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SECURITY NOTE

This document contains information affecting the national
defense of the United States within the meaning of the Espionage Law,
Title 18, U,S.C., Sections 793 and 794 as amended. The revelation
of its contents in any manner to an unauthorized person is prohibited

by law.
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VOLIME I
| SATURN SA-3 FLIGHT EVALUATION

By Saturn Flight Evaluation Working Group

(U) ABSTRACT

The evaluation of the Saturn SA-3 test flight is presented in two
. volumes., The first volume contains the results of the early engineer-
ing evaluation and the second volume contains supporting information
and information related to the evaluation of the flight. In these
volumes the performance of each major vehicle system is discussed with
special emphasis on malfunctions and deviations.

‘ The SA-3 flight test was a complete success with all missions of
the test being accomplished, No major malfunctions or deviatioms which
would be considered a serious system failure or design deficiency
occurred,

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

Director, George C. Marshall Space Flight Center

Huntsville, Alabama
Attention: Chairman, Flight Evaluation Working Group,

M-AERO-F (Phone 876-2701)
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GEORGE C, MARSHALL SPACE FLIGHT CENTER

MPR-SAT-63-1

VOLUME 1
SATURN SA-3 FLIGHT EVALUATION

By Saturn Flight Evaluation Working Group

1,0 (C) FLIGHT TEST SUMMARY

1.1 FLIGHT TEST RESULTS

Saturn space vehicle SA-3 was launched at 1245:02 hours EST on
November 16, 1962, The flight test was a complete success, as wexe
the first two Saturn flight tests, The flight test did not reveal any
malfunctions or deviations which could be considered a gerious system
failure or design deficiency,

SA-3 was launched approximately eight weeks after arrival of the
S-I stage at Cape Canaveral, The scheduled ten-hour countdown began
at 0200 EST November 16, 1962, The count was continuous except for
one &45-minute hold at 10:45 hours EST due to a ground generator power
failure, All automatic propellant loading sequencing processes were
within expected tolerances, Launch preparations, execution of the
countdown, and launch were as expected and successfully demonstrated
the compatibility between the ground support equipment and the space
vehicle, The launch complex and support equipment suffered less
damage than was expected from the low liftoff acceleration of SA-3,

The actual flight path of SA-3 was cloge to nominal, Slightly
lower acceleration caused the altitude and range to be less than nomi-
nal at any time during powered flight, but a longer powered flight
caused both to be greater than expected at times after burnout,
Degstruct of the SA-3 dummy stages for Project Highwater occurred at
292 sec range time at an altitude of 167,2 kilometers,

The performance of the propulsion system was very satisfactory
for this flight test, The total cluster performance averaged within
approximately one percent of predicted, Individual engine performance




was satisfactory with no major deviatioms from predicted values being
noted, The propellant tank pressurizationm systems functioned properly,
with good results from the increased propellant load to simulate Block
II gas ullage, All hydraulic systems operated well within the expected
limits,

The control system for the Saturn vehicle SA-3 was essentially
the same as that used in SA-l and SA-2., However, the control gains
(a, and b,) were different, These were changed because of the increased
.propellant loading to maintain the same correlation with the vehicle
mass as on SA-1 and SA-2,

Engine deflections, attitude angles, and angles-of-attack were
less than those observed on SA-1 and SA-2 flights primarily due to the
trajectory shape. The wind magnitude was almost the same in the pitch
plane as experienced on SA-2,

Operation of the hydraulic actuators and the control computers
was satisfactory. '

The Saturn SA-3 vehicle was flown without active path guidance,
However, passenger hardware for both ST-90 and ST-124P (Prototype)
guidance systems was onboard to establish the operational capabilities
of the guidance equipment in the Saturn flight enviromment. The tele-
metered data as well as a trajectory comparison indicate satisfactory
performance of the ST-90 guidance system throughout powered flight,
The operation of the ST-124P guidance system, as an engineering test,
was quite satisfactory,

Erroneous outputs from the cross range accelerometer system
mounted on the ST-124P platform were noted before ignition, No correc-
tion was made and the cross range measurement contained extraneous
signals throughout flight, These extraneous signals were eliminated
from the telemetered accelerometer output and valid cross ranmge infor-
mation was deducted from the measurement,

The flight data indicated that the SA-3 vibration levels were
generally similar to those recorded during the previous two Saturn
flights,

The 10 bending accelerometers flowm on SA-2 showed response at
frequencies in the range of first and second vehicle bending, Thesge
frequencies were present in both pitch and yaw direction with a maxi-
mum amplitude at liftoff on the nose cone of 0.016 g's single amplitude
for first mode of 2.0 cps, At OECO a forced response of 0.095 g's




single amplitude occurred at a coupled frequency of 2,7 cps. The
response is lower than on SA-2 before OECO,

The base region enviropment during the SA-3 flight was similar to
that encountered on the two previous flights, Radiation heating rates
on SA-3 are in good agreement with values obtained on the previous
Saturn flights and are considered representative for the Saturm C-1,
Block I vehicle,

A total of 607 flight measurements was flown on SA-3, Of these
measurements, fourteen were completely unusable, six were partially

usable and one was questionable, The signal strength of all RF systems,
except C-band radar, was very close to the expected values.

1.2 TEST OBJECTIVES

The objectives of the Saturn SA-3 flight test were as follows:

First Objective - Booster

Prove the propulsionm system, structural design, and control system
of the high thrust booster - achieved,

Second Objective - Ground Support Equipment

Prove the operational concept of the associated supportimg launch
facilities for Saturn class vehicles; which include propellant systems,
automatic checkout equipment, special instrumentation, launch pedestal
with holddown arms, and other necessary handling and launching equip-
ment - achieved,

Third Objective - Vehicle in Flight

(a) Aeroballistics

Confirm values of aerodynamic characteristics, correlating
predicted stability and performance with that encountered in flight ~
achieved,

{b) Propulsion
Prove that the booster stage is capable of providing the pro-

per thrust to propel the Block I vehicle through the desired trajectory
at the required velocity. Determine the inflight performance of all




eight engines, the controlling movements of the four ocutboard gimballed
engines, engines' cutoff, propellant utilization, and other desired
propulsion data - achieved.

(c) Structural and Mechanical

Verify the structural integrity of the Block I airframe, by
correlating theoretical calculations and specification requirements
with conditions encountered during flight., Specifically, to determine
the inflight stress, vibration levels, and associated frequency content
at various locations throughout the vehicle structure, so that the
dynamic increments to the shear and bending moments may be calculated
and component vibration environment may be determined., Measure the
overall structural response to defime critical dynamic occurrences.
Evaluate the presence of any excessive strain, body bending effects,
and accumulate data which may be used to determine the mode shape of
the bending curve during flight - achieved.

(d) Guidance and Control

To demonstrate the capability of the G & C system (a modified
ST-90 stabilized platform) to perform the required control, guidance,
and operational sequence for the Block I flight tests. Specifically,
to prove that the system will establish an accurate space-fixed coordi-
nate reference for determining vehicle attitude and providing an
accurate coordinate velocity signal - achieved.

Fourth Objective - Project "Highwater"

A water cloud experiment (similar to the experiment conducted on
SA-2) will be accomplished by injecting the upper stages' 87,329 kg
(192,528 1b) of water ballast into the upper atmosphere, at an altitude
of approximately 167 km, by rupturing the upper stages with primacord -
achieved, ;




1.3 TIMES OF FLIGHT EVENTS

Event Actual Range Predicted Act - Pred
Time (sec) (sec)
Ignition Command -3.79 -3.57 -0.22
Thrust Commit -0.,49 - -
Launch Commit -0.08 - -
First Motion * 0.10 0.1¢ 0
Liftoff Signal 0.33 - -
(Start Program Device)
Begin Tilt 10.33 - -
Mach-l Reached 68,10 68.03 0.07
Maximum Pynamic Pressure 78,60 78.28 0.32
Inboard Engine Cutoff 141,66 140.34 1.32
End of First Thrust Decay 144 .25 - -
Qutboard Engine Cutoff -149.09 147.95 1.14
End of Second Thrust Decay 152,78 150.48 2.30
Retro Rockets Ignite 153,66 152,34 1.32
Project "Highwater' 292,00 292,00 0
Loss of Telemetry §Signal 292,00 292,00 0

* Reference point for comparison
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2,0 (U) INTRODUCTION

Saturn space vehicle SA-3 was launched at 1245:02 EST on November
16, 1962, from Saturn Launch Complex 34, Atlantic Missile Range, Cape
Canaveral, Florida. SA-3 was the third vehicle to be flight tested in
the Saturn C-1 R&D program, The major objective of this test was to
evaluate the designs of the propulsion system, control system, and
structure of the 590,000 kg (1,3 million 1b) thrust booster,

This report presents the results of the Early Engineering Evalua-
tion of the SA-3 test flight, The performance of each major vehicle
system is discussed with special emphasis on malfunctions and devia-
tions., The report is presented in two volumes covering all vehicle
systems and ground support equipment., Important aspects concerning
the flight and the malfunctions and deviations are discussed in the
first volume. Supporting data for all the sections of Volume I are
presented in Volume II,

This report is published by the Saturn Flight Evaluation Working
Group, whose members are representatives from all Marshall Space Flight
Center Divisions, Therefore the report represents the official MSFC
position at this time, This report will not be fallowed by a similarly
integrated report unless continued analysis and/or new evidence should
prove the conclusions presented here partly or wholly wrong. Final
evaluation reports will, however, be published by the MSFC Divisions
covering some of the major systems and/or special subjects.



3.0 (U) LAUNCH OPERATIONS

3.1 SUMMARY

Saturn vehicle SA-3, scheduled for launching at 1200 hours EST on
November 16, 1962, was launched at 1245:02 hours EST, on that date,
The vehicle was launched on-an azimuth of 100 degrees East of North
from complex 34, Geodetic Latitude 28,52153 degrees N and Longitude
'80.56136 degrees W.

The scheduled 10-hour countdown began at 0200 EST, November 16,
1962. The count was continuous except for one hold at 1045 hours EST.
There was a ground generator power failure at this time., The hold"
continued for 45 minutes and the count was resumed at 1130 hours EST.
All automatic propellant loading sequencing processes were within ex-
pected tolerances. Launch preparations, execution of the countdown,
and launch were as expected and successfully demonstrated the compati-
bility between the ground support equipment and the flight configura-
tion. The complex and support equipment suffered less damage than was
expected from the low liftoff acceleration of SA-3,

3.2 PRELAUNCH MILESTONES

Date Event

September 1%, 1962 S-I stage arrived at Cape Canaveral
on Saturn barge "Promise'.

September 21, 1962 S-1I booster erected on launch pedestal

) at pad 34,

September 24, 1962 Dummy stages S-IV, S-V, and payload
assembled to the §-1 booster,

QOctober 19, 1962 Service Structure removed for RF check.

October 31, 1962 Fuel test completed; S-IVD, S-VD
water loading completed,.

November 2, 1962 LOX loading test completed

November 6, 1962 Overall test No, 4 completed

November 9, 1962 Retro Rocket installation completed



November 13, 1962 Simulated flight test performed
November 14, 1962 RP-1 fuel loaded
November 16, 1962 Launch

3.3 PRELAUNCH ATMOSPHERIC SURFACE CONDITIONS

General weather conditions around Cape Canaveral at the time of
launch were exceptionally good. There was no precipitation. There
were no clouds along the flight path. The visibility was 16 lm (10
miles) or better, Barometric pressure was 764 mm of mercury {1018.5
mbs), relative humidity 36%, and temperature 24.7°C. Surface winds
were from 215 degrees (SW) at 3 m/s. For detailed and more complete
atmospheric data, refer to Volume II.

3.4 COUNTDOWN

Holds

Launch countdown began at T-600 minutes at 0200 EST on November
16, 1962 and was continuous except for one 45-minute hold caused by
ground generator power failure at T-75 minutes (Figure 3-1), Network
generator number 2 dropped out, apparently due to the over-voltage
sensing circuit, causing the hold. The nominal value for activation
of the over-voltage device is 37 volts; however, it was found that the
over-voltage sensing device for this generator had shifted to 35 volts
(approximately the terminal voltage of the generator at the moment of
dropout), The sensing device was replaced. The over-voltage bypass
circuits for all generators (normally energized at "LOX bubbling com-
plete") were then jumpered for the remainder of the countdown to avoid
further difficulties in this area. The count was resumed at 1130 hours
EST and continued until launch,

Automatic Countdown

The automatic countdown sequence was initiated by the firing com-
mand 363.45 sec prior to ignition command (T-0). This is 10.55 sec
later than the firing command on SA-2, due primarily to the time dif-
ference in LOX tank pressurization., The LOX tank pressurization time
was shorter on SA-3 due to the smaller gas ullage associated with the
full propellant loading for this vehicle as compared to the partial
loading on SA-1 and SA-2. Comparisons of predicted and actual times
for ground sequence events are listed in Volume II, The times shown
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were read from sequence records, No digital output for events was
available due to a computer malfunction.

3.5 HOLDDOWN

Engine start and transition were smooth with all engines receiving
a positive ignition from a LOX lead in the gas generator ignition sys-
tem. All critical blockhouse measurements were within the established
redline values, Maximum and minimum values observed during the count-
down are included in Volume IT,

Two events from the sequence records show irregular signals. The
"Support Retract Pressure OK" switch cycled several times about 500 ms
after all engines were running. This could be due to vibration on one
or more of the four switches. The function of these four switches
"(one on each support arm assembly at the pressure source) is to show
that pressure is available to move the support retract arm. The
switches were wired in series and vibration on any one switch would
cause the cycling noted. This possible problem was noted early in the
Saturn program and these switches were taken out of the cutoff circuit,
The other irregular sigral showed that the LOX bubbling valve stayed
open for 137 sec instead of the expected 60 seconds. This is consid-
ered a measuring error since other parameters (such as LOX temperature
in the tanks and at the pump inlet) did not reflect this long bubbling
time,

Detailed environmental measurements on Launch Complex 34 will be
included in Volume II,

3.6 LAUNCH COMPLEX AND GROUND SUPPORT EQUIPMENT

All items of ground support equipment functioned normally with
the exception of the LOX fill mast, which failed to retract on command.
This failure to retract did not interfere with the subsequent liftoff
of the space vehicle., However, the failure to retract on command
resulted in the ultimate failure of the LOX fill mast because of the
vehicle blast breaking the mast cylinder mount with the subsequent for-
"ward motion of the upper mast assembly, Post launch investigations of
the cause of the mast failure. to retract have been inconclusive.
Sequence and event records show that the command for the mast to retract
was received and responded to by the solenoid valve in the LOX f£fill
mast assembly valve box. The actuation of this solenoid valve should
have resulted in the application of pneumatic pressures to the retract
cylinder, which would result in the ultimate retraction of the mast.
The response of the solenoid valve to command was demonstrated during
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components test on T-1 day. The correct mechanical connections to the
retract cylinder were verified prior to launch and reverified during
the post launch investigation, The post launch analysis so far points
most strongly to a theory which indicates that the retract cylinder
failed to stroke subsequent to the application of pressure, This fail-
ure could be due to two possibilities, The first would be a mechanical
"freezing" of the retract cylinder piston within its cylinder, The
second possibility would be that of a failure of the "cushion" regula-
tor or that one of the two-way "button" valves, used for remote cou-
pling, could have leaked, Either of these possibilities would result
in a net force toward the forward position rather than the retract
position, The circumstances of the LOX fill mast failure to retract
are being investigated to determine the most likely cause of failure
and what steps can be taken to prevent its recurrence.

