velocity at cutoff from
tracking was T807.8 m/s. Most of this deviation is
due to the problem mentioned above.

The maximum bending moment experienced dur-
ing the flight of SA-T7 occurred at 74.7 seconds and
indicated a maximum of approximately 30 percent of
the design moment. Second mode bending frequencies
were noted for a short period after separation, with
the frequency gradually decreasing tonear first mode
prior to LES jettison. First mode bending was excit-
ed for a short period of time following LES jettison.

The vibration levels on the S-I stage were among
the lowest ever exhibited by the Saturn vehicle. The
S-1V vibrations were about the same as previously
observed.

No unexpected environments were indicated for
the SA-7 flight. Surface pressures and temperatures
on the S-I and S5-IV stages were in good agreement
with past results. S-I stage base thermal environ-
ment was similar to previous flight results indicating
maximum heating to the outer region. Simulation of
the flame shield total heat rate indicated a level of
30-4¢ watts/cm?® after approximately 70 seconds. This
verifies that no convective cooling is present in this
area as would be expected. Engine compartment
temperatures indicated that no fires existed in the
S-1 base. Compartment pressures and loading on
SA-7 were in good agreement with expected levels.

The S5-I and Instrument Unit electirical systems
operated satisfactorily during the boost and orbital
phase of flight. All mission requirements were met.
The life of the F6 and P1 telemeters was 129 minutes.

All S-1V electrical systems functioned properly.
All power requirements were satisfactorily met, and
sequenced commands were received and executed at
the correct times.

Overall reliability of the SA-T7 measuring system
was 9Y.35 percent; this includes 8 measurement mal-
functions that resulted in total loss of information,
Operation of the three airborne tape recorders {one
in the 8-1, one in the IU and one in the S§-1V stage)
was very satisfactory. The playback records were
free of retroflame attenuationeffects. The passenger
fire detection system, flown for the first time on
SA-7, operated satisfactorily. No fires were indi-
cated.

Ninety-one cameras provided optical coverage for
launch of SA-7. Nine of the ingtruments failed due to
a power failure on camera station 4.

Recovery of the 5 onboard cameras was impossi-
ble because of Hurricane Gladys. Two cameras were
subsequently recovered after having been washed up
on the heaches at San Salvador and Eleuthera Islands,

The Boilerplate Apotlo Spacecraft { BP-15) per-
formance was highly satisfactory with al} spacecraft
mission test objectives being fulfilled by the time of
orhital insertion and additional data were obilained by
telemetry through the Manned Space Flighi Network
until the end of effective battery life during the fourth
orbital pass.

1.2 TEST OBJECTIVES

The objectives of the SA-7 flight test were as
follows:

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

2. First Complete Flight Test (Both Stages)
Utilization of the ST-124 Platform System - Achieved

3. Second Flight to Demonstrate the Closed Loop
Performance of the Path Guidance Scheme during S-1V

burn using the ST-124 Guidance System - Achieved

4, Third Live Test of $-1V Stage - Achieved



5. Third Flight Test of Instrument Unit - Achiev-

ed

6. Demonstrate Physical Compatability of Launch
Vehicle and the Second Apollo Boilerplate under Pre~
flight, Launch and Flight Conditions - Achieved

7. Second Testof Guidance Velocity Cutoff (S-IV
Stage ) - Achieved

8. Third Test of $-1/8-IV Separation - Achieved
9, Third Launch From Complex 37B - Achieved
10. First Flight of Active ASC-15 Time Tilt

Polynemial for S-I -~ Achieved

11. First Complete Flight Test (Both Stages)
Using Control Rate Gyros in Closed Loop - Achieved

12. Firsi Flight Test Demonstration of the Space-
craft's Alternate LES Tower Jettigon Mode Utilizing
the Launch Escape Motor and Pitch Control Motor-
Achieved

13. First Test of the S-IV Stage Non-Propulsive
Venting System - Achieved

14, First Test of 8-1 Engine Area Fire Detection
System ( Passenger Only) - Achieved

15, First Test Without S-IV LOX Tank Backup
Pressurization System - Achieved

16. Recovery of & Movie Cameras Which View
LLOX Sloshing, Separation, Chilldown, etc Not
Achieveds

17. Third Orbital Flight of Burned Out S5-IV Stage
and Instrument Unit; Second Orbital Flight of Burned
Out S-IV Stage, Instrument Unit and Apollo Boiler-
plate; Approximate Weight {7,700 kg(39,100 lbm) -
Achieved.

= Two cameras were subsequently recovered after
having been washed up on the beaches at San Salvador
and Eleuthera Islands.

TABLE i-1, TIMES OF EVENTS
Range Time Predicted
Event R - T
] Time From Time From ' Time Frem
Actual H Pred Act-Pred First Motion Guid Zera (Ti) QECO (TB3)
First Motien 0,06 " c l
1O Signal (Umb Disc) 6,26 .
Cuidance Detects 1O c.27 0,27 } 0 -
Guidance Compures Zero Time .32 ; 0.33 { O - 0 :
Brakes Released 1Z.96 10,96 : 0 - 16,63 i
Load Ladders & Roll Command tr.28 11.26 [t} - 16,95 i
Pitch Command 12,88 12.88 4] - 12.55 ‘[
Roll Completed 26,4 26,35 i 0,05 - 26,07
H
Lock Modules 136,59 216,59 i 4] - 136,26 ;
Level Sense Le.se | 138,93 . 0se 138.87 . 0w
TECO 141 .54 140,83 i G.el 140.87 ‘ - 1‘ -6, 0%
|
QECQ 147,65 146,93 ‘} a7t 146,87 1\’ - ! o}
Ullage Recwets lygnite 148, 34 147,63 : 0.7t - a.?
Separation 1848 14073 : 0.71 - - 0.8
Open 5-IV Accumalators led, 24 ¢ 148,53 6,71 - 1.6
S-1V Star: 150,14 ! 149,43 l 671 - - 2.5
Jettison Ullage Rockets & LES 160,44 l 159,73 ! 6,71 - 12,8
Incroduce Guidance 165,87 l - - 1R, 1o 18, 8¢
Introduce Misalignment Cory, 172,07 1 - 23,05.25 6%
Cuidancu Cutoff Signal 621.375 ‘ 615,35 2,915 619.3 - !

*Time Base 2 (Low Level Sense)



SECTION 1L

Saturn launch vchicle 8A-7 was taunched at 1{:22
AM EST on September 18, 1964, from Saturn Launch
Complex 37B, Eastern Test Rauge, Cape Kennedy,
Florida. SA-7 was the seventh vehicle to be flight
tesied in the Saturn I R&D program and represents
the third of the Block II series. The major mission
of this test was to evaluate the performance of the
complete launch vehicle system {two live stages) and
to place into orbit the Apollo Boilerplate, BP-15, pay-
load configuration. SA-7 represented the second flight
test of the Apollo Boilerplate with a Saturn 1 Launch
Vehicle.

This report presents the results of the Early
Engineering Evaluation of the SA-T test flight, Per-
formance of each major vehicle system is discussed
with special emphasis on malfunctions and deviations.

INTRODUCTION

This report is published by the Saturn Flight
Evaluation Working Group which is made up of repre-
sentatives from all of Marshall Space Flight Center
Laboratories, John F. Kennedy Space Center, MSFC's
prime contractors for the S-1 stage (Chrysler) and
S5-IV stage (Douglas Aircraft Compuany) and engine
contractors (Rocketdyne and Pratt & Whitney).
Therefore, the report represents the official MSFC
position at this time. This reportwill not be foliowed
by a similarly integraled report unless continued
analysis and/or new evidence should prove the con-
clusion presented here partially or entirely wrong.
Final evaluation reports may, however, be published
by the MSFC Laboratorics and the stage conlraclors
covering some of the major syslems and/or special
subjects as required.
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SECTION IIl. LAUNCH OPERATIONS

3.1 SUMMARY

Apollo/Saturn Vehicle SA-7 was launched from
Pad 37B at Cape Kennedy, Florida. Ground support
equipment and launch complex performance was sat-
isfactory. Swing arm 3 was disconnected by mechan-
ical release (swing arm rotation) instead of hy the
umbilical connector pneumatic system operation as it
should have. Only minor damage normally encountered
in a Saturn launch was sustained by these facilities,

The countdown of SA-7 was interrupted by four
holds that lasted for a total of two hours and 42 min-
uies. The first hold came at T-245 minutes of the
countdown and was caused by inadvertentfirex system
activation on the service structure during air condi-
tioning duct removal. The hold lasted for 69 minutes.
At T-30 minutes a scheduled 20-minute hold was ex-
tended 4 minutes when the $-IV LOX pressurizing
regulator indicated a malfunction. The third hold, at
T-12 minutes, lasted for 20 minutes. The hold re-
sulted from a malfunctioning of the 5-I hydraulic pump
temperature OK interlock which prevented S-1 hydrau-
lic pumps from being turned on. The final hold was a
range safety hold. Grand Turk Radar was operating
intermittently. This hold was called at T-5 minutes;
it lasted for 49 minutes. The count was recycled to
T-13 minutes, resumed, and continued through launch.

The total propellant load based on delta pressure
readings corrected for fuel tank temperature readings
and environmental conditions was 520 kg {1147 lbm)
less than the total load determined by discrete level
probe data.

A number of probléems concerning ETR instru-
mentation were encountered during the SA-7 count-
down.

3.2 PRELAUNCH MILESTONES

Retween June 7 and June 15, 1964, all stages ar-
rived at KSC. A chronological summary of events
and preparations leading to the launch of SA-7 is
shown in Table 3-1.

3.3 ATMOSPHERIC CONDITIONS

At 11:22 AM EST, September 18, 1864, a high
pressure cell of 1024 mb located in the Virginia-North
Carolina area extended to the south and southwest
dominating the eastern Gulf, Florida and upper East-
ern Test Range areas. Surface winds in the vicinity
of the launch site were easterly, 3 to 6.2 m/s. Cloud-
iness in the late hours of countdown and launch con-
sisied of slowly developing cumulus clouds over the

TABLE 3-1 PRELAUNCH MILESTONES

June 7, 1964
June 3, 1964
June 9, 1964

June 12, 1964

June 15, 1964

June 16, 1964

June 17, 1964

June 19, 1964

June 22, 1964

June 23, 1964

June 24, 1964
June 25, 1964

June 26, 1964

July 7, 1964

July 16, 1964

8-1 and IU arrive at KSC
via barge. Service Module
and adapter arrive via air-
craft.

IU and spacecraft adapter
fit check.

S-I erection.

5-1V stage arrived via air-
craft. S-I umbilical con-
nections completed.

Command Module arrives
via aircraft.

Integrated GSE-testcom-
plated.

8-1V weight and balance
operation.

S-1V erection.
1U erected for drill mark-
ing.

IU erected after drill op-
eration completed. Swing
armqualification test com~
pleted.

Power applied to S-IV
stage. IU umbilical con-
nection.

S-1 turbo pump torque test.
Power applied to IU.

Spacecraft erected. A
crack in the LOX dome on
one of the S-1 engines was
discovered. This problem
resulted in all S-1 engines
being replaced.

§-I and I power transfer
test,

LOX simulation and mal-
function test.
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TABLE 3-1 CONCLUDED

July 31, 1964

August 4, 1964

August 6, 1964

Aupust 7, 1964

August 12, 1964

August 17, 1964

August 19, 1964

e
-3

August 27, 1964

August 29, 1964

September 3, 1964

September 4, 1964

September 9, 1964

September 12, 1964

September 14, 15, 1964

September 17, 1964

September 18, 1964

Lastof the engine replace-
ments {due to cracked LOX
domes) was checked out
clectrically.

S-1 and S-IV full pressure
test.
Electrical mate of
S-1V and IU.

5-1,

Spacecraft electrical mate
to launch vehicle. EBW
and CDR test.

Sequence malfunction test.
Spacecraft LES erected.

All systems vehicle over-
all test.

Hurricane Cleo passed the
area and launch complex
was secured.

Plug drop and swing arm
overall test.

Simulated flight test. A
LES tower bolt failure was
determined to be stress
corrosion. The tower was
removed o 4 remote area.

All tower bolts were cx-
changed and the LES rein-
stalled on the vehicle.

Hurricane Dora passed the
area and the complex re-
quired complete securing.

RP-1 loading.

Countdown demonstration
test.

L.aunch countdown begun.

LAUNCH

mainland with a few convective cells over the Ailantic
drifting westward inover the launch site. Radar scan
information showed that the cells had tops to 3657 m
and were slowly dissipating as they passed over the
coastline. A high pressure ridge oriented NE-SW
over the eastern Gulf area produced generally north-
easterly winds aloft over the launch site.

At 11:00 AM EST, Hurricane Gladys was located
at 26,4°N, 67,6°W. or approximately 644 km on a
bearing of 032 degrees from Grand Turk. Gladys was
moving toward the west northwest at 4 m/s, Highest
winds were estimated at 56.6 m/s, or a little less,
near the center with hurricane force winds extending
out 145 km to the northeast and 72 km to the south-
west, Gales extended outward 346 km in the north-
east semicircle and 241 km to the southwest of the
center,

Because of the conditionof the seas in the vicinity
of the recovery area, camera capsule recovery was
not atltempted. However, two of the eight cameras
were discovered approximately 50days after launch,

The following are specific observations at launch:

1.  Pressurc - 1017.3 mean sea level in milli-
bars

o

Temperature - 303K
3. Dewpoint - 285°K

4.  Relative Humidity - 64%
5. Surface Winds - From the easterly direction
at 3.4 m/s.

6. Cloud Coverage - One cumulus cloud at 323
m base, five alto-cumulus clouds at an estimated
height of 3352 m base, and one cirrus cloud at an un-
known height.

7. Precipitation - Showers in the vicinity of
Hurricane Gladys.

3.4 COUNTDOWN
The Saturn/Apollo launch countdown is divided

into two parts, each performed at different time
intervals. Part I, begins at T-1035 minutes and
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proceeds to T-545 minutes. PartII picks up at T-545
minutes and continues through launch.

3.4.1 COUNTDOWN, PARTII

Part T of the countdown was picked up at11:25
PM EST, September 17, 1964, at T-545 minutes and
was continuous until T-245 minutes, when a hold was
caused by inadvertent firex system activation on the
service structure during air-conditioning duct removal.
The waler entered one -1V umbilical connector which,
in turn, produced erroneocus indications of S-1V engine
exciter firing. Power was removed from the S-IV
stage and moisture dried from the connecter. After
reconnection all indications were normal and the count
was picked up 69 minutes later.

The count was then continuous until T-30 minutes
when a scheduled hold was initiated. During this
scheduled 2i-minute hold, the S-IV LOX pressurizing
regulator indicated a malfunction. Analysis of the
problem indicated normal and satisfactory operation.
By this time, the hold had been extended four minutes
longer than scheduled. The count progressed to T-12
minutes whenit was againinterrupted because of mal-
functioning S-1 hydraulic pump temperature OK inter-
lock, which prevented S-I hydraulic pumps from being
turned on. Since measurements indicated normal
temperature, the interiock was jumpered in a block-
house distributor. Hold time was 20 minutes.

The count was resumed at T-12 minutes and pro-
gressed to T-5 minutes when a range safety hold was
called because of intermittent operation of the Grand
Turk radar. Due to 8-1V LOX bubbling and space-
craft battery lifetime constraints, the count was re-
cycled to T-13 minutes. During the hold, difficulty
was encountered with the swing arm hydraulic test.
This problem was corrected without adding to the
range hold by a jumper in a blockhouse distributor.
After 49 minutes, the radar problem was corrected,
and the count resumed and continued through liftoff
which occurred at 1122:43, 26 EST.

3. 4.2 COUNTDOWN PROBLEM AREAS

The major difficulties encountered during the
SA-7 countdown are listed in Table 3-1I. Figure 3-1
shows hold time versus count time.

A number of the problems listed in Table 3-1I
concerned Eastern Test Range, ETR, instrumenta-
tion. These items are marked with an asterisk in
Tabie 3-IL

mld Time tmin)
Sepamber 17, 1964, Launch
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Venkie ol -
100 A
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TR 300 Ex:1
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Part |{

FIGURE 3-1. HOLD TIME VERSUS COUNT TIME

3.5 PROPELLANT LOADING

There were no propellant transfer system prob-
lem areas or malfunctions in the 8A-7 launch count
down.

3.5.1 8-1STAGE

The S-] stage LOX tanks were loaded to a pre-
determined weight. The fuel weight was to be adjust-
ed to compensate for variations in bulk fuel specific
weight at launch. A fuel specific weight check was
made at T-25 minutes on the initial countdown. At
this time, S-I tank temperature indicated the average
bulk fuel specific weight tobe 99.55 percent of nominal
7935. 9 N/m? (50.519 lb/ft!). To account for the an-
ticipated increase inspecific weight betweenthat time
and ignition, the fuel correction was based on a fuel
specific weight of 99.58 percent. A correction of
-0.080 N/em® (-0.130 psi) was dialed into the fuel
level computer and the semi-automatic loading system
began to correct the fuel load.

At T-10 minutes, fuel tank temperatures indi-
cated the average bulk fuel specific weight to be
7907.3 N/m?® (50.337 Ib/ft?). Allowing for a slight
temperature decrease during the remazining time of
countdown, the fuel specific weight at T-3 minutes
was 7908.9 N/m? (50.347 1b/ft*). LOX tank tem-
perature indicated the mean LOX specific weight to
be 11,081 N/m? (70.41 Ib/it’). Based on these spe-
cific weights and recorded wind conditions, the aver-
age deita pressure readings show the propellant
weights at T-3 minutes to be 277,951 kg (612,777 1b}
of LOX and 123, 530 kg (272, 337 1b) of fuel.

Discrete probe activation times were telemetered
during the flight. Analysis of these data gives an
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TABLE 3-1I, SPECIFIC PROBLEM AREAS DURING COUNTDOWN

1. T-795 Minutes: 1Initial $-IV LH; tank gas sample contained excessive moisture necessitating several
tank-purge cvcies. As a result, the start of $-IV ordnance installation was delayed
approximately 80 minutes,

2. T-740 Minutes: The vacuum jacket on LH skid inlet line would not hold vacuum. Investigation proved
the inner line to be intact, The leak in the vacuum jacket could not be located. Alt
welds and fittings in the jacket were coated with sealant to minimize the leakage
problem, No delay resulrted,

3. T-365 Minutes: Inadvertent firex system activation on the service structure drenched the §-1IV stage,
Water entered one electrical umbilical connector which, in turn, produced erraneous
indications of engine #1 and helium heater igniter exciter firing, Power was removed
from the §-IV stage and the connector was dried, Associated circultry was functionall-
checked, The above resulted in a hold at T-245 min of 69 min duration.

4. T-357 Minutes: S-1 fuel depletion sensor #] gave an indication of depletion. Since the sensor was
one of two redundant probes, fuel bay #2 was reopened and the probe electrically dis-
connected. No delay resulted,

5. T-220 Minutes: S$-1IV fire detection system indicated fire at the $-1V LH; skid during S5-IV LOX loading.
The indication was determined teo be erronepus and the result of corresion f{n a con-
nector In the resistance wire circuitry, The system was not considered usable for
launch and was not used further, No delays resulted,

6. T-120 Minutes: *The 91.1B radar at Aptigua was reported non-operational with a 24 hour estimated repair
time, The MP5-26 radar also located at Antigua was belng dismantled and therefore could
not be utilized as a backup system. However, the Crand Turk radar was still operational
and it was decided to continue preparations for launch. The Antigua station is the
primary station for cutoff and orbi{tsl insetrtion data.

7. T-37 Minutes: §-IV cold helium regulator cutlet pressure appeared to exceed red-line values. Several
functional cycles were sccomplished to verify f{ndications before it was discovered
that the problem was one of data misinterpretation only. This problem delayed resuming
the count at T-30 for approximately 5 minutes,

8. T-30 Minutes: *The C-Band 5,16 radar at San Salvador waes experiencing interference due to a commercial
ship with its navigation rader operating within the C-Band., 1t was determined that
Grand Turk Radar (7.18) would provide the necessary data. No delay resuited.

9. T-19 Minutes: *For a period of approximately four minutes the Valkaria Mistram site was non-operational,
However, at T-13 {t was reported operationsl. Since 5A-7 was using a new Azusa antenna,
which lowered the confidence in obtalning Azusa data, the loss of Valkaria Mistram site
posed a potential loss of range safety and metric data,

10, T-12 Minutes: The 5-1 auxiliary hydraulic pumps were turned on for the initiation of steering commands.
Pumps #1 and #2 came on satisfacterily, When pump #3 was turned on, the motor tempera-
ture OK relay dropped out. 1In turn, the OK-to-start hydraulic pumps lights went out
and pumps #1 and #2 ahut down. This {8 the normal sequence for the stated malfunction.
Since measurements indicated normal temperatures, the OK-to-start hydraulic pumps
indication interlock was removed from the circult by means of a jumper,

*During the same time frame, the IU C-Band beacon readout from the range indicated
marginal performance for metric data, The beacon readout improved with time and was
termed "Go'', The total hold time was 20 minutes,

11, T-8 Minutes: During the automatic bleed test of the umbilical swing arms the panel operator actuated
the "Autc Test’ switch for an excessive length of time. The electrical system locked
itself in, requiring that a jumper be installed to unlock the system and to prevent the
test from running continuously, This was accomplished during the Range Safety hold
that followed,

12, 7T-5 Minutes: *Grand Turk radar (7.18) operation became intermittent, resvlting in & Range Safety hold.
Due to S-IV LOX bubbling and spacecraft battery constraints, the count was recycled to
T-13 minutes. The total duration of hold was 49 minutes.

*During the above Range Safety hold, the Data Transmission System (DTS) for the IGOR's
and ROTI's was reported non-operational, This presented s potential loss of optical
coverage since focusing dats and angular tracking data are transmitted to these cameras
from the radars by this system. This system was reported operaticnal just prior to
resuming count,

*buring the period of preparing the vehicle to resume count, the Azusa Mk 1I lost its
zero reference. This system was to provide powered flight range safety and mectric data.
At 11:05 EST the syastem had obtained zero set and was agsin operational,

8 RETR Instrumentation Problems

T e et
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gcecurate indication of propellant volume flow rates.
Using specific weights determined from tank temper-
atures, the propellant load corresponding to these flow
rates was 277,862 kg (613,532 lb) of LOX and
124,139 kg (273,679 1b) of fuel. This load is consid-
ered to be the best estimate of the actual propellant
loaded. Approximately 340 kg (752 1bm) in the engine
fuel jackets are not included in the above load. The
total weights are reflected in the ignition weights
shown in the mass tables in Section IV,

The upper portion of Figure 3-2 is a fuel specific
weight versus temperature curve for SA-7 with applic-
able prelaunch and fiight data included. The lower
portion of Figure 3-2 shows the launch day predicted
and indicated propellant loads versus fuel specific
weight with applicable weight information included.
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FIGURE 3-2. S-1 STAGE PROPELLANT TANKING

PARAMETERS

Temperatures experienced in the outer LOX tanks
were approximately 1°K higher than the center tank
temperatures. The higher temperatures resulted in a
lower mean LOX specific weight than predicted. Re-
constiructed flow rate data, in conjunction with mean
specific weight,indicated that LOX was shortloaded by
234 kg (516 1b) . Reconstruction of flow rate and dis-
crete level probe data indicated that fuel was over-
loaded by 609 kg (1342 1b) when compared to the AP
loading system. The total propellant load based on
delta pressure readings from the loading system was
520 kg (1147 1b) less than the total load determined
by discrete level probe data. This differenceis with-~
in the specification value of +0.25 percent of total
propellant tanked.

3.5.2

S-1V STAGE

3.5.2.1 LOX

The oxidizer system was successlully loaded
with LOX by cooling down and filling in two phases:
{1) main fill, and {2) veplenish. The automated

LOX loading system, in conjunction with the LOX
supply pump, was successfully utilized for loading
the LOX tank., Loading of LOX into the 5-1V stage
was initiated 5 hours and 47 minutes prior to liftoff.

