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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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] : |
T
IR \ \
‘ Piteh —f- \\
; 5
2 i . - E - ———_____.; 2
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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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\
0 0
0 100 200 300 400 500

S-IV Burn Time (sec)

Moment of Inertia Moment of Inertia
Pitch (kg-m?) Roll (kg-m2)

6
4 x 10 6 x 10%

Roll —
\ M
3 5
2 4

Pitch *’;?_“\\\ﬂ\\\\\\\
1 3

)

0 2
0 100 200 300 400 500
S5-IV Burn Time (sec)
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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

—— Actual

Mach Dynarrbic Pressure == Nominal
)

Number{ (N/cm
10 4 4.0

IECO OECO
1!

Dynamic
Pressure

o 20 40 50 BC 100 120 w0
Range Time (sec)

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
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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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