The complex and support equipment suffered less damage than was
expected from the low lifteff acceleration of SA-3. Film coverage
shows that SA-3 took approximately 3.2 sec longer to reach 93 m alti-
tude than either of the two previous Saturn vehicles. At this altitude,
the exhaust flame and jets cease to '"flare out'". Therefore, since SA-3
remained in close contact with the pad approximately 307 longer than
either SA-1 or SA-2, more pad damage would be expected from SA-3.

Examination of the launcher and ground support equipment after the
launch of Saturn vehicle SA-3 revealed that the damage was of a level
comparable to the damage observed after the launch of SA-1 and SA-2,
The only observed damage readily attributable to the low liftoff accel-
eration was increased damage to the torus ring retaining bands and a
noticeable larger increment of flame deflector warping. A damaged area
of interest was the tubing on the exposed wall of the umbilical tower
base room, This tubing was ripped loose from the wall and severely
distorted. Although this tubing damage did not occur on the launches
of SA-1 or SA-2, it would be difficult to associate the damage with
any launch characteristic peculiar to SA-3. It is believed that this
damage Fesulted from the mounting system being weakened during previous
launches, Saturn vehicle S5A-3 was the first to use an umbilical swing
arm instead of the long cable mast assembly, The long cable mast assem-
bly was essentially destroyed during the SA-l and SA-2 launches, The
umbilical swing arm installation used to service SA-3 sustained very
minor damage during the launch and can be reused with minor refurbish-

ment,

Following is a detailed assessment of damage to individual GSE
items. -




13

Short Cable Mast and Tail Cable Mast Assemblies

This equipment should be subject to refurbishment with a majority
of the mechanical components being salvageable, The umbilical swing
arm should be subject to -refurbishment with minimum effort, The umbili-
cal disconnect plate sustained damage to one ejection pin, The bungee
cord redundant retract system, used on the umbilical disconnect plate,
was burned away.  The umbilical swing arm service platform sustained
minor damage., Electrical cabling, in general, evidenced heat input but
possibly will be reused, subject to qualification testing.

Fuel Loading Mast

This mast should be subject to refurbisbment with a majority of
the mechanical components being reuseable, Flexible hose assemblies,
electrical harnesses, and the retractable coupling are subject to
replacement.

10X Fill Mast

This sustained major damage, with very few components, other than
the steel base and the valve box assembly, subject to salvage.

Retractable Support Arms

These support arms sustained minor damage consisting of random
failure of tubing which is exposed nearly directly to the blast.

Holddown Arms and Associate Valve Panel

This equipment sustained minor damage consisting primarily of
tubing and flex hose assemblies being burned away.

Flame Deflector

This can be reused, It suffered a pronounced increment of warp-
age; however, this warpage is not considered so severe as to compro-
mise its usefulness.

The launch again proved the compatability of the vehicle and the
ground support equipment. In addltlon, it also proved that a vehicle
with low liftoff acceleration (11.4 m/s2 compared to 13,6 m/s2 for
notmal flights) would not damage the launch complex to an excessive
amount,
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4,0 (C) TRAJECTORY

4.1 SUMMARY

The actual flight path of SA-3 was close to nominal, Slightly
lower acceleration caused the altitude and range to be less than nomi-
nal at any time during powered flight, but a longer powered flight
caused both to be greater than expected at times after burnout., Water
release (Project Highwater) occurred at 292 sec at an altitude of
:167.2 kilometers.

At IECO the actual altitude was 1.4 km higher, the range was 1.8
km longer, and the velocity was 18.4 m/s greater than nominal.

4,2 TRAJECTORY ANALYSIS

The electronic tracking data obtained for establishing a post
flight trajectory were somevhat poorer than that obtained on the first
two vehicles, The acceleration components from UDOP were not usable
prior to 35 sec nor after about 120 seconds. Acceleration components
from Azusa were not usable prior to 75 or 80 sec and were intermit-
tently available during the remaining flight. FPS-16 Radar data was
intermittent during the entire flight from all statioms. Acceleration
components were not usable from any of the radar sites prior to 40 or
50 seconds.

The postflight trajectory is a combination of '"Close-in" and
"regular" Fixed Camera, Theodolite, and Mark II Azusa tracking data,
with telemetered data using transients, and a ballistic trajectory com-
puted from 160 sec through water release at 292 seconds., The maximum
difference between the position components from this synthesized tra-
jectory and the tracking data during powered flight was about 20 meters,

4.3 ACYUAL AND PREDICTED TRAJECTORY
4.3.1 POWERED FLIGHT

Actual and nominal altitude, range, and cross range (Z,)are shown
in Figure 4-1, The actual altitude and range were essentially the
same until after the second cutoff (see Figure 4-1), The actual cross
range displacement (Ze) was 0,41 lm left of nominal at IECO. About 0,255
km of this deviation was due to the difference in alignment of the plat-
form and vehicle (see Chapter 8.0), and approximately 0.110 km was
caused by lateral winds, The remaining difference (0.045 km) is due
to other small effects. ~The nominal trajectory is presented in
Reference 1,
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The longitudinal acceleration was up to about 1.2 m/sZ less than
expected during the power fli§ht, however the maximum longitudinal
acceleration was only 0.5 m/sZ lower than nominal, The velocity at first
cutoff was 18.4 m/s more than expected since actual cutoff occurred 1.3
sec later. The earth-fixed velocity is shown in Figure 4-2,

Actual and nominal Mach number and dynamic pressure are shown in
Figure 4-3. These two parameters were calculated using measured meteor-
ological data to an altitude of approximately 33.4 kilometers. Between
33.4 and 47.0 km altitude the measured data was gradually adjusted to
the 1959 ARDC atmosphere, above which the 1959 ARDC was used. The
actual peak dynamic pressure was slightly less (0.006 kg/cm®) than nom-
inal due to a lower velecity,

4.,3.2 CUTOFF

‘A comparison of actual and nominal parameters at both inboard and
outboard cutoff is shown in Table 4-I, At OECO the actual altitude
was 1.1 km higher, range was 1.8 km longer, and velocity was 11.9 m/s
greater than predicted, The time interval between the two cutoff times
was 7.43 sec for the actual, and 7.6l sec for the nominal, The accel-
eration level of both actual and nominal was about 21 m/s2, Since
the actual burning time between IECO and OECO was 0.2 sec less than
nominal, the velocity comparison would be expected to change by about
4 m/s between IECO and OECO. This would mean that the expected dif-
ference between actual and nominal velocity at OECO would be 14.4 m/s,
instead of the 11.9 m/s observed, Figure 4-4 indicates that the accel-
eration level during ocutboard engine operation is less than nominal,
resulting in an increasing velocity deficit from predicted.

Comparisons of actual and nominal parameters at significant event
times are given in Table 4-TI.

Thrust Decay

The actual velocity gain during outboard engine thrust decay was
7.9 m/s and the nominal velocity gain was 7.6 m/s. A comparison of the
two has no significance since LOX depletion occurred. 1In addition,
the time of actual OECO was obtained from a commutated telemetry trace,
which may be in error by as much as t 83 milliseconds. This time error
is equivalent to a t 1,7 m/s uncertainty in the velocity gain,




o
o

TABLE 4.1 CUTOFF CONDITIONS

Parameter IECO OECO

Actual Nominal Act-Nom Actual Nominal Act-Nom
Range Time (sec) 141,66 140,34 1,32 149,09 147,95 1.14
Range (km) 32,42 30.64 1,78 41,13 39,36 1.77
Altitude (km) ‘ 61.46 60,10 1,36 71.11 70,00 1.11
Cross Range (Ze) (km) -0,13 0.28 -0.41 -0,10 0.36 -0.46
Earth-fixed Velocity (m/s) 1700.6 1682,2 18,4 1808.8 1796.§ 11.9
Longitudinal Acceleration (m/sz) 41,05 41,53 -0.48 20,99 21,74 -0,75
Velocity Vector Elevation (deg) 48,37 49,16 -0,7¢ 46,84 47,55 -0,71
Velocity Vector Azimuth (deg) 100,09 100,48 -0,39 100,18 100,56 -0,38
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TABLE 4-I1 SIGNIFICANT EVENTS

Event Parameter Actual Nominal Act~Nom
First Motion Range Time (sec) 0.10 0.10
Longitudinal Acceieration (m/s2) 11,36 11,27 ' 0.09
Mach 1 Range Time (sec) 68,10 68,03 0.07
Altitude (km) 8,27 8.04 0.23
Maximum Dynamic Pressure Range Time (sec) 78,60 78,28 0,32
Dynamic Pressure (kg/cm?) 0.2863 0.2926 -0.0063
Altitude (km) ‘ 12,00 11,65 0.35
Maximum Longitudinal Range Time (sec) 141,80 140,44 1.36
Acceleration :
Longitudinal Acceleration (m/sz) 41,12 41,60 -0.48
Maximum Earth-fixed Range Time (sec) 149,50 148,25 1,25
Velocity
Earth-fixed Velocity (m/s2) 1811.8 1800,0 ‘ 11.8
Water Release Range Time (sec) 292,0 292,0
Time from True Apex (sec)% =3.5 -2.9 -0,6
Altitude (km) 167,22 166.77 0.45
Range (km) 211,41 207,65 3,76
Elevation Angle from Pad (deg) 37.03 37.46 -0,43 s

* Water Release Time Minus Apex Time
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4.4 RETRO ROCKETS

SA-3 was the first Saturn vehicle to use retro rockets. The mea-
sured longitudinal acceleration (F7-13) during retro rocket operation
is shown in the lower part of Figure 4-4, The velocity lost due to
retro rocket operation was about 9 m/s or approximately the velocity
loss predicted. Deviating from the Block II separation sequence, this
velocity loss applies to the entire (non-separated) SA-3 vehicle,

4,5 WATER RELEASE (DESTRUCT)

Water release occurred at 292,0 sec range time. The vehicle was
0.45 km higher and 3,76 km further in range than was expected.
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5.0 (C) PROPULSION

5.1 SUMMARY

Vehicle propulsion system performance throughout the flight test
of Saturn SA-3 was well within satisfactory limits. Performance of
individual engines, hydraulic systems, and propellant tank pressuriza-
tion systems did not deviate significantly from the predicted values.

s The vehicle longitudinal thrust was 0.15 percent lower and specific
impulse 1.10 percent higher than corresponding predicted values.

All missions, including primary, secondary, and special missions,
were accomplished. Results of the special missions of particular
significance to the vehicle propulsion system are described below:

1. The full propellant load simulating Block II ullage volumes
presented no problem to the propellant loading system, the pressuriza-
tion system, and engine operation.

2. The thrust OK cutoff of outboard engines due to LOX depletion
achieved a significant increase in propellant utilization with no prob-
lems in engine shutdown and vehicle control.

3. The retro rockets ignited and operated satisfactorily at the
end of §-1 stage powered flight.

5.2 TINDIVIDUAL ENGINE PERFORMANCE

The performance of the individual engines on the SA-3 flight was
satisfactory. The maximum deviation in engine thrust, between that
calculated from flight data and predicted values, was approximately 1.8
percent, occurring on engine positions 6 and 8. The deviations for the
other engines varied from -1.6 to +1.2 percent as compared to the pre-
dicted thrust (see below). The engine-to-engine deviation from the
actual mean thrust was from +1.5 to -0.8 percent,

% Deviation from Predicted Thrust

2 -
1 - ' Eng
¢ Eng #8
#3
¢ Predicted Thrust
Eng Eng .
1 - Eng]| {#2 Eng| L #5 |{Eng||Eng
- #1 #4 #6 | |#7
-2 -

Individual Engine Deviation From Predicted Thrust

NOTE: Throughout this report, psi indicates an absolute pressure,
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The maximum deviation in engine specific impulse, between that
reconstructed from flight data and the predicted values, was approxi-
mately +2,6 -percent, occurring on engine position 2, The deviations
for the other engines varied from +0.35 to +2.26 pertent as compared
to the predicted impulse (see below). The engine-to-engine deviation
from the actual mean specific impulse was from +1.8 to -1.0 percent.

% Deviation from Predicted Specific Impulse

3
2— .
L ;3‘1‘3 fﬁ‘z‘g ;gg Eng Eg Eng
. zzg Eng I_#_G_I #8 Predicted
0 iS5 [ ' Specific

Impulse

Individual Engine Deviation from Predicted Specific Impulse

Engine main propellant valve opening and closing times are shown
in Table 5-I, and the cutoff impulse is showm in Table 5-II. All
values shown in Table 5-II are based on chamber pressure decay. The
cutoff signals for the outboard engines were measured on commutated
channels and could, therefore, be in error by as much as 83 ms, which
represents a possible error in impulse 0f6760 kg-sec (14,900 1b-sec).
When the possible 83 ms error in cutoff time is taken into considera-
tion, the cutoff impulse values from chamber pressure decay are in good
agreement with the impulse from trajectory information {see section
4.3.2).

All engine subsystems and components were evaluated and the data
indicated acceptable levels of operation except for the gear case
pressure on engine position 2, which exceeded the limit of 0.7 kg/cm2
(10 psi gauge). The most plausible explanation of this occurrence
appears to be an obstructed pressure sensing line (see section 13,2
for a detailed explanation), Detailed analysis of engine position 5
subsystems could not be made due to a failure in the measuring power
supply feeding this area,

5.3 YVEHICLE PROPULSION SYSTEM PERFORMANCE

Overall propulsion system performance, as reflected in vehicle
performance, was very satisfactory, Inboard engine cutoff occurred at
141,66 sec range time and outboard engine cutoff occurred 7.43 sec
later at 149.09 seconds. Inboard engine cutoff signal was initiated
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TABLE 5-I
ENGINE IGNITION AND CUTOFF INFORMATION
Ign, Signal Time | GG LOX MLV MFV MLV MFV
Engine | After Ign, Command | Lead | Opening Time | Opening Time | Closing Time | Closing Time
No. (ms) (ms) (ms) (ms) (ms) (ms)
1 320 10 260 750 250 1300
2 220 10 200 670 300 1370
3 320 20 220 630 330 1250
4 220 20 280 600 300 1300
5 10 10 N 620 r— —
6 120 10 250 600 290 1250
7 10 20 200 680 220 1300
8 - 120 10 200 700 300 1350
NOTE: Engines started in pairs with a predicted LEGEND
100 ms difference in starting time as
follows: GG - Gas Generator
MLV - Main LOX Valwve
No, 5 and No, MFV - Main Fuel Valve

No, 6 and No.
No, 2 and No,
No. 1 and No,

P~ oo~

174
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TABLE 5-1I1

ENGINE CUTOFF IMPULSE

Engine Engine Cutoff Impulse Comparison with Nominal
Position (kg~sec) {1b-sec) {kg-sec) (1b-sec)
1 32,997 see Note 3 72,746 See Note 5
2 28,817 see Note 3 63,530 See Note 5
3 24,725 see Note 3 54,510 See Note 5
4 - _ - -
5 25,348 55,883 -7038 -15,517
6 25,437 | 56,079 -6949 -15,321
7 24,281 53,530 -8106 -17,870
8 24,547 54,118 ~7839 -17,282
NOTES :

The nominal cutoff impulse is 32,400 F 2400 kg-sec (71,400 ¥
5200 lb-sec) for a one gigma confidence level,

All values are based on chamber pressure decay data.

The cutoff signal for engines 1, 2, and 3 was commutated and
could be in error by 83 ms, which represents an error in
cutoff impulse of 6760 kg-sec (14,900 lb-sec) or 21 percent,
The cutoff impulse for engine 4 could not be calculated due to
measurement failure; however, cutoff of engine 4 appears to
have been normal,.