The LOX vent valves remained open throughout
the loading operation. The LOX transfer line had
been precooled for approximately 12 minutes prior
io the initiation of LOX main fill. The LOX main fill
line pressure reached a maximum of 141 N/cm?® (205
psi) and stabilized at approximately 139 Nfem? (202
psi). At approximately the 10 percent level, a stabi-
lized loading rate of 745 gpm was reached. This load-
ing rate was maintained until the 98 percent mass level
was reached at 25 minutes and 30 seconds after initia-
tion of the LOX transfer line precocl. The loading
system then closed the main LOX fill valve as sched-
uled. After the cooldown of the S-1and 5-1V 1.OX re-
plenish systems was completed, the cycle replenishing
operation was initiated. During this operation, the
LOX inthe tank was allowed to boil off to the 99. 5 per-
centlevel, Itwas then replenishedto the 99.75 percent,
mass level at a rate of approximately 200 gpm. 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 tank vent valves were opened and
the LOX replenishing cyvcle was resumed. The cycle
was continued until the start of the 150-second auto-
matic count, At this time the tank was apain pres-
surized, and the final LOX replenishing was com-
pleted. The LOX load at S-I ignition command was
38,225 kg (84,271 1bm).

5.2.2 LH,

The fuel system was satisfactorily loaded

with LH, by cooling down and filling in four stages:

(1) initial fill, (2) main fitl, (3) replenish, and (4)

reduced replenish. The automatic fuei-loading system

was successfully utilized for loading the LH, tank.

Loading of LH,.into the S-TV stage was initiated 3
hours, 16 minutes and 13 seconds before liftoff.

The LH, transfer line had been precooled for ap-
proximately 5 minutes prior to the initiation of LH,
initial fill. The LH, transfer line cooldown was ac-
complished through the helium precool heat exchanger
and the stage LH, tank. The LH, initial fill was ac-
complished with an LH, transfer line pressure of 17.2
N/em? (25 psi) and with the LH, tank vents open. The
stage loading was initiated at approximately 430 gpm.
During this initial fill operation, the LH, tank ullage
pressure was monitored; however, the tank pressure
did not decrease below the prefill ambient pressure.

N ENTTAL.
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At approximately the 15 percent mass level, main
fill was initiated, and the loading rate was increased
to approximately 1960 gpm. When the 95.5 percent
level was reached at approximately 30 minutes after
initiation of LH, precool, the main fill valve closed
automatically. LH, replenish continued with normal
automatic operation until pickup of the 99. 25 percent
mass level. Reduced replenish was then initiated to
increase the LH, mass level cycling between the 99.25
and the 99. 5 percent level,

During the 1530-second automatic count, the auto-
madtic loading system was used to complete the final
replenish operation to the 100 percent mass indica-
tion. The LH;load at S-I ignition command was 7,772
kg (17,134 lbm).

3,6 HOLDDOWN
3.6.1 COMBUSTION STABILITY MONITOR
The S5-I stage Combustion Stability Monitor

and all associated recording equipment performed
satisfactorily during the launch.

Measurement Engine Maximum Average
G G
rms rms
XE57-1 1 35 15
XE57-2 2 36 15
XE57-3 3 >100 15
XE57-4 4 32 15
XE57-5 5 30 15
XE57-6 6 20 i8
XEb7-7 7 20 15
XEbL7-8 8 25 13

See Section VI, Propulsion, for additional in-
formation concerning the combustion stability monitor
on engine 3,

3.6.2 FIRE DETECTION MONITOR
The 5-1 stage Fire Detection Monitor and all

associated recording equipment performed satisfac-
torily during launch. No temperature rise was noted,

3.7 GROUND SUPPORT EQUIPMENT

3.7.1 ELECTRICAL SUPPORT EQUIPMENT

The electrical support eguipment responded
and performed as designed during the SA-7 countdown
and automatic sequence. A switch jumper was installed
to bypass the vehicle engine 3 hydraulic-temperature
OK switch which malfunctioned. This jumper was re-

moved after launch sequence start by opening the
switch. ‘This interlock is not reguired after launch
sequence start, and the jumper would have prevented
the four hydraulic pumps from being deenergized at
"all engines running.” An additional '"momentary"
jumper was necessary at T-8 minutes to unlatch a
circuit in the swing arm hydraulic systems. This
circuit will be modified for SA-9.

3.7.2 COMPUTER

Power to the RCA 110 Computer was applied
at 9:50 PM, August 17, 1964, to perform preventive
maintenance checks, computer verification tests, and
system interface checkout tests. At approximately
11:00 PM, the operational launch programs were
loaded into the computer to support the launch count-
down,

The computer was in operationfor approximately
14, 5 hours in support of the launch. At T-245 min-
utes, the paper tape reader did not function properly.
A backup system was utilized, after which the test
progressed satisfactorily.

4.7.3 MECHANICAL GROUND: SUPPORT EQUIP-
MENT

The active ground support equipment includ-
ing the launcher, engine service platform, holddown
arms, firing accessories, umbilical swing arms, en-
vironmental control system, and pneumatic distri-
bution system sustained the launch of SA-7 with less
damage than in any previous Saturn launch. The
added reinforcement, shielding and insulation of the
ground support equipment protectedthe systems to the
extent that no assembly was damaged beyond repair,
as known at this time. As was expected, equipment.
ahove and below the launcher sustained only minor:
damage.

No significant damage was noted to the launcher,
engine service platform, or main structure of the
firing accessories, 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 de-
stroyed. An inspection of the holddown arms reveal-
ed that no appreciable damage was sustained by them.

The environmental control system sustained the
launch with negligible damage. Insulation covers
that were blown from several places on the launcher
and boattail ECS ducts during the launch of SA-6 sus~
tained negligible damage during the SA-7 launch be-
cause of better shielding provisions.
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A visual inspection of the Umbilical Swing Arm
(USA) system revealed blast damage in the following
areas: Access platform roofs blown cff on USA Nos.
1, 2 and 3, access platform door and door housing
blown loose on USA 2, accumulator pressure gauge
damaged at USA No. 1 Control Panel, {rayed housing
retract lanyards on USA Nos. 3 and 4. Minor damage
occurred on umbilical arms 1 and 3 A/C duct insula-
tion.

A frayed section of the Q-ball retract cable was
noted. The camera purge pressure gauge in valve
panel 9 was damaged. No damage was observed on
the umbilical tower pneumatic systems.  Insulation
on the spacecrait cooling system (Water/Glycol)
supply and return lines was burned away in the area
of the umbilical 11 m (35 ft) level.

A review of the launch records available to date
indicates that all active ground support equipment
systems performed within design specifications. One
deficiency was noted.

Only three of the four swing arms functioned
properly. The LH, vent line on arm 3 did not discon-
nect as it should have when the umbilical pneumatic
system operated. Instead, arm 3 disconnected when
the mechanical release was actuated by the swing arm
rotation. This malfunction was observed in the SA-7
film analysis. The film clearly showed that the pneu-
matic disconnect did not operate, and consequently
there was a hydraulic lanyarddisconnectduringlaunch.
Al the time of the JU umbilical separation, an initial
movementof the ventdisconnect was ohserved indicat-
ing that there was some pneumatic pressure on the
pneumatic cylinders. This initial movement indicated
that some puneumatic force was exerted, However, it
has been concluded that the complete opening of the
solenoid valve, for the duration of time required, did
not take place.

The film analysis also indicates that venting oc-
curred through the LOXumbilical drainlines for from
4 to 5 seconds after liftoff. This has been attributed
to a configuration change since the S-IV umbilical
drain was connected to the S-1 vent, The S-I vent
lines were not precooled, and therefore resulted in a
LOX boil when the LOX flowed into the lines. This
caused a 13.8 N/em® (20 psi) back pressure. The
effect of this back pressure was the venting observed
in the film.

Damage normally encountered by these facilities
was sustained by the launch of SA-7. Wiring, relays
and transformers were damaged in the elevator equip-
ment at the northeast corner of the launch pedestal.

The flame deflector sustained minor damage and
can be used for the third time., The majority of the
damage was to tubing that served communication
equipment, cameras, etc. The third and fourth levels
of the umbilical tower sustained minor damage to
gaupes, relief valves and tubing of the GN, hazard
proofing system.

3.8 LAUNCH FACILITY MEASUREMENTS

3.8.1 BLOCKHOUSE REDLINE VALUES
Bleckhouse redline values are limils placed
on certain critical engine and vehicle parameters to
indicate safe ignition and launch conditions. The
measurements are monitored in the blockhouse during
countdown. Since these specified limits apply to pa-
rameters which are critical to vehicle performance
and, in turn, mission success, the countdown proce-
dure may be halted if any redline system value falls
outside its assigned limits. Whether launch proce-
dure is halted or continues depends upon the validity
placed in the indicated measurement value and the
danger imposed by the value in question. If the value
poses a threat to vehicle performance, launch will be
delayed until the problem is corrected.

All redline values were within the required limits,
and no holds were necessary hecause of redline pa-
rameters.

3.8.2 SOUND LEVEIL MEASUREMENTS

Sound pressure levels recorded during SA-7
launch were generally in agreement with those of
SA-6. There was no evidence of sound focusing dur-
ing this launch. This was in agreement with rawin-
sonde information which gave no evidence of thermat
gradients that could result in focusing.

Sound level measurements were made in three
regions defined by relative distance of the transducer
from the launcher. These regions are termed '"Far
Field,” "Mid Field,” and "Near Field.” In addition,
three recording stations were located in the AGCS
rooms at LC-37.

The maximum "¥Far Field" {Cape Kennedy area)
sound level measured was 113 db, recorded by the
station located at Hangar D,

The maximum "Mid Field,” 365.8 m (1200 ft)
radius from vehicle, sound level measured was 156
db, recorded at stations 25K05 located 64 m (210 ft)
178 degrees azimuth, 66 degrees angular aoordinates.
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The maximum "Near Field"” (umbilical tower)
sound level measured was 164 db. All"Near Field"”
transducers are located on the umbilical tower from

approximately the 12 m {41 ft) level to the 77.1 m
(253 ft) level.

All acoustical db levels are referenced to 0, 002
microbar {0 db).
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SECTION IV,
4,1 VEHICLE MASS

The total vehicle mass was approximately
519,600 kg (1,145,400 lbm) at S-1 ignition, 65,500 kg
(144, 400 Ibm) at S-IV ignition and 17,760 kg ( 39,160
lbm) in orbit. The orbital payload included approxi-
mately 1300 kg (2860 lbm) ballast., Approximate
hooster propellant mainstage consumption during S-I
powered flight (ignition to OECOQ) was 397,900 kg
(877,200 lbm). The approximate S-IV stage pro-
pellant (mainstage) consumption was 44,600 kg
(98,3850 Ibm) during powered flight (sce I'igs. -1

MASS CHARACTERISTICS

and 4-2). Table 4-Iis a vehicle mass breakdown at
significant flight events. A flight sequence mass sum-
mary is given in Table 4-1I. The predicted masses
presented in this section are those presented in Ref-
erence 1.

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
4-1I1. These parameters are plotted versus burning
time in Figures 4-1 and 4-2,

Mass (kg) Cunter of Gravity in Calibers
5 (Ref. Sta, 2,540 m) (Cal = 4.33 m)
8 x 10 - E
I T T T 4
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i : f !
. ! 1
~ ‘ !
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|
% I 2
1
2 MU 1
0 0
=20 i} 20 40 60 80 100 120 140 160
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Moment of gnertia
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] : |
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T |
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1 ‘. -- e — T i
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FIGURE 4-1, VEHICLE MASS, CENTER OF GRAVITY AND MASS MOMENT OF INERTIA
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Mass (kg) Center of Gravity in Calibers
4 (Ref. Sta. 27.076 m) (1 cal =5.08 m)
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\\\\\\\Sz?vity

4 e 1.0
Mass
2 . 0.5
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TABLE 4-1, VEHICLE MASSES
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TABLE 4-1I. SA-7 FLIGHT SEQUENCE MASS SUMMARY

ACTUAL PREDICTED
MASS HISTCRY
1 ke (1bm) g {ibm)
S$-1 Stage @ Ground Ignitton 452 662 997,950 450,214 392,551
$-1/8-1V Interstage @ Ground Ignition 1,111 2,448 1,087 2,396
5-1V Stage @ Ground Ignition 52,541 115,832 52,415 115,556
Vehicle Inatrument Unit @ Ground Ignition 2,441 5,382 2,465 5,434
Payload @ Ground Ignition 10,811 23,839 10,810 23,832
let Flight Stage @ Ground Ignition 519,566 b,145,448 516,991 1,139,769
5-1 Thrust Buildup Propellants -6, 239 -13,755 -6,285 -113,856
lst Flight Stage @ First Motion 513,327 | 1,131,693 510,706 | 1,125,913
5-1 Masinstage Propellants -388, 3830 -B57,224 -386,157 -851,332
5-1 Frost 454 -1,000 =454 -1,000
S5-IV Frost -6% -143 -4 -90
S-1 Fuel Additive -253 -55% -252 -556
§-1 Lube OiLl (Oronite) -14 -32 - 14 -32
§-1 Nz for $-IV Tail Purge -53 -1té -6l -134
S§-1 N2 for Camera Purge -19 -43 -20 <43
S-1/5-1IV Interstage Nj -128 -283 -128 -283
Vehicle Instrument Unit N; -2 -4 -2 -4
$-IV Chilldown LOX Y -53 .38 -84
§-1V Chilldown LH3 -107 -235 -108 -239
5-1 IETD Propellants -954 -2,102 -941 -2,074
lst Flight Stage @ Cutoff Signal 122,406 269,859 122,489 270,042
§-1 Nz for S-1V Tatl Purge -6 -14 -6 -14
S-1 OETD Propellants (To Separation) -689 -1,519 -668 -1,473
Camera Purge N2 -l -1 -1 -1
$-1V Chilldown LOX -5 -10 -4 -9
S-IV Chilldown LHj -2 -5 -2 -5
S-IV Ullage Rocket Propellants -2 -5 -4 -8
5-1V Frost -12 -7
lst Flight Stage @ Separation 121._689 268,278 121,804 268,532
S5-1 Stage @ Separation -55,150 -121,585 -55,356 -122,036
S-1/8-1V Interstage @ Separation -982 -2,166 -958 -2,113
5-TV Chilldown LOX -10 ~22 -8 -19
S-1V Chilldown LH3 -5 -11 -5 -11
$-1V Ullage Rocket Propellants =42 -92 -62 -1318
2nd Flight Stage @ Ignition 65,500 144,402 65,415 146,215
S-1V Mainastage Propellants « -44,509 98,126 -45,511 -100,335
S-IV Helium Heater Propellants -11 -4 -11 =24
§-IV Ullage Rocket Fropellants -66 -146 -44 -97
S-1V Ullage Rocket Cases -126 =272 -126 -279
S-1V Hellum, Pneumatic -1 -1 -1 -1
Vehicle Inatrument Unit Ny -6 - 14 -6 -4
Launch Escape System -2,997 -6,607 -2,994 -6,600
2nd Flight Stage @ Cutoff Signal #** 17,784 39,207 16,722 36,865
§$-IV Thrust Decay Propellants -11 =24 -11 -24
§-1V Propellant Below Pump Inlets -19 k2 -19 42
2nd Flight Stage @ End of Thrust Decay 7,75 39,141 16,692 36,799
S5-IV Stage @ End of Thrust Decay -7,507 -16,549 -6,419 -16,151
Vehicle Instrument Unit -2,433 -5,384 -2,457 -5,416
Payload 7,814 17,228 7,816 17,232

* Includes Thrust Buildup Propellants
** Predicted Valuees are for a Depletton Cutoff

Note: IETD - Inboard Engine Thrust Decay
OFETD - Outboard Engine Thrust Decay
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TABLE 4-III.

MASS CHARACTERISTICS COMPARISON

RANGE LOWGI TUDINAL ADLAL BOLL WaMEt PITCH MOMEINT
TOUL MASS C.6. (X-8t4) c G. OF INERTLA oF INZRTLA
Rt 7 3
sue g 2 Dev wetare Dev weters Dav kg-w T Dev [Yers T D
i inches inchas
Fradh wia 48,761 9,83 ©.0106
107,400 375.3 0.8 133,093 3,198,802
3.1 Stage, Dry
Actual L1723 48, e 3.5 0.0 0.0206 0.0
107,538 0.03 1153 0.0 0.481 2.0 335,200 0,03 3,800,817 G.0%
Preae LI 9358 24.88 0.133
FIRIS 1,0%0.1 5.1% 1_6ay L3N 1.9
4-1/8-1V Intaretage
Actusl (I w2 16,9 0,08 0. 13% 0.0
2,164 1.44 1,060, 7 7.80 3.2% 0.0 1,852 .38 6003 N
Pradé NIA 4,138 16,01 0,198
s-IV Stage, Dey 13,324 1,10 L 1} 28, 54% 75,5110
Mithout Ullsgs
tocker Canes Actusl n/A [T 10,04 0.0L 0.198 0.0
13, 547 0.8 1,182.8 0.3 n 0.0 15,618 o.12 Moeer Lo N
Proee [ 179 1,431 }18- ] o, 0483
1,340 1,479.9 .a 4,608 2,902
Vehicle
lastramant ]
Unit Actust L1 7,408 37,39 0.0 0.0463 0.0
3,308 0.9 1,498 0.0 .42 c.0 &, 597 0.1% 1,899 L ed
Pradd A 1o, 010 41,01 0.0%00
Payload 3,13 1,853 1.9 10,888 IR H
Aspsmbly With
L.E.3. & G-Ball Aetusl wa 10,811 41,00 0.0 X111 0.0002
13,833 ¢.01 i, 8330 0. 1.9 0.01 10,871 o.04 230,649 DY
Prod® wia ) Q.070%
Peylond 1,742.1 s 20,496 81,18
Araambly Wichout
L.E.5. & Q-pall Actust A 7,014 (R 0,01 0.0706 0.000}
13811 ] 2.0} 1,%42.0 0.\0 1.7 6.01 W, 5k 0.10 b, 181 [URTH
Prase [ 17 34,91 16,05 0.00%
Let Flight Stege 1,10, 248 9.0 0.32 2, 10%, 507 38 8%, 11a
at lgnltion — -
Actual W 518, 508 1.0 0,01 0.0068 0.0008
[, 143, 408 0.30 32,2 .2 0.1% 0,03 2,118,143 o.67 38,917, TeD 1 [N
T
Trade wa 310,708 1. 0,005
Lot Fiight Stage 1,125, %1 18,3 0.12 1,071,164 38106 Buk
st Pirsc Motiom —
Accust [ 779 513,310 (IR ] 0,01 0.0068 ¢,0008
1,131,443 0.5 (Y8 1.2 o1 0.03 2,084,962 0 &8 18,804 3oL e
Prege wa 112,489 11,08 0.0218
270,043 e [ 437,317 11,839,579
Lee Flight Stage
2t OZDD
Actual wh 111,808 2.1 .03 0.0018 0.0
149,844 0.07 40,4 0.9 0.8 0.0 %37,002" ¢.07 11,811 84b 0.1
Trogw na 121, 004 1.1 a.0118
st Plight Stage 280,512 7.0 0.88 434,408 23,671,251
ar Separation p— —
Actual ¥/a 121, 600 21,20 0.0} 0,0218 0.0
0,218 0.08 840 1.0 0.88 0.0 413,481 019 21,638,116 RIRN
Prece wa 63,613 u.n 0.030%
Ind Plight Stage 144,283 (,292.0 1,20 43,489 3, 18, 219
at ignition
Actual n/A 65,300 11.81 0.0t 0.029% 6.001
144, @02 o 1,291.9 0.1 ik 0,06 83,740 0.4? 1,180,189 a.11
Froguw Wh 18,122 3741 0.10%
Ind TIUENE Stage 36,845 terz €13 51,10 1,028,907
at OO
Actusl WA 17,784 17,40 0,04 0. LOkk 0,001
19,107 5.9 1.472.6 0.1 4,11 0,06 51,1 0.08 1,008,877 ¢ o9
Preaw s N/A 16,692 .67 0.10%7
Ind Fiight Stage at 18,799 L,613.2 41k s1,132 1,016,086
End of Thrust Decsy
Actusl WA 17,7% 3 .42 0.0 0. 1046 0.0011
39,141 5,98 L,673,2 0.0 “.12 0.0k 51,162 0.02 1,019, 143 0.0%
rraam N/A 36,313 9.80 0.01%0
-1 & 8-I/%8-IV {24, 149 1857 0,51 180 «98 o uud 118
tnterstage
24 Seperation Accual Win v6,132 9,80 [} 0.6131 0.0007
123,79) €31 186.0 0.30 [ 0.0} 379,617 0.27 4 48), 13} o127

NOTE:

Percent Deviation = Deviation — Actusl = 100

*Predicted welghtd afe Lhoss Taported 1n K-PAYE-VAW-6L - 3%

*HPredicted valuen

4 Ind f1ight ntage CO § vngine thruel decay arte
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SECTION V,
5.1 SUMMARY

The actual trajectory of SA-7 deviated from
nominal because of high S-I stage performance. Total
velocity was 39,4 m/s higher than nominal at OECQ
and 1.8 m/s higher than nominal at S-IV cutoff, At
S-IV cutoff the actual altitude was 0.99% km lower than
nominal and the range was 13, 72 km longer than nom-
inal, The cross range velocity deviated 3.5 m/s to
the left of nominal at S-IV cutoff.

A theoretical free flight trajectory of the separa-
ted S-1I hooster indicates that the impact ground range
was 58,5 km longer than nominal, Impact, assuming
the tumbling booster remained intact, occurred at
536. 8 seconds range time.

The S-IV payload at orbital insertion {S-IV cutoff
+ 10 sec) had a space-fixed velocity 2. 8 m/s greater
than nominal, a perigee altitude of 180, 21 km and an
apogee altitude of 234, 10 km, giving a predicted life-
time of 3.8 days, 0.6 days longer than nominal. The
extrapolated orbit based on data for an epoch of 10-57
Z,September 22, reached the estimated breakup alti-
tude of 86 km at approximately 11:50 Z, September 22,
at coordinates of 21,7 degrees south latitude and 56.4
degrees east longitude. The theoretical ballistic im-
pact time is approximately 12:00 Z, September 22, at
coordinates of 26.4 degrees south latitude and 69,0
degrees east longitude,

5.2 TRAJECTORY ANALYSIS

Tracking data were available from first motion
through insertion. All tracking systems experienced
difficulty inmaintaining track during the S-Icutoff and
separation sequence, The reduced metric tracking
data showed discrepancies between the various track-
ing systems of 200 to 400 m in position components,

S5A-7 was the fourth engineering test of the MIS-
TRAM tracking system and the second engineering test
of the GLOTRAC system on a Saturn vehicle, The
most comprehensive tracking coverage was obtained
from the MISTRAM system, Reliable data, with less
than 5 m random error, were obtained from 50 tb 500
seconds, The GLOTRAC system had some difficulty
with the San Salvador transmitter; therefore, reduced
metric data were obtained only from 170 to 403 sec-
onds, The random error in this data was also less
than 5 meters.

An engineering test of the radar altimeter was
flown on SA-T7. According to the altimeter reliability
signal, valid data were obtained from 164 to 795 sec-
onds with only a few short dropouts, The random
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TRAJECTORY

error in the altimeter data was 75 meters, A possi-
ble bias was indicated in the altimeter output of ap-
proximately 100 mcters,

5.3 TRAJECTORY COMPARISON WITH NOMINAL

Actual and nominal altitude, range, and cross
range {Zy) 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 total earth-fixed ve-
locities are shown graphically in Figure 5-3, Com-
parisons of actual and nominal parameters at the
three cutoff events are shown in Table 5-1, The nom-
inal trajectory is presented in Reference 2,

Altitude and range were greater thannominal dur-
ing S-I burn, Theactual earth~fixed velocity was 39, 4
m/s greater than nominal at QECO. This excess ve-
locity can be attributed to the high performance and
longer burning time of the S-1 stage.

The longitudinal acceleration was lower than nom-
inal for the first 45 seconds of §-1 flight and higher
than nominal for the remainder of S-1 stage operation
(Fig, 5-4).

The S-IV stage cutoff 2.02 seconds later than
nominal and, combined with the 0,71 second late 8-1
stage cutoff, resulted in a 1, 31 seconds longer burn-
ing time of the S-IV stage, Total acceleration during
S-IV burn averaged 2 percent lower than nominal as a
result of low S-IV stage performance, This low per-
formance and a steeper trajectory with more gravi-
tational losses resulted in a S-IV stage velocity gain
of 37.6 m/s less than nominal in 1. 31 seconds longer
hurning time.