The LOX depletion cutoff on the outboard engines prevents a
comparison with nominal.
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by the LOX tank 04 liquid level sensor. Outboard engine cutoff signal
came from the "thrust OK" switch on engine position 3, due to LOX deple-
tion. Engine position 3 feeds from LOX tank 04, Engine positions 1, 2,
and 3 had already entered the thrust decay period when the cutoff sig-
nal was given by engine position 3.

The engine starting sequence was within expected values of pre-
dicted, Figure 5-1 shows the chamber pressure build-up of all engines.
The starting pairs by position number were 5, 7; 6, 8; 2, 4; and 1, 3
with a programed 100 ms delay between pairs. The maximum deviation
in chamber pressure build-up of approximately 40 ms occurred between
engines 1 and 3, This deviation is within expected engine-to-engine
repeatability limits.

Inboard engine shutdown was normal on all four engines. The out-
board engine cutoff characteristic was modified slightly by the LOX
depletion cutoff (see Figure 5-2).

Actual and predicted vehicle longitudinal thrust, total flow rate,
mixture ratio, and specific impulse are shown in Figures 5-3 and 5-4.

There were two approaches used to evaluate the vehicle propulsion
system performance, The first method compares propulsion system in-
flight measurements to corresponding predicted information. The vehi-
cle thrust curve was calculated from measured combustion chamber pres-
sures, The vehicle total propellant flow is defined as total propel-
lant expended by the vehicle to include engine flows, lube fuel flows,
and vented GOX. The engine flows are reconstructed from flight para-
meters and discrete liquid level data and are considered more accurate
than the flows determined from flow meters. However, the latter flows
are important for the recognition of the flow transients. The vehicle
specific impulse was determined from vehicle thrust and total propel-
lant flow described above. The second approach is through the flight
simulation method, which is a computer program with a differential cor-
rection procedure used to obtain adjustments to the propulsion param-
eter inputs which will produce a trajectory that matches the actual
trajectory,

The percent deviation from predicted, along with the estimated
accuracy limitations of each parameter from both approaches, is shown
below.

Flight Propulsion Flight Simulation
_Thrust -0.15% + 1% -0,15% t 0.25% -
Total Flow Rate -1.63% * 1% -1.24% T 0,25%

Specific Impulse +1.507% T 1% +1.10% T 0.25%
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Vehicle Mixture Ratio (LOX/Fuel)
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The deviations shown above are computed by subtracting predicted
from actual and dividing by predicted, The largest deviation between
the two approaches is only 0.47, which is well within expected results
from the two methods,

5.4 PRESSURIZATION SYSTEMS
5.4,1 TFUEL TANK PRESSURIZATION

The fuel tank pressurization system (see Volume II) operated satis-
factorily during flight, Gaseous nitrogen, supplied by 48 high pres-
sure spheres, showed a pressure of 205 kg/cm2 (2920 psi gauge) at lift-
off and decayed as expected to approximately 77.3 kg/cm? (1100 psi
gauge) at OECO, During two time intervals the sphere pressure showed
slight increases, The first increase occurred between 60 and 80 sec-
onds. At 106 to 115 seconds, pressure again increased slightly.

These small increases in pressure result from heat transferred through
the sphere walls to the nitrogen at a time in flight when little or no
gas is being used from the spheres. The spheres showed a rest pres-
sure of 70 kg/cm (1000 psi gauge) at 160 seconds.

5.4.2 LOX TANK PRESSURIZATION

Initial pressurization of the LOX tanks, which was the final func-
tion in the automatic sequence prior to ignition start timer, was pro-
vided by helium from a ground source. Pressurization was begun at
approximately T-115 sec and was stopped by the LOX tank pressure switch
at T-39 sec at a pressure of 4,25 kg/cm2 (60,4 psi). The pressurizing
time of 76 sec was 1l sec shorter than the pressurizing time for Saturn
SA-2, due primarily to smaller initial volumes on SA-3 caused by the
increased propellant loading.

10X tank pressurization throughout flight was as expected. The
small ullage volumes associated with this flight caused some problem
in accurately predicting the characteristics of the LOX tank pressure
curves, The prediction technique will be refined for Block II vehicles,
based on results of this flight.

The pressurization system is designed to maintain a differential
pressure between the center and outboard LOX tanks. The differential
pressure is necessary Lo cause depletlon of the center tank prior to
depletion of the outboard tanks to prevent trapping of usable LOX in
the center tank. The required differential pressure is maintained by
orifices located in the pressurizing interconnect lines, The pressure
drop across these orifices was approximately 0.09 kg/cm (1.3 psi)
lower than predicted at IECO,
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5.4.3 CONTROL PRESSURE SYSTEM

The control pressure system operated as expected throughout the
SA-3 flight,

Blockhouse records showed the high-pressure-supply-sphere pressure
to be 195 kg/cm2 (2780 psi gauge% at liftoff. This pressure gradually
decayed over flight to 144 kg/cm< (2050 psi gauge) at 150 seconds.
Regulated pressure was 54.5 kg/cm2 (775 psi) at liftoff and gradually
decayed to 53.6 kg/cm2 (762 psi) at 150 seconds. This absolute pres-
sure decay is expected with a gauge type regulator.

5.4.4 ATR BEARING SUPPLY

The purpose of the air bearing supply was to provide clean gaseous
nitrogen at a predetermined flow, temperature, and pressure to the air
bearings of the ST-90 and ST-124P stabilized platforms.

Blockhouse records show that the air bearing high pressure supply
was maintained prior to launch at approximately 210 kg/cm2 (2990 psi
gauge) for the ST-90 and 209’kg/cm2 (2970 psi gauge) for the ST-124P,
which was within the redline limits of 220 kg/cm2 (3200 psi gauge)
maximm and 183 kg/em? (2600 psi gauge) minimum. The low pressure air
to the air bearings of the ST-90 decayed slightly from 2.41 kg/cm
(34.3 psi) at 32 sec range time to 2,37 kg/cm? (33.7 psi) at 150 sec-
onds. The low pressure supply to the ST-124P remained constant at
2.24 kg/cm? (31.8 psi). '

Specifications for the air bearing inlet air temperature stated
that the temperature must be maintained at 25 T 1°¢c. Blockhouse records
show that this temperature was maintained within specified limits,
Blockhouse records showed a cycling in the air bearing inlet air tem-
perature of approximately 8.9 cycles per minute, which was the efifect
of a cycling of the thermostatically controlled inlet air heater.

5.5 VEHICLE PROPELIANT UTILIZATION

Overall vehicle propellant utilization (PU) for the flight of SA-3
was one of the most significant results of the test. An evaluation of
the PU, utilizing various types of flight data, indicates that 99.4%
of predicted total usable propellant was consumed during the flight,
The high percentage of propellant utilization resulted from the out-
board engines being allowed to deplete the LOX tanks before cutoff by
the "thrust OK" pressure switch., Center LOX tank depletion (gas break-
through), which should have occurred near IECO, occurred approximately
0.7 sec after IECO, due .to a G.09 kg/cm2 (1.3 psi) lower-than-predicted
differential pressure between center and outboard LOX tanks,
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An evaluation of vehicle propellant utilization indicates that
2145 kg (4,728 1b) of LOX and 3892 kg (8,581 1b) of fuel remained on-
board the vehicle at the end of outboard engine thrust decay. This
compares well with the predicted residuals which were 1454 kg (3197 1b)
of 10X and 2248 kg (4957 1b) of fuel. Of the 3892 kg (8,581 1b) of
fuel left onboard, approximately 900 kg (2000 1b) was loaded as extra
fuel, part of which is considered bias to insure the burning of any
extra LOX in the event it is usable and thereby assuring LOX depletion.
1f the same cutoff timer had been used on SA-3 as was used on SA-1 and
SA-2, cutoff would have occurred 6 sec after IECO and the LOX and fuel
residuals would have been 4,765 kg (10,504 1b) and 3443 kg (7,591 1b)
respectively, showing a substantial increase in performance for a
depletion type cutoff,

In order to check overall vehicle propellant utilization, twelve
liquid level probes were located in each tank to indicate discrete
propellant levels during the flight. The most useful information ob-
tained from the flight however, was the weight of propellant onboard
at the end of flight, Flow information during flight, based on the
liquid level probes, has not been entirely satisfactory. Various tech-
niques are being investigated to obtain reliable continuous flow infor-
mation from the liquid level probe signals.

A propellant utilization (PU) system was carried on the SA-3 flight
test (as on SA-1 and SA-2) to determine system performance and reli-
ability and was not a control feature of the Saturn first stage. Re-
sults from the PU . system indicate that the propellant consumption rate
was close to predicted. Inboard engine cutoff (IECO) was initiated by
the level cutoff probe in LOX tank 04 at 141.66 sec range time, or 1,32
sec later than predicted, The late cutoff might be attributed to dis-
persion in performance parameters such as variables in engine calibra-
tion, container pressures, propellant loading and densities,

10X container AP transducer output indicated a higher-than-pre-
dicted differential pressure throughout powered flight except during
the time from 110 to 135 seconds, The fuel container AT transducer
output indicated a higher-than-predicted differential pressure through-
out powered flight, The AP ratio calculated from the LOX and fuel
container AP data was generally below predicted, particularly in the
period of 90 to 140 seconds. However, this correlates with the indi-
vidual propellant level and AP data and may therefore, be attributed
to performance dispersion,

\ -
Data from the liquid level probes in the propellant tank may be

used to compare PU sysiem performance., Fuel level probe data correlate
well with the PU system data. However, LOX level probe data indicate
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that the PU system results do not correlate up to approximately 100
seconds, This difference in system results might be attributed to
difficulty in determining a valid LOX demsity, since the density error
on the PU system results would be greatest during the first portion of
flight, where the liquid column is highest, and would tend to dimirish
near the end of powered flight, where the liquid column is lowest.

Overall propellant utilization system performance was considered
satisfactory although some disagreement was prevalent from the LOX dis-
crete level probe data., Some PU system performance data also varies
from predicted data; however, this may be attributed to performance
dispersion,

5.6 HYDRAULIC SYSTEM

The telemetered data from SA-3 flight indicated that operation of
all four hydraulic systems was satisfactory. All temperature, level,
and pressure measurements remained within acceptable operating limits.

5.7 RETRO ROCKET PERFORMANCE

Four solid propellant retro rockets were flown on Saturn SA-3
vehicle; these retro rockets were the only active part of the S-I/S-IV
stage separation system flight tested on SA-3. The retro rockets were
mounted 90 deg apart on the spider beam at the top of the S-I stage.
Retro rocket thrust vectors were directed through the S-I stage center
of pressure. The rocket motors were directed downward and canted 12
deg from the vehicle centerline. Retro rocket locations are shown in
Figure 5-5, Retro rocket firing command (153,66 sec range time) was
given as scheduled, 12 sec after inboard engine cutoff on SA-3 vehicle,

A typical retro rocket thrust curve is shown in Figure 5-5.
Telemetered retro rocket chamber pressure data indicated satisfactory
retro rocket performance and approximately equal performance levels
for the four retro rockets. The performance of the retro rockets was
within expected limits of the predicted, with total impulse as calcu--
lated from measured chamber pregsures being about 1.77 higher than pre-
dicted, The performance as calculated from chamber pressures is sub-
stantiated by flight mechanical measurements (see Section 4.4), Mea-
sured and calculated retro rocket performance parameters are listed in
Table 5-IIT along with some predicted values,

During retro rocket operation, a vehicle roll (clockwise viewed
from the rear) of approximately 4.3 deg/s occurred and is attributed
to a retro rocket misalignment of approximately 0.3 deg for each rocket,
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The ST-90 platform roll limit of 15 deg was reached at 158.4 sec range
time. Retro rocket specifications did not require alignment to prevent
roll moments on the SA-3 vehicle, The misalignment of retro rockets
on SA-3 is not considered significant because S-I/S-IV separation was
not scheduled. Proper altgnment of retro rockets on future Saturn
vehicles scheduling S-I/S-IV stage separation will be significant in
preventing possible S-I/S-IV stage interaction during separation.




TABLE 5-IT1

RETRO ROCKET PARAMETERS

Predicted¥® Actual
Retro Rocket 1 2 3 4 Total
Duration (sec) 2,15 2,105 2,065 2,080 2,070 —
Total Impulse (kg-sec) 33,800 34,630 | 34,100 34,300‘ 34,400 137,430
(1b-sec) 74,500 76,350 | 75,200 | 75,700 | 75,900 303,150
Average Thrust (kg) 15,720 16,450 | 16,520 | 16,510 | 16,630 66,110
(1b) 34,650 36,270 | 36,420 | 36,390 | 36,670 | 145,750
Nozzle Cp 1,628 1,628 1,628 1,628 -
Throat Area (m?) 0.0103! 0,0103| 0.0103| 0.0103
(in?) 15.904 | 15,904 | 15,904 | 15,904 -
Maximum Pressure (kg/cm?) 110 108 108 108
(psi)*®* 1,560 1,530 1,533 1,530 —
Maximum Thrust (kg) 18,300 | 18,000 | 18,000 | 18,000 —
(1b) 40,400 | 39,600 | 39,700 | 39,600
Average Pressure (kg/cmz) 98 99 99 100
(psi) 1,400 | 1,406 | 1,405 | 1,416 -
Firing Command (sec 153,66 153,66 |153,66 [153.66 —
range time)
Time of Pressure Build-Up 153.66 153,66 153, 66 153,66 -—

(sec range time)

* Propellant Temperature 15,5°C and Altitude of 76.2 km

*% Excluding Ignition Peak

W
o
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6.0 (C) MASS CHARACTERISTICS

6.1 VEHICLE WELGHIS

The total vehicle weight was approximately 500,137 kg (1,102,614
1b) at ignition command. Approximately 348,219 kg (767,692 1b) of
propellant were consumed during the S-I powered phase of flight (see
Figure 6-1). Table 6-I indicates weights at various flight events,

6.2 VEHICLE CENTER OF GRAVITY AND MOMENIS OF INERTIA

Longitudinal and radial center of grévity and pitch and roll
moments of inertia are given in Table 6-II. These parameters are alsc

plotted versus range time in Figure 6-1.




TABLE 6-I (C) 8SA-3 VEMICLE WEIGHTS

IGNITION

. INBOARD OUTBOARD END OF
COMMAND FIRST MOTION ENGINE CUTOFF ENGINE CUTOFF THRUST DECAY
, Pred#® Flight Pred® | Flight | Prad¥ Flight Pred¥ Flight | Pred* | Flight |

RANGE TIME (sec) -3,57 -3.79 0.10 0,10 140,33 141,66 147,90 149,09 [150.48 152,78
WEIGHTS (kg)
Dry Vehicle 143,488 143,598 143,488 | 143,598 143,488 143,598 (143,488 143,598 [143,488 | 143,598
TOX 245,815 244,851 240,505 | 239,413 8,034 §,295% [ 1,710 2,355 1,450 2, 145%%
Fuel 109,788 110,750 107,771 | 108,675 5,703 7,264%%| 2 617 4,266 2,248 3,892k%
Gas in LOX Container 116 113 127 125 1,407 1,403 1,459 1,456 1,461 1,458
GN 344 344 344 344 344 344 344 344 344 344
Byaraulic 011 27 27 27 27 27 27 27 27 27 27
TOTAL 499,578 | - 499,683 492,262 | 492,182 159,003 160,931 |149,645 152,046 49,018 | 151,464
WRIGHTS (1b)
Dry Vehicle 316,338 316,580 316,338 | 316,580 316,338 316,580 |316,338 316,580 Pp16,338 | 316,580
LOX 541,930 539,804 530,224 | 527,815 17,713 18,287%| 3 771 5,191%4 3,197 4, 728k
Fuel 242,042 244,162 237,594 | 239,587 12,572 16,015%%} 5,770 9,404*“ 4,957 8,581%%
Gas in LOX Container 255 250 281 276 3,102 3,094 3,216 3,210 3,220 3,215
GNy 758 758 758 758 758 758 758 758 758 758
Hydraulic 01l 60 60 60 &0 60 60 60 60 60 60
TOTAL ,101,383 | 1,101,614 |1,085,255 (1,085,076 | 350,543 354,794 |329,913 335,203 p28,530 | 333,922
NOTES:; *Predicted Mass Characteristics are those

1. Flight dry weight includes 87,329 kg (192,528 1b) water ballast,

2, Predicted dry weight includes 87,414 kg (192,716 1b) water ballast,

. GOX vented accounted for,
« No GN2 vented from fuel containers,

. Ignition weight does not include jacket prefill,

3
4
5. Ice accumulation (Approx. 453.6 kg (1,000 1b) at Liftoff) not included,
6
7

. Predicted propellant weights based on fuel density of 808,1
Flight propellant weights based on fuel density of 806,6 kg/

Reported in M«PA&VE-ES-91-62 and
M-P&VE-ES-111-62,

8, TFuel congumed includes 0,23 kg/sec (0,50 1b/sec) lube fuel flow per engine,

k§/m3 (50.45 1b/£t3)
m3 (50,356 1b/fc3)

*kDetermined from Disgrete Level Probe Data
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TABLE 6-IT (C) MASS CHARACTERISTICS COMPARISON
RANGE | LONGITUDINAL RADIAL PITCH MOMENT ROLL MOMENT
EVENT TIME WEIGHT C.G. (X-Sta) c. G. OF INERTIA OF INERTIA
t Meters
Seconds iﬁ % Dev ¥§c:22 Dev Inches Dev Kg-M-52 % Dev ngu-sz % Dev
Predt N/A 143,488| 0,1 27.96 | 0.04 | 0,005 o |2,583,53| 0.4 29,814 0.3
316,338 1100.6 |1.5 |o0.2 0
Dry Vehicle 005 2,595,148 29,892
143 598 27.92 0. 2 H] 3
Flight | N/A 316,580 1099,1 0.2
500.032] 0.0 | 17.39 0.0l | 0,003 | © |5,590,293] 0.0 [ 184,340 | 0.1
& - N . . . . . .
Ignition | oo 73T ] 1,102,383 684.6 | 0.3 | 0.1 o |77 Y
Command Flight | -3.79 500,137 17.38 0,003 5,587,896 184,193
) 1,102,614 684,3 0.1
Pred® | 0.10 492,717| 0.0 | 17.35]0.01 | 0,003 | 0 [5,583,505| 0.0 | 181,130 | 0,3
First y 1,086,255 682,9 | 0.4 |o0.1 0
Motion 492,635 17.34 9,003 5,581,354 181,696 :
| Flighe| 0.10 | ) 086,076 682.5 0.1 Y ' 2
159.004] 1.2 | 25.86] 0,23 | 0.010 |0.005 | 3,262,713| 2.0 38,175 | 2.3 £y
i * . . » - . » ’ . " i
b Laboard Pred# 1140.33 350,543 1018.3 | 9.3 | 0.4 [0.2 ’ 2 ]
o I
e Engine 160,932 25.63 0,005 3,329,594 39,052 Y
ggi - Cutoff Flight [141,66 354,794 1009.0 0.2 S ’ Z.
" ~
daf 149 . 646] 1.6 | 27,08 0.33 | 0.010 |0.005 | 2,875,358] 3.4 33,106 | 3.9 y
§§q ‘ gﬁ;ﬁﬁ:rd Pred# |147.90 329,913 1066.2 [13.0 | 0.4 (0.2 4%
L :
149, 152,045 26.75 0,005 3,972,326 34,485 :
Cutoff Flight [149.09 335,203 1053.2 0.2 ' ’
Pred*|150,48 149,019 1.6 27,17| 0.34 | 0,008 [0,003| 2,846,605 3.5 32,871 4.3
?ﬂiuii e 328,530 1069.7 |13.4 | 0.3 |0.1 '
Flig 333,922 1056, 3 0.2 S ’

#predicted Mass Characteristics are those reproted in M-P&VE-ES~91-62 and in M-P&VE-ES-111-62,

~
=

NOTES: Predicted dry weight includes 87,414 kg (192,716 1b) of water,
Flight dry weight includes 87,329 kg (192,528 1b) of water,
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7.0 (U) CONTROL

7.1 SUMMARY

The control system for the Saturn vehicle SA-3 was essentially
the same as that used in SA-1 and SA-2. However, the control gains
(ag and bp) were changed because of the increased propellant loading
in order to maintain the same correlation with the vehicle mass as on
SA-1 and S5A-2,

The tilt program for the ST-90 platform was generated by a syn-
chronous motor driven cam as on SA-2, Transients which appeared in
the pitch actuator deflections on SA-2, due to a periodic resistance
encountered by the cam generating the tilt program, did not occur on
SA-3.

Engine deflections, attitude angles, and angles-of-attack were
less than those observed on SA-1 and SA-2 flights primarily due to the
trajectory shape. The greatest wind speeds occurred in the pitch plane
direction and were nearly the same as experienced on SA-2,

The Statham control accelerometers, which were flown for opera-
tional study purposes for the first time on SA-3, indicate that they
should be satisfactory for closed loop operation. Statham accelero-
meters will be in closed loop operation on SA-4, The control rate gyro
package also performed properly. The usual vibration effects were pre-
sent, although not detrimental with proper filtering if the rate gyro
package was used as an active control sensor in its present location.

Angle-of-attack measuring systems all performed satisfactorily.
An "upwash effect" was noticed at subsonic speeds on the Q-ball angle-
of-attack sensor. With this properly taken into account the Q-ball
could have been used for comtrol up to 100-110 sec of flight.

The operations of the hydraulic actuators and the control compu-
ter were satisfactory.

The attitude measurements from the passenger ST-124P platform
were satisfactory except for some differences which are explained by
the fact that the ST-124P was not aligned accurately in azimuth and the
resolver chain was not "“trimmed" as will be done for SA-4,
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7.2 S-1I CONTROL ANALYSIS

7.2.1 PITCH PLANE

The maximum pitch plane control parameters for the SA-3 powered
flight were:

Parameter Magnitude Range Time (sec)
Attitude 1.8 deg 88.5
Angle-of-Attack (Free-stream) -6.8 deg 115.0
Angular Velocity -1.0 deg/s 101.4
Normal Acceleration -1.1 m/s?2 83.3
Actuator Position -2,8 deg 83.3

Pitch attitude deviations were essentially zero prior to 50 sec
and after 115 sec (see Figure 7-1)., Vehicle tilting was initiated by
the ST-90 tilt cam (similar to the ore used on SA-2) at 10.33 seconds.
The tilting program (Figure 7-2) was based on eight engine operation
prior to 20 sec and seven engine operation for the remainder of the
flight, in order to minimize control requirements in the event of an
engine failure, According to measurements made of the ST-90 cam by
LVOD, the actual tilt program cut on the cam started differing from the
requested tilt beginning around 90 seconds, Final tilt arrest occurred
at 132.03 sec with the vehicle tilted 44,28 degrees from the launch

vertical.

The cam device provided continuous tilting from the time of in-
itiation at 10.33 sec, until tilt arrest at 132,03 sec, with the tilt
rate varying between zero and a maximum of 0.6 deg/s at 85 seconds.
Periodic transients, which occurred in the actuator position of SA-2
due to the cam device, did not occur on SA-3.

The maximum actuator deflection of -2.8 degrees occurred at 83.3
sec (Figure 7-1) as a result of a wind gradient of 0.023/s acting over
an altitude increment of 390 meters., This gust had a velocity incre-
ment of 9.0 m/s as determined from the angle-of-attack winds compared
to 8.7 m/s from rawinsonde measurements, The wind component variation
with altitude for the pitch plane was very similar to previous Saturn
flights in both magnitude and direction (tail wind). Angles-of-attack
and engine deflections were lower, however, due to the different tra-
jectory flowm by SA-3 and changed control gains.

Shown in Figure 7-3 is a comparison of the pitch component winds
as a function of time from three sources; rawinsonde, rocketsonde, and
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angle-of-attack winds. The angle-of-attack winds (solid line) were
determined from attitude and angle-of-attack measurements made onboard
the vehicle which were combined with trajectory angles and velocity
components from tracking. Local angles-of-attack (U.S. Science meters)
were used for this calculation after applying the appropriate correc-
tion for the upwash factor., Rawinsonde winds were obtained up to an
altitude of 33.3 km (114.3 sec vehicle range time)., Rocketsonde winds
are shown as solid points in Figure 7-3. The angle-of-attack winds are
considered questionable after 117 seconds,

The maximum pitch plane wind component as measured by rawinsonde
during the maximum dynamic pressure region was 30.9 m/s at 83.1 sec
(13.9 km). The free stream angle-of-attack at this time was -4.1
degrees. Approximately 51% of this angle-of-attack can be attributed
to the winds, The remaining portion is attributed to the fact that the
tilt program is based on seven engine operation during this flight
period.

Figure 7-4 shows an estimate of the pitch angle design criteria
with eight engine operation on a seven engine tilt program for a flight
time of 70 seconds, The gains used for establishing the design criteria
were from the Drift Minimum Principle for the full propellant loading.
The response due to the 2 0 steady-state winds has been increased by
25% to account for gusts. Variations in aerodynamic parameters have
been accounted for by increasing the nominal response 11%.

The solid lines in Figure 7-4 represent the design criteria as a
function of time, and the points are the observed values from the SA-3
flight, Shown to the right of the angle-of-attack are two bar graphs
which are estimates of the budgeting for the various factors. The
factors considered were:

1. Seven engine tilt program

2 Effect of control gains being different from drift minimum
gains

3, 20 steady-state winds

4. Wind gusts

5, Stability ratio (C1/B°®) variations

The actual flight values are approximately 36% of the design values
at 70 sec, which is near the maximum dynamic pressure region. The
wind velocity at 70 sec was 20.1 m/s. All parameters were well below
the design condition.
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7.2.2 YAW PLANE

The maximum yaw plane control parameters for the SA-3 powered
flight were:

Parameter Magnitude Range Time (sec)
Attitude ' -0.4 deg 80.6
Angle-of-Attack (Free-stream) 1.3 deg 79.5
Angular Velocity -0.6 deg/s 104.5
Normal Acceleration 0.5 m/s? 77.9
Actuator Position -1.7 deg 103.7

Small yaw deviations were observed throughout the powered flight

(Figure 7-5). Essentially all of these deviations were the results

of winds, Comparatively large actuator movements occurred around 100
seconds. The largest actuator deflection was -1.7 deg at 103.7 sec as
a result of a wind gradient of 0.02/s over an altitude increment of
670 meters. This wind gust had a velocity increment of 13.5 m/s as
determined from angle-of-attack winds compared to 12.4 from rawinsonde
winds,

Yaw plane wind components (Figure 7-6) were very light throughout
the flight. The maximum yaw plane wind component was 13.2 m/s (from
the left) at an altitude of 12.4 km (79.6 seconds). As in the pitch
plane, good agreement existed between the angle-of-attack winds (solid
lines) and the rawinsonde winds (dashed lines). Rocketsonde winds
(solid points) were also in good agreement with both angle-of-attack
and rawinsonde winds. The dynamic pressure at the point where the
angle-of-attack winds appear to be unreliable (122 sec) was 0.026
kg/cmz.

7.2.3 ROLL PLANE

Roll attitude of the vehicle was maintained by differentially
deflecting the outboard control engines in both pitch and yaw.

The maximum roll plane control parameters for the SA-3 powered

- flight were:

Parameter Magnitude Range Time (sec)
Attitude 0.7 deg 142.1
Angular Velocity -0,6 deg/s = 143.0

Effective Engine Deflection -0.1 deg 80.0
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The roll attitude and average roll actuator positions are shown
in Figure 7-7. The roll of SA-3 exhibited what is now obviously a
characteristic pattern for the Saturn vehicle. The observed roll atti-
tude represents an equilibrium between some unknown "disturbance"
moment and the control torque corresponding to the average engine de-
flections in the roll direction shown in Figure 7-7. The disturbing
moments in roll in the cutoff period are compared for all three flights
in the table below:

ROLL MOMENT
Prior to IECO Prior to OECC
kg-m kg-m
SA-3 1553 928
SA-2 2140 713
SA-1 1490 672

SA-1 and SA-2 followed the same trajectory and had similar charac-
teristic roll angle time histories. SA-3 flew a different trajectory,
and the time history of the roll angle for SA-3 was also somewhat dif-
ferent from that of the first two vehicles., However, if the roll atti-
tudes for the three flights are plotted together as a function of Mach
number, (Figure 7-8) the trend is almost identical and indicates a
close correlation. The increase in roll (in the CW direction) after
Mach 1.5 can be correlated with the longitudinal acceleration. The
variations in roll between 60 and 90 sec (prior to Mach 1.5) are most
closely correlated with Mach number, indicating a possible aerodynamic
effect,

The roll after Mach 1.5 appears to be more likely an inertial
effect. This is also very apparent in the level changes in the roll
bias after each cutoff. One possible explanation of this is that the
basic trend to roll in the CW direction may be associated with a soft-
ness in the servo system and structure associated with the actuators.
The centers of gravity of the engines are offset in the proper direc-
tion such that, coupled with the softness and the inertial load, it
could cause an angular misalignment of the thrust vectors. The actuator
loads, as measured by the actuator differential pressures (Figure 7-13),
are consistent with this hypothesis.

The roll deviation clearly does not affect the functional perfor-
mance of the vehicle, but analysis will be pursued further from a
general interest viewpoint, '
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7.2.4 ATTITUDE AND CONTROL AFTER CUTOFF

The cutoff of the outboard engines at 149.09 sec excited the vehi-
cle first bending mode in both pitch and yaw at a coupled frequency of
2.6 to 2.7 cps. The damping of the bending in yaw was approximately
27 of critical damping. Bending in pitch initially damped until 151
sec, after which the amplitude remained almost constant until ignition
of the retro rockets at 153.66 seconds, After this, damping was essen-
tially normal in both planes, '

As the engine thrust decays, the first bending mode coupled root
approaches the unstable region. A root locus analysis indicated that
at zero thrust the mode in pitch would be slightly unstable, which is
in agreement with the flight. There is a difference between pitch
and yaw mounting constraints of the instrument canister containing the
platform, such that the control feedback gain in yaw was 0.5 to 0.6
that in pitch., At zero thrust this would give an increasing damping
effect, However, this by itself would not explain the damping observed
in yaw., There must be other effects. Some possibilities might be a
difference in structural damping in yaw, increased phase lag of the
servo system at small amplitudes, and other possible non-linearities
in the complete system.

See Volume II for further discussion of the root locus analysis.

Since the effect of the thrust vector angularity of the engines
during thrust decay is of interest in future design, values have been
obtained for all three Saturn vehicle flights. The largest thrust vec-
tor angularity during any portion of the decay period that has been
considered occurred on SA-1 and was 0.38 deg during the 10% to 0% thrust
decay period. The values obtained for the SA-3 flight are listed
below. All values are well within the design angularity of one deg
allowed for in the S-IV stage separation design.