The actual space-fixed velocity at the S-IV cutoff
sigmal given by the guidance computer (621, 375 sec)
was 7807.8 m/s, compared to the predicted velocity
of 7806.0 m/s, The actual velocity is based on the
powered flight trajectory, which matches the velocity
at insertion deduced from orbital tracking, The de-
viation was due principally to guidance errors identi-
fied after the flight.

The range was greater than nominal during 5-1V
burn., The altitude was greater than nominal to 566
seconds and less than nominal for the remainder of
the flight, The apex altitude reached during S-IV burn
was 4.4 km higher thar nominal; however, by S-IV
cutoff this deviation was reduced to 0.99 km lower
than nominal, Approximately 0.28 km of the low cut-
off altitude can be attributed to low S-IV stage per-
formance. The remaining 0.71 km can be attributed
to guidance errors, Mach number and dynamic
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TABLE 5-L

CUTOFF CONDITIONS

PARAMETER
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pressure are shown inFigure 5-5. These parameters
were calculated using measured meteorological data
to an altitude of 27 km, Above this altitude the U, S,
Standard Reference Atmosphere was used.

A comparison of actual and nominal parameters
at significant event times is given in Table 5-IL
Apex is given for boththe 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 5-1
stage,

The S-IV cutoff signal was given by the guidance
computer at 621, 375 seconds; however, the solenoids
for the propellant valves on the S-IV stage do not re-
ceive the signal until 0.022 seconds later, The velocity
increments imparted to the vehicle from the terminating
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FIGURE 5-5, MACH NUMBER AND DYNAMIC PRES-
SURE

TABLE 5-II. SIGNIFICANT EVENTS

Event Parameter Actual Nominal Act-Nom
First Motion Range Time (sec) 0.062 0.062 -
Longitudinal Acceleration (m/sz) 12.68 12.90 -0.22
Mach One Range Time {sec) 55245 55.03 0.2L5
Altitude (km) 7.18 7.26 -0,08
Maximum Dynamic Pressure Range Time (sec) 73.0 70.0 3.0
Dynamic Pressure (N/cm?) 3.680 3,647 0.233
Altitude (lm) 13.53 12 46 1.07
Maximum Longitudinal Acceleration Range Time (sec) 141,660 150.932 0.728
(S-1 Stage) Acceleration (m/s?) 57.93 95630 1.08
Maximum Earth-Fixed Velocity Range Time (sec) 147.886 147762 0.124
(S-1 Stage) Velocity (m/s) 2703.7 2664 .0 39 .7
Apex (S-1 Stage) Range Time (sec) 293.000 284,062 8.938
Altitude (km) 155,41 147.15 12.26
Range (km) 428.09 409.16 18.91
Earth-Fixed Velocity (m/s) 2360.1 2359.7 L.4
Apex (5-1V Stage) Range Time (sec) 408.0 417.0 -9.0
altitude (km) 210.3% 205.91 4 44
Range {(km) 914 b4 951.01 -36.57
Earth-Fixed Velocity (m/s) 4302.8 4388.5 -85.70
Loss of Telemetry (S-I Stage) Range Time (sec) 4b4, 3 L64 3% -
Altitude (km) 38.6 23.3 153
Range (km) 828.27 814.4C 13.86
Total Acceleration {m/s?) -8,40 -65.00 56,60
Evaluation Angle From Pad (deg) -1.028 -2.100 1.072
Impact ($-1 Stage) Range Time (sec) 536.80C 598.362 -61,562
Range {km) 883,66 B23, 15 58.51
Cross Range (km) 12,40 12,60 -0.20
Geodetic Latitude (deg) 26,0942 26,2631 -0.168%
Longitude (deg) 72.0617 72.6164 -0.5547
Maximum Longitudinal Acceleration Range Time (sec) 621.425 619,355 2.070
(5-1V Stage) Acceleration (m/s?) 2.2 2. -0.01
Maximum Eatrth-Fixed Velocity Range Time (sec) 621.700 619355 2. 345
($-1V Staze) Velocity (m/s) 7405 .8 7L03.0 2.8

Note:

#For Comparison Purposss Only.
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thrust decays are shown in Table 5-1II for the S-I and
S-IV stage at OECO and S-IV guidance cutoff, respec-
tively.

TABLE 5-1II, VELOCITY GAIN AT CUTCFF

Velocity Gain (m/s)

Actual Nominal
$-10ECO 6.9 6.0
$-IV CO 2,7 1.6

A theoretical free flight trajectory was computed
for the discarded S-I stage. A nominal tumbling drag
coefficient was assumed for the dive phase, The cal-
culated impact location relative to the launch site is
shown in Figure 5-6, Table 5-IV presents booster im-
pact position from RCA Preliminary IP Report, actual
free flight trajectory, and nominal free flight trajec-

tory.
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TABLE 5-1V, BOOSTER IMPACT

Preliminary Actual
Paracater 1P Report [(Calculated Nominal Act-Now
Surface Range* (km) 863995 883.7 823.2 58.5
Croas Range (km) - 12.4 12.6 ~0.2
Geodetic Latitude {deg) 26,156 26.094 26.263 -0.169
Longitude {deg) 72 241 72.062 72,816 -0.554
Range Time (gec) 613.8 336.8 598.4 -61.6

*Surface Range i4 Meawured from Launch Site

5,4 INSERTION CONDITIONS {8-IV CUTOFF + 10
SEC)

The orbital insertion conditions for SA-7 were
determined by a differential correction procedure.
Table 5-V shows a comparison between the actual and
nominal orbital insertion elements.
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TABLE 5-V, INSERTION ELEMENTS COMPARISON

Acrual Nominal Act-Noa

Time of Orbital Insertion 631.375 629.352 +2.02)
{Range Time sec)
Space-Fixed Veloclty (a/s) T810.44 7807.67 +2.77
Pitch Angle (deg) 89.97 89.93 D.04
Altitude (k) 184.35 185,34 -0.99
Ground Range (km) 2156.82 2143.07 13.75
Cross Range (km) 49.6 51,1 -1.5
Cross Range Veleclty (m/s) 221 .4 224.9 -3.5
Apogee Altitude (km)#* 234.10 227.92 6.18
Perigee Altitude {km)% 180,21 180,95 -0.7
Pevicd {min) B8. 64 HE. 58 0,08
Inckination {deg) 31735 31.76 0.0t
Excess Circular Velocity (m/s) 15.2 13.¢ 2.2
Lifetime (days) 3.8 3.2 0.6

*The Apogee and Perigee altirudes are referenced to 2 spherical

earth radius of 6378,165 km,

The estimated accuracy of the velocity and posi-
tion data are 0.4 m/s and 400 m respectively,

5.5 ORBITAL DECAY AND REENTRY

The SA-T apogee and perigee altitudes from or-
bital insertion to reentry are shown in Figure 5-7,
The orbital decay history was established by GSFC on
a real time bhasis for the lifetime of the vehicle, The
initial apogee and perigee decay rates respectively
were 6 km/day and 3 km/day.
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The final orbit and reentry of SA-7 is shown in
Figure 5-8. The orbit reached the estimated breakup
altitude of 86 km at approximately 11{:50 Z, September
22, at coordinates of 21.7 degrees south latitude and
56, 4 degrees cast longitude (see Fig. 5-8). The
theoretical ballistic impact time is approximately
12:00 Z, September 22, at coordinates 26,4 degrees

EX 4

south latitude and 69 degrees east longitude (south-
eastof Madagascar in the Indian Ocean). This reentry
location is consistent with the fact that no signal was
received from the Minitrack beacon after the KANO
obgervation. Monitoring for the 136 mc beacon at
Carnarvon and Woomera, Australia, and South Point,
Hawaii, confirmed that the vehicle was no longer in
orbit,
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SECTION VI,

6.1 SUMMARY

The performance of both the 58-I and 8-1V stage
propulsion systems was satisfactory for the SA-7 flight
test. SA-7was the third Saturnvehicle to employ H-1
engines at a thrust levelof 836,000 N (188,000 lb.} to
provide thrustfor the S~1stage. SA-T7 also represented
the third Saturn flight test of the RL10A-3 engine for
the S-IV stage.

The vehicle longitudinal thrust of the S-I stage
averaged between 0,92 percent (engine analysis) and
i.24percent (flight simulation) higher thanpredicted.
Vehicle specific impulse averaged hetween 0,71 per-
cent {engine analysis) and 0,90 percent (flight simu-
lation) higher than predicted, The performance of all
pressurization systems, purge systems, hydraulic
systems and other associated systems was as expected.

Propulsion performance of the S-IV stage was
within design limits throughout the stage powered
phase. From engine analysis the average vehicle
longitudinal thrust was approximately equal to pre-
dicted and the stage specific impulse was 0.02 percent
higher than predicted. The flight simulation method
indicated the thrust and specific impulse were 0.88
percent and 0,98 percent respectively, lower than
predicted, The performance of the individual engines,
tank pressure systems, helium heater, hydraulic sys-
tems, PU system and the non-propulsive vent system
were all within the expected values.

6.2 8-1STAGE PROPULSION SYSTEM

6.2.1 OVERALL STAGE PROPULSION PER-
FORMANCE

The propulsion system of the S-I stage per-
formed satisfactorily. Ignitioncommand was initiated
-3. 32 seconds before liftoff signal. Engine buildupwas
satisfactory except for large pressure disturbances in
engine position 3 (see Para. 6.2.3). The chamber
pressure buildup was otherwise normal with the en-
gine starting sequence within expected tolerances of
the prescribed 100 milliseconds delay between starting
pairs. Figure 6-1 illustrates the thrust huildup of each
engine. The largest deviation in the thrust buildup
times of the engines that received ignition signal at
the same time was 75 milliseconds (engines 2 and 4).

6.2.2 CLUSTER PERFORMANCE

Two separate anaiyses were employed in re-
constructing the S-1 stage all engine performance, The
first method is an engine analysis, which uses tele-
metered parameters to compute clustered thrust, spe-

PROPULSION
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FIGURE 6-1, INDIVIDUAL ENGINE THRUST

BUILDUP

cific impulse, and mass flow. The second method is
postflight simulation which uses the thrust and mass
flow shapes obtained from the engine analysis and ad-
justs the levels to simulate the actual trajectory as
closely as possible.

6.2.2.1 ENGINE ANALYSIS

Vehicle longitudinal thrust (upper portion of
Fig. 6-2) averaged approximately 0,7 percent higher
than predicted. Vehicle specific impulse (lower por-
tion of Fig. 6~2) averaged approximately 0, 3 percent
higher than predicted.
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Vehicle total propellant flow rate and mixture ra-
tioare shown in Figure 6-3. Flight mixture ratio av-
eraged approximately 2. 2 percent lower than predicied,
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FIGURE 6-3. VEHICLE MIXTURE RATIO AND

TOTAL FLOW RATE

The lower than predicted mixture ratio can be attri-
buted to a higher than predicted fuel specific weight
and a lower than predicted LOX specific weight.

Average S-1 propulsion parameters for the SA-7
flight are summarized below;

Parameter Propulsion %, Deviation
Analysis Fm Predicted
Vehicle Longitudinal 6,792,844 N 0.92
Thrust 1,527,092 lbf
Vehicle Mass Loss 2,693 kg/s 0.21
Rate 5,939 lbm/s
Vehicle Longitudinal 257. 1 sec 0.71

Specific Impulse

The engine cutoff sequence was normal for all en-
gines. The cutoff sequence was initiated at 139.54
seconds by the liquid tevel sensor locatedin LOX tank
04. Inhoard Engine Cutoff (IECO) occurred at 141, 54
seconds, and Outboard Engine Cutoff (OECO) occurred
at 147, 64 seconds. A typieal thrust decay of an out-
board engine is presented in Figure 6-4.
6.2.2.2 FLIGHT SEIMULATION
The vehicle longitudinal sea level specific
impulse, vehicte longitudinal sea level thrust, and to-
tal liftoff weight were derived from the telemetered
propulsion system measurements in a simulation of
the tracked trajectory. A summarization of the aver-
age values and deviations of the flight simulation re-
sults from predicted and from the postilight engine
analysis results are presented in Table 6-1.
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TABLE 6-1, FLIGHT SIMULATION AVERAGE
PROPULSION RESULTS

—

Parameter Predicied Flight Stmulation: ™ Deviation
Fram
Predictad

First Motion 5310, 706 kg 513,327 kg UGS

1,125,910 [him| 1, 131, 693 1hm
e Lovel 6,730,640 8 |6,515,342 N T
Thrust 1,513,105 I §1,532,150 Ibf +1,29

3

Flow late 2688, 9 kp's

3926, % s

260,79 kg/s [0l a5
5947 .9 Ib. s

Sea Level
Specific
Impulse

235. 80 sec
PRIV S

257 .6 soc +0_ 90

The maximum deviations of the simulated trajec-
tory fromthe tracking trajectory were 10 m/s in slant
distance, 0.7 m/s in velocity and 0. 05 m/s? in accel-
eration.

In analyses performed with the flight simulation
method on Block I flights it has been assumed that
the vehicle thrust and flow rate curve shapes as a
function of time were known from the engine analysis
based on the telemetered measurements. Only the
ahbsolute levels were considered in doubt. With the
flights of the Saturn I Block II vehicles it has proven
impossible to fit the trajectory with this assumption.
Continued investigations have indicated a possible
theory for the problem. Because of the clustered
arrangement of the engines it is now theorized
that the engines donot exhaust inio an ambient aimos-
pheric environment. Expansionrathertakes place into
a pressure fielddifferentfrom ambient caused by in-
terference effects between the exhausts from the mul-
tiple engines.
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The simulation method must now be used to solve
for variations in thrust shape and drag shape simul-
taneously. This, of course, decreases the accuracy
of the results, The exact amount of the degradation
has not been determined as yet.

For this flight the simulationprogram was utiliz-
edin the normal manner with one significant exception;
along with solving for the axial force coefficient, a
variable multiplier was also determined which would
change the shape of the local thrustcurve to get a good
fit to the observed tracking trajectory. This variable
multiplier is presented in Figure 6-5 along with the
indicated thrust correction that is computed from the
teiemetered base pressure measurements.
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FIGURE 6-5.

This procedure causes a certain lack of confidence
in the unigueness of the results when so much freedom
in variation is allowed. However, certain consist-
encies inthe results would also tend to build confidence.
Also, the flight simulation gives a solution for the
liftoff weight very close to the engine analysis results.

Results for the solution of the axial force coeffi-
cient are given in Figure 13-2 in Section XIIL,

6.2.3 INDIVIDUAL ENGINE PERFORMANCE
Individual engine performance was satisfactory
during mainstage operation, However, engine position
S5indicated a slightly lower thrustlevel duringthe first
30 seconds than observed on the other seven engines.
This engine performed normally after 30 seconds and
no hardware malfunction could be correlated with this
lower thrust level from the available data,
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During the time interval between S-Istage ignition
and liftoff, engine position 3 combustion chamber pres-
sure indicated large pressure disturbances which were
substantiated by data from the thrust chamber dome
combustion stability monitor longitudinal vibration
measurement, Chamber pressure data (Fig. 6-6)
indicated these pressure disturbances occurred be-
tween P, prime and build up io 90 percent of rated
thrust level. Chamber pressure duringa normal bhuild
up is shown for comparison. Oscillograph data indi-
cate the durationof the pressure disturbances was ap-
proximately 20 milliseconds. Combustion stability
data indicated the frequency of vibration was within
the range of 960 to 6000 Hz and egual to or greater
than + {00 g for 2.5 milliseconds {see Fig. 6-6),
Flight data applicable to engine position 3 indicate the
performance level of this engine wasnot degradeddur-
ing S-I powered flight and no recurrence of the pres-
sure disturbances after build up to 90 percent of rated
thrust level.

Pressure disturbances during this period are de-
fined as main propellant ignition pops. Pops are de-
fined as short duration combustion chamber pressure
disturbances which occur during the time interval from
engine ignition signal and build up to 90 percent of
rated thrust, Pressuredisturbances whichoccourafter
30 percent of rated thrust level are defined as repeated
pressure surges (RPS) and rough combustion (RC) de-
pending onthe predominant {requency of pressure dis-
turbances. Pressure disturbances which occur ata
predominant frequency of approximately 250 Hz are
definedas RPS; RC is definedas pressure disturbances
having a predominant frequency of 1200 Hz. Pops can
trigger rough combustion, and the predominant fre-
quency of pops are not consistent., Even though the
predominant frequency of a pop is lower than the fre-
quency range {960 to 6000 Hz} of the combustion sta-
bility monitor (CSM) measurement, the harmonics of
the pretdominant freqguency could be picked up by the
CSM. Toinitiate S-1-7 stage cutoff the CSM must pick
up a vibration frequency within 960 {o 6000 Hz and vi-
bration magnitude equal to or greater than : 100 g for
a sustained period of 1000 milliseconds. Engine posi-
tion 3 was within this range for only 2.5 milliseconds.

Rorketdyne data show that pops have occurred only
four times during 2000 H-1 engine tests. The primary
causes of these presgure disturbances are {a) resid-
ual fuet in the thrust chamber due to a slightly high
ignitor fuel flow,(b) leaking "0 ring and {c) break-
ing up of carbon deposits on the injector. The
chamber pressure measurement and thrust chamber
dome vibration measurements were the only measure-
ments which indicated engine position 3 pressure dis-
turbances; however, this could be.due to their high re-
sponse rate in comparison to other measured param-
eters.
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Individual engine thrust and specific impulse were
calculated with the Saturn S-1stage propulsion system
mathematical model. Input for the reconstruction was
obtained from flight telemetry data and consisted of:
propellant and vehicle weights, pump inlet conditions,
propellant densities, and turbopump speeds,

Inorder to make a detailedanalysis of engine per-
formance it was necessary to establish a new predic-
tion of the system performance, based on the actual
flight propellant weights and densities. This new pre-
dictionis referred toas expected performance for dis-
cussion purposes, These expected data allow aclearer
comparisonof actual flight performance with predicted
performance, since hoth data are based on common
propellant densities. The {light fuel and LOX specific
weights were significantly different thanpredicted: the
fuel specific weight atlaunch was heavier than predicted
and the LOX specific weightwaslighter than predicted.
. The effects of the increased fuel density are twofold:
the propellant loading system loads an additional a-
mount of fuel in order to satisfy propellant depletion
requirements, and burning time is increased because
engine power levels are dropped and additional fuel
must now be burned. The expectedinboardengine cut-
off time related to propellant load and fuel density
which was reported by KSC was 142, 5 seconds, or ap-
proximately 1.5 seconds longer than predicted. The
effectof the warmer thanpredicted LOXis to increase
burning time due to lower thrust levels and additional
propellant consumption. The additional propellant
consumption is obtained {rom the fuel bias which is
loaded to provide & minimun residual with variations
in [light mixture ratio. The warmer LOX causes a
decrease in mixture ratio from that predicted anda
portion of the bias is consumed. Therefore, the ex-
pected burning time considering the net effect caused
by both density variations was 143,5 scconds. The
actual cutoff time was 0,61 second later thanpredict-
ed, but 1. 90 seconds less than expected [or the {light
propellant densities. The shorter than expecied burn-
ing was caused by higher than expected thrust levels.

A deviation between the average actual and pre-
dicted thrust levels and theaverage actual and expect-
ed thrust levels is shown in Table 6-1I.

The average specific impulse for all eight engines
was only 1.4 scconds higher than predicted, but was
1, 64 seconds higher than expected. The cause of the
engine performance being much higher than expected
cannot be definitely established from the available
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TABLE 6-11,

ENGINE THRUST LEVEL COMPARISON

Engine Actual~Predicted Actual-Expected
Position (N) (1bf) (N} (1hf)
T, 560 f,700 20, 000 4, 500
2 10,680 2,400 22,650 53, 100
3 1,020 230 12,500 2,830
4 10, 100 2,27 21,930 4,938
5 6,670 1,500 18,680 4,200
G 8,940 2,010 21,130 4, 750
7 1, 870 420 13,750 3,
8 267 60 12,900 2, 900

data, Figure 6-7 shows the engine-to-engine devia-
tions in thrust and specific impulse. The largest de-
viation in thrustand specific impulse was obscrved on
engine position 4.

% Deviation From Predicted Thrust (Average)

4 5 [ 7 8
Engine Number

7 Deviatlon From Predicted Specific Impulse (Average)

0.6
0.4 + Ful
0.2 4 .
o =
L 2

Engine Wumber
DEVIATIONS IN INDIVIDUAL ENGINE
PERFORMANCE PARAMETERS
(S-I)
The final flight performance prediction was based
ondata obtained from Rocketdyne single engine penalty

FIGURE 6-7,



tests, Penalty static tests were conducted for all en-~
gines at Neosho test stand after the engines were re-
moved from the stage for LOX dome and turbine seal
replacements. The average penalty test data, ata
30-second time slice, showed thrust levels and engine
specific impulses approximately 2000 1b and 1.5 sec~
onds lower than those obtained during MSFC stage stat-
ic test. Since the hardware changes were made at
Neosho, penalty test data were used for prediction.
However, MSFC test data contradicted the penalty test
data used and indicated that the performance would be
higher during flight, Only a 1. 08 percentaverage en-
gine thrustincrease had been indicated by MSFC tests:
however, some of the engines wereas high as 2.2 per-
cent in thrust during the stage tests,

The flight thrust levels were lower, ov approxi-
mately as expected, for the first few seconds of flight,
and then continuously diverged from the expected data
until 20 to 30 seconds of flight when the difference be-
came fairly constant, The continuously increasing dif-
ference between flight and expected thrust levels during
the carly portion of flight is a performance anomaly
that cannot be expiained from the available data, Since
both the expected and flight data are based on approxi-
mately the same flight conditions, the difference should
be approximately constant throughout the entire flight
if the assumptions used in predicting performance 4re
valid. A similar situation was indicated during the
flight of SA-6. Possible explanations for the phenom-
enon are turbine exhaust effects or non-steady state
engine performance; neither is considered when pre-
dicting performance,

6.3 S5-I 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 as expect-
ed with no major deviations from predicted perform-
ance.

The system is designed to maintain a constant ul-
lage pressure of approximately 11 Nfem? gauge (16
psig) for the first 70 seconds of flight. The fuel con-
tainer pressurizing switch opens and closes any of the
three pressurizing valves which are active and keeps
the tank pressure between 10,3 and 11,7 N/em? gauge
(15 and 17 psig). At 70 seconds, the flow of pres-
surant to the fuel tanks is terminated and the GN, re-
maining in the spheres is joined as one system and
allowed to equalize with the GN, in the LOX-SOX
spheres.

The pressure in the fuel tanks (Fig. 6-8) closely
agreed with the pressure scen on past flights and the
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predicted value. The fluctuations in pressure during
systemoperationare normal and are due to the action
of the fuel container pressurizing switch, These os-
cillations of pressure are transmitted to the fuel pumps
but have a negligible effect on engine performance.

The 0. 57 cubic meter (20 ft%) sphere temperature
and the nitrogen manifold gas temperature were nor-
mal during flight, The SA-7 fuel ullage gas tempera-
ture closely agreed with that of the SA-6 flight., The
initial temperature in fuel tank was 294°K and de-
creased to a minimum of 270°K at 100 seconds. At
this time aerodynamic heating effects were at a max-
imum and caused the temperature toincrease to 276°K
at the end of flight.

6.3.2 LOX TANK PRESSURIZATION SYSTEM

Pressurization of the LOX tanks provides in-
crcased tank structural rigidity and adequate LOX
pump inlet pressures. Prelaunch pressurization is
achieved with helium froma ground source. From ve-
hicle ignition command to liftoff an increased helium
flow is used to maintain adequate LOX tank pressure
during engine start. Operation of the LOX tank pres-
surization system during prelaunch and flight was
satisfactory.