Thrust Vector Angularity During Cutoff Decay

_ Pitch (deg) Yaw (deg)
100 to 10 Percent 0.21 0.08
, Thrust
10 to 0 Percent 0.08 0.14
Thrust
100 to 0 Percent 0,12 0.08

Thrust
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A large degree of uncertainty (estimated to be 0.75 deg) exists in the
above measurements due to the small deviations being analyzed,

Retro rockets were flown for the first time on SA-3 to test their
functional performance prior to their use for separating the SI-SIV
stages on Block II vehicles. Close alignment tolerances for the retros
were waived for this flight and alignment was done to approximately
t 0.5 degrees.

At the time of retro rocket ignition (153,66 sec) a sharp roll
deviation began, At the end of retro rocket burning (155,73 sec), the
roll angular velocity had increased to 4.3 deg/s (Figure 7-9). To
obtain this roll rate an gverage misalignment of all four retro rockets
of 0.285 deg perpendicular to the cant angle planes, was required, 1If
there were any misalignments of the retro rockets in the pitch or yaw
planes, they were small and could not be determined. The roll attitude
angle measured on the ST-90 stgbilized platform reached its mechanical
stop of 15 deg at 158,5 seconds. This forced the ST-90 out of refer-
ence in yaw and no usable vehicle attitude information was obtained
after this event, Figure 7-9 shows the simulation (dashed line) of
this event using the telemetered retro rocket chamber pressures, with
a misalignment of each retro rocket in the same direction in the roll
plane of 0.285 degrees,

7.3 FUNCTIONAL ANALYSIS
7.3.1 CONTROL SENSORS
7.3.1.1 CONTROL ACCELEROMETERS

Two Statham control accelerometers (pitch and yaw) were flown for
operational study purposes for the first time on SA-3. The telemetered
accelerations (Figure 7-10) show proper operation of the equipment dur-
ing flight. These would have been acceptable for closed loop operation
in the flight control system. A comparison made between the telemetered
acceleration and that calculated from independent flight measurements
gives satisfactory agreement, less than 0.2 m/sz, which is within the
error limits of the reduced data used in the comparison, A consider-
able amount of high frequency (approximately 10 to 15 cps) oscillations
appear on the measurements, but they are less than were experienced
from the Edcliff accelerometers flown in the same location on SA-1 and
SA-2, Statham type control accelerometers will be flown in closed loop
control on SA-4, in place of the local angle-of-attack transducers.
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7.3.1.2 RATE GYROS

Rate gyro packages were located in both the instrument canister
(a 3-axis Minneapolis Honeywell control package) and in the tail of the
S-1 stage (a 2-axis Kearfott "measuring' package for pitch and yaw).
A 3-axis large measuring range (* 100 deg/s) rate gyro package was also
onboard for vehicle failure analysis if required. All of the instru-
ments operated properly. Some vibration effects were evident in the
two sets of low range rate gyros, which were on continuous telemetry
channels, but were not detrimental to the basic information. With pro-
per filtering the "control" package could be employed as an active con-
trol sensor in the control loop.

7.3,1.3 ANGLE-OF-ATTACK METERS

Four active control local angle-of-attack meters (U.S. Science)
were used on SA-3. A Q-ball angle-of-attack device, similar to the one
used on SA-2, was used for measuring purposes.

The U.S. Science meters were mounted radially 90 deg apart in the
payload body surface at station 1841. Two of these meters measure in
the pitch plane and two in the yaw plane. The average of the two pitch
measurements and the two yaw measurements are shown in Figure 7-11.
Since these meters are located on the body they are influenced by the
body upwash., Free-stream angles-of-attack, resulting from correcting
the local meters for upwash, are presented in Figures 7-3 and 7-6.

From the comparison of the calculated angles-of-attack from rawin-
sonde {square points) and rocketsonde wind data (solid points) and the
angles-of-attack from the local meters, it can be concluded that these
meters functioned properly when the dynamic pressure was greater than
0.026 kg/cm“. Information from these meters is probably unreliable
after this time. The pitch meter reached its measuring limit of 10 deg
at 117 seconds.

Shown in Figures 7-3 and 7-6, as dashed lines, are the direct mea-
surements of angle-of-attack from the Q-ball indicator. Good agreement
is obtained between the Q-ball angle-of-attack and the angle-of-attack
from the locals after approximately 65 sec (Mach 1) and up to 105 sec-
onds., At speeds below Mach 1 there is probably an upwash effect in-
fluencing the measurement of angle-of-attack from the Q-ball, (See

Volume II).

The angle-of-attack was also calculated from the telemetered in-
dividual differential pressures and dynamic pressure correction factor
as measured by the Q-ball, These are shown as circled points in
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Figures 7-3 and 7-6, The agreement with the direct measurement of
angle-of-attack from the Q-ball in the pitch plane is quite good up to
65 sec, where a deviation of about 0.25 deg starts and which continues
for essentially the remainder of the time., The yaw plane agrees very
well with the direct measurement of angle-of-attack from the Q-ball
prior to 105 seconds., At this time,an increasing deviation between the
direct measurement from the Q-ball and the calculated angle-of-attack
from the differential pressure starts., The latter follows essentially
the angle-of-attack from the locals and the winds, .

The deviations prior to 105 sec may possibly be attributed to
telemetry inaccuracies., Based on these compariscns, the use of the
Q-ball angle-of-attack system appears to be feasible up to at least 105

seconds,

7.3.2 CONTROL COMPUTER

The operation of the control computer on this flight was entirely
satisfactory. Comparisons of the telemetered outputs of the computer
and calculations of the output values based on the static control equa-
tion gives an agreement within } 0,6 deg or better for all three axes,

as was expected.
7.3.3 ACTUATORS

The operation of the hydraulic actuators was satisfactory. An in-
vestigation of actuator loading during the flight was made by analyz-
ing the actuator differential pressure measurements, Thrust vector
misalignments and inertial loads were determined for all actuators,

An investigation of curtain and gimbal friction torques was not made
since reliable data was not available for periods when these torques
could be isolated.

Thrust misalignment forces, as determined from the differential

. pressure measurements, are showm in the upper portion of Figure 7-13.,
These were determined by subtracting the telemetered differential pres-
sure values just prior to engine ignition from the values just after
ignition. Thrust misalignment forces were less than 250 kg on all ac-
tuators except engine 2 yaw, The force on this gctuator was about 435
kg (see Figure 7-13). The indicated direction of the net thrust mis-
alignment in roll is in a consistent direction to explain the systematic
roll deviation (section 7.,2.3). However, this explanation appears un-
satisfactory with regard to the fact that the roll deviations were so
similar in all three Saturn flights (Figdre 7-8). As yet, it has not
been determined if the magnitude of the misalignment is sufficient, .
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The differential pressure measurements indicate maximum actuator
loads of 1,433 kg (design load 5,230 kg) occurred just prior to in-
board engine cutoff (see Figure 7-12), Variable loads up to 689 kg
appeared during the high dynamic pressure region of flight, The center
of gravity of each of the outboard engines is displaced radially from
the engine center line approximately 20 cm primarily due to the turbo-
pump assembly. The increasing acceleration of the vehicle, coupled
with this offset center of gravity location, puts a load on each of the
engines tending to swing them outboard. The increase in actuator loads
to counteract this inertial load can readily be observed in the vector
diagram in the lower portion of Figure 7-13. The maximum inertial
loading occurred just prior to IECO and was 970 kg. Gravitational load-
ing effects prior to liftoff are not clearly indicated since curtain
loads and the exact zero point of the AP measurements interfere with
the determination,

The maximum demands on the actuators occurred during the 90 to
104 sec time period, where all actuators experienced peak deflection
rate demands of 4.5 to 5.5 deg/s. The nominal level of demand was less
than 1 deg/s.

After OECO there were several periods where first mode bending
oscillations were excited, The stability of this mode is influenced
by the movement of the control engines. When the engines are swiveled
in response to control commands at the first mode bending frequency
and at a zero thrust condition, the inertia effect of the engines tends
to decrease the bending mode stability (as discussed in section 7.2.4).
This swiveling requires power to move the actuators, Figure 7-14 shows
representative curves for ome typical engine hydrauliec supply after
OECO. This indicates that complete depletion of hydraulic pressure
occurred at 158.5 seconds. Between OECO and this time, for the control
system used on SA-3, énergy could be fed into a bending oscillation,
decreasing the stability.

7.3.4 ST-124P STABILIZED PLATFORM ATTITUDES

The ST-124P stabilized platform (prototype model) was flown as a
passenger on SA-3. The ST-124 is planned for use on the operational
vehicles and will be flown in closed loop on Block II vehicles begin-
ning with SA-7,

A comparison of the attitude measurements from the two platforms
(ST-90 and ST-124P) shows some difference in all three axes (Figure
7-15). The systematic deviation, shown between the yaw and roll atti-
tude measurements from the two platforms, is due to the misalignment of
the ST-124P platform azimuth reacting, through the vehicle tilting, as
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mentioned in section 8,33, The additional small differences are felt
to be due to excess backlash in the servo system gear trains in the
ST-124P and telemetry and data reduction errors. The much larger sys-
tematic difference between the pitch attitude angles is due to an im-
pedance mismatch in the ST-124P resolver chain, This pitch angular
error (@) is a function of the impedance mismatch and the sine of
twice the resolved angle (i.e.® o - M sin 2X ). X is the tilt angle
of the ST-124P outer pitch resolver. The dashed line in Figure 7-15
shows the remaining difference in the pitch angles after a correction
for a 1.3 @ (approximately 0,3%) impedance mismatch error has been
made,

To substantiate the mismatch assumption, the platform for SA-4
was tested and found to have a similar error build-up as the tilt pro-
gram was run in. The error for a tilt angle of 44 deg amounted to
1.75 degrees. This will be reduced to less than 0.25 deg by balancing
out the major portion of the mismatch before the platform is flowm,

7.4 PROPELLANT SLOSHING

The same baffle configurations were used in the outer propellant
tanks as used on SA-2 (see Volume II), These baffles again proved
effective in keeping sloshing amplitudes at low levels. However, some
oscillations at the sloshing frequency were noted in the engine posi-
tions. A peak amplitude of T 0.2 deg occurred in the pitch actuator
positions at 145 sec, being damped out by OECO.

Sloshing in three of the nine propellant tanks was measured by
means of differential pressure measurements, Slosh measurements were
made in the center LOX tank, LOX tank 04 and fuel tank F2, The loca-
tions of these probes in the tanks are shown in Volume II. Measure-
ments D6-0C (in center LOX tank) and D6-04 (LOX tank 04) were tele-
metered on continucus telemetry channels.

All of the measurements apparently functioned properly during most
of the flight except during the first few seconds, which is character-
jstic., The first apparently valid information was obtained at the
times indicated in the table below, Comparable times for SA-2 are also
shown.

‘Start Times of Valid Slosh Measurements

SA-3 SA-2
D4&-F2 0 sec -
D5-F2 0 3 sec
. D6-~04 8 20
D7-04 29 18
D6-0C 0 15

D7-0C 18 14
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The telemetered sloshing differential pressures must be multiplied
by a conversion factor to obtain the sloshing height in centimeters.
This factor is a function of many parameters, including the liquid level
in the tank, longitudinal acceleration, propellant damping, and fre-
quency of oscillations. The converted propellant slosh heights for the
center LOX tank are shown in Figure 7-16, The best information was ob-
tained by measurement D6~0C which was telemetered on the continuous
channel. The results are extremely sensitive to many parameters, espe-
cially the height of the propellant surface in the tank and the excit-
ing frequency, The results shown here are believed to be the best re-
sults to be obtained at this time, Presently, ground tests of this
slosh differential pressure measuring system are being analyzed to ver-
ify the conversion procedures being used or to develop more exact
methods,

The largest amplitudes of sloshing occurred around the time of
maximum dynamic pressure (80 sec). The table below compares the peak
sloshing amplitudes observed on SA-3 with those of SA-2,

Peak -to -Peak Amplitudes (cm)

Tank Plane Measurement No. SA-3 SA-2
Fuel #2 Pitch D4-F2 15 -
Fuel #2 Yaw D5-F2 8 13
LOX #4 Pitch D6-04 24 10
LOX #4 Yaw D7-04 20 11
Center LOX  Pitch D6-0C 10 11
Center LOX Yaw D7-0C 10 10

The most noticeable sloshing near the end of powered flight was
detected on measurement D6-0C in the center tank. A pronocunced regular
oscillation started around 120 sec, which was before the propellant sur-
face went below the baffles (Figure 7-16). The amplitude amounted to
only about ¥ 1 cm up to the time the fluid surface went below the slosh
probe and the measurement ended. The dashed lines in Figure 7-16 show
the envelope of the slosh amplitude observed in the center tank on SA-2.
This has been referenced to the location of the end of the baffles,
since the time history of the two flights was different due to the pro-
pellant loading differences. The sloshing in the center tank was simi-
lar in magnitude on SA-2 and SA-3, However, it appeared that sloshing
started somewhat earlier on SA-3. Also, the vehicle was driven more
at the sloshing frequency as mentioned previouslty, than SA-2,

Figure 7-17 shows- a comparison of some of the frequencies detected
in the sloshing measurements compared to the predicted. The square
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points shown after IECO are frequencies detected in some of the accel-
erometers, which indicate that the vehicle was being forced by the
sloshing. The pitch actuator positions also indicated this. 1In this
case, in contrast to SA-1, the vehicle appears to be driven at the
natural frequency of the propellant, rather than at some coupled fre-
quency. Whether this is consistent or not is not known at this time,
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8.0 (C) GUIDANCE

8.1 SUMMARY

The Saturn SA-3 vehicle was flown without active path guidance or
velocity cutoff, However, passenger hardware for both ST-90 and ST-
124P (Prototype) guidance systems was onboard to establish the opera-
tional capabilities of the guidance equipment in the Saturn flight en-
vironment. The telemetered data as well as a trajectory compariscn
confirm satisfactory performance of the ST-90 guidance equipment

throughout powered flight.

Erroneous outputs from the cross range accelerometer system
mounted on the ST-124P platform were noted before ignition. No correc-
tion was made and the cross range measurement contained extraneous sig-
nals throughout flight, These extraneous signals could be eliminated
from the telemetered accelerometer output and valid cross range infor-
mation was deduced from the measurement.

The output of the altitude accelerometer mounted on the ST-124P
platform was satisfactory. Comparisons with both calculated and ST-90
guidance data indicated a velocity difference of approximately 0.2 m/s
at end of thrust, after the altitude velocity was corrected for a 0.09%
scale factor error. .

The Saturn SA-3 vehicle experiemced a high roll rate after ignition
of the retro rockets at about 153.6 seconds. Both the ST-90 and ST-124P
platforms reached their mechanical limits at approximately 158.4 sec
and 159,2 sec respectively, Guidance data past these points were in-
valid,

8.2 DESCRIPTION OF GUIDANCE SYSTEM
8.2,1 ST-90 GUIDANCE SYSTEM

The ST-9C guidance system was similar to that flown on SA-?2
(seez Reference 3). Three integrating accelerometers (AMAB-3) were
mounted on the stable element to measure velocities in the slant range,
slant altitude, and cross range directions. The slant range accelerom-
eter was oriented in the firing direction and 41° from the launch ver-
tical; the cross range measuring direction was in the launch horizontal
plane and completed a right handed coordinate system. This orientation
remained fixed during flight until the platform was forced out of its
frame of reference in roll at 158,4 seconds. See Volume IT for further
description of the ST-90 guidance equipment.
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8.2.2 ST-124P GUIDANCE SYSTEM

The ST-124P is a four gimbal system utilizing two AMAB-3 integra-
ting accelerometers mounted on the stabilized element. Platform orien-
tation is maintained by three AB-5 stabilizing gyros. The accelerom-
eters were oriented to measure the vehicle velocities in the vertical
and cross range directions. The altitude accelerometer was aligned
along the local vertical at launch; the cross range axis lay in the
launch horizontal plane and normal to the firing azimuth., This orien-
fation remained essentially fixed in space until the stable element
was forced out of its frame of reference. See Volume II for further
description of the ST-124P guidance equipment.

Mechanical limits and times when both platforms reached the in-
dicated stops are listed below.

Platform Mechanical Stop Limit Time (sec)
Comguted Record
ST-90 Roll T 15 deg  158.4 158.4
ST-124P Yaw or X-gimbal + 11 deg 158.54 158.9 to
: 159.4%

% Indication of loss of platform reference from the yaw gyro pickup

measurenent (H19-12) occurred during a calibration period.

_ The vehicle was flying at an angle of approximately 45 deg mea~
sured from the platform X-axis., Therefore, the component of motion
about the platform X-axis due to roll about the vehicle longitudinal
axis is approximately given by:

—~ ; o :
Qy,u - sin 45 P 0119t

to

A rotation of 11 deg about the 124P X~axis at 158,54 sec was com-

- pleted by inserting the telemetered values for ¢roll in the above

equation and performing the integration from the time of retro rocket
jgnition. The yaw gyro servo signal (measurement H18-12) indicated
that a bias shift to full scale measurement occurred during a calibra-
tion period between 158.9 and 159.4 seconds, The time at which this
measurement departs from its normal level should be the true indication
that the platform is no longer space-fixed, The difference in the
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velocity cutoff. However, passenger hardware for both ST-90 and ST-
124P (Prototype) guidance systems was onboard to establish the opera-
tional capabilities of the guidance equipment in the Saturn flight en-
viromment, The telemetered data as well as a trajectory comparison
confirm satisfactory performance of the ST-90 guidance equipment
throughout powered flight,

Erroneous outputs from the cross range accelerometer system
mounted on the ST-124P platform were noted before ignition, No correc-
tion was made and the cross range measurement contained extraneous sig-
nals throughout flight., These extraneous signals could be eliminated
from the telemetered accelerometer output and valid cross range infor-
mation was deduced from the measurement.

The output of the altitude accelerometer mounted on the ST-124P
platform was satisfactory., Comparisons with both calculated and ST-90
guidance data indicated a velocity difference of approximately 0.2 m/s
at end of thrust, after the altitude velocity was corrected for a 0.09%
scale factor error, .

The Saturn SA-3 vehicle experienced a high roll rate after ignition
of the retro rockets at about 153.6 seconds, Both the ST-90 and ST-124P
platforms reached their mechanical limits at approximately 158.4 sec
and 159,2 sec respectively, Guidance data past these points were in-
valid.

8.2 DESCRIPTION OF GUIDANCE SYSTEM
8.2.1 ST-90 GUIDANCE SYSTEM

The ST-90 guidance system was similar to that flown on SA-2
(see Reference 3). Three integrating accelerometers (AMAB-3) were
mounted on the stable element to measure velocities in the slant range,
slant altitude, and cross range directions, The slant range accelerom-
eter was oriented in the firing direction and 41° from the launch ver-
tical; the cross range measuring direction was in the launch horizontal
plane and completed a right handed coordinate system. This orientation
remained fixed durimg flight until the platform was forced out of its
frame of reference in roll at 158.4 seconds. See Volume II for further
description of the ST-90 guidance equipment,
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computed and observed times is due to truncation of the equation for
@ ,, errors in data used in the computations, response at the various
teXemetry channels, and prototype hardware components for the ST-124P

system,

It should be emphasized that the ST-124P platform was only an
engineering test model and gimbal limits existing in this system will
not apply to the ST-124 equipment to be flown in the Block II vehicles.

8.3 OPERATIONAL ANALYSIS
8.3.1 GUIDANCE INTELLIGENCE ERRORS

The guidance intelligence errors are defined as deviations in the
guidance measurements resulting from platform and accelerometer errors
and may be found by comparing the guidance system measurements with
the wvehicle trajectory.

The errors presented in Figures 8-1 and 8-3 include errors in
tracking and data reduction as well as guidance hardware errors. ST-90
guidance intelligence errors, shown in Figure 8-1, are within the data
noise level and one sigma hardware errors,

The errors made by the ST-124P guidance equipment in measuring the
vertical and cross range velocities are discussed in section 8.3.3.

8.3.2 ACCELEROMETER OUTPUTS (ST-90)

The inertial velocity outputs of the integrating accelerometers
represent the vehicle motion as sensed by the guidance system. The
data from both the ST-90 and ST-124P guidance systems were reduced and
compared with corresponding velocities computed from external tracking
data, TIdeal alignments of the guidance hardware were assumed for the
guidance calculations. The comparisons indicated a favorable agreement
of the data, especially for the ST-90 system. The small errors observed
may be attributed to errors in the telemetered data reduction, tracking,
and hardware errors. The accelerometer outputs were monitored prior to
ignition. The velocity errors, averaged over several time points, cor-
responded to accelerometer angular misaligmments of:

ST-90
Slant Range +0.003 deg
Slant Altitude ~0.002 deg
Cross Range -0.009 deg

SGONEIDENTIAL
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where a positive angle represents a positive output error. The ST-90
platform remained in its reference established at liftoff with essen-
tially no errors greater than established one sigma deviations, until
reference was lost in roll at about 158.4 seconds.

Slant Range Velocity (ST-90)

The outputs of the slant range accelerometer were compared with
corresponding values computed from earth-fixed trajectory data assum-
ing ideal alignments of the platform and accelerometers. These differ-
ences are plotted versus time in the upper portion of Figure 8-1. The
errors oscillate around zero for the entire powered flight, The small
errors observed are the results of errors in the data compared and
hardware errors within established one sigma values,

Cross Range Velocity (ST-90)

The cross range velocity, as measured by the ST-90 guidance system,
is plotted versus time in the upper portion of Figure 8-2. Extraneous
incremental outputs were noted on the telemeter trace of the cross
range velocity from -2.82 sec to about 3.9 seconds. However, the data
were manually reduced with little difficulty. The azimuth of the ST-90
platform and the Fin I - Fin IIT launch position of the vehicle were
100.011 deg and 100.381 deg E of N respectively. This alignment dif-
ference produced the cross range velocity observed by both the acceler-
ometer and the external tracking. The overall velocity profile also
reflects the changes in the cross range wind velocity.

Cross range guidance velocity was about -2.2 m/s at 40 sec of
flight when b, (angle-of-attack control coefficient) entered the con-
trol loop., The cross range velocity increased from -2,2 m/s at 40 sec
to -3.0 m/s at 50 sec and remained relatively constant te about 85
seconds., TFrom this time the ST-90 cross range velocity increased to
-7.5 m/s at outboard engine cutoff, The term by, was taken out of the
control loop at 115 sec of flight time. :

Differences between the telemetered and calculated ST-90 cross
range velocities are plotted versus time in the lower portion of Figure
8-1. The differences oscillate around the zero reference until after
70 seconds. From this time the differences increase to about 0.5 m/s
at 90 sec and remain practically constant to 130 seconds, The differ-
ences go to essentially zero by 140 seconds. The error profile pre-
sents no definite trend and the differences are probably due to bias
shifts in tracking data rather than the ST-90 guidance equipment. How-
ever, the cross range velocity errors are within the usual noise level
of data compared and the ‘one sigma errors of the guidance hardware.
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Slant Altitude Velocity (ST-90)

The telemetered slant altitude velocity was the actual velocity
as sensed by the ST-90 guidance accelerometer. The lower portion of
Figure 8-2 presents the telemetered and precalculated slant altitude
velocities plotted versus time, Telemetered velocity was generally
lower than precalculated values, particularly after tilt arrest, result-
ing from approximately 1,27 lower flow rates and about 0,28 deg extra
tilt., At end of thrust, the slant altitude velocity was 1241,4 m/s,
or 12 m/s lower than precalculated,

' The differences between telemetered and calculated slant altitude
velocities are plotted versus time in the middle portion of Figure 8-1.
The differences oscillate around the zero reference within t 0.3 m/s,
indicating very good agreement of.the data compared, '

Table 8-I presents a comparison of the guidance velocities at some
significant flight events, Telemetered ST-90 guidance velocities and
those calculated from external tracking data are in close agreement.
The deviations in the ST-124P measurements are discussed in section

8.3.3.
8.3.3 ACCELEROMETER OUTPUTS (ST-124P)

Measurements were made by the ST-124P guidance system in the ver-
tical and cross range directions, The vertical telemetered data were

easily reduced but much difficulty was experienced in reducing the
cross range outputs, This difficulty is discussed in section 8.4.2.

Altitude Velocity (ST-124P)

,

The upper portion of Figure 8-3 presents differences between the
telemetered and calculated altitude velocities, The differences are
essentially zero until about 40 seconds, From this time, the differ-
ences increase until at end of thrust the value is about -2,1 m/s.

A similar comparison was made between the outputs of the vertical
accelerometer (ST-124P) and corresponding values determined from the
slant range and slant altitude accelerometers carried on the ST-90 plat-
form, This comparison is presented in the middle portion of Figure 8-3.
Both comparisons indicate an error of approximately 2,5 m/s in the
altitude velocity telemetered from the ST-124P gystem,

A scale factor error of about =0,1% was noted in the vertical ac-
celerometer about 90 min prior to launch, An error of this magnitude
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TABLE 8-1
(C) GUIDANCE COMPARISONS
ST-90 ST-124P
Flight Event Slant Range | Slant Altitude Cross Range | Altitude Cross Range
Vel, (m/s) Vel, (m/s) Vel, (m/8) |Vel, (m/s) | Vel, (m/s)
First Motion Telem 0 0 0 0 0
Calc 0 0 0 0 0
Precal 0 0 0 0 0
g&3 Inboard Engine Cutoff Telem 2601,7 1227.5 ~7.2 2630.4 -11,8
- Calc 2601,2 1227.0 -7,2 2632,2 -7.2
Precal 2571.,8 1237.9 -0.25 2621.5 -0.25
wOutboard Engine Cutoff Telem 2762.,6 1240,6 -7.5 2745.,6 =124 !
Calc 2762,3 1235.,7 -7.3 2747.3 -7.3 i
Precal 2740,4 1252,6 -0.26 2743,2 -0.26
End of Thrust Telem 2770.5 1241,4 7.5 2752,0 ~-12.4
Calce 2770,7 1240,7 -7.3 2754,2 -7.3
Precal 2748,0 1253,3 -0,26 2748,7 -0.26
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would produce the observed velocity error, After correcting for the
scale factor error, the altitude velocities from the two guidance sys-
tems are in agreement, indicating maintenance of proper orientation of
the ST-124P platform about its Z-axis,

The circled points shown in Figure 8-3 represent the velocity dif-
ference for an accelerometer scale factor error of 0,09%.

Cross Range Velocity (ST-124P)

Much difficulty was experienced in reducing the cross range data.
However, valid values were obtained. These data were compared with the
same measurement as sensed by the ST-90 guidance system. This compari-
" son is presented on the lower portion of Figure 8-3, The differences
are essentially zero until about 80 seconds. From this time, the dif-
ferences increase until at outboard engine cutoff the value is about
5.0 m/s. This difference may be attributed to a difference of azimuth
alignment of the ST-124P platform and the ST-90 platform, The ST-124P
platform was not optically aligned to azimuth as was the S$T-90, In-
stead, it was referenced to the vehicle Fin I - Fin IITI positiom.

The azimuth of the ST-124P is acceptable since the platform could
not be optically aligned. Precise azimuth alignment for the ST-124P
to be flown on SA-4 will not be possible since the mounting arrangement
on SA-4 will be the same as SA-3, However, this will be no problem for
the Block II vehicles,

The cross range velocity comparison shows a constant azimuth dif-
ference between the platforms. The ST-124P platform was oriented
approximately 0.27 deg South of the optically aligned ST-%90. Essenti-
ally no platform rotations occurred about the X or Y axes until after
retro firings, when the platform reached its mechanical limit in roll,

8.4 TFUNCTIONAL ANALYSIS

8.4.1 GUIDANCE SENSORS

The operation of the five AMAB-3 guidance accelerometers, (three
on ST-90, two on ST-124P) flown as passenger items on SA-3, was as
expected, with the single exception of the cross range accelerometer
on the ST-124P stabilized platform, Telemetry measurements of the servo
pickup voltage for this accelerometer indicate a continuous oscillation
of the system at about 60 to 65 cps from before liftoff (approximately
T-140 sec)to the end of flight., Laboratory tests following the flight
indicate that the gain adjustment of the servo amplifier was probably
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set in a critical area, where the system is stable unless subjected to
a fairly large electrical or mechanical disturbance; at a setting in
this critical area, once the required disturbance occurs, the system
goes into a self-sustained oscillation., The critical area of gain set-
ting is just below the maximum gain capability of the servo amplifier.
The servo loop signals for the remaining accelerometers were normal.

8.4.2 VELOCITY ENCODERS AND SIGNAL PROCESSOR REPEATERS

The operation of the accelerometer velocity encoders was satisfac-
tory. Five encoders were flown, three with the ST-90 system accelerom-
eters and two with the ST-124P system accelerometers,

Two Guidance Signal Processor Repeaters were flown on SA-3, one
for each stabilized platform., The processor for the ST-90 system
operated satisfactorily throughout the flight; the second unit, for the
ST-124P system, had a failure in a buffer amplifier stage causing loss
of one of the DC logic signals used in sensing the polarity of the
cross range velocity increments. This malfunction occurred early in
the countdown. A second disturbance in this processor occurred inter-
mittently in both channels during the time period from 113 to 125 sec-
onds. The disturbance is believed to be due to voltage transients on
the processor B+ line,

Ground recording and inflight telemetry records showed a disturbed,
condition of the ST-124P cross range velocity system, which appeared to
indicate that the accelerometer was wandering randomly, This has been
shown to be incorrect after a detailed study of the ground and inflight
records, the logic network of the signal processor, and the 65 cps
oscillation observed in the accelerometer servo loop.

Oscillation of the accelerometer system would normally result in
both positive and negative incremental velocity pulses, which cancel
each other except for actual velocity change. However, with a loss of
one DC logic signal used in sensing the polarity of the velocity incre-
ment, the output would be a continuous pulse pattern as shown in pattern
1 of Figure 8-4. As the system changes position, intermediate pulse
patterns occur as shown in the even numbered patterns of Figure 8-4,
When the pulse pattern on the telemetry record changes from one pattern
to a second distinct pattern, a velocity change of 0.1 m/s has occurred.
The pulse patterns result from a combination of three conditions:

1. A small true acceleration.
Accelerometer servo loop oscillation,.

2,
3 Loss of one logic signal in the signal processor.
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The lower portion of Figure 8-4 shows the incremental velocity pulses
as they should occur if the system was operating properly,

. It was concluded from this study that the loss of one DC logic sig-
nal input to the rotation sensor logic circuits, combined with the 65
cps modulation of the true accelerometer output, could produce the
patterns of incremental velocity pulses observed on the telemetry and
ground recordings (see Figures 8-4 and 8-5). Laboratory tests con-
firmed the above conclusion. The pulse pattern sequences were used to
reduce the actual telemetered cross range velocity from the ST-124F
system. The second disturbance to the signal processor occurred inter-
mittently from 113 to 125 sec range time and was characterized by im-
proper shifting of the bias voltage for the coarse velocity indication
in both cross range altitude channels, Short term voltage transients
of fairly large amplitude on the B+ line are believed to be the source
of this extraneous switching of the bias flip-flop. The source of the
transients could not be determined, but could have originated either
on the D21 buss, in the static inverter, or in the signal processor
power supply.