Prelaunch pressurization of the 4. 24 percent ul-
lage was accomplished in 74 seconds. Predicted and
measured LOX tank pressures during flightare shown
in Figure 6-9. Center LOX tank and outboard LOX tank

Pressure 5 emd)

Pressure ipsil
O Sy -

—

O
- Measured - C
T Measurec - B2

Ip-—-

L0 i L |
< 10 -2 o 3 rec
Range Time tsec)

L.OX TANK GAS PRESSURES

FIGURE 6-9.

pressuresaveraged 2,4 N/cm? (3, 5 psi) higher, at the
beginning of flight, and 3.4 N/cm?® (5 psi} lower, at
the end ol flight, than predicted. The center LOX tank
pressure reached a maximum of 42.4 N/em? (61.5psi)
at 25 secondS and had decreased to 38. 6 N/em?® (56 psi)
at 147 seconds, Although this is 0.7 N/cm? (1 psi)
below the regulating range of the GOX Flow Control
Valve (GFCV), it does not indicate abnormal system
operation since the 0,7 N/em® (1 psi) is within the
measuring accuracy.

6.3.3 CONTROL PRESSURE SYSTEM

The pneumatic control pressure system sup-
plies GN, at a regulated pressure of 517 + {0 N/cm?
gauge (750 = 15 psig) for operation of the following:
LOX tank pressure relief valves one and two, LOX
vent valve, LOX replenishing conirol valve, suction
tine prevalve control valves, engine turbopump gear-
box pressurization, and calorimeter and LOX pump
sealpurges. The SA-7system was basically the same
as the SA-6 system, except for the deletion of the en-
gine compartment TV camera purge requirement. The
control pressure system operated  satisfactorily
throughout the flight.

The supply sphere pressure was 1965 N/cm? (2850
psi) at liftoff and decreased to 1276 N/cm? (1850 psi)
at 150 seconds. The final pressure compares well
with the SA-5 level and is somewhat higher than SA-6
due to the TV camera purge on SA-6.

The regulated supply pressure was 527 N/cm?
(765 psi) throughout S-Ipowered flightindicating sat-
isfactory performance of the control pressure regu-
lator.
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6.3.4 [,0X-SOX DISPOSAL SYSTEM

The LOX-SOX disposal system purges the
5-1/8-1V interstage area with GN,. The purge dis-
perses LOYX, SOX, or both from the S-IV engine thrust
chambers during the chilldown cycle, and provides an
inert environment prior to $-1/5-1V stage separation,

Successful operation of the LOX-50X disposal
system was indicated by the flight data. Pressure
equalization between the 0.57 cubic meter (20 tf)
triplex spheres occurred as scheduled at 70. 5 seconds
when the two systems were joined by a programmed
signal. This equalization was shown by a rapid in-
crease in sphere pressurc to 1155 N/cm? (1675 psi)
and arapid decrease in plenum chamber temperature.

6.4 HYDROGEN VEKT DUCT PURGE SYSTEM

The hydrogen vent duci purge system removes
the chilldown hydrogen flowing through the S-1V stage
plumbing at approximately 35 seconds prior to §-1/8-1IV
stage separation. The hydrogen exits the S-IV stage
through three i12-inch diameter ducts that iead down
the sides of the S-1/8-IV interstage and the S-1 stage
in line with stub fins II, I, and IV, Prior to launch,
low-pressuré helium from a ground source purges the
three ducts. A helium triplex sphere assembly on-
board the S-1I stage supplies GHe for the purge after
liftoff. This purge continues through the chilldewn
operation and S-1 stage powered flight.

The sphere pressure and temperature at liftoff
were 2040 N/cm?® (2960 psi) and 297°K for SA-T as
compared to 2000 N/em? (3000 psi) and 291°K for
SA-6. The pressure al OECO was 440 N/cmP (640
psi) for SA-7.compared to 383 N/em? (555 psi) for
SA-6. The temperature of the gas in the sphere at
OECOwas 218°K. SA-7 hydrogen vent ductpurge sys-
tem operation was satisfactory and comparable to
SA-6 system operation.

6.4.1 PROPELLANT UTILIZATION

Propellant atilization (the ratio of propeliant
used to propellant loaded) is an indication of the ef-
ficiency of a propulsionsystem in consuming the loaded
propellant. Propellantutilizationfor the $-Istage was
veryclose to predicted. The predictedand actual per-
cent of loaded propellant utilized on the flight have
been calculated from the vehicle weight data and are
as follows:

Predicted (%) Actual (%)

Total 99. 09 99, 14
Fuel 98,21 98. 53
LOX 99. 48 99. 41
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LOX starvation cutoff of the outhoard engines was
attempted for the first timeon SA-7. Itwas predicted
that LOX starvation would occur when the LOX level
reached the bottom of the outboard LOX container
sumps. The backup timer was set togive outboard en-
gine cutoff 6.1 seconds after inboard engine cutoff if
starvation cutoff had not occurred.

The cutoff sequence was initiated by the uncover-
ing of the LOX level cutoff probe in LOX tank 04 at
139, 54 seconds. After a preset two-second delay,
IECO occurred, OECOwas initiated by the 6, 1-second
backup timer at 147. 64 seconds indicating LOX star-
vation cutoff had not been accomplished.

Itwas predicted that OECOwould occur from LOX
starvation 5, 64 seconds after IECO. This time inter-
val was predicted onthe basisof 0.33 m ( 13 in.) height
differential between the center LOX tank and outhoard
LOX tank levelsat IECO. Theactual differential from
probe data was 0.41 m {16 in,). Thisextra 7.62 cm
(3 in.) represents approximately 435 kg (960 lbm)
more LOX than predicted available to be burned bhe-
tween IECO and OECO. This helps to account for the
backup timer cutoff since it represents approximately
0. 5-second burn time for the four engines. The re-
constructed residualsagree with probe data, verifying
that LOX starvation was not accomplished,

The propellant residuals were determined utilizing
continuous level probes located in the bottom of each
propellant container, measuring the levels from 1.3
to 0.28m (51.5 to 11.2) from the container bottom.
The data from these probes were used in conjunction
with reconstructed flowrates to determine the follow-
ing propellant residuals:

End of Thrust

IECO OECO _ Decay
kg lbm kg Ibf kg Ibm

LOX 7,812 17,222 1,991 4,389 1,633 3,600

Fuel 5,556 12,249 2,453 5,408 1,829 4,032

6,5 S-IHYDRAULIC SYSTEM

The four outboard H-1 engines, gimbal mounted

"on the stage thrust structure, provided engine thrust

vectoring for vehicle attitude control and steering dur-

ingoperationof the S-Istage. Two hydraulic actuators

were utilized to gimbal each engine in response to sig-

nals from the Flight Control Computer located in the
Instrument Unit,

Four independent, closed-loop hydraulic systems
provide power for gimhalingthe outboard engines, both

during engine firing and non-firing cperations. This
is accomplished without the use of an external pres-
surizing source, Hydraulic fluidf{lows totheactuators
from the high pressure accumulator and returns to the
low pressure reservoir. The electric motor driven
auxiliary pump operates only during prelaunch check-
out of the gimbaling system.

Parformance of the hydraulic systems during 8-1
stage flight was satisfactory. Source pressures re-
mained adeguate throughout flight and the oil temper-
atures were well within their specified limils, The
oil levels in the individual systems ran lower than pre-
dicted but remained within limits, Low accumulator
GN, precharge pressures could account for these lower
than predicted oil level values, Since the levels
showedrising trendsas the flight progressed, the pos-
sibility of an oil leakisunlikely. No threat to the per-
formance of the individual hydraulic systems was posed
by the lower than expected oil levels.

6.6 RETRO ROCKET PERFORMANCE

Four 151,240 N (34,000 1bf) thrust, solid pro-
pellant retro rockets provided the necessary retarding
force on the S-I stage to prevent S-1/5-1IV stage colli-
sionafter separation. The retrorockets were mounted
on the spider beam at the top of the 5-1 stage, 90 de-
greesapart and midway between the main {in positions.
The nozzles were canted {2 degrees from the vehicle
longitudinal axis to direct the thrust vector through the
S-1I stage center of percussion,

Retro rocketignition occurred as planned. Com-
bustion chamber pressure buildup and decay appeared
normal for all four retro rockets, The SA-7 onboard
tape provided the specific data used in determining the
trends. Erratic data for the middle portion of the
burning period (149, 10 to 150, 10 sec) necessitated the
use of curves derived from previous flights to estab-
lish the trend during this erratic data period. A typ-
ical chamber pressure for the retro rockets is shown
in Figure 6-10,
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Measured, caleculated, and predicted performance
values are shown in Table 6-III. The values obtained
indicate higher combustion pressure and thrust ievels
than previous Block Il vehiclesalong with correspond-
ingly shorter burning times. High propellant grain
temperatures appear to be the most prohable cause for
these highoperating characteristics since combustion
chamber pressure varies with temperature,

Retro rocket performancewas exceptionally good.
Proper operation prevented interaction of the S-I and
S-1V stages.

6,7 S-IV STAGE PROPULSION SYSTEM

6.7.1 OVERALL S-1V STAGE PROPULSION

PERFORMANCE

The performance of the §-1V propulsion sys-
tem was within design limits throughout the S-Iv-7
flight test. The performance of the individual engines,
tank pressurization systems, helium heater, hvdraulic

TABLE 6-II1.

systems, PU system, and the non-propulsive vent
system were very close to predicted values,

6.7.2 CLUSTER PERFORMANCE

Two separate analyses were employed in re-
constructing the S-IV stage six-engine performance,

The first methodis anengine analysis, which uses
the telemetered engine parameters to compute clus-
tered thrust, specitic impulse, and mass flow, A cor-
rection factor is used to account for the 6 degrees of
engine cant angle to the vchicle center line, helium
heater tflow rates, helium heater thrust and chitldown
vent thrust.

The second method is a postifiight simulation,
which uses the thrust and mass flow shapes obtained
from the engine analysis and adjusts the levels to sim~
ulate the actual trajeciory as closely as possible. In
order to compare the postflight simulation results to
the engine analysis resultsa correction factor for hase
pressure must be applied.

RETRO ROCKET PARAMETERS

Parameter etro Rockets Predicted*
L 2 3 4 Total
Burning Time (sec) 2.15 2.20 2.15 2,25 ---- 2.15
Total Impulse {(N-s) 323,610 341,400 328,060 351,410 1,344 480 331,400
(1b-8) 72,750 76,750 73,750 79,000 302,250 74, 500
Average Thrust {N) 150,514 155,181 152,583 157,169 615,447 154,130
{1b) 33,837 34,886 34,302 35,333 138,358 34,650
Average Pressure (N/cmz) 911 335 920 944 .—-- R
(psi) 1,321 1,356 1,334 1,369
Firing Command (sec
range time) 148.5 148.5 148.5 148.5 147.7

pefinition of Terms:

}. Burning Time - Time interval between the intersection points on the zero thrust line
described by a line tangent to the rise of thrust at the point of inflection extended
to intersect the zero thrust line and by a line tangent tc the decaying thrust curve
at a point of reflection extended to intersect the zero thrust line,

2. Total Impulse - Area under thrust-versus-time curve,

3. Average Thrust - Total impulse divided by burning time.

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

& Predicted values were based on a propellant grain temperature of 289°K‘and an altitude
of 76,200 m (250,000 ft)
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G.7.2.1 ENGINE ANALYSIS

-1V -7 stage flight data analysis, which was
hased on an averall evaluation of burn time with re-
spect to propellants loaded and on any possible error
associated with these quantities, indicated that thrust
and specific impulse deviated from predicted by 0.8
pereent for thrust and 0,98 percent for specific im-
pulse based upon flight simulation,

The engine analysis performance characteristics
were reconstructed starting {rom LY, cooldown and
continuing to engine cutoff.  Three independent com-
puter programs wercused to gain statistical conlidence
in the reconstructed values and profiles.

Bascd on data obtained from the acceptance firing
of the $-TV-7 stage, propellantdepletiontime has been
predictedas 481, 17 seconds burn time. The actual de-
pletion time, determined by extrapolating from the
propellant residuals remaining at comman! cutoff,
would have been 482, 5 seconds or approximately 1.3
scconds longer than predicted.  The performance ex-
cursions were within the predicted bands and shapes,

Thrust, specific impulse, total propellant mass
flow rate and engine mixture ratio determined from
the engine analysis are presented in Figure G-11.
6.7.2,2 FLIGHT SIMULATION
Adjustmentof the propulsion paramuter his-
tories obtained by engine analysis was accomplished
by employinga six-degrec-ol-freedom frajectory sim-
ulation computer progeram incorporating u diffcrential
correction procedure. Theignition weight determined
from the engine analysis was considered known. The
results of the simulationindicate that the S-1V-7 stage
performance was very close to the performances of
previous S-IV stages, and was nearly a duplicate of
S-IV-5 performance.

The simulation was obtained by varying vehicle
thrust, mass flow, and pitch ptane engine misalign-
ment until the best fit of the actual trajectory param-
eters was obtained, The simulated trajectory matched
the actnal trajectory witha greater degree of aceuracy
thanon any of the previous flights. The following av-
erage deviations cxisted:

. Slant Range - 28 m
. Earih-Fixed Velocity - ¢.32 m/s
. Altitude - 44 m

[ S

Since the actual was very close to the simulated
trajectory, theonly significantuncertainties in the re-
sulis arc those due to pessible inaccuracies in post-

Actual

Thruet (100C X) Theust (1300 Ib)

~ — -Prediccad
420
L
410 o - 92
~e_l
.
\Vﬁ ~
D™~
400 -~ += 10
%w%‘\\)
~
130 o
] 100 200 e woe 60
5-1¥ Bure Tima (sec)
Flow Late (kg/e) Flow Racs {1b:w)
kL 2
“‘-.‘ ,’.—\
4h — P
\a... 1ne
. . — = =
sa == - - = -
03
92
] 100 200 100 400 300
$.1¥ Bure Time {nac)
Specific Impalsr (sec)
415 R s
w0 P - — — ™
I =
425
] 106 00 102 w00 %00
S-1% Burn Time {sec)
Mixtare Ratio {(LOX/LH)
5.
5.2 -
- L
7 ~ - o -
5.0 < = A T i, N
. r
7 \
l N
4.4
) 100 100 300 “00 500

8.1V Burn Time (sac)

TOTAL S$-1V STAGE PERFORM-
ANCE (ENGINE ANALYSIS)

FIGURE 6-11.

flight vehicle weight, inactual trajectory, andin thrust
and mass flow shape from the engine analysis. It is
estimated that these uncertainties could cause error
of up to 0.3 pereent in cach of the propulsion param-
elers,

Tahle 6 -1V compares the [light simualationwnd en-
wine analysis resulls to predicted values, Itean be
seen thai the S-1V-7 vehicle thrust and
impulse were lower than predicted, and that the ve-
hicle mass flow was nearly cqual to predicted,
previous flights, the vehicle specific imputse and
thrust, as determined by the trajectory  simulation
technique, were somewhat less than those determined
by engine analysis, indicating that the propulsion pa-
rameters determined Trom engine analysis are incom-
patiblie with the actual trajectory.

specific

As on

The {lighl simulation technique provides an ac-
curate determination of avehicle mass history, if the
vehicle weight at any point of the trajectory is accu-
rately known, The SA-7 flight simulation resultscom-
pletely verify the postlight vehicle mass  history



TABLE 6-1V, 8-IV-7 PROPULSION SYSTEM PERFORMANCE

Parameters Flight En
. ) ) gine

Predirted Simulation Analvsis
Longitudinal Vehicle (N) 399,477 395,909 399,450
Thrust (1bg) 89,806 89,004 83,800
Vehicle Mass Loss Rate (kg/s) 95.6 94. 9 54.8
(lbm/s) 210.8 209. 3 209.0

Longitudinal Vehicle
Specific Impulse (sec) 429 5 425.3 429. 6

Definition of Propulsiun Parameters

Longitudinal Vehicle Thrust accounts for engine cant angle, and includes helium heater
thruw t and thrust originating at the cooldown vents due to leakage of LHy through the

engine cooldown valves during engine operation,

Ullage rocket thrust and predicted

aerodynamic base drag (600.5 N or 135 lbg thrust effect) are not included,
Vehicle Mass Loss Rate includes all stage weight flowrates, such as the sum of indivi-
dual engine propellant weight flowrates, leakage of LH2 through the cocldown valves,

and helium heater propellant weight flou,

Ullage rocket flowrate is not included,

Longitudinal Vehicle Specific Impulse is vehicle longitudinal thrust divided by vehicle

mass loss rate,

*Average values between 90% $5-IV thrust and 8-IV cutoff,

obtained from the combinationof propellant sensor data
and stageweights, Using the actual initial mass as an
initial condition for the flight simulation, itwas deter-
mined that the S-IV cutoff mass derived from flight
simulation was within 6,35 kg (14 lbm} of the actual
S-1V cutoff mass measured duringflight by capacitance
probe data and point level sensor data,

6.7.3 INDIVIDUAL ENGINE PERFORMANCE

The six Pratt and Whitney RLL10A-3 engines,
which powered the S-1V stage, functioned satisfactorily
during prestart, siart, steady state, and cutoff. All
engine events occurredas scheduled, and performance
levels of all engines were consistent with performance
ievels established during acceptance testing,

6.7.3.1 ENGINE COOLDOWN

The engine cooldown periodwas 42, 0 seconds
for LH; and 10, ! seconds for LOX, The LOX con-
sumption for cooldown was approximately 68,04 kg
(150 lbm), or an average flow rate of 1,13 kg/s (2.5
lbm/s) per engine. The LH,consumption forcooldown
was approximately 136 kg (250 lbm), or an average
LH, flowrate of 0.454 kg/s (1.0 1lbm/s) per engine.
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6.7.3.2 START TRANSIEKTS
Normal start transients were noted for all
engines.  The engine thrust buildup at the 90 percent

level was achicved by all engines between . 88 and
2.18 seconds after start command, For comparison,
the chamber pressure transients at start are shown in
Figure 6-12, The individual engine chamber pressure
and the thrust overshoot during engine start transient
were negligible., Engine thrust overshoot values were
less than 5 percent on all engines.

6.7.3.3 STEADY STATE OPERATION

Satisfactory performance of the engines was
demonstrated throughout the flight. Average engine
specific impulse for the engines was 431,3 seconds
with a mean total engine thrust level of 401,390 N
{90,238 lbg), Maximum and minimum mixture ratio
levels during the flight were 5.25 and 4, 80 respec-
tively, The maximum mixture ratio occurred at a PU
valve angle of -14 degrees while the minimum oc-
curred at an angle of 21 degrees. Figure 6-13 shows
the deviations {rom predicted thrust and specific im-
pulse,
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6.7.3.4 CUTOFF TRANSIENTS

FEngine cutoff was initiated by a guidance sig-
nalat 621, 38 seconds. The six engine cluster exper-

ienced a smooth thrust decay and reached 5 percent
within 0. 128 to 0. 152 seconds, as shown in Figure
G-14, The total cutoff impulse subsequent to guidance
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cutoff signal from engine measurements was 50, 803
N-s (11,421 lb¢-s}, compared to a predicted nominal
impulse of 29,038 N-s (6,528 lbf—s) which was used
in the predicted trajectory and does not include the
8,807 N-s (1,980 lbg-s) due to relay time delay or the
2,224 N-s (500 Ibg-s) due to vent ducts, Analysis of
veloeity gains determined from guidance indicates a
cutoff impulse of 49,375 N-s {11, 100 lbf—s)

Aninvestigation of the continued higher than pre-
dicted cutoff impulse on the $-1V stage flights was
made, Comparisons of flight and engine acceptance
test data confirm the higher flight shutdown impulse
in that they show 0,01 to 0,02 second slower decay
characteristics forzall engines during flight. Because
of back EMF effects engine solencid movements can
be greatly affected by vehicle electrical circuits. Test
runs at Pratt & Whitney Aircraft indicate that the 39-
volt Zener Dicdes usedin the vehicle filter circuits at
the engine solenoids cause delays in solenoid actuation
times of approximately 0. 008 second. This effect,as
well as other electrical effects, is considered the
most likely explanation of the increased cutoff im-
pulse.

Asaresultof the investigation, it has been deter-
mined that the predicted value for cutoff impulse on
the S-TV stage of SA-9 will be changed to 48, 930 N-s
(11,000 lb-s) not corrected for engine cant,
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The following sketch illustrates the method used
in determining the cutoff impulse of each cngine,
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f,8 S-IV PRESSURIZATION SYSTEM

6.8.1 LH; TANK PRESSURIZATION

During the $-1V-7 {light, the LH, tank pres-
surization system performad satisfactorily., Figure
6-15 presents the LH, tank ullage pressures during
prepressurizalion, $-1 boost and 8-1V flight.

Pressure (N/cm?)

The LH, pump inlet conditions were maintained
within the engine specification requirements range
throughout flight except for NPSP, The LH, tank was
prepressurized with ground supplied helium from 11,0
N/em? (15,9 psi) to 24,9 N/em? (36,1 psi),

The ullage pressure decayed to 24, 1 N/em® (35.0
psiy at S-T liftoff. By the time of LH, prestart, the
ullage pressure had decayed to 23. & N/em? (34. 5 psi).
The ullage pressure decreased during cooldown and
was approximately 20,35 N/em? (29,8 psi) at 140.0
seconds, at which time the ambient helium makeup
was initiated by the ILH, tank ullage pressure switch
for the first time. The first makeup cyvcle lasted 3.5
scconds. Makeup was activated a second time at
150. 0 seconds, and this cycle lasted approximately
3.0 seconds. Approximately 0.34 kg (0,74 1bm) of
helium were used during makeup.

Inflight {uel tank pressurization is accomplished
by GH, which is tapped off the engine supply down-
stream of the main fuel shutoff valve and routed through

Pressure (psi)
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the fuel tank pressurizing valve. Prior to initiation of
step pressurizationonsignal {rom the propellant utili-
zation system at 488.4 seconds, the LH, tank ullage
pressure cycled between approximately 20. 3 and 21, 4
N/em? (29.8 and 31,1 psi). The initiation of step
pressurization opens the step pressure solenoid and
the tank pressure is allowed to approach the vent set-
ting. Theullage pressure increased from 20,8 N/cm?
(30.2 psi} at initiation of step pressurization to 26. 4
N/em? (38, 3 psi) at S-IV-7 stage cutoff.

The average pressurant temperature was approxi-
mately 186°K, The average pressurant flowrates ob-
tained during normail, control and step were 0,051,
0. 079 and 0, 124 kg/s (0,113, 0. 175and 0. 274 1bm/s},
respectively, Average ullage temperature at cutoff
was approximately 150°K. During the flight, 36,2 kg
(79,9 lbm} of GH, was used to pressurize the tank,
19.7 kg (43.5 lbm) of which was used prior to step
pressurization, .

The performance of the non-propulsive vent sys-
tem was as expecled. See Section VI for details on
system performance.
6.8.1.1 LK, PUMP INLET CONDITIONS
Bascd on engine performance data, the LH,
pump inlet conditionswere adequate.throughout the en-
tire flight, even though minimum required conditions
were not achieved for approximately 30 seconds (see
Figure 6-16). Minimum NPSP was 4.8 N/em? (7.0
psi) at initiation of step pressurization.

6,8.2 LOX TANK PRESSURIZATION

During the $-IV-7 stage flight, the LOX tank
pressurization system operation was satisfactory.
The LOX tank is pressurized with cold GHe from a
ground source immediately prior to liftoff. During the
S-1V powered phase pressure to LOX tank is provided
by the helium heater. Figure 6-17 presenis the LOX
tank ullage pressure during prepressurization, $-I
boost and S-1V flight.

Throughout flight, the engine total pump inlet pres-
sures were above 31,7 N/em® (46 psi) and the NPSP
were well above the minimum required limit of 10,3
N/em? (15 psi). At the initiation of automatic count
(150 sec prior to liftoff), the LOX tank was prepres-
surized to approximately 33.0 N/cen? (47, 9 psi) with
about 1.9 kg (4.1 lbm} of ground supplied helium.

Between 120 and 100 seconds before liftoff, the
LOX tank vent valve number 1 cycled 4 times, The
LOX tank uliage pressure then decayved to about 30.1
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N/em? (43. 6 psi) at approximately 60 seconds before
liftoff, after whichit leveled off and began to increase,
This prossure decay may have been due to flow from
a vent valve pilot which remained unseated from the
last vent until 60 seconds prior to liftoff,
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During S-1 boost, the LOX tank ullage pressure
remained relatively constant, which may be attributed
to a balance between a pressure decrease due to pro-
pellant slosh and a pressure increase due to the vent
valve purge.