The improper switching of the bias flip-flop did not cause any
error in the incremental veloeity values,

8.4.3 ST-90 STABILIZED PLATFORM

The ST-90 stabilized platform flown on SA-3 utilized similar com-
ponents and systems as the platform flown on SA-2, with the exception
that AMAB-3 accelerometers replaced the usual AMAB-4 units. All sys-
tems operated properl;, with the air bearing supply pressure relatively
constant at 2.4 kg/em® (34 psi) and the compartment pressure varying
from 1.10 to 0.98 kg/emZ (15.6 to 14.0 psi).

The final tilt angle of the ST-90 platform at tilt arrest was
44,28 deg as compared with the intended 44 deg (see section 7,2,1),

ST-124P

The ST-124P system (consisting of platform, resolvers, and asso-
ciated mechanical and electrical circuitry), flown on SA-3, was a pro-
totype or engineering test model., Many of the components were not
optimized for high accuracy and are not the asame as those to be flown
on Block II vehicles. SA-3 was the first flight test of this system
(also to be flown on SA-4)., The primary test objectives of the system
were the observation of its functional operation and familiarization
with the resolver chain and the 5 kc/s servo systems in an operational
environment, The operation of the system as an engineering test was
quite satisfactory.
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The resolvers used with the ST-124P system were not trimmed and
therefore some error in their output must be expected. The error in
the output of the pitch resolver is a function of, and increases with,
the programmed pitch angle., The incremental difference in pitch atti-
tude data obtained from the ST-124P and ST-90 systems is primarily
attributed to this effect. A laboratory test of the S5T-124P system to
be used on SA-4 indicates that the error for the pitch resolver for
this system was about the same as that experienced on SA-3 (see section

7.3.4).

During flight, the air bearing air supply pressure was a constant
2.2 kg/em? (32 psi) and the air temperature was 24,6°C. The compart-
ment air pressure varied from 1,03 to 0.98 kg/em? (14,7 to 14,0 psi),
while ‘the temperature was 24,7°C.




88

9.0 (U) VEHICLE ELECTRICAL SYSTEM

9.1 GSUMMARY

All vehicle networks performed satisfactorily except for the fail-
ure of measuring supply number 5.

?.2 FLIGHT RESULTS

i The voltage and current for battery D20 and its corresponding
buss (D21) were constant at 28,5 volts and 165 amps. A total of 898
amp-minutes was used for the flight or approximately 33.9% of battery
capacity. Figure 9-1 shows the connections for the 9 inflight distri-
butors.

The variable load for battery D10 and its corresponding buss (D11)
caused the voltage and current to vary from 27.6 volts, 165 amps at
liftoff to 28.0 volts, 95 amps at end of flight, These voltages and
currents were as expected, with 0.4 volt increases when the continuous
lights and the angle-of-attack heaters were switched off.

The frequency of the precision inverter on SA-3 was 399.788 to
400,225 cps over the flight period, The usual frequency disturbance
caused by ignition was within -0.202 cps of the inverter frequency,
All frequencies were within allowable tolerances.

Measuring voltages of the eight “slave" units off busses D81 thru
D88, located in the measuring distributors, operated within the 3 volts
+ 5% limits, except for D85, Measuring supply number 5, which supplies
buss D85, failed before liftoff.

Measuring supply number 5 failed om SA-3 at -2.17 sec prior to
liftoff, Since this time period is associated with the initial shock
due to ignition of the engines, investigations have been made to cor-
relate the failure with this time period, Simulated shaker tests
indicate a possibility of tramsistor failure during this period,

The measuring voltage supply assembly has a- volume of approximately
208 cu, in., weighs 7,05 pounds, and is located in the thrust frame
area of the vehicle, above the firewall (see Figure 9-1). The assembly
consists of eight individually isolated power supplies and one input
filter, Each power supply contains seven transistors. Five of the
seven transistors were ultra-high-reliability type transistors obtained
through Engineering Magnetics from Pacific Semi Conductors Incorporated.
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The two remaining transistors consisted of one Fairchild type and one
Texas Instrument type, Shaker tests indicate that the Pacific Semi
Conductors type (EM 13531) transistor was the probable cause of failure
in measuring voltage supply number 5, Additional tests are being con-
ducted to determine more detailed information. However, this type of
transistor will be replaced on SA-4,

Main fuel and LOX valve position signals (start open, open, and
closed) operated satisfactorily with the exception of measurements
A6-5 and All-5. These measurements were lost because of the failure
of measuring supply number 5,

Cutoff signals (inboard) and flight sequence signals were as
expected, Outboard cutoff was initiated by LOX depletion.
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10.0 (U) STRUCTURES AND VIBRATIONS

10,1 SUMMARY

The instrumentation for SA-3 included strain measurements on the
truss members and on the LOX pins from which pitch and yaw moments and
longitudinal forces were computed at various significant flight times.
The results compared well with predicted values,

Instrumentation for detecting vehicle body bending consisted of
ten bending accelerometers at five vehicle stations. The accelerome-
ters showed response at frequencies in the range of first and second
vehicle bending. These freguencies were present in both pitch and yaw
directions, with a maximum amplitude at liftoff on the nose cone of
0.016 g's single amplitude for first mode of 2.0 cps. At OECO, a
forced response of 0,095 g's single amplitude occurred at a coupled
frequency of 2.7 cps. The response is lower than on SA-2 before OECO.

The flight data indicated that the SA-3 vibration levels were
generally similar to those recorded during the previcus two Saturn
flights,

10.2 BENDING MOMENTS AND NORMAL LOAD FACTORS

10.2.1 INSTRUMENTATION

Instrumentation for determining bending moments and normal load
factors consisted of eight strain gauges on the main compression mem-
bers and sixteen strain gauges on the tension members of the interstage
truss at station 979, 1In addition, eight LOX tank studs at station
869 were gauged. However, five of the eight LOX tank stud gauges were
lost prior to ignition and hence offered very little information, The
telemetered data were obtained as decommutated oscillograph traces and
also in digitized form. Flight evaluation consisted of determining the
instantaneous load and bending moments about the pitch and yaw axes for
numerous time slices,

10.2.2 MOMENT LOADS

Maximum bending moment at station 979 occurred at 6%.2 sec range
time, approximately Mach 1. At Mach 1, a vehicle bending moment diagram
could not be constructed since there were no aerodynamic loads data
available, However, the highest strain gauge moments were observed at
this time. A vehicle bending moment diagram was constructed at time
point 81.6 sec, where another relatively high moment occurred and
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reliable aerodynamic loads were available (see Figure 10-1). In this
figure the strain gauge moment is shown by a cross at the gauge loca-
tion, station 979. Good agreement existed between this strain gauge
moment and the predicted bending moment distribution, Also shown in
Figure 10-1, is the normal load factor compared with the accelerometer
reading from flight,

Because five of the eight stud gauges of the 1.8 m (70 inch)
LOX tanks (station 869) were lost, no bending moments about the pitch

.and yaw axes could be calculated at that station. However, the three

gauges which functioned properly gave some check on the bending moment

at station 979, These three gauges were found to be in agreement with

predicted values,

The vehicle bending moment about the pitch axis at station 979
is shown in the 75 to 85 sec range time interval in Figure 10-2, Also
shown on this graph are the angle-of-attack (@)} and gimbal angle (B)
about the pitch axis, Close agreement in frequency of oscillation be-
tween the three values is evident.

10.3 LONGITUDINAL LOADS

Multiplication of the actual telemetered strain by the calibra-
tion factor results in the loads shown in Figure 10-3 (circled points).
The solid line in Figure 10-3 was obtained by using the differential
strains and adding the 101,290 kg (223,300 1bs) of load which was lost
when the gauges were set to zero, The calculated load was determined
from SA-3 thrust and acceleration data and theoretical drag data.

During firing of the engines, before launch command, dynamic
forces arise in the deflecting masses of the system, These forces can
be amplified and cause large vibrations of the vehicle. A staggering
time of 100 ms between engine pairs was expected to keep the vibratory
force lower or equal to twenty percent of the maximum static thrust.
Figure 10-4 presents the results of an investigation made to see if
the actual staggering times of the engines still keep the vibratory
force below the above value. The frequencies of the system were mea-
sured by potentiometers (YL-1, YL-2) located on the support arms.

From these frequency measurements afid from single engine thrust curves,
the maximum vibrating force was obtained as shown by the maximum theo-
retical response (calculated) on Figure 10-4. These results show that
the maximum response was sixteen percent of the maximum static thrust.
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10,4 BENDING OSCILLATIONS

All accelerometers appear to have responded properly and have
polarity as reported before flight,

The frequencies presented as flight results vary slightly in ac-
curacy, but all are considered to be within t 0.15 cps.

The oscillographs showed a predominant frequency content of approx-
imately 12 to 20 cps throughout the flight, with increases in amplitude
at liftoff and the two engine cutoffs, This could possibly be caused
by the natural frequency of the accelerometers which is about 17 cps.

In addition to the high frequencies, analysis of the data showed fre-
quencies in the control and propellant sloshing range,

The trend of the vehicle first mode follows the first mode trends
from SA-D tests for similar fill conditions (Figure 10-5), and is fur-
ther substantiated by the mode shapes shown in Figures 10-6 and 10-7. .
The second mode frequency trend is present, but cannot be shown by
second mode shapes due to low amplitude of response, After OECO, a
predominant frequency of 2,7 cps is present (Figure 10-8) and is a
forced response due to engine gimbaling (see section 7,2.4 for further
discussion).

Other frequencies were present in the analysis, all of which can-
not be identified with known natural frequencies of the system, Some
of these frequencies can be attributed to local structural response,
coupled tank, vehicle torsion, and vehicle bending modes for which no
comparison data is available.

10.5 VIBRATIONS
10.5.1 SIMMARY OF VIBRATION DATA

The flight data indicated that the SA-3 vibration levels were
generally similar to those recorded during the previous two Saturn
flights (see Reference 2 and 3), The major deviations observed in
the flight data are summarized as follows:

a. Three combustion chamber dome measurements contained erratic
data.

b. A measurement on the fuel suction line which feeds engine posi-
tion eight indicated significantly higher vibration levels than pre-
vious flights,
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c. Transients were observed in several measurements, for which a
satisfactory explanation has not yet been determined., An intensive
analysis of the flight data is presently in progress in order to deter-
mine the causes of these transients,

10.5.2 INSTRUMENTATION

The SA-3 space vehicle was instrumented with 40 vibration measure-
ments, The location, axis of sensitivity, and data bandwidth of each
measurement is described in Volume II, The vibration data were trans-
mitted by two telemetry systems. Five canister area measurements were
transmitted on FM/FM channels with a data frequency range varying from
0 to 330 cps or O to 1050 cps, depending upon the specific telemetry
channel., The remaining 35 measurements were transmitted by SS-FM with
an approximate data frequency range of 50 cps to 3 kilocycles. The
eight hydraulic actuator vibration measurements were transmitted on a
time-ghared basis with four measurements on each of two telemetry
channels,

10.5.3 DISCUSSION OF VIBRATION MEASUREMENTS

Structural Vibrations

Five structural measurements were monitored during SA-3 flight,
The two measurements on the spider beam (E99-11 and E100-11) varied
considerably, being much more sensitive than the engine measurements
to the events of flight (i.e., ignition, Mach 1, q max, cutoffs, and
retro firing). This same characteristic was experienced during both
previous flights.

The engine gimbal point support measurements (E40-1 and E40-7)
displayed high level transients at ignition, then immediately decayed
to the mainstage level. These measurements remained relatively con-
stant throughout the remainder of flight until cutoff, responding much
like engine measurements due to their near-engine location.

The heat shield measurement (E47-1) showed a maximum build-up at
ignition, then decreased gradually to a very low level at approximately
95 gec flight time. This measurement did show a slight increase in
vibration level at Mach 1 and q max similar to SA-2 flight.

The upper part of Figure 10-9 displays maximum and minimum accel-
eration time histories of the structural measurements, The upper por-
tion of the envelope was established by the data from the gimbal
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point support measurements and heat shield measurement, which were
previously noted to have remained constant throughout flight. The
lower portion of the envelope, characterized by the spider beam meas-
urements, shows an increase in vibration level in the region of Mach 1
and q max,

Propulsion System Vibrations

Twelve engine vibration measurements were monitored during the
SA-3 flight. These measurements showed considerable build-up at or
immediately after ignition, followed by a decay to a steady state level,
There was no significant change in the engine vibration levels during
the mainstage portion of powered flight. Increased vibration levels
were noted at cutoff, followed immediately by a decay to zero, Data
were available only intermittently on the thrust chamber dome longitu-
dinal measurements, therefore they were considered to be only partially
successful.

All engine vibration data from SA-3 flight compared very well to
SA-1 and SA-2 data except measurement E45-8 (fuel suction line long't),
which was about twice as high on SA-3 flight as compared to SA-2 flight.
However, no evidence of stxuctural failure was indicated in this area.
An investigation is being made to determine the cause of these high
levels. Because of the high levels indicated, measurement E45-8 was
not included in the maximum and minimum acceleration time histories as
shown in the lower part of F1gure 10-9, However, it is felt that the
measurement is valid,

Component Vibrations

The hydraulic actuators, ST-90, ST-124, retro rocket number 1,
canister 14 lower support, instrument panel in canister 14, and pro-
pulsion unit distributor were monitored by a total of 22 vibration
measurements.

The hydraulic actuators were instrumented with eight vibration
measurements. The only erratic data were recorded from the yaw actua-
tor measurement on engine four, Vibration amplitudes appeared to be
very similar to the data recorded during previous flights.

The center part of Figure 10-9 presents an envelope of the RMS
acceleration time histories obtained from the canister area, This
envelope does not reflect erratic transients which occurred on some of
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the measurements, As the envelope indicates, all the canister area
measurements recorded build-up during the Mach 1 and q max region.

Quasi-periodic transients were recorded throughout recorded flight
on the ST-90 gimbal and on the ST-124 measurements. These transients
did not appear on all of the six ST-124 measurements. Transients were
recorded intermittently by the three measurements on the ST-124 roll
gimbal between 110 and 126 sec, but were not observed on the ST-124
mounting frame, An example of this is shown below., A relatively high
transient was recorded at 138.8 sec on the ST-90 gimbal, two panel
‘measurements in canister 14, and at the canister 14 support on the
spider beam. Additional study is required to determine the cause of
these transients,

Vibration Record On S$T-124 Gimbal

. Y PPy e ~ Asi, vy
N e e o e o e vs Sy

Vibration Record On ST-124 Mounting Frame
% Start of Transient

Retro rocket number 1 was instrumented with three vibration mea-
surements. The vibration levels indicated a gradual increase to the
periods of Mach 1 and q max. WNo effects were noted at engine cutoff
although an expected sudden increase in vibration amplitude occurred
at the time of retro firing, Several periods of erratic data were
noted on all the measurements, The cause of these transients is pres-
ently under investigation,

One vibration measurement was located on the prepulsion unit dis-
tributor. This measurement was very smooth indicating only a slight
build-up at approximately 60 sec and at engine cutoffs and retro
firing.
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10.6 VEHICLE ACOUSTIC MEASUREMENTS

The SA-3 vehicle had one inflight acoustic measurement (L10-11)
and four trailing wire measurements (XL24-9, XL25-9, XL26-11, XL27.13).
The inflight measurement was located at station 88% on fin line IV and
followed the general expected trend (see Figure 10-10). The primary
purpose of this measurement was to obtain "inflight" acoustic data.

To obtain this type of data, the calibration range of the recording
system was 120 to 140 db; consequently, the higher level '"on-pad"
acoustic data were sacrificed for the inflight data.