As shown in Figure 6-18, the 8-IV-7 flight dem-
onstrated the successful operational capability of the
helium heater as an integral component of the stage
LOX tank pressurizationsystem. Helium heater igni-
tion was normal at the S-IV stage engine command,
with the combustion temperature rising rapidly to
above 556°K within three seconds. The combustion
temperature continued to rise for 140seconds of S-1V
stage powered flight, reaching a maximum of 1144°K
and then decreasing rapidly tooff-scale. Investigation
of other heater parameters, such as cold helium ori-
fice inlet temperature and heat flux, shows that the
combustion temperature drop was invalid, due to an
instrumentationfailure. TFive seconds after S-IV stage
engine cutoff, the combustion temperature rose sharp-
ly, showing the characteristic shape of the temperature
transient after cutoff.

Helium heater heat flux was satisfactory for the
fullduration of the S-IV stage powered flight, averag-
ing approximately 7. 61 x 104 watts (260 x 10° Btu/hr)
for two-coil mode and 5.42 x 104 watts (185 x 10
Btu/hr) for single-coil mode. The helium heater sec-
ondary coil control valve eycled 3, 5 times during S~IV
stage powered flight, with single-coil mode occurring
during 45.5 percent of this time, and two-coil mode
occurring during the remainder ofthe time. It isnoted
that the 5-1V-7 was the first flight stage that did not
incorporate the LOX tank pressurization backup sys-
tem. The LOX tank pressure demands and the normal
tank pressurization system operation were such that
the backup system was not required.

The performance of the non-propulsive vent sys-
tem was as expected. See Section VIII for details on
system performance.

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, The LOX pumpinlet temperature stabi-
lized at the bulk temperature of 90.4°K within 5 sec-
onds after engine start, The temperature then slowly
increased, maintaining an average of 91,81°K by the
time of §-1V stage cutoff. The inlet conditions shown
in Figure 6-19were within the specified limitsof tem-
perature and pressure throughout -1V operation. Cold
helium hubbling was initiated at 488 seconds prior to
liftoff and continued satisfactorily until its termination

Pressure (W cm?) Total LOX Pump Iniet Prassure Pressure (sl
¥, . I i e

-r 31
33

“ NIERAN I

-+ &
13 "2

/\/ + o7
12

3t
o

W 300
S-1V Burn Time (sect
Temperaburs ("X}

92.0

Total L0X Pumg Inlet Temperature

e

"l =

/

]
il U:-— ;
| .
! .
0.0 I 1 [
0 100 200 0 400 300

S-1V Burn Time (s&c)

Pressurs {psi)
5
+ W
" . -, + 3
| AN / A
\ oW
o /\\‘," 7 \ - 1
2 /\/ 1
\/
+ 3t
k3
L] 100 00 100 .00 300
S-1V Burn Time {sec)
FIGURE 6-19, LOX PUMP INLET CONDITIONS

at 188 seconds prior to liftoff. The LOX pump inlet
temperatures decreased in a normal manner and, at
termination of cold helium bubbling, were within the
range of 78.9°K to 81.4°K. This temperature range
compared favorably.with expected values. By pre-
start, the temperatures had increased to 92.2°K and
94, 2° K, both of which were within the required limits
of 90.3°K to 97.7°K. At engine start, the inlet tem-
peratures were between 90.6°K and 91, 1°K. A time-
history of LOX pump inlet temperatures during the
cold helium bubbling operation and the LOX pump cool-
down period is presented in Figure 6-20.

6.8.3 COLDHELIUM SUPPLY

During 8-1V stage flight, the cold helium sup-
ply was more than adequate. The pressure and tem-
perature inthe cold helium spheres at SA-7 liftoff were
2137 N/cm? (3100 psi) and 21, 9°K respectively, indi-
cating a helium mass of 57.4 kg {126.5lbm}. A lack
of temperature data for the number 2 cold helium
sphere during flight negates any determination of he-
lium mass in the bottles after liftoff. However, the
monitoring of pressure and temperature conditions at
the LOX tank pressurization control orifice, during
-1 boost and $-1V pbwered flight, verified that no
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makeup pressurization from the cold helium spheres
wasrequired prior to 8-1V ignition, Based upon inte-
gration of the pressurization flow rate during S-IV
burn, it was determined that 34.9 kg (77 1lbm} of he~
lium were consumed for LOX tank pressurization,
leaving aresidual of 22,5 kg (49,5 lbm} helium in the
storage spheres,

6.8.4 CONTROL HELIUM SYSTEM

The 8-IV-7 pneumatic control system operation
was satisfactory during preflight checkout and flight.
The control helium sphere was pressurized to approx-
imately 2027 N/em? (2940 psi}: itdecreased during S-I
powered flight to about 1986 N/cm? (2880 psi} and
reached approximately 1850 N/cm? (2690 psi) at S-1V
engine cutoff, The sphere temperature ranged from a
maximum of 292¢K at liftoff toa minimum of 267°K at
about 175secondsafter S-IV engine start. By the time
of 8-1V engine cutoff, the sphere temperature had in-
creased to 268°K.

The control helium regulatoroutlet pressure var-
ied between 344 and 327 N/em? {499and 474 psi) from
liftoff to S-IV engine start command, after which time
it stabilized at 330 N/em? (478 psi}. The change in
regulator discharge pressure reflects the change in the
ambient reference pressure,

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 980 kg (2154
Ibm) of LOX and203kg (447 ibm) of LH,. IftheS-IV-7
flight had been permitted to run to propeliant deple-
tion, the propellant utilization at depletion cutoff sig-
nal would have beén 99, 95 percent of the usable pro-
pellants loaded. The residual at depletion cutoff would
have been 22.7 kg (50 Ibm) 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 inlet.

Event LOX LH,
kg Ibm ki Ihm
First Motion 38,225 84,271 7,772 17,134
LH, Prestart 38,221 84,263 7,771 17,132
LOX Prestart 38,220 84,260 7,681 16,934
Ignition 38,163 84,135 7,857 16,881
PU Activation 37,903 83,562 7,800 16,755
Residual 977 2,14 203 447

The values in the table are based on separate
studies of telemetered subsystem and engine propel-
lant flow data.

6.9.2 SYSTEM RESPONSE

The PU system responded properly during
S-IV-7 flight and provided the necessary PU valve
movement to correct for the mass errors sensed by
the system., Figure 6-21 shows the actual movement
of the PU valve during S-1V stage flight,
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At the time of PU system activalion, the system
sensed a positive equivalent LOX mass error (excess
LOX 98,4 kgor 217 Ibm) and positioned the PU valves,
causing the engines to assume & higher mixture ratio,
The factors primarily responsible for this PU valve
excursion were non-linearitics in the system and the
initial LOX mass error sensed in the system. This
initial mass crror on SA-T was within the accuracy of
the loading system.

The average engine mixturc ratio excursions dur-
ing flight varied between 4.8 and 5. 28, which are well
within engine operational capabilities,

6.9.3 PU SYSTEM COMMAND
The PU syslem is designed fo originate three
commands:

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

The first two commands occurred 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
had decreased to 33,513 kg (73,884 lbm). The com~
mand was cbservedtooccur at 209, 74 seconds (8-1V-7
stage engine start command was 150, 14 sec). The
LOX mass at this time was 33,467 kg (73,783 1bm) ,
which was within the expected tolerance range.

The LH, Tank Step Pressure Command was sched-
uled to occur when the PU system indicated that the
L.OX mass had reached 11,476 kg (25,300 thm). This
command was observed to occur at 483.11 seconds,
at which time the LOX mass was 11,378 kg (25,085
lbm). This mass value was within tolerance.

6.10 S-IvV-7 HYDRAULIC SYSTEM

The $-1V hydraulic system's performance was
satisfactory throughout the SA-7 flight. The sequence
valves opened upon command, and the accumulators
provided an adequate supply of high pressure oil to
preposition the engines prior to engine start, When
the engine driven pumps achieved a stabilized output,
the accumulators hottomed in an oil filled position.
T'his reactionwas as expected, The accumulators are
not required to absorb pump pulsations or pressure
surges; system compliance provides the necessary
damping.

Engine position control was maintained after en-
gine cutoff for the following lengths of time:

22 sec minimum
21 sec
21.5 sec

Engines 1,4,53, & 6

Engine 2

Engine 3
Engines 1, 4, 5& & still had a positive accamulator
charge at the time (22 sec) noted: the onboard re-
corder playback interrupted the pertinent data trans-
mission at that time, preventing an accurate placing
of the accumulator fluid exhaustion point,
6.11 ULLAGE ROCKETS

Ullage rocket performance was satisfactory.
The ullage rocketignition commandwas givenat 148. 34
seconds. After ignition command the chamber pres-
sure of rockets 3and 4 began to increase immediately,
while the chamber pressure increase of rockets 1 and
2was delayedapproximately 0.05 second. Thecham-
her pressure rise rates, which were similar for all
four rockets, required approximately 0.03 second to
increase from 0 to 689 N/em® ( i, 000psi}, represent-
ing a rate of approximately 23,000 N'em?/s (33,000
psi/s). The chamber pressures during mainstage
operations were nominal, averaging approximately
710 N/em? (1,030 psi). The burn time above 90 per-
cent thrust level, corresponding to chamber pressure
of approximately 620 N/em? (900 psi), was 3,7 sec-
onds, which compares favorably with the required min-
imum of 3 seconds.

At burnout, the chamber pressures of ail four
rockets decreased simultaneously. Actual flight data
compared with the manufacturer's data revealed an
overall performance level that was slightly above the
typical manufacturer-specified performance level for
a grain temperature of 294°K. It should be noted that
when the ullage rocket pressure sensing lines were
installed, they were empty, not oil filled. Rocket
thrust data, presented in Figure 6-22, show that the
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total longitudinal impulse (the impulse parallel to the
axis of the stage) was 270,452 N-s (60,800 lb-s),
which was within 0, 5percent of the predicted nominal,

42

Rocket jettison was satisfactory, with all rockets
being jettisoned from 12,1 to 13, 3 seconds after ullage
rocket ignition command,
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SECTION VII,
7.1 SUMMARY

The overall performance of the guidance and
control system on SA-7 was satisfactory. The vchiele
responded properly to the simultaneously executed roll
and pitch programs which began shortly after liftoff.
As expected, a counterclockwise roll moment, due to
the unbalanced aerodynamic forces eaused by the §-1
turbine exhaust ducts, generateda vehicle roll attitude
error (3.5 deg at 60 sec), Minor changes in pitchat-
titude and engine cefiection were noted due to the
change incontrol system gain coefficients at 110 sec-
onds and due to a change in total thrust vector align-
mentat [ECO, The roll torque due to the thrust vector
misalignment caused only a 0.2-degree clockwise voll
attitude error shortly after liftoff; after IECO the angle
increasedto 0. 4 degree. These values are very small
compared with SA-6 which experienced roll angles of
1degree after lifioff and 3 degrees after IECO, These
reduced roll angles are due primarily to the much
smaller roll torque on SA-T and secondarily tothe fact
that the roll gain was held constant throughout S-1
powered flight (on SA -6 it was reduced hy 50 percent
at 110 scc).

A vehicle roll deviation of 5. 9 degrees developed
during S-1 stage separation due to a much larger than
expected misalignment of the S-IV ullage rockets,
When the S-IV control system became effective about
two seconds after separation, the roll angle was rap-
idly reduced, During this correction, thc maximum
roll rate of 5, 6 dep/s was observed,

At path guidance initiation the vehicle's space-
fixed velocity was about 1 percent higher than nominal,
This condition caused the guidance system to issue a
nose down pitch steering command correction which
peaked at 4,5 degrees at 190 seconds. During this
period (at 169 sec), the ST-124 platform issueda
maximum nose up pitch aititude error signal of 2,3
degrees to the vehicle flight control system,

In the yaw plane, the computer data showed that
the vehicle was to the left (-12,2 m/s and -460 m) at
guidance initiation. Consequently, the guidance sys-
temn issued maximum steering corrections of -5, 7 deg
Xy and 1.6 deg vy, (nose right and CW viewed from
rear). During this time (at 174 sec}, the largest at-
titude error signals issued by the ST-124to the vehicle
flight control system were 2, 4 degrees nose left yaw
and 0, 6-degree roll (CCW viewed from rear), The
maximum yaw and roll attitudes resulting from the
inttiation of yaw plane guidance were 5, 6 degrees nose
left and 0, 85-degree CW, occurring at 174 seconds.

GUIDANCE AND CONTROL.

The overall performance of the guidance system
was satisfactory. At guidance initiation the computer
indicated that the vehicle was to the left of the planned
trajectory; 250 scconds later, these initial values of
-12,2 m/s and -460 m reached 0 m/s and -190 m,
However, due to the increasing S-TV stage center of
gravity offset, the digital computer velocity increased
to-0.4m/s at 500 scconds and stabilized at that value
through S-IV cutoff. The displacement {rom the ref-
erence trajectory measurcd at that time was -254 m
(to the left).

The pitchplane steering misalignment correction
term (y,.) {introduced some 6 sec after guidance ini-
tiation) ranged from 1, 0 degree to 1, 4 degrees at the
end of path guidance, well within the expeeted limits,
At §-IV guidance cutoff command, the space-fixed ve-
locity vector caleulated by the digital computer was
7806.0m./sand the altitude (calculated from computer
data) was 184,6 km. These measured values com-
pare favorably with the cutoff velocity presetting value
of 7806.0 m/s and the precalculated altitude of 185, 3
km., At S-IV cutoff command, the adjusted powered
flight tracking data show that the actual space-fixed
velocity was 7807,8 m/s (1.8 m/s larger than the ve-
locity presctting) and the actual altitude was 184, 3 km
{1, 0 km lower than the precalculated altitude),

The inertial velocity components measured hy the
ST-124 accelerometers are in agreement with those
calculaied by the digital computer, The predicted
{bascd on the ST-124 system's 3¢ errors} and meas-
ured inertial velocity component differences (i, e.,
accelerometer~tracking) at S-IV cutoff were:

Velocity Predicted Difference Measured
Component {m/s) Difference
{m’s)
Range = 0.4 -1, 0
Altitude + 1.6 3.6
Cross Range =1.8 4.7

The measured differences are approximately two
and one-half-times larger than those predicted for the
SA-T flight and areduc principally to the development
of large stabilized platform leveling errors after 8-1
ignition, The inertial velocity component differences
(accelerometer-tracking) calculated using the labora-
tory measured ST-124 system errors (plus the pre-
ignition range and cross range accelerometer leveling
errors and the azimuth misalignment) fall well within
the 30 error bands,
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7.2 SYSTEM DESCRIPTION

SA-7 was the first Saturn I vehicle to employ a
fully active §T-124 guidance system. The principal
functions of this system are to:

1. Generate attitude error signals for vehiele
control and steering throughoui flight.

2. Issue timed discretes to the Spacecraft, In-
strument Unit, $-IV and $-1 stages for sequencing ve-
hicle events throughout the entire flight period.

3. Compute and issue steering commands for
active path puidance during S5-IV stage burn.

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

The ST-124 guidance system consists of the ST-
124 stabilized platform assembly and electronics box,
the puidance signal processor and the digital comput-
er. Figure 7-1 shows the interrelationship between
the components of this system and their integration
with the elements of the vehicle's control system. The
operational periods of these major guidance and con-
trol system components are also indicated.
7.3 CONTROL ANALYSIS
7.8.1 S-ISTAGE FLIGHT CONTROL
7.3.1.1 PITCH PLANE
Pitch plane deviations were small through-
out S-I stage flight with maximum values observed in

the Mach 1 to max Q region., The maximum deviations
in the control parameters were:

Range Time

Parameter Magnitude (sec)
Attitude Error (deg) 0.9 54,5
Angle-of-Attack (free stream)
(deg) -1.0 75. 0
Angular Rate (deg/s) -1.2 64, 2
Normal Acceleration (m/s?) -0.8 75,0
Actuator Position (deg) -1.8 75.0
Angle-of-Attack Dynamic
Pressure Product
(deg-N/em?) 3.7 75. 0

This is the first flight in which the digital com-
puter provided the pitch program. It utilized a five-
term polynominal to generate the required vehiele
pitch rate. The vehicle pitch commands were properly
executed by the guidance and control system. The ve-
hicle hegan to pitch over at 13.5 seconds; the program
continued until 136.6 seconds where it was arrested
at 66. 75 degrees from the launch vertical.

First mode slosh frequencies 10,7 to 1,5 Hz) of
the S-1 propellants ave indicated by the pitch angular
rates during S-1 stage flight. These slosh forces are
largest during the max @ region: the resulting angular
rates are = 0. 3 deg/s.

The pitch program was based on a zero wind pro-
file. The largest pitch wind was 12 m‘s observed
during the max Q region. A wind velocity change of
4,7 m/s over a §50 m altitude increment caused the
maximum angle-of-attack of 1 degree at 75,0 seconds
(74, 4 km altitude).

Figure 7-2 shows comparisons of the rawinsonde
and angle-of-attack winds and angles-of-attack, The
angle-of-attack winds which were calculated using the
Q-ball angle-of—attack measuring system are in good
agreement with rawinsonde winds, During the maxi-
mum dynamic pressure region (60 to 80 sec), the
angle-of-attack determined from rawinsonde winds is
within 0.2 degree of that measured from the (@-hall
and the fin angle-of-attack meters, From 100 to 115
seconds, the measured angle-of-attack and that cal-
culated using rawinsonde winds agree within 0.5 de-
gree, These parameters indicate good operation of
the measuring devices in the region of substantial dy-
namic pressure,
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The performance of the control system was sat-
isfactory; however, there is evidence of a significant



disturbing moment in both the pitch and yaw planes,
A six-degree-of-freedom ({6-D) simulation of the te-
lemetered values, made by using Q-ball angle-of-
attack winds and an external nose down moment, is
compared with the flight data in Figure 7-3, This
moment has 2 maximum value of 698,000 N-m at 76
seconds and appears to have a shape related to the dy-
namic pressure., The cause of this moment is not
known at this time. Agreement between the 6-D sim-
ulation andthe telemetered values is within 0, 2 degree
in attitude error, 0,2 deg/s in angular rate, 0.15 de-
gree in actuator position, and 0.2 degree in angle-of-
attack during the max Q region,
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7.3.1,2 YAW PLANE

The performance of the control system in
the yaw plane was satisfactory. The maximum con-

trol values were:

Range Time

Parameter Magnitude (sec)
Attitude (deg) -0.6 72,1
Angle-of-Attack (free stream)
(deg) 1.4 67.5
Angular Rate (deg/s) -0,3 68,7
Normal Acceleration (m/sg) 0.7 67.1
Actuator Position {deg) -0,9 77.0
Angle-of-Attack Dynamic
Pressure Product
tdeg-N/cm? 5,1 67.5
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The rawinsonde and angle-of-attack yaw plane
winds are shown in Figure 7-4, The maximum wind
(15 m/s) is only about 1/5 of the 95 percent design
wind,
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The yaw attitude, angular rate, and average ac-
tuator position shown in Figure 7-5 indicate that per-
turbations in the vaw plane were very small. The
peak yaw aftitudes which oceur during the max QQ re-
gion are due to wind shears,
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The vehicle appears to be trimming for a lateral
CG offset towards Fin IV, At 140 seconds the attitude
deviation is equivalent to a CG offset of {.Bem (0.7
in,), which is half the magnitude but in a direction
opposite to that predicted. No explanation has been
found for this minor deviation,

An external yaw moment is required in addition
to the angle-of-attack winds to simulate the teleme-
tered control deviations, This required external
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moment has a maximum value of 420,000 N-m at 74
seconds, Agreement between the 6-D simulation and
the flight data is within 0,1 degree in attitude, 0.1
deg/s in angular velocity, 0.1 degree in actuator po-
gition and 0.3 degree in angle-of-attack during the
max Q region.

7.3.1.3 CONTROL DESIGN PARAMETERS

A comparison of total actuator deflection,
angle-of-attack, and dynamic pressure angle-of-attack
product between the flight resulis of SA-T7 and Block
II control system design criteria values is shown in
Figure 7-6, The design value is bascd on a 35 percent
non-directional wind velocity with 20 shears and 11
percent variation in acrodynamics. Two ¢ variations
in propulsion system performance and mass charac-
teristics are also considered in arriving at the design
values, The SA-7 data are similar to those of SA-5
and are well within the design values,
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FIGURE 7-6, COMPARISON OF VEHICLE CONTROL
PARAMETERS WITH DESIGN CRI-
TERIA

7.3.1.4 ROLL PLANE

Immediately after liftoff SA-7 rolled coun-

terclockwise to a steady state value of 0. 2 degree (see

Fig. 7-7). This indicates an S-I thrust misalignment

in roll equivalent to 0, 3-degree engine deflection for

each control engine, At 1i.35 seconds the required
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FIGURE 7-7.

launch-to-flight azimuth roll maneuver program be-
gan, rotating the vehicle's pitch and yaw axes into
coincidence with the stabilized platform axes. The
15-degree roll program, executed at a rate of 1 deg/s,
was completed at 26, 4 seconds (Fig, 7-8). On pre-
vious Block II {lights, the ST-90S stabilized platform
was utilized to generate the roll attitude error signal
to roll the vehicle from the 90-degree launch azimuth
to the 105-degree flight azimuth. On SA-7, the digital
computer issued a constant command rate to the Xy
resolver to cause the ST-124 system to generate the
roll attitude error signal used te accomplish the ma-
neuver,

Roll Command and Roll Attitude (degl

0 4 8 12 16 20 24 N %2
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FIGURE 7-8, RCOLL ATTITUDE DURING ROLL

MANEUVER

The roll axis maximum control values measured
during 8-1 propelled flight were:

Parameter During Rell Maneuver After Roll Maneover
(Magnitude)(Range Time){Magnitude)(Range Time)
Attitude Error (deg) 1.3 13.% -3.% 59.%
Angular Rate (deg/s) -1.2 151 .7 &2.7
Engine Deilection Roll -L.2 15.¢ EEV) €5 ¢
(deg)
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The aerodynamic roll moment observed on all
previous Block II flights was observed on SA-7, This
moment is due to the aerodynamic flow effects asso-
ciated with the turbine exbaust ducts at the tail of the
S5-I stage;, The resulting attitude error reached a
maximum value of 3.5 degrees CCW {viewed from
rear) at 59,5 seconds. The comparison of the caleu-
lated roll moment coefficient with the wind tunnel
measurements is generally consistent with the pre-
vious Block II flight resuits (Fig. 7-9),
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FIGURE 7-9, ROLL ATTITUDE ERROR AND ROLL
MOMENT COEFFICIENT

AtIECOthe roll attitude error changed from 0, 2-
degree to 0, 4-degree CW {viewed from rear) indica-
ting an average thrust misalignment in roll of ¢, 06-
degree C\W per contro! engine and 0, 03-degree CCW
per fixed engine. These angles were only about 10
percent of the SA-6 values,

On SA-6 the roll gain coefficient was reduced by
50 percent after 110 seconds, After the flight data
were analyzed, it was decided to keep the roll gain
coefficient constant throughout 8-I burn on SA-7 to
prevent the possibility of the control system satura-
ting under large roll moments, This 100 percent in-
crease in the static roll moment capacity after 110
seconds reduced the roll angles on SA-7 by 50 per-
cent,
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7.8.2 S-IV STAGE FLIGHT CONTROI,

The performance of the S-IV-7 flight control
system was satisfactory. The piich, yaw and roll planc
parameters are presented in Figures 7-10, 7-11 and
7-12 respectively. A large roll deviation developed
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FIGURE 7-i0. PITCH ATTITUDE ERROR, ANGU-
LLAR RATE AND AVERAGE ACTU-~
ATOR POSITION
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immediately following S-1 stage separation due toa
large 8-IV ullage rocket misalignment (see Section
IX). During the 2-second period from separation un-
til the S-IV stage control system became effective,
the roll attitude error increased to 5.9 degrees C\W
{viewed from rear), The S-IV control system elimi-
nated the roll attitude error rapidly, with very little
overshoot, by introducing & maximum angular roll
rate of -5, 6 deg/s. No conirol disturbances resulted
from LES tower jettisonatseparation plus 12 seconds.

The conirol system respended properly to guid-
ance initiation, The initiation of yaw plane delta-
minimum path guidance at 165, 74 scconds caused the
vehicle yaw attitude tobuildupto 5.6 degrees at 174, 0
seconds and the roll attitude to reach 0,9 degree at
168, 6 seconds ( Fig. 7-13). These vehicle attitudes
resulted from the controt system's response to the Xy
and Xy steering commands which were generated by
the digital computer to correct out the cross range
velocity and displacement deviations of -12.2 m/ss and
-460 m which existed at guidance initiation, The peak
attitude errors sensed hy the §T-124 plaiform were
~2,4 degrees in yaw at 168, 4 scconds and 0.6 degree
inrollat 168, 9 seconds. The yaw plane stecring com-
mands were reduced to near zero abow 85 scconds
after guidance initiation,
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FIGURE 7-13.

VEHICLE RESPONSE TO YAW
PLANE GUIDANCE INITIATION

Due tothe higher than predicted S-1 stage propul-
sion system performance, the space-fixed velocity at
guidance initiation was 32 m/s above nominal. The

digital computer issueda pitch plane steering corree-
tion of 4.5 degrees (nose down) from nominal to ad-
just the flight path for the excess veloeity condition,
A maximum pitch attitude error of 2,3 degrees at
169. 2 seconds resulted from guidance initiation ( Fig,
7-14}, At guidance initiation, the pitch steering com-
mand was 66,75 degrees: it then increased to 75 de-
grees at 188 seconds to gencrate the vehicle nose down
steering correction mancuver, Some § seconds after
the initiation of pitch plane path adaptive guidance, the
steering misalignment correction term (X7,) was in-
troduced to compensate for off-nominal conditions in
the pitch plane (offsct CG, thrust variations, etc.).
The Xz, term increased from about 1 degree at 170
seconds to 1.4 degrees at the end of path guidance,
{ The predicted maximum value for the steeving mis-
alignment correction term is about 2,5 deg) .
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FIGURE 7-14. VEHICLE RESPONSE TO PITCH
PLANE GUIDANCE INITIATION

The S5-IV stage experienced maximum thrust vec-
tor misalignments of approximately 0.05 degree in
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pitch and 0, 02 degree in yaw, Due principally to the
increasing CG offset during S-IV burn, the pitch atti-
tude error increased from 0,45 degree nose up at 250
seconds to 0.85 degree nose up at S-IV cutoff; the
mean yaw attitude error increased from 0,45 degree
nose left at 250 seconds to 0.67 degree nose left at
S5-IV cutoff, These values agree very closely with the
corresponding preflight predictions (basedon CG off-
set and individual engine thrust levels) of 0, 47 degree
and 0. 73 degree in pitch and 0, 49 degree and 0, 69 de-
gree in yaw, Both the pitch and yaw attitude ervrors
were larger than those experienced on S-IV-6: how-
ever, these increases were predicted because the re-
moval of the backup helium bottles introduced larger
than normal CG offsets, The mean roll attitude er-
ror was less than 0, 1 degree through S-1V flight.

Engine deflections, except for the period required
todamp out the roll deviation at separation, remained
small throughout flight. After the guidance initiation
transients were controlled out, the maximum engine
gimbal angle required wus only 0.5 degree.

Vehicle steering commands were arrested when
the space-fixed velocity vector computed by the guid-
ance systern reached 7760 m/s ( Fig, 7-15), This oc-
curred about 2 seconds before S-IV guidance cutaff
command, Due to the increasing yaw attitude error
during S$-IV burn, the measured cross range velocity
reached a steady-stage value of -0,4 m/s (left of the
reference trajectory plane) and the cross range dis-
placement was about twice nominal at S-IV cutoff,
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FIGURE 7-15, PITCH STEERING COMMAND

The angular rates resulting from steering arrest
and S5-IV engine shutdown were nearly zero. At the
end of S5-IV thrust decay the angular rates were -0, 03
deg/s in pitch, -0.04 deg/s in yaw and 0, 06 deg/s in
roli,
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7.4 FUNCTIONAL ANALYSIS

7.4.1 CONTROL SENSORS

7.4.1.1 CONTROL ACCELEROMETERS

Two body-fixed control accelerometers lo-
cated in the Instrument Unit provided partial load re-
lief in the pitch and yaw planes between 35 and 100
seconds, Peak laternl accelerations of 0.5 m/s? in
pitch and 0.7 m/s? in yaw were measured near max
Q. Figure 7-16 shows the measured lateral accetera-
tions transferred to the vehicle CG, The following
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FIGURE 7-16. PITCH AND &AW CONTROIL, AC-

CELEROMETERS

frequencies were evident during some portion of $-1
propelled flight when accelerometer control was ac-
tive:

I'requency (Hertzy Cause

1.2 S-I propellant sloshing
3.7- 4.5 Vehicle second bending mode
-6 Vehicle {irst torsional mode

The maximum RMS amplitude of the noise superim-
posedupon the signal was about 0.1 m /%, The accel-
crometers functioned satisfactorily throughout the
flight.
7.4.1.2 ANGLE-OF-ATTACK SENSORS

Pilch and yaw angle-of-attack components
were measured by a Model Fi6 Q-ball angle-of-attack
meter mounted on the tip of the Launch Escape Sys-
tem ( LES) and by fin mounted Edcliff angle-of-attack
meters mounted on booms at the tips of Fins [ and II,
Both type meters indicated good comparisons with the
computed angle-of-attack (Fig, 7-17), This com-
parison included pitch misalignments of 0.0 degree
for (-hall and 0, 3 degree for the fin mounted meters
and yaw misalignments of 0, 45 degrec for ()-ball and
0.25 degree for the fin mounted meters., After
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adjusting for the upwashfactor, the fin mounted angle-
of-attack data were in good agreement with the Q-ball
from 20 to 92 seconds in pitch,-and from 20 to 120
seconds in yaw, During the max Q region, the maxi-
mum pitch angles-of-attack indicated were -1, 0 de-
gree (Q-ball) and -0.9 degree (Fin Meters), Maxi-
mum yaw angles-of-attack indicated were 1, 4 degrees
(Q~ball} and 1, 3 degrees { Fin Meters).

7.4.1.3 RATE GYROS

The SA-T vehicle was instrumented with
three rate gyro packages:

i, A 110 deg/s range,3-axis, control rate gyro
package, located in the Instrument Unit, was used to
provide pitch, yaw and roll angular rate information
for vehicle control throughout flight, A control sig-
nal processor is used with the gyros to distribute ac
and dc power to the gyro package and to demodulate
the ac rate signals for input to both the flight control
computer and the telemetry system.

2. Thesecond rate gyropackage is a3-axis, =10
deg/s range, self contained control type unit which is
being flown for developmental purposes and is located
in the thrust structure area of the S-I stage,

Analysisof the pitch and yaw rate gyros from both
=10 deg/s packages indicated that the vehicle was re-
sponding to the first four bending mode frequencies

(2,0 to 2.2 Hz, 3.7to 4.5 Hz, 4,1to 5.3 Hz and 6.3
to 9,0 Hz) during S-1 burn, The two roll rate gyros
responded to the first torsional mode frequency (3.1
to 6.7 Hz) during S-I propelled flights, The rate gy-
ros did not measure any appreciable bending or slosh-
ing during S8-IV burn, The performance of the rate
gyro system used in controlling the vehicle was sat-
isfactory,

The angular rate data telemetered from the con-
trol rate gyro system inthe Instrument Unit were cor-
rect upto LOS at Pretoria, South Africa, (40 min). At
Carnarven, Australia, AOS,the angular rate informa-
tion was no longer usable due to the depletion of the
short life battery affecting the F6 telemetry system,
See Section XII for the detailed analysis of this condi-
tion,
7.4.1.4 HORIZON SENSORS
TFour horizon sensors were flight tested on
SA-7, They were attached to the outside skin of the
Instrument Unit and oriented as shown on the sche-
matic in Figure 7-18. Except for a brief period dur-
ing the first orbit, only sensor | performed satis-
factorily. Sensors 3and 4oscillated randomly between
0and 5 degrees and 0and 1 degree respectively, while
sensor 2 swept over to its stop at a 65-degree deflec-
tion angle and remained there throughout most of the
flight, Sensor 1 locked on the horizon at 228. 2 sec-
onds and remained locked on until the horizon passed



sensor Orientation

FIGURE 7-18. HORIZON SENSOR ORIENTATION
AND SWEEP ANGLES

from its field of view at 794 seconds. Figure 7-19
compares the telemetered sensor angle from sensor
1with the calculated angle for this sensor determined
from the ST-124 attitude angles and the vehicle alti-

tude,
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FIGURE 7-13. HORIZON SENSOR ANGLES

Figure 7-19 also shows the performance of sen-
sor 1 immediately after orbital insertion, However,

with only one sensor operating, the attitude angles
cannot be determined.

Horizon sensor data were yveeeived at Ascension
{from 1230 to 1711 sceonds., At 1689 seconds, sensors
1, 2, and 3 locked on and tracked the horizon until
telemetry loss at 1711 seconds, Figure 7-20 shows
the pitch and roll attitude angles computed from the
horizon sensor angles. The rate of change of these
angles agrees very well with rate gyro informittion
during this time. Theaverzge calculatedaltitude from
the sensors (Fig. 7-20) agrees with the altitude deter-
mined from orbital tracking.
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7.4.1,5 RESOLVER CHAIN ERROR COMPARISON

The total resolver c¢hain crror in any axis
is the anple difference hetween the output angle gen-—
crated by the ST-124 and the input angle commanded
by the digital computer.
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A comparison between predicted and calculated
pitch axis resolver chain error is shown as a function
of the pitch command resolver angle (Xy) in Figurc
7-21. The calculated resclver error was obtained by
subtracting the calculated pitch attitude error from
the telemetered attitude error, The calculated atti-
tude error was obtained from a vector halance using
the guidance system measured space-fixed accelera-
tion, the body-fixed pitch and longitudinal accelera-
tions, and the telemetered pitch steering command
{(Xy). predicted and calculated values of pitch axis
resolver error are ingood agreement for both §-1and
S-TV flight stages. The effects of this crror on the
guidance are discussed later in this scction,

Sty My,
A.p' » Takemsterag piich attitude errar

A!PC + Cakculatea pilch aRtitude error

Resohver Chain Error, € weg!

a4
L e

0,20 2 0 L4

e

| = 50 5 125 150 Hlk
oo o R|nqo !imc (38 ’&m
04 ©

e ]s)
£ 0000

Lok lated {gp) —

o

as A—-p e ter

FIGURE 7-21, CALCULATED AND PREDICTED
PITCH AXIS RESOLVER CHAIN

ERROR

The maximum predicted resolver chain crrors
in the yaw and roll axis were less than 0.1 degrec;
therefore, a comparison between predicted and calcu-
lated errors is not practical,
7.4.1.6 FLIGHT CONTROL COMPUTER AND
ACTUATOR ANALYSIS

The commands issued by the control com-
puter to position the actuators werce correct through-
out the entire controlled flight period of both stages,
These commands were well within the load, gimbal
rate and torque capabilities of the §-1and 8-IV actua-
tors, Fxcept for near maximum S5-IV actuator deflec-
tions at separation, due to the roll deviation, the cn-
gine gimbal angles were guite gmall throughout flight.

The S-I stage telemetered attitude errorvs, angu-
lar velocities, and controlaecelerometer signals were
analyzed with an open loop analog simulation of the
control filters, The calculated values werce within 0.2
degree of the telemetered data. This small error is
within the range of telemetry errors,

The following tabulation prescnts a summary of
the maximum measured gimhal actuator flight data;

T eEms ey

§-1 Stage {maximum acluator deflection was 1.7 ‘eg)

Lvent
Parameler Type of Nala Lifteff Max Q QECO
Gimbal Rate Measured i 1.5 0.3
{deg/s) Desipn Limit i7
Torque Measured §, 200 9, 400 15,500
(N-m} Desipn Limit 29,200
S-1V Stage tmaximum actuator defllection was 3. 0 deg?

Evenl

Parameter Type of Data Tumition Cutol]
Gimbal Rate Measured 4.3 9,5
(deg/s) Desigm Limit 19
Torque Measured 5336 356
[N-m) Design Limit 1,140

The performance of all &-Tand S-

was satisfactovy,

IV stage actuators

7.5 PROPELLANT SLOSHING

7.5.1 §-1 POWERED FLIGHT PROPELLANT
SLOSHING

8-1 stage sloshing was monitored by means of
differential pressure measurements in three of the
nine propellant tanks f LOX tank 02, fuel tank F4, and
center LOX tank) similarto the previous Saturn Ive-
hicles, The maximum slosh amplitudes (peak to peak)
obscerved on SA-7 were 15 em in all the S-T tanks and
7 em in the S-IV tanks during max Q (TFigs, 7-22 and
7-23). All observed slosh fre({uencics {ollowed the
predicted first mode except the center LLOX tank fre-
guency which was slightly higher than predicted.

7.5.2 S-IV POWERED FLIGHT PROPELLANT
SLOSHING

7.5.

[~

.1 LOX SLOSHING

The LOX sloshing amplitude and frequencey
arc shown in Figures 7-24 and 7-25, S-TV-7 LOX
sloshing amplitudes corrclate well with those calcu-
lated on previous flights, except for the buildup in
amplitude during the latter portion of 8-Tv-5 flight.
This difference resulted from the change of actuators
that took place after the S-Tv-5 flight, The non-
linearities in the actuators on S-IV-5 tended to excite
the LOX sccond mode sloshing, This tendency re-
sulted in a large amplitude indication, since the loca-
tion of the PU probc makes it extremcly sensitive to
second mode sloshing,
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The LOX sloshing frequency data agreed well
with the S-IV-6 flight first mode frequency data and
with the theoretical first mode frequency curve, The
higher frequencies seenon S-IV-5 as explained above,
were a result of non-linearities in the actuators and
in the location of the PU probe,
7.5.2.2 LH,; SLOSHING
The 5-1IV-7 LH, sloshing amplitude and fre-
quency are shown in Figures 7-24 and 7-25. The LH,
sloshing amplitudes agree well with those observed
on previous flights. The sloshing frequencies were
nearly identical to S$-IV-5, and S-IV-6 first mode
flight data and to the theoretical first mode frequen-
cies. The higher mode frequencies seen on the 5-IV-6
flight were not evidenced on 8-IV-7,

7.6 GUIDANCE SYSTEM PERFORMANCE

Although the overall performance of the ST-124
guidance system (ST-124 stabilized platform and
electronic box, guidance signal processor and digital
computer) was generally satisfactory, certain devia-
tions were observed which required further investiga-
tion, Detailed analysis of the telemetered data from
the gnidance system revealed that:

1. The predicted and actual guidance intelli-
gence errors were in wide disagreement,
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2. The actual space-fixed velocity vector at S-
IV cutoff was 1, 8 m/s larger than the digital computer
value of 7806.0 m/s { identical to velocity presetting).

3. The digital computer's gravity term was
slightly in error before liftoff.

4, The digital computer sequencing discretes
were issued with a small time delay.

5, Minor velocity differences existed between
the accelerometers and the digital computer.

The detailed analysis of these deviations are prescented
in subsequent parts of this section,

7.6.1 GUIDANCE INTELLIGENCE FRRORS

(Guidance intelligence errors are defined as
the differences between the range, altitude and cross
range inertial velocity components measured by the
ST-124 accelerometers andthe corresponding param-
ciers calculated from tracking data,

The sources of the guidance intelligence errors
may be divided intotwo general categories, component
errors and system errors. The component errors,
scale factor and bias, are those which are attributed
directly to the guidance acecelerometers, The system
errors {contributed by the stabilized eclement on which
the accelerometers mount) are: gyro drift rates (con-
stant and g dependent), platform [eveling errors, non-
orthogonality of the accelerometer measuring direc-
tions and misalignment of the platform flight azimuth,
with the exception of the leveling and azimuth errors,
the above data were obtained by laboratory measure-
ments several weeks prior to launch, The leveling
and azimuth deviations were determined from data
which were available only at liftoff.

The predicted ST-124 inertial velocity errors for
the SA-7 flight test were based on laboratory calibra-
tion of the ST-124 stabilized platform system (Table
7-I}. Three o deviation vailues for accelerometer
leveling andazimuthalignment were used for the pre-
diction, The ST-124 system 30 tolerances were used
to develop an error band for each velocity component
to serve as a standard for comparison with the actual
inertial velocity crrors.

The ST-124 system error data used to calculate
the predicted andactual SA-7 guidance intelligence
errors are presented in Table 7-1. Note that there are
two different values listed for platform leveling er-
rors: thesmaller values were calculated fromteleme-
tered accelerometer data prior to S-1 ignition and the
larger values were obscerved at liftoff,

The telemetered ST-124 accelerometer (inertial)
velocities measured from vehicle first motion were
compared with the corresponding velocity components
determined from tracking, The differences between
the telemetered velocity data and tracking are listed
in Table 7-11 for the principal event times. In each
component, the velocity differences are much larger
than those calculated from the ST-124 3 o devia-
tions,

"GO RN



L

TABLE 7-L

-

S

SIGNIFICANT GUIDANCE INTE LLIGENCE ERRORS

b Aieleroreler Sl ' g
1T wame 2 oaed [T EEY T
*2er Feferen.e b

\rpar [ Lo R TP R I

TABLE 7-II,

COMPARISON OF INERTIAL GUIDANCE VELOCITIES

F Tvpe a7 Daes Tota! Velocicsr Rawpe Velooits Alortade Velovooy Cross Ramge Velowioy
Rande Tim Acrual vel, DrEf Actuan Vel Dart Attuxi Vel BEffL Sotaat Vel. DiEf
sel)
Accelerometer i3 1005
1ECO 338L % -13n
M Sie 33328 e
Aocel - Tracs -0.37 -1.n a6
Trars - Pregal 51,7 L2 e -
Avceleromeler 3538.0 1556, f
QECC Tracsing 35590 2487 - .
157,830 Ire. ilated 35056 AR VO i
Accel - Track -0.3 [ I
Track - Precal 334 5326 ad
Avecleremeter 6507
Tracaing 3ol H
Precaleuiated 1600, 5 i
Avevl - Trace -T. [ !
Track - Procal ar.6 52.2 ]
i T
. Arcelureneter ! oy i 29705 oL
5-1v P Tiackine * 1 re3e. 2 9 K N
Catoff Precalo:tated . N S.E ] 720 -0z
b21.33" aceel - Track wol -1 3.
Trade - Preval fi. Lo R B
Acccleroneter #1856 Bi%3 A L4
Tradaine * 2185 .3 lodr ¢ Lt
Precalvulabed Bl B Th2e - PN
Aliol - Trak (XN S L
Trace - Precal 1 L o

*Based urr Orbital Tracking.

The puidance intelligence errors predicted from
the laboratory data fall within the limits of the velocity
errors calculated from the 3 o tolerances. This in-
dicates the ST-124 system errors much larger than
those resulting from the 3 ¢ deviation must have de-
veloped prior to liftoff. Figure 7-26 also shows the
residual velocity errors remaining after the teleme-
tered accelerometer data were corrected for the fol-
lowing measured errors:

Attitude Accelerometer Non- -0. 008 deg
orthogonality

Platform Azimuth Alignment

Platform Leveling Errors
About 4 axis
About X axis

0. 004 deg

-0.030 deg
0. 050 deg

The residual velocity errors (A )xl =- 0.5 m/s;
AZ; =0,2 m/s) indicated by the

AY; = 0.5 m/s:
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cross~hatched area in Figure 7-26 are within the
tracking data accuracy (% 0.5 m/s). Table 7-1 lists
additional corrections thal would further reduce these
residual velocity errors,

7.6.2 GUIDANCE SYSTEM PERFORMANCE COM-
PARISONS

The digital computer's measured space-fixed
veloeities at S-IV cutoff are compared with tracking
and the precaleulated trajectory data in Table 7-TIL
The same data, corrected for the ST-124 errors de~
termined after flight and the computer initialization
errors, arc included in the comparison,

The difference hetween the total space-fixed vec-
tors for the measured and adjusted computer values
(-2.4 m/s} is about evenly divided between the range
veloeity and altitude velocity errors. Even though the
magnitude of the cross range velocity error is large
its offeet on the total velocity is virtually zero. The
compuier's adjusted total velocity agrees with the
tracking data within the tracking data tolerances of
¢ 0.5 m/s. The computer's measured space-fixed
total veloeily agrees exactly with the precalculated
veloeity (identieal to cutoff veloeity presetting) whieh
indicates that the computer functioned as cxpected
since the maximum predicied implementation scheme
dispersion was = 0.03 m/s. The total velocity differ-
ence hetween the measured computer data and track-
ing 1. & m/s) is much larger than the maximum pre-
dicted error of 0.4 m/s (based on the laboratory
measured ST-124 errors and the maximum predicted
computer initialization errors) prineipally due to the
large ST-124 leveling errors (see Ref, 9.

In Table 7-IV, the measured and the adjusted digi-
tal computer space-fixed velocities at orbital inser-
tion are compared with the corresponding tracking
and precalculated trajectory data, The adjusted com-
puter data have the ST-124 system and the computer
initialization errors removed.

The precalculated space-fixed vetocity compo-
nents and total velocity at orbital insertion were based
upon a total velocity gain of1.5 m/s due to S-IV thrust
decay impulse from the start of S5-IV engine shutdown
signal, However, il the correct predicted cutoff im-
pulse (from guidance cutoff command to the end of
thrust decay) is used, the precalculated total velocity

TABLE 7-TII. COMPARISON OF SPACE-FIXED VELOCITIES AT S-TV GUIDANCE CUTOFF

(621,375 SEC RANGE TIML)

Total Range Altitude Cross Range
Data Source Total Velocity Range Velocity Altitude ] Velocity Croas Range | Velocicy
velocity | pifference Velocity | Difference Velocity | Difference Velocity Difference
{m/a) (m/8) (m/s) (m/8) (m/n) (=/0) (m/s) (m/8}
Computer 7806.0 7291.7 -2785.2 -86.0
(measured}
Computer 7808 .4 7293.4 -2787.4 -90.6
tadijusted)
Tracking * 7807.8 7292.5 -2781.9 -90.2
Precalculated 7806.0 7297.3 «2770.5 -86.2
Computer -2.4 2,2 4.6
{meas-adjusted)
Computer-Tracking 0.6 0.5 -0.4
{adjusted)
Tracking-Precalculated 1.8 =114 -4.0

*Baged on Otrbital Tracking.
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TABLE 7-IV. COMPARISON OF SPACE-FIXED VE-
LOCITIES AT ORBITAL INSERTION
(631, 375 SEC RANGE TIME)
r Total Range Altitude Cross Range
Data Scurce Veloclcy Velocitcy Velocity Velocliey
(aln) (m/u) (miv} (m/w)
Computer 1808.7 7260.8 ) -28%2.0 -85.7
(mersured)
Computer 7810.9 7242.3 -2874.2 -89 8
(adjusted)
Tracxing (Orbital) 1810.4 72616 -2874 .7 -88.4
Precalculated 78075 1265 4 +2857.3 -85.5
Computer 222 -1.% 2.5 .6
(mess-adjunced)
Computer-Tracking 0.3 9.7 B.% -0.4
(adjusted)
Tracwing-Precalculated 2.9 -1.3 17.4 -3.9

would be 7808,8 m/s at orbital insertion; the pre-
dicted total velocity increase between cutoff and in-
sertion (2.6 + 0.4 m/s) would then agree favorably
with the tracking velocity difference of 2.6 m/s,

Using this value for the velocity increase, the
difference at insertion between the adjusted precalcu-
lated velocity and the tracking data is 1.8 m/s, which
is in agreement with the corresponding difference at
S-1V cutoff.

The performance of the yaw plane delta-minimum
guidance scheme is shown in Figure 7-27, The cross
range velocity and displacement (~12. 2 m/s and -460
m) at guidance initiation were reduced to minimum
values at about 400 seconds, The increase in all pa-
ramecters { velocity, displacement, steering command,
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FIGURE 7-27, YAW PLANE DELTA MINIMUM

GUIDANCE PARAMETERS

etc,) after this time is due to the rapidly inerecasing
vehicle lateral CG offset (from -0, 097 cm at 400 sec
to -0.211 cm at S-IV cutoff), Due primarily to this
condition, the cross range velocity and displacement
increase to -0,3 m/s and -254 m at S-IV cutoff,

7.7 GUIDANCE SYSTEM HARDWARE

7.7.1 GUIDANCE SIGNAL PROCESSOR AND DIGI-
TAL COMPUTER ANALYSIS

The overall performance of the guidance sys-
tem hardware was satisfactory. However, the follow-
ing minor deviations were observed:

1. Altitude Velocity Error

The time difference between physicai liftoff
of the vehicle (first motion) and the sensing of elec~
trical liftoff command by the digital computer was
0.210 second. This time difference resulted in a
computer inertial and gravitational altitude velocity
error of 2,5 m/s throughout flight. However, the
computer program is so written that any such error
will not carry through to the space-fixed velocity and
consequently guidance accuracy is not affected, The
space-fixed altitude velocity is not affected because it
is the algebraic sum of the inertial and gravitational
velocity values both of which contain the 2.4 m/s er-
ror and the error cancels [ Y = ri{i - AY) - (Yoy -
AYyH ).

2, Computer Initialization Errors

Small constant velocity differences exist be-
tween the accelerometer data and the inertial velocity
values measured by the digital computer, The
magnitudes of these errors are constant throughout
flight at -0.2 m/s in X;; 0.3 m/s in Y;; and 0.1 m/s
in Zi. The Xi and Zi errors were the result of small
and unpredictable (and,therefore, uncorrected) plat-
form leveling ervors of about -0. 004 degree for the
range accelerometer and -0. 006 degree for the cross
range accelerometer, Two-thirds of the total accu-
mulated error in ‘i’i resulted from the computer grav-
ity term used for pre-liftoff computations being slightly
low {-9.788397 m/s? instead of -9.790552 m/sz) . The
slight gravity term error has been corrected in the
computer program for future flights. The remaining
initialization errors (-0.2 m/s, -0.1 m/s and 0.1
m/s) all fall within the predicted range (see Ref. 9},

3. Bit-by-Bit Computer Data Analysis
The Bit-bhy- Bit comparison program was used

to evaluate the operation of the ASC-15 digital com-
puter equipment on SA-7 flight. This analysis is made
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to confirm the correct operation of the computer and
it does not check the validity of the flight program,
Due to the nature of the Bit~by-Bit analysis program,
all of the computer telemetry was not examined, All
navigation and guidance quantities were examined,
Minor looptelemetry data, which include accelerome-
ter readings and mode codes, however, were not ex-
amined,

The total number of computer words telemetered
between liftoff and entry into the cutoff loop was
54,883, Of this number, 53,250 or 97,25 percent were
available for examination by the Bit-by-Bit program,
The remainder was lost due to telemetry blackout dur-
ing staging and second stage ignition. The Bit-by-Bit
program examined 62 percent of the 53, 250 telemetry
words, The remaining information was minor loop
telemetry. Thus, 60.5 percent of the total flight com-
puter telemetry {54,883 words) during the time inter-
val considered was examined in this analysis, An es-
timated 2, 35 percent of the telemetry was lost due to
dropouts, This number includes the data lost in the
RF biackout during staging,

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

4, Sequencing Time Errors

The digital computer issued all it§ sequenc~
ing commandfunctions satisfactorily. However, there
were slight time delays in these functions to hoth the
S-1 stage and IU flight sequencer systems. The total
delay betweenthe expected and actual sequencing func-
tion times were 0.078 second to the S-1 stage and
0.084 second to the IU. The breakdown of the sources
contributing to these total delay times is:

Source of Time Delay Flight Sequencer Flight Sequencer
£ q

(8-1 Stage) (sec) (1U)  (sec)
Computer Senses Liftoff 0.014 0.014
Computer Program 0.040 0.052
Hetworks 0.010 0.010
Telemetry 0.014 0.008
Total Time Delay 0.078 0.084

The reason for these delays is that the computer can-
not send out discrete signals except during a minor
loop operation which is 0. 100 second long, The com-
puter program documentation did not consider this or
the delay in sensing liftoff signal, On SA-9 and sub-
sequent vehicles, the computer program documenta-
tion will reflect these considerations plus the electri-
cal network constant delay time,. The telemetry delay
time is afunction of telemetry channel assignment and
will vary from about 0, 005 to 0. 015 second,

During the first orbit while the vehicle was over
Ascension Island (LO + 1/2 hr) a test was made to
demonstrate the capability of loading information into
the digital computer via the digital command system.
The telemetered computer information verifies that
the loading operation was completely successful.
Thirty 25 bit data words accompanied by 30 control
words (16 bits cach) were loaded into the computer
and telemetered back to the ground correctly. The
verification portion of the load-readout routine was
then performed and the 30 data words telemetered
correctly again.

7.7.2 8T-124 STABILIZED PLATFORM SYSTEM
HARDWARE ANALYSIS

Although the ST-124 system functioned prop-
erly detailed analysis of hardware performance re-
vealed the following deficiencies:

1. The stabilized platform developed large lev-
eling errors about the pitch and yaw axes hetween S-1
engine ignition and liftoff ( Fig, 7-28).

Platform Leveling Error Abbut X Axis {Yaw)
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1 1 ' 1
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1. &% Is the telemetered atti/tude error angle.
2 o Is the angle between the vehicle longitudinal axis and the locat vertical.
3 6 is the angle between the platiorm Y axis and the local vertica!
FIGURE 7-28, DEVE LOPMENT OF PLATFORM
LEVE LING ERRORS DURING
HOLDDOWN

The air bearing pendulums, which generate error
signals used to maintain the stabilized element level-
ing prior tolaunch, were left in the erection loop until
liftoff. The high wibration levels experienced during
the last second of the holddown period caused the pen-
dulums to drift, issuing erroneous leveling command
signals, These signals caused the servos to drive the
stabilized element {on which the guidance accelerom-
eters are mounted) off level. These large leveling
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errors werce the main contributors to the guidance in-
telligence errors. This problem will be eliminated
in future launches by switching the pendulum signals
out of the loop prior to S-T ignition.

9.  The stabilized platformalso appeared to have
an azimuth misalignment significantly larger than the
caleulated value of 0. 004 degree, Detailed analyses of
the cross range velocity errors strongly suggest that
the azimuth error was in the range of 0,010 to 0,015
degree, This error contributed 2.0 m/s to the total
lateral velocity error at S-IV cutoff. The cause of
this error has not been identified as yet; therefore, it
is possibie that a similar effect may occur on future
flights.

The three stabilizing servo loop pickup error sig-
nals indicated maximum values of 0. 2 degree. These
values, which agree with the corresponding data from
the flights of SA-3 and SA -6, arc satisfactory. The
redundant gimbal servo error signal remained very
near the null position as expected, The guidance ac-
eelorometer servo pickup signals were also very
smooth and remained near null.

7.8 ST-124 GAS BEARING SUPPLY SYSTEM

The performance of the gas bearing supply 53 8-
temy was completely satisfactory. The 0.028 m® f1
£td ) GNj storage bottlewas pressurized to 2137 ’\I/Cm
gauge (3100 psig) by the high pressure ground supply
system before liftoff. This value is well within the
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specified launch reguirement of 1793 to 2206 N/m?
gauge (2600 to 3200 psig). From liftoffto 5-1V cutoff,
the ST-124 gas bearings consumed 1.1 SCM (38,8
SCF), or 21.6 percent of the total supply of 5.1 SCM
(180 SCF}). Thisvalue agrees with the predicted con-
sumption rate of 0,1085 SCM/min (3.76 SCF/min)
within one -half percent.

Before liftoff, the average temperature of the
GN, supplied to the ST-124 gas bearings was 297°K
(298 « 5° K specified). Inflight, the average tempera-~
ture of the GNysupplied to the §T-124 was also 297°K,

The preset regulator pressure differential be-
tween the gas bearing supply pressure and thc speci-
fied Instrument Unit pressure was 12,5 N/cm differ -
ential (18.1 psid}. The regulator was set at this
pressure toprovide the specified differential pressure
of 10.4 + 0.4 N/cm differential (15.0+ 0,5 psid} at
the ST-124 inlet manifold. Prior to liftoff the average
regulated pressure differential (gas bearing supply
pressure minus IU pressure) measured 13,2 N/cm?
differential {19, 2 psid); inflight, the average pressure
differential was 13.0 N/em® ditferential (18,8 psid).
The differential pressure was three percent too high
during prelaunch and one-half percent too high during
inflight to mect the ST-124 gas hearing m mlfold sup -
ply pressure requirement of 10,4 « 0.4 N/ em? differ -
ential (15.0 + 0.5 psid). These small errors are
within the measurement accuracy and, therefore, are
not considered significant,




SECTION VIII
5.1 SUMMARY

The 8-IV-7 stage with Instrument Unit and
Apollo Boilerplate  Payload was inserted into orbit at
G631, 3%-seconds range time. The attitude of the ve-
hicle at that time was 99. 8 degrees in pitch, 0.5 de-
gree in yaw and 0.06 degreeinroll, The angular rates
observed at $-1V cutoff were -90.03 deg/s in pitch,
0. 0 deg/s in yaw and 0. 06 deg/s in roll. The great-
est recorded changes in angular rates occurred be-
tween 14 and 12 minutes afler liftoff. Records indi-
cate that the main LI vent opened 12 times during
this period and that the main LOX vent valve did not
open.  Al20 minutes the roll angular rate had increased
to 0.4 deg/s CW from rear and the vehicle was per-
forming o precessional motion with a tumble { pitch/
yaw) rate of 1. 46 deg/s.  The tumble rate reached a
maximum of 1,65 deg/s at 25 minutes. The maximum
roll rate obscrved was at 40 minutes with a rate of
1,08 deg/s CW from the rear.
signal (10 min) the vehicle was essentially in a flat
spin and was performing a gyroscopic precessional
motion with a half cone angle of approximately 85 de-
grees and had a precessional period of 4 minutes (1.5
deg/s equivalent angular rate). At loss of rate gyro
telemetry, the only direct measurcment of vehicle
angular rates, the observed angular rates were less
than ¢ deg/s in any axis. Analysis of radar signal
strength records (AGC) after the end of residual pro-
pellant venting {approximately 24 hours), indicates a
final tumble rate of approximately 6 deg/s.

A non-propulsive vent {NPV) system was flown
for thefirst time on SA-7, inaddition to the main pres-
sure relief LOX and LI, vent systems used on SA-5
and SA-6, to obviate the excessive angular rates due
to the venting of residual propellants after S-1V cutoff
experienced on SA-5 and SA-6. The NPV system was
designed to keep the vehicle angular rates below 6
deg/s, the maximum allowable on the Pegasus experi-
ments.  This system performed satisfactorily and all
system components operated as expected although
there was some indication that the final rates were
approximately the maximum aliowable.

8.2 VEIICLE ATTITUDE IN ORBIT

The vehicle was inscried into orbit at 631, 38-
second range time with a 99, 8-degree pitch attitude,
0. 5-degree yaw attitude, and 0.06-degree roll attitude.

The angular rates at $-IV guidance cutoff signal
(621. 38 sce range time) were -0.03 deg/s in pitch,
0. 04 deg/s in yaw, and 0. 06 deg/s in roll. At S-IV
culoff the non-propulsive LI, and LOX vents opened.

At loss of lelemetiry

ORBITAL ATTITUDE

No noticable changes inangular rateswere noled from
S-1V cutoff to the beginning of the tape recorder play-
back. These angular velocities were not telemetered
during the period of tape recorder playback of S5-I/
$-1V separation data from 642.7 to fi72. 3 seconds.

At resumption of telemetry (672, 8 sec), the an-
gular rates had changed to -0.25 deg/s in pitch, -0.23
deg/s in yaw and 0, 22 deg/s in roll.  This indicates
that the main LH, vents (propulsive) probably opened
during this period which wasvoid of telemetered data.
The greatest recorded changes in angular ratesoccur
between 674 to 720 seconds. During this time period,
the main LH; vents opened 12 times and the main LOX
vents did not open.  Thesce were the only recorded
orbital openings of the main vent valves. Figure $-1
shows the telemetered angular rate observed at Anti-
cua through Pretoria,

Al loss of signal from Antigua 14 minutes after
liftoff, the angular rates were -0.76 deg/s in pitch,
-0.57 deg/s in vaw, and 0.12 deg/s in roll. Atac-
quisition of telemetry by Ascension {20 min) the roll
angular ratc had increased to 0.4 deg/s CW from rear
and the vehicle was performing a precessional motion
with a tumble (pitch/yaw) rate of t.46 deg/s. This
tumble rate reached a maximum of 1. 65 degss at 25
minutes. The angular rates observed in the rate gyro
telemetry at Ascension loss of signal were 1. 38 deg/s
in tumble (pitch/yaw) and 0,79 deg/s in roll. These
telemetered rate gyro angular rates compare favor-
ably withtheangular rates defined by the horizon sen-
sor at this time of 1. 46 deg/s tumble and 0. 6& deg/s
roll. The roll rate changed from 0.79 deg/s at loss
of signal by Ascension (28 min) to 0,92 deg/s at ac-
quisition by Pretoria (32 min). At loss of signal by
Pretoria (40 min), the vehicle was tumbling at 1.55
deg/s with a roll rate of .03 deg/s CW from vrear.
The vehicle was performing a gyroscopic precessional
motion with a half cone angle of approximately 85 de-
grees ancd had a precessional period of 4 minutes (1.3
deg/s equivalent angular rate). Figurc S-1 presents
the tumble and roll rates observed during the times of
valid orhital telemetry.

From the observed angular rates, the body fixed
moments acting on the orbiting vehicle were:

Time (sec) Pitch Yaw Roll

G674 - 720 139 N-m 132 N-m T.75 N-m
720 - 860 15 N-m 27 N-m 1,33 N-m
1236 - 1690 32 N-m 12 N-m .25 N-m
1930 - 2400 i0 N-m 7.5 N-m 1. 11 N-m
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Radar, Minitrack, and telemetry signal strength
records (AGC) and radar operators comments were
utilized in attempting to define the orbiting vehicle

angular rates after loss of telemetry.

Figure §-2

shows the tumble rates observed in the orbital records.
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During the periodof active telemetry thereis reason-
able agreement between the telemetered angular rates
and the angular rates indicated by AGC records. After
the first three revolutions the only valid data available
for rate analysis were skin track radar AGC and radar
operator comments. Signal periodicity ( equivalent
angular rate) scen in radar skin track records can be
interpreted only as a tumble indication. The vehicle
tumhle rate as indicated by this evidence would be ap-
proximately 6 deg/s at the end of orbital venting of
residual propellants {approximately one day). Spin
rate indications in the orbital records wereextremely
difficult to discern and the roll rate at the end of
orbital venting could not be defined. Investigations
are continuing in this area in an attempt to establish
reliability of observations,

8.3 NON-PROPULSIVE VENTING SYSTEM PER-
FORMANCE

A non-propulsive vent (NPV)} system was in-
stalled on SA-7, in addition to the main pressure re-
lief L.OX and LH,vent systems usedon SA-5and SA-6,
to obviate the excessive angular ratesdue to the vent-
ing of residual propellants after S-IV cutoff experi-
enced on SA-5 and SA-6 (See Fig. 8-3). The NPV
systerm was designed to keep the angular rates helow
¢ deg/s, the maximum allowable on the Pegasus ex-
periments.

The 8-1V-7 non-propulsive vent system per-
formed satisfactorily, as indicated by all available
data, and system component operation was as expect-
ed, The two hydrogen and one oxygen non-propulsive
vent valves opened at engine cutoff {621, 38 sec), and
the newly designed main hydrogen vent cover closed
and latched as intended.

The main hydrogen vent {propulsive) did open,
but the main oxygen vent (propulsive} did not open
after 8-1V engine cutoff.

The total impulse of the hydrogen vented through
the main ventvalve was determined to be approximately
8,896 N-s (2000 lbp-s) based on the following data
evaluations:

1. After a time lag of approximately 5 seconds,
the IH; tank pressure rose sharply from 25. 1 N/em?
(36.5 psi) at 626 seconds to 30.3 N/em® (44,0 psi)
at 643 seconds, at which time there was a loss of data
because of the onboard recorder playback,

2. After the period of data drepout, which oc-
curred from 643 to 674 seconds, the LH, tank vented
through its main vent system. All recorded vent
pericds occurred between 685.5 and 720 seconds. The
No. 2 vent valve opened nine times., The No. 1 vent

valve opened three times. However, the LH, vent
pressure recording, shown in Figure 8-4, indicates
possible pilot flow up to 805 seconds.
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3. The area under the recorded LI, vent pres-
sure curve (Fig. 8-4) has been integrated. The re-
sull indicates a vented total impulse of 35,227 N-8
(1,175 Ibg-s).

4. In order to make a deduction of the vented
total impulse during the data dropout period, the heat
input into the LH, tank has beenevaluated. This eval-
uation is shown in Figure 8-4. The evaluation was
based on the following events:

a. The LH, tank pressure rise prior to the
data dropout period.

b. Totalvented impulse after the data drop-
out period. Thus, & heat input rate during the record-
er playback period was interpolated.



The equivalent vented total impulse during this
period, derived from the above procedure, was 3, 654
N-s (820 lbf~s).

5. The combination of the conclusions reached
in 3 and ¢ above indicates a vented total impulse of
8,874 N-s (1,995 lbg-s) or 7.3 kg (16. 2 1bm) of GRH,
vented through the hydrogen main vents.

Basedon analytical evaluationof the 8-1V-7 flight,
the following residuals alS-1V stage all engines cutoff
command were considered to be accurate for this a-
nalysis:

205 kg (451 1bm) of LH,
986 kg {2174 lbm) of LOX

The equivalent total impulscs are:

338,065 N-s {76,000 lby-s) LH, tank
386, 895 N-s (87,000 lbg~s) LOX tank

Table 8-I gives the possible angular rates bascd
on maximum tolerancesof the NPV system plushydro-
gen venting through the main vents. At the end of or-
bital venting a maximum of 5 deg/s in roll and 3 deg/s
intumble is predicted. Figure 8-5shows the predicted
LH, and LOX tank pressures versus time during
orbital venting as functions of the nominal residual
propellants.  The pressure hisiory curves would
change negligibly if the actual residual propellant
masses were used in the analysis. The Tel 2 data of
the first orbital pass indicate a LOX tank pressure of
13. 8 N/em? (20 psi) and an LH, tank pressure of 19. 0
N/em® (27.5 psi), atapproximately 1.5 hours from
orbital insertion. The predicted tank pressures at
this time are 13.8 N/em? (20 psi) in the LOX tank
{assuming 907 kg or 2000 lbm LOX residual at §-IV
cutoff) and 11. 7 N/em® (17 psi) in the LH, tank (as-
suming 136 kg or 300 lbm residual at S-IV cutoff).

TABLE 8-I, PREDICTED ANGULAR RATES AT
THE END OF ORBITAL VENTING

Kell Rate | Tumble {Pitch/Yaw) Rate
Venting Parameters degis dea’n
0% kg (451 Lbm)} LH, - residual 20 0.8
986 kg (2174 lbwm) LOA - residual 2.4 1.1
8,896 N-s5 (2000 !by-s) total impulse c.? 0,8
vented through the LH,
main vents
Totals 5.2 2, 7%

*The pitch.ysw velocities are added algebratcally, A swwmation of the
velocity wectors would reduce the quoted pilch-yau veloclty by
spproximately 107,
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These data are in the expected range if it is rec-
ognized that the LH, tank venting is dependent on the
heat input into the tank. The predicted heat input is

shown in Figure 8-6.
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SECTION IX.

9.1 SUMMARY

Separation of the first and second stage of the
SA-7 vehicle was accomplished in the same manner
as SA-6. The separation scheme isdiscussed in Ref-
erence 3. The only major difference between SA-6
and SA-7 was the delay time between OECO and sep-
aration command. This delay time was 0.4 second
for 8A-6 and 0. 8 second for SA-T.

All elements of the separation system operated
properly and the first relative motion between stages
was observed within 0. 09 second of separation com-
mand. Only 12 percent (0.09 m or 3. 4 in) of the a-
vailable lateral clearance (0.74 m or 29 in, } wasused
during the separation period,

Al S-IVengine ignition command the exit plane of
the $-TV engines was 10.1 m {33 ft) forward of the lip
of the interstage;this is 7.0 m (23 ft) greater than the
minimum design requirement of 3 m (10 ft).

The vehicle had attitudes and angular rates con-
siderably less than design values at separation: how-
ever, angular rates for the separated S-1 stage in-
ereased during the separation period. Only the roll
angular rate of the $-1V stage increased significantly
during the separation process. The roll excursion,
while nol affecting separation, did produce a large
transient at the time the S-1V stage thrust reached a
value targe enough Lo restore the vehicleto the proper
attitude. The cause of the roll deviation was primarily
atotal ullage rocket misalignment of 1.2 + 0.2 degrees
or some equivalent value distributed among all four
ullage rockets.

9.2  SEPARATION DYNAMICS

9.2.1 TRANSLATIONAL MOTION

The actual separation sequence for the SA-T
vehicle is depicted in Figure 9-1.  The separation
command was issued at 144,41 seconds. The first
motion belween the two slages was observed from te-
lemetry (simulation} to have occurred at 148,53 sec-
onds. Two extensometers mounted on the S-IV stage
indicated a first molion time of 143,55 seconds (30,48
em extensometer) and (48, 38 seconds (475, 2 ¢m ex-
tensometer),

Figure 9-2 shows the separation distance between
the S-T stage and the 8-1V stape. Shown for compar-
ison is the SA-G separation time history. The S-1v
stage engines cleared the interstage 0.06 second ear-
lier than predicted. Figure 9-2 shows the velocity

SEPARATION
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TIGURE 9.1, SEPARATION SEQUENCE

increment for hoth stages plus the total relative ve-
locity between stages.  The lwo stages had separated
by 10.1 m (33 ft} at S-IV stage ignition, which is 7.0
m (23 ft) greater than the specified minimum clear-
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ance. The increzsed clearance is attributed to the
later separation time (0.8 sec) from OECO, resulting
ina higher negative booster acceleration at separation,

The lateral clearance analysis on SA-7 indicated
that separation required 0,09 m (3.4 in.) of the 0.74
m (29 in.) available lateral clearance, corresponding
tc a probability of 0. 75.

9,2,2 ANGULAR MOTION

At the start of scparation the vehicle had the
following attitudes and angular rates: (design values
are listed for comparison)

Parameter Actual Design
Pitch Attitude {deg)
Yaw Attitude (deg)
Roll Attitude (deg)
Piteh Rate (deg/s) 0 1
Yaw Rate (deg/s) 0 i.
Roll Rate (deg/s) 0.1 (CW from rear) -

U. 1 (nose up) 1.0
-0.1 (nose left) 1.0
0.4 {(CW from rear) -

[==Rl =)

Angular rates experienced by the S$-1 stage were
considerably larger than the S-IV stage with the ex-
ception of roll (Fig. 9-3). The roll angular rate was

Pitch Angular Rate {deg/ s)
2

Separation
S-1V Stag
1
0 -t S
. 150 155 160
| Range Time (sec)

-2 ' \ML

Yaw Angular Rate (deg/s)
2

Vs $-IV Stage

m--"

Range Time (sec)

-7 S-1 Stage

Roll Angular Rate (deg/s)

“

160
Range Time (sec}

-6
FIGURE 9-3, ANGULAR VELOCITIES DURING
BOOSTER SEPARATION

§6

. -,
practically the same on both stages, for the first two
seconds after separation.

The observed angular motion of the S-I stage
would require the total angular impulse presented be-
low. This total angular impulse is equivalent to the
retro rocket misalignment and CG offset indicated,

Observed Angular 147,433 85,729 12,554
Impulse (N-m-s)

Total Retro Rocket -0, 22 -0, 14 0.13
Misalignment (deg)

5-1 Stage CG Offset (m} 0 -0.01 4]

The retro rocket misalignmentis nearly the same
magnitude as observed on previous flights.

Figure 9-4 shows the telemetered and simulated
attitude error transients of the $-1V stage which re-
sulted from separation disturbances. The simulation
includes the inflight engine thrust buildup and mass
characteristics, and also includes an approximation
to the preflight predicted CG offset history. In the
vaw plane, the CG offset is to the left of center when
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{0.73 in,) at separation to 4 ecm (0.7 in.) at cuteff. In
the pitch plane, the CG offset is above center and
varies linearly from 2,1 em (0. 84 in, ) at separation
to 5 ¢m (2 in.) at cutoff. The correlation between the
simulated attitude errorsand the actual attitude errors
indicates that the vehicle CG offsets and thrust vector
misalignments were close to those assumed. The
large separation transicnt in rollis attributed to 1.2
0.2 degree total ullage rocket misalignment. Initial
disturbing moments of 678 N-m (500 ft-Ib) and 1356
N-m (1000 fi-1b) arc estimated to have acted on the
S-IV stage in the piich and yaw planes, respectively,
for the first two seconds after separation. These
moments are attributed to the cooldown exhaust vent.

The alignment iolerance of each S-1V stage ullage
rocket is 0.7 degree {3¢). Root sum squaring this

value would give an upper limit of 1. 4 degrees of ex-
pected misalignment. This misalignment includes
both angular and translational effects, The 1.2 £ 0.2
deprees determined to explain the roll deviation are
near the upper expecied limit, However, from a con-
trol standpeint the vehicle could control a misalign-
ment of approximately 2. 7 degrees without saturating
the attitude error signalof 15 degrees and the anpular
rate of 10 deg/s, assuming no other disturbances
exist that would add to the roll maneuver., Using the
design values of 1 degree attitude in pitch and yaw, 1
deg/s rates and an angle-of-attack of 4 degrees
the misalignment that could be tolerated is 2.0 de-
grees. No relaxation of the ullage rocket alignment
tolerances should be considered if other disturbances
existed and the roll error signal should not be satu-
rated.



SECTION X,

10. 1 SUMMARY

The maximum pitch bending moment expericnc-
ed during the flight of SA-7 occurred at 74.7 seconds
and indicated a maximumn of approximately 30 percent
of the design moment and 39 percent of the maximum
moment experienced on SA-6.

The structural flight loads were somewhat lower
than on previous flights.

The bending oscillations observed were identical
to those observed during the flight of SA-6. The vi-
bratory force during the starting sequence of the en-
gine pairs was determined to be 13 percent of the
static thrust, which is well within the 20 percent al-
lowable.

The flight vibration levels on the S-1 stage were
among the lowest ever exhibited by the Saturn vehicle.
The structural vibration levels were mild except for
the holddown, Mach 1 and max Q periods of flight.
The vibration levels measured in the Instrument Unit
were approximately one-third those measured during
the SA-0 flight.

The bending observed on the second flight stage
of SA-7 indicated frequencies near the second bending
mode frequency in the yaw plane for four seconds fol-
lowing separation. The frequency then decreased to
very near the first bending mode frequency until LES
jettison. The pitch bending amplitude during this time
was much lower than in yaw. Fellowing LES jettison,
bending in yaw was not observed. However, first
mode beading in pitch was excited, probably by the
LES exhaust blast.

The vibration levels observed on the S-IV stage
of SA-T7 were very near those cbserved on previous
flights.

i6.2 RESULTS DURING 8-T POWERED FLIGHT

10. 2.1 MOMENTS AND NORMAL LOAD FACTORS

10.2.1.1 CALCULATED VALUES

The maximum pitch bending moment ex-
perienced by the Saturn SA-T vehicle occurredat 74.7
seconds of flight, The distribution of this moment is
presented in Fipure 10-1, together with the normal
load factor obtained from the accelerometer readings
from the IU measurements, The slope of this load
factor line indicates the rotational acceleration of the
vehicle. This maximum moment is 30 percent of the

1]

STRUCTURES

design moment and 30percentof the maximum moment
experienced hy SA-0.
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FIGURE 10-1.

The calculated angle-of-attack (a) and teleme-
tered gimbal angle (8) which produced the depicted
normal load factor when nominal aerodynamic and
weight data were considered, were used for the bend-
ing moment distribution. The calculated angle-of-
attack necessary to produce the normal load factor
observed is 0.6 degree higher than the measured
angle-of-attack if nominal aercdynamics are used.
Time points on either side of this maximunm loading
peint were investigated. The resulting angles-of-
attack were approximately 0.6 degree higher than
those measured, while the gimbal angles coincided.
The control analysis {Section VII) indicated that an
aerodynamic moment was acting on the vehicle; how-
ever, this is not supported by the structural analysis.



10.2.1.2 MEASURED VALUES

Station 23,9 m (942 in.) is the location of
the eight LOX stud and sixteen iension tie measure -
ments at the lower side of the spider beam. The ve-
hicle body loads can be measured at this station with
the exception of that portion of the load carried in the
center LOX tank. The maximum bending moments at
75 seconds estimated on the basis of the strain data
were: -286,000 X-m in yaw, 350,000 N-m in pitch
with a resultant of 620, 000 N~-m. These values do not
include the 15 percent of the total moment which is
carried by the center LOX tank. Inclusion of this
contribution yields a total resultant bending moment
of 730,000 N-m at 75 seconds of flight.

10.2.2 LONGITUDINAL LOADS

10.2.2.1 ACCELEROMETER DATA

An investigation was made to compare the
calculated response of the system, using the observed

Thrust (1000 W)

thrust foreces, to that observed during the thrust
buildup period, The buildup period is defined as the
the time interval from ignition of the first engine to
vehicle liftoff. The engines were scheduled to ignite
in pairs, with a 100 ms delay between pairs to limit
the vibratory force to 20 percent of the static thrust.
Figure 10-2 shows the engine staggering times (igni-
tion delay) to the erratic; however, the maximum re-
sponse was only 13 percent of the static thrust.

Oscillations of aproximately = 0.1 g were ob-
served on the Instrument Unit accelerometer during
the time interval between 40 and 80 seconds range
time. An attempt was made to correlate peak ampli-
tude frequencies of LOX and fuel pump inlet pres-
sures, engine chamber pressures, and longitudinal
accelerations. Nosimilarity was evident and, as was
shown in the flight of SA-6, the existence of PQGO
oscillations was not apparent.
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The vibration acceleration level measured in the
Apollo capsule was in good agreement with the calcu-
lated accelerations, and the frequency agrees with
that observed on the holddown arms,

10.2.2.2 STRAIN DATA

The axial load at Sta, 23.9m (942 in.)
compared very well to the predicted values, and those
obtained on vehicles SA-5 and SA-6. The axial load
distribution on SA-7 follow the same general trends
as observed in the longitudinal accelerations shown in
Section V.

10.2,2,3 FUEL TANKS SKIRT LOADS

The fue] tank skirts were instrumented with
32 strain gauges. Eight of the gauges are equally
spaced around each tank at Sta. 6.63 m {261 in.).
The data received from SA-7 were in agreement with
corresponding data received from SA-5 and SA-6.
This agreement was expected since the skirts are not
affected by body bending moments, but only by axial
forces which remain nominally the same during each
flight . The apparent load relief that occurred on SA-5
and SA-6during the time interval between ignition and
liftoff was difficult to see on SA-7 because of the
scatter inthe data. The apparentcooling of the strain
gauge, located on fuel tank number one above stub fin
I, from 80 to 110 seconds was repeated. This same
occurrence was experienced on SA-5 and SA-6 and
must be considered an actual structural response.

10. 2.3 BENDING OSCILLATIONS
10.2, 3.1 BODY BENDING

The SA-7 flight data showed no significant
difference from the SA-6 flight test vehicle. A filter
bandwidth of 0.667 Hz was used on the telemetered
data for this evaluation. The response amplitude was
low in the frequency range of 0 to 10 Hz, with a max-
imum of 0.3 g single amplitude.

Figure 10-3 represents a comparison of SA-7
flight frequencies with SA-8dynamic test frequencies.
In Figure 10-4 the amplitude response for the pitch
and yaw accelerometers, located at the nose cone and
escape tower, are presented. This figure shows peak
amplitudes whichoccur inthe regions of Mach 1 (55.3
sec) and max @ (73.0 sec).

Allaccelerometers appeared to function normally
and the data received were within the range of expect-
ed results.
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CONE ENVELOPE

After separation of the S-1 stage and jettisoning
of the LES, oscillograph records indicate a frequency
response level of negligible value,

10.2.3. 2 FIN BENDING

For the SA-T flight, three of the six fin ac-
celerometers were changed in range from + 1 g to
+ 5 g's, but some of the data were still slightly clip-
ped at Mach 1, 0 and maximum dynamic pressure,



Slice times at 20 seconds, Mach 1.0, and max-
imum dynamic pressure were analyzed over the {re-
quency span of 0 - 60 Hz, The predominant frequen-
cies were 30, 37, and 44 Hz. These predominant
frequencies showed very little change over the various
slice times and, therefore, coalescence of the predom-~
inant frequencies or any flutter trend was not indicat-
ed. The frequency content of the data were approxi-
mately the same as recorded on previocus flights.

10.2.4 S-I VIBRATIONS
10.2. 4.1 STRUCTURAL MEASUREMENTS

Thirteen accelerometers were located on
the S-1 booster to measure structural vibration. All
telemetered data appeared to be valid, including that
obtained from four retro rocket measurements ques-
tioned during previous flighls. With the exceplion of
shear panel measurement, all data exhibited normal
or expecled levels throughout S-1 powered {light. En-
velopes of the structural vibrationlevels are present-
ed in Figure 10-5.

Four of the five shear beam and shear panel mea-
surements indicated expected vibration increases dur-
ing the critical flight periods. The overall envelope
of the recorded levels from these measurements cor-
related closely, but was sltightly lower than the SA-6
envelope. The f{ifth measurement, located in the
center of the shear panel between Fins III and IV,
showed an unexpected decrease in level during the
Mach 1/max Q period. Although this stirucilure ap-
pears to he predominantly affected by excitation from
the engines, the maximum level experienced during
mainstage was not influenced by engine vibrations.

Shroud panel vibration levels were typical of thin,
lightly braced structure. Anticipaiedincreases in vi-
bration were observed during critical flight periods;
however, the amplitudes during holddown and Mach
1/max Q were approximately 15percent lower on SA-
7 than on SA-6.

There were three orthogonally oriented measure -
ments of structural vibration on the spider beam spoke

at Fin Line 1. Compared with the SA-6 G4 envelope,
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the SA-7 envelope exhibited higher levels during igni-
tion and mainstage, but indicated a considerable re-
duction in level during the Mach {/max Q period of
flight. These differences in vibration amplitude are
attributed to the difference in angle-of-aitack., This
conclusion is substantiated by the close comparison
between the levels on SA-7 and SA-5, which had sim-
ilar angles-of-attack.

There were four accelerometers located on the
support brackets for retro rockets 1 and 3. This
structure, which is most susceptible lo aerodynamic
excitation, showed expected increases in vibration
during the Mach i/max Q period of flight. The max
( vibration was three times higher than the holddown
vibration.

10. 2, 4,2 ENGINE MEASUREMENTS

Four accelerometers located on the com-
bustion chamber domes of engines 1, 3, 3, and 7 mea-
sured vibration in the longitudinal (flight) direction.
All four accelerometers measured vibration levels
that were inconsistent with previous static and flight
test history. Consequently, the validity of the SA-7
data was questioned. An investigation of the SA-7
data revealed that there was a large discrepancy be-
tween the telemetered data received during holddown
and the landwire data obtained from the combustion
stability monitor (CSM)} measurements. The CSM
and {light measurements are located side by side and
should provide comparable data, Therefore, it was
concluded that the SA-7 flight combustion chamber
dome data were unreliable. Figure 10-6 shows a
comparison of the data from SA-7 to that of SA-6.

Four accelerometers were located on the com-
bustion chamber domes of engines 2, 4, 6, and 3 to
measure vibration in the lateral direction. The SA-7
vibration was normal throughout$-1 flight and the time
history correlated well with previous flight history
(sec Fig. 10-6).

Four accelerometers measured the vibration of
the turbine gear box on each of the outboard engines.
In general, the vibrationlevels werelower than those
measured on SA-6 flight (Fig. 10-6). The vibration
of engine 3 gear boxwas higher than the other three
after the max  period. The SA-7 vibration levels
were as expected,

A series of vibration measurements were made
on the engine components to determine the levels as-
sociated with these components., Figure 10-7 preseats
the envelopes of the vibration levels determined for
the engine components compared to the levels for
SA-6.
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Three accelerometers measured the vibration of
yaw actuator of engine 4. The SA-7 vibration levels
were normal. Compared to SA-6, the SA-7 vibrations
were approximately 30 percent lower. As expected,
the vibrations in the longitudinal (flight} direction
were higher throughout flight than the yaw measure-
ments.

Six accelerometers measured the vibrationof the
fuel suction line of engine 6 at both the inlel and outlet
flanges, The SA-7 vibraiion was normal and corre-
lated well with the previous flight history. As expect-
ed, the vibration at the outlet flange of the fuel suction
line was 50 percent higher than the vibration at the
inlet flange in the longitudinal direction.

Three accelerometers measured the vibration at
the outlet flange of the engine 6 heat exchanger. The
SA~7 vibration levels were normal and were about
25 percent lower than the levels measured during
SA-6.
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Six accelerometers measured the vibration of the
engine 6 GOX line. The SA-7 vibration levels were
as expecled. Compared to SA-6, the SA-7 vibrations
were lower during the first half of the flight including
max €, but slightly higher during the remainder of
the flight.

Two accelerometers measured the vibration of
the fuel wraparound line of engine 6 near the line out-
let to the turbopump. The highest vibrition levels

oceurred after max Q. Compared to SA-6, the SA-7
levels were 20 percent higher: however, the SA-7
levels arc comparable to those measured on SA-3
[light.

10.2, 4.3 COMPONENT MEASUREMENTS

Eight accelerometers were located in the
forward and aft skirt regions of the fuel tanks., Six
of these transducers measured vibration on the instru-
ment compartment panels in the forward skirt region
of fuel tanks 1 and 2, and the remaining two measure-
ments were made in the aft skirt vegion of fuel tank
1 adjacent to the 9A3 distributor mounting bracket.
Envelopes of the vibrations observed on these meas-
urements are presented in Figure 10-3
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A hard mounted instrument panel was located in
fuel tank 2and exhibited typical increases in vibration
during the holddown and Mach 1/maxQ regions of
flight. The composite Gy envelope was equal to the
SA-6 envelope during holddown and mainstage, and
slightly lower during Mach 1/max Q.

The vibration levels of the shock mounted instru-
ment panel, located in the forward skirtregion of fuel
tank 1, were consistent with expected amplitudes.
Levels measured on the isolated instrument panel
were approximately 84 percent lower than those on the
non-isclated (hard mounted) panel. The SA-7 com-
posite vibration was slightly higher than the SA-6 vi-
bration during holddown and Mach 1/max Q; however,
due to the relatively low amplitudes involved, this
difference was not considered significant.

Two accelerometers located adjacent to the dis-
tributor 9A3 mounting bracket measured vibration on
the fuel tank skirt ring frame. As expected, an in-
crease in vibration occurred during holddown and
Mach i/max Q. The vibration perpendicular to the
ring frame was slightly lower during SA-7 flight than
during SA-6. Compared to SA~6, the SA-7 vibration
paraltlel to the ring frame was higher from ignition
through max Q. From max Q to engine cutoff, the
amplitude was lower than that recorded during SA-6.
The overall SA-7envelope of the vibration input to the
9A3 distributor mounting bracket correlated closely
with past flight history.

10. 2.5 S-1V VIBRATIONS
10.2.5.1 STRUCTURAL MEASUREMENTS

Nine vibration measurements were taken on
the 5-1V-7 stage thrust structure and LH; tank. En-
velopes of the composite time histories are shown in
Figure 10-8. Envelopes of thruststructure measure-

ments from the SA-5 and SA-6 flights are also shown
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for comparison. The vibration levels measured dur-
ing the SA-7 flight fell within the envelopes established
from SA-5and SA-6 flight measurements. The vibra-
tions on the thrust structure exhibited expected char-
acteristics during the S-I stage powered ilight, and
the levels did not present any problems to the S-1V
stage thrust structure.

The measuremenis on the LH, tank structure
showed levels that were higher than expected during
holddown, liftoff, and max Q; data were lost during
these periods due to over driving of the telemetry
channel. Calibration range changes will be made on
future flights to insure that valid data can be obtained.

10. 2, 5.2 ENGINE MEASUREMENTS

Measurements of each engine were taken on
the thrust chamber dome in the thrust direction and
on the gear case housing in the radial direction. The
vibration levels during S-1 stage powered flightwere
below the noise level of the telemetry system and were
congidered negligible at these locations.

10.2.5.3 COMPONERT MEASUREMENTS

The component measurements were sepa-
rated into components inthe aftskirt and thruststruc-
ture, in the LH; tank, and in the forward interstage.
The aftskirt and thrust structure measurements were
taken on the helium heater, at the base of the inverter,
sequencer, PU computer and ullage rocket. The LH,
tank measurements were taken at the cold helium
sphere attach point to the LH, tank skin (three direc-
tions). The forward interstage measurements were
lecated on the telemetry rack, including both the in-
put to the rack and to the command destruct receiver
mounted on the rack. Envelopes of the composite
time histories are shown in Figure 10-10. Also
shown are SA-5 and SA-6 flight envelopes for the
thrust structure and forward interstage components.

The components on the aft skirt and thrust struc-
ture showed a high upper envelope which is attributed
to the measurement at the ullage rocket. This meas-
urement was exposed to the directimpingement of the
acoustic and aerodynamic environments during boost
and max Q periods of flight and reflected the high ex-
citation which these periods induced. The vibration
level on the other components (on thrust structure)
fell below the environment established during the SA-5
and SA-6 flights. The vibrations on the thrust struc-
ture components exhibited the expected characteristics
during S5-I stage powered flight.

The overall vibration levels at the c¢old helium
spheres, located in the LH, tank, were consistentin
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three directions (thrust, normal and tangential} dur-
ing 8-1 stage powered flight. Overall levels of ap-
proximately L5 Gpmpg at liftoff and maxQ were lower
than expected. There were no previous flight meas-
urements to refer to for comparison purposes,

The forward inle rstage envetopes in Figure 10-10,
representing the environmentduring flight, were form-
ed by the data from the command destruct recciver
measurement ( lower band) and from the measurement
at the base of the telemetry rack (upper band). The
SA-7 envelope indicates that the vibration amplitude
was attenuated by the isotated panel to whichthe com-
mand destruct receiver was mounted. The SA-5 and
SA-6flight levels were considerably higher due to dif-
ferences in the direction of the measurements and
angle-of-attack, The vibrations at the telemetry rack
exhibited the expected characteristics during S-I stage
powered flight.

10, 2,6 INSTRUMENT UNIT VIBRATIONS

10.2.6.1 STRUCTURAL MEASUREMENTS

The Instrument Unil structure vibrations
shown in Figure 10-11 were monitored by ten accel-
erometers located on the Instrument Unit mounting ring
and the Apollo mounting ring, and by one accelerom-
eter located on the skin. The skin vibration amplitude
was 50 percent higher than the highest mounling ring
vibration during the Mach 1/max Q period of flight.
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The SA-7 skin vibration was 20 percent lower
than SA-6. The mounting ring vibration was lower by
approximately the same percentage. This was as ex-
pected due to the lower angle-of-attack,

10.2.6.2 COMPONENT MEASUREMENTS

The vibration input to various Instrument
Unit components was monitored by 12 accelerometers
located on support bases, panels, brackets, eic. The
vibration environment of the various components was
minor except during the holddown and Mach 1/max@
periods of flight (see Fig. 10-11). Maximum ampli-
tudes during holddown and max @ were lower than ex-
pected. Some previous {light data were clipped, mak-
ing overal!l comparisons impossible.

The §ST-124 guidance system vibration was mon-
itored by nine accelerometers. The vibration of the
system was mild except during the critical flight
periods {(sce Fig. 10-11). The SA-T7 vibrations were
lower than SA-G by approximately 50 percent due to
the programmed flight trajectory having a lower
angle-of-attack,

10. 2,7 APOLLO VIBRATIONS

The Apollo structural vibration was measured
with two accelerometers located on the reinforced
"boilerplate” structure at Sta. 39.9 m (1570 in.).
One measurement was at Fin Position I and the other
was at Fin Position ITI. The SA-7 vibration was minor
except during the holddown and Mach 1/max Q pericds,
as expected. The vibration during holddown was 1.5
times higher than the vibration during max Q. At 8-1
OFCO, vibrations exceeding twice the max Q levels
lasted for 50 to 100 milliseconds. At IECO, the vi-
brations were minor. Compared to SA-6, the SA-7
vibrations were 20 percent lower during the critical
flight periods.

It was noted that vibration at the Fin I and Fin II
locations had very dissimilar time histories. The vi-
bration at Fin I (lower part of band in Fig. 10-11}
rose to o maximum twice during the Mach 1/max Q
period. This phenomenon was attributed fo the pass-
age of two shock waves over the structure, the first
wave being stronger than the second. It wasexpectied
that this phenomenon would be less apparent during
SA-7 flight because of the “zero" angle-of-attack.
However, this was not the case.
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“of the microphone.

10. 2.8 STRUCTURAL ACOUSTICS

The acoustic environments of SA-7 were
compared with predicted values rather than measured
data because of the change in the programmed angle-
of-attack. This change resulted in different aerody-
namie flow characteristics which affected the acoustic
environment.

10,2, 8.1 S-1STAGE

The S-1 stage acoustic environment was
measured at four lecations, Two of these measure-
ments were internal and two were external. All of
the acoustic data appeared normal and agreed well
with the predicted acoustic time histories, The two
internal measurements, at Sta, 21,5 m (845 in,)
were in good agreement with the predicted environ-
ments, parviticularly at the critical periods of hold-
down, Mach 1 and max Q. The highest levels meas-
ured during these times were 148 db during holddown
and 130 db during Mach {/max . The two external
measurements, at Sta. 23.5 m (925 in, ) were also
in good agrecment with predicted time histories. The
overall acoustic levels al each location were compar-
able during holddown and Mach 1/max Q periods. The
levels during mainstage were considerably lower and
difficult to estimate due to the lower calibration limit
The time history of the measure-
ment 22.5 degrees off Fin IV toward Fin I exhibited
separate peaks in the time history at Mach i/max Q
and were slightly higher than the adjacent measure-
ment 24 degrees off Fin Line IV toward Fin Lipel.
Figure 10-12 presents a time history of the S-1 stage
acoustic measurements.

10.2.8,2 S-IV STAGE

Acoustic measurements on the S5-IV stage
were taken at the engine 4 gimbal block and between
the sequencer and PU computer inside the thrust
structure. The measurement at the gimbal block
provided nodata. Because of time sharing, the meas-
urement next to the sequencer provided data only
during the period from 7 to 10 seconds after S-1stage
engine ignition. During this period, the level was low
(131 db), and the data werc below the noise levelof
the telemetry system for the remainder of powered
flight. Calibration range changes will be made on
future flights.
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10. 2, 8.3 INSTRUMENT UNIT

Two external measurements were miade of
the acoustic environment on the skin surface of the
Instrument Unit. One measurement located at Sta.
38.4 m {1512 in.) measured the acoustic environment
20 db lower than the predicted levels while the other
measurement, located in the same radial direction at
Sta. 37.2 m (1464 in.) was in very good agreement
with predicted values {see Fig. 10-13). Tt is not felt
that the difference in the locations of these two meas-
ments is sufficient to account for this change in the
acoustic environment. Therefore, these cdata are not
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considered valid. The acoustic levels during the hoid-
down and Mach 1/max Q periods were 131 db and 155
db respectively, which agree well with the predicted
values.

10.2.8.4 APOLLO STAGE

One external measurement of the acoustic
environment was made on the Apollo stage. This
measurement was located at E‘;ta. 45,74 m (1800.9
in.) on Fin Line III, Figure 10-13 presents a time.
history of this measurement. This time history in-
dicated that the levels were generally within the pre-
dicted levels. However, between 2 and 14 seconds
and 85 and 100 seconds the environment did exceed
these limits by approximately 3 db. The levels later
in the flight are the result of the aerodynamic turbu-
lence and shock interaction peculiar io this location.

10.3 RESULTS DURING S5-1V POWERLED FLIGHT
10. 3.1 8-IV LOADS

Data from the S-IV-T stage indicated that all
major structural components functioned as designed.
Because of the limited camera coverage, however, it
was not possible to determine if there was a recur-
rence of the opening or 10s3 of the air conditioning door
of the aft interstage, as was the case with S-IV-5 and
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