The inflight measurement recorded a disturbance at 138.8 sec range
time (see component vibrations section 10,5.3) and caused the measure-
ment to appear unusual throughout the rest of the flight. The source
of this disturbance is unexplained at this time,

The trailing wire acoustic measurements on SA-3 recorded data be-
tween -3 and +6 sec range time, This period was sufficient to obtain
useful "on-pad" acoustic data. The maximum levels recorded on these
measurements were as follows:

Meas. No. Location Max OA-SPL (db)
XL 24-9 Inside Shroud 3
Sta. 167 off Fin 1II toward Fin I 149.0
> Liftoff
XL 25-9 OQutside Shroud
Sta. 167 off Fin II toward Fin I 157.5
' /
XL 26-11 Sta. 889 on Fin IV A
Adjacent to Canister 13 149.5 Liftoff
&
XL 27-13 Sta. 889 Inside Canister 13 132.0 6 sec

The time histories of these measurements are shown in the lower part

of Figure 10-10. The maximum overall sound pressure levels (OA SPL),
recorded on measurements XL 24-9 and XL 25-9, indicated that the shroud
provide&.a noise reduction of about 8.5 db at liftoff. Measurement

XL, 25-9 then remained fairly constant during the remaining time dura-
tion of data acquisition, while XL 24-9 decreased somewhat during the
last 3 sec of data due to a change in the spectral characteristics of
the external sound field,

The difference in the maximum overall sound pressure levels of
measurements XI 26-11 and XL 27-13 indicated a noise reduction across
the wall of canister 13 of 17.5 db. This noise reduction existed
throughout the period during which data were obtained.
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11.0 (Uu) ENVIRONMENTAL TEMPERATURES AND PRESSURES

11.1 SUMMARY

The base region environment during the SA-3 flight was similar to
that encountered on the two previous flights. -Radiative heating rates
on SA-3 are considered representative for the Saturn C-1, Block I
vehicle. Absolute values of the total heating environment after 90 sec
of flight are considered questionable at this time. The heat shield
and flame shield thermal insulation scheme was the same for SA-1, SA-2,
and SA-3, except for one panel on the heat shield which was insulated
with the Block II insulation material (M-31). Measurements made forward
of the heat shield (except the temperature measurement on the M-31
insulated panel which failed prior to liftoff) indicated the insulation
to be entirely adequate.

The base pressure measurements on SA-3 indicated a slightly higher
pressure gradient across the heat shield than indicated on previous
flights. However, results from all three flights are within the
telemetry error band. '

Skin temperatures on the propellant tanks were generally lower on
SA-3 than on previous flights due to the higher propellant level in the
tanks. Skin temperatyres on the dummy S-IV stage and interstage fairing
indicated no significant temperature rises except on the conical portion
of the interstage fairing where maximum skin temperatures of 71°C to
159°C were indicated. Skin temperatures in the vicinity of the S-IV
stage protuberance were within expected levels.

Instrument canister pressure was maintained within the required
level (0.7 to 1.2 kg/cm2) throughout flight. The canister temperatures
were maintained within an acceptable range (10 to 40°C) during both
prelaunch and during flight. Both the ST-90 and the ST-124P guidance
platform compartment temperatures were in an acceptable temperature
range (25 * 2°C) at liftoff.

11.2 TAIL SECTION
11.2.1 BASE ENVIRONMENT
11.2.1.1 BASE PRESSURE
Absolute base pressure instrumentation on SA-3 was identical to

that on SA-l and SA-2. In addition, one instrument was installed on
the SA-3 vehicle to measure the pressure difference between the lower
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compartment (forward of heat shield) and the region aft of the heat
ghield, This pressure differential measurement failed just after
ignition and prior to 1iftoff, due to a malfunction of a power unit

supply (see Chapter 9.0).

The difference between base pressure and ambient pressure for both
the heat shield and the flame shield is presented in Figure 11-1, All
measurements on the heat shield were generally consistent with each
other throughout the powered phase of flight, A minimum pressure dif-
ferential of -0,03 kg/cmz was observed at an altitude of 6 km (60 sec
of flight) in the area between the outboard engines. A maximum value
of 0,03 kg/cm2 was observed at an altitude of 17 km (90 sec of flight)
petween the outboard engine and the engine shroud. There appears to
be an indication of a higher pressure gradient across the heat shield
than indicated on previous flights, Although this occurrence may be a
direct consequence of the different trajectory followed by SA-3, results
from all three flights are within the error margin which can be attrib-
uted to telemetry error.

The largest magnitude of base pressure minus ambient pressure
occurred in the flame shield region where extreme values ranged from
-0.15 kg/cm? at an altitude of 2.5 km to 0.37 lcg/cm2 at 17.2 km (Figure
11-1). The telemetered data indicate a different behavior in the flame
shield region than was observed on the first two Saturn flights (Figure
11-2). At an altitude of approximately 3 km, the pressure in the flame
ghield area stabilized with only a slight decrease between 3 and 17
kilometers, Then it rapidly decreased to the expected level, A sharp
decrease in the center star base pressure occurred at IECO (61.5 lkm)
as expected, At this time, no definite conclusions have been drawn in
regard to this unusual phenomenon in the flame shield pressure. Close
investigation of the pressure data in the center star region has not
revealed any reason to suspect the telemetry or measurement.

Average values of the ratio of base to ambient pressure, Pp/Pa,
for both the heat shield and flame shield (center star) are plotted
versus Mach number in Figure 11-3. Wind tunnel test data from the
Rocket Test Facility, AEDC, are also shown for comparison,

The absolute pressure measurement in the lower compartment, D27-5,
and four -differential pressure measurements, D143-2, D143.4, D144-9,
and D145-9, for measuring the difference between lower and upper com-
partment pressures, failed prior to 1iftoff. All of these failures are
attributed to loss of the inboard power supply.

The forward compartment pressure lagged the ambient pressure except
at altitudes below 2 km, as expected, The maximum difference between
the forward compartment and ambient pressure was approximately -0.023
kg/cm2 at an altitude of 21 kilometers.
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11.2.1.2 BASE TEMPERATURES

Gas temperature in the SA-3 base region was measured with a series
of unshielded thermocouples. The locations of the thermocouples are
shown in Volume II of this report.

The bands of gas temperature and associated areas of the base
region for SA-2 and SA-3 flights are shown in Figure 11-4. Gas temper-
atures measured during the SA-3 flight compare favorably with those
measured during the SA-2 flight at the same altitude. Measured gas
temperatures from the SA-1 flight are not included in these bands
because of the necessary correction factor required to compensate for
the shielding of the gauges; however, the corrected SA-l1 gas temper-
atures also compare well with the SA-3 measurements.

The maximum gas temperature measured on the heat shield, 1150°C,
occurred at approximately 25 km (or 103 sec range time for SA-3); this
was the same as the maximum measured on SA-2. The gas temperature
measured between the inboard engines, near the heat shield, and between
the shroud and the outboard engines reached a maximum of 700°C on SA-3,
approximately 50°C below that of SA-2. High temperatures measured
between the outboard engine and the shroud, labeled SA-2 in the figure,
did not appear during the SA-3 flight.

The gas temperature in the heat shield region appears to be the
result of reversed gases leaving the flame shield and circulating in
the base region. The latter would indicate that the scoops tend to
lose their ability to flush the base region above 15 or 20 kilometers.

The slight decrease in the gas temperatures above 25 km can possibly
be attributed to the inability of the thermocouple to measure the true
gas temperature at these high altitudes and low densities, rather than
a real trend.

Surface temperatures of the outboard engine shroud's stringer and
skin respectively, are shown as the lowest band in Figure 1ll-4. Although
the shroud stringer temperature is a structural measurement, the tem-
perature-time history of the two measurements shows similar trends since
both are subjected to the same base heating. On the SA-3 vehicle, these
instruments were covered by reflectiwe aluminum tape. Both measurements
however, show a trend similar to that measured on SA-2, with the stringer
measurement reaching a maximum which was approximately 100°C lower than
the SA-2 maximum.

Shown also in Figure 11-4 is the gas temperature measurement,
C67-7, which was located on the flame shield. This gas temperature
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probe extended approximately 8 cm below the surface of the flame shield.
The maximum temperature measured by this probe (1600 to 1650°C) is only
an estimated value as the measurement went off scale during this period.
Beyond approximately 15 to 20 km, the flame shield gas temperature
remained constant at 1500°C (approximately 50% of engine chamber tem-
perature), indicating a choked flow condition.

11.2.1.3 HEATING RATES

Four total heating calorimeters were located on the SA-3 vehicle
base. Two of these calorimeters, C76-3 and C63-1 were mounted approx-
imately 26 cm aft of the heat shield and one calorimeter, C77-5 was
mounted flush on the C-1, Block II heat shield panel (M-31) which was
flown as an experiment on the SA-3 flight. The remaining calorimeter
was mounted on the flame shield,

The total heat flux (radiation plus convection) to the calorimeters
C76-3 and C63-1 measured during the SA-3 flight is shown in Figure 11-5.
The total heat flux measured by these two calorimeters show good agree-
ment with that measured during the SA-1 and SA-2 flights up to approx-
imately 16 kilometers. Between 16 and 25 km, these measurements indicated
heating rates approximately two times that measured on the SA-1 or SA-2
flights. From 25 km until OECO, the SA-3 heating rates were also
higher than those of SA-1 and SA-2.

The total heat flux measured by C77-5, the calorimeter mounted
flush with the panel insulated with M-31, is shown in Figure 11-6. With
the exception of a high transient just after liftoff, the SA-3 heat
flux in this area agrees, as expected, with SA-1 and SA-2 heat flux up
to 32 kilometers. The relatively wide heat flux band from 32 km to
cutoff is the result of applying two independent calibration techniques.
One technique considers only the temperature-time decay following cutoff
for the determination of the calorimeter loss coefficient to be applied
throughout flight. The other technique utilizes a laboratory calibration
method to determine the inflight corrections.

This particular calorimeter, even though it showed almost identical
efficiency as calorimeters C76-3 and C63-1 in laboratory calibration,
had a loss after cutoff (based on the temperature-time history) of
almost twice the rate encountered on C76-3, C63-1, or on previous flights'
total calorimeter measurements (see illustration on the following page).

A second degree polynomial was used to smooth through the temperature
data shown in the illustration. The heating decay does not appear to be
affected by OECO; i.e., there is no inflection point in the temperature
decay. This indicates that the major heating source at high altitudes
is either the inboard engines or the turbine exhaust ducts.
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At this time no explanation as to the cause of this rapid temper-
ature decay is available, but preliminary evaluation indicates the
following possibilities: 1) a difference in the heating and cooling
cycles possibly exists, whereby the correction factor obtained after
cutoff is possibly not valid for the entire flight, 2) possible conduc-
tion losses during flight higher than indicated by the laboratory cal-
ibration method, and 3) a possibility of a convective cooling source
hitting the calorimeter surface at cutoff could exist.

Differences existed between the height, mounting, and insulation
in the immediate vicinity of the SA-1, SA-2, and SA-3 calorimeters.
These differences should be considered before firm conclusions are
reached as to the relative comparison of heating rates. Even though
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the total heating rates appeared to be higher on SA-3, this did not
influence the heat shield forward side temperature which was approxi-
mately the same as SA-1 and SA-2, Further evaluation of these measure-
ments will be performed in an effort to obtain a truer loss coefficient,

In general, the total calorimeter heating values on the heat shield
should only be used as relative values since preliminary evaluation has
indicated the possible error sources stated above. As these error
sources could conceivably become significant near the end of flight,
one should not attempt a conclusion as to whether convective heating or
cooling was dominant to the calorimeter surfaces.

The total heat flux measured by the flame shield calorimeter c78-8
is shown in Figure 11-7. The SA-3 inflight heat flux to the flame
shield is in good agreement with that measured during the SA-1 and 8A-2
flights and absolute values are considered valid. The maximum heat
flux measured near liftoff on SA-3 was slightly higher than that of
SA-1 or SA-2. The heat flux measured at approximately 8 km (the alti-
tude where the heat flux appears to be most strongly influenced by ex-
haust jet flow reversal) was slightly lower on SA-3 than on SA-1 or
SA-2. Beyond approximately 25 km until IECO, the heat flux remained
relatively constant.

Two thermal radiation calorimeters were located 26 cm aft of the
heat shield on the SA-3 vehicle, Both calorimeters were located between
an outboard and two inboard engines in approximately symmetrical posi-
tions. These calorimeters differed considerably in design however, and
the details can be found in Volume II of this report,

Thermal radiation levels which were measured on the SA-3 flight
are shown in Figure 11-8. Corrections were made to the telemetered
data by two different techniques, both of which consider the calorimeter
slug temperature history. The data in the upper band was obtained by
varying the calorimeter slug heat input and measuring the temperature-
time history of the slug to obtain the proper correction. The lower
band of data was corrected by evaluating the losses after engine cutoff
using the temperature-time slope and defining a heat balance assuming
no heat input. This second method assumes that the correction factor
is constant throughout flight; i.e., the loss coefficient will be the
same for both the heating and the cooling cycles. This point has not
been proven at this time however, and based on the laboratory calibra-
tion technique, this loss coefficient varies throughout flight.

A point of interest concerning the two methods is that values
obtained at both liftoff and cutoff agree within the accuracy of the
data. At liftoff this would be expected since the calorimeter losses
should be negligible compared to the sensible heat input. At cutoff
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it appears that the two techniques also yield approximately the same
results. Intermediate values between liftoff and cutoff differ due to
the methods utilized. A more detailed presentation of the two techmiques
utilized in evaluating the loss coefficients will be presented in

Volume II of this report.

11.2,2 ENGINE COMPARTMENT

The engine compartment experienced no extreme temperature environ-
ment during the flight. Ambient air temperature within each engine
area was measured and no temperature above 0°C or below -30°C was
jndicated. The upper limit of the engine compartment gas temperature
of SA-3 was slightly below that of SA-2 flight (see Figure 11-9).

11.2.3 FORWARD HEAT AND FLAME SHIELD

Two other temperatures are also shown in Figure 11-10; measurement
C20-5, attached to the flame support strut, and C21-5, attached to the
flame shield seal support. The temperature level in this area is as

expected,

Temperatures recorded on the forward side of the heat shield are
presented as a band in Figure 11-11. The heat shield measurements on
SA-3 agree well with those of SA-1 and SA-2, ranging from -25 to +25°C.
The high temperature measured by C70-7 during the SA-2 flight (described
in the SA-2 report) cannot be explained; however, based upon the SA-1
and SA-3 results, it follows. that it is not characteristic of the heat
shield temperature. The maximum temperature of 25°C, measured during
the SA-3 flight, indicates that the heat shield insulation was more
than adequate. Due to the failure of the measurement in back of the
M-31 insulated panel, the relative adequacy of the two insulation
materials cannot be assessed.

11.3 SKIN

The skin temperatures at various positions on the propellant tanks
for the SA-3 vehicle were measured by ten thermocouples located as
shown in Volume II of this report. Generally, the skin temperatures
measured during the SA-3 flight werg lower than those indicated during
the SA-1 and SA-2 flights (see Figure 11-12), due to the higher propel-
lant level in the tanks; however, the measured temperatures were within
the anticipated range of skin temperatures. Also shown (Figure 11-13)
are the skin temperature measurements of the fuel tank, C50-F3, and the
LOX shroud at station 835. The latter measurements were in good agree-
ment with those of the SA-1 and SA-2 flights.
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The skin temperatures at various positions on the dummy S-IV stage
and the interstage fairing were measured by 18 thermocouples (see
Volume II for the locations of these measurements). Twelve of the
thermocouples (requested by DAC) were located on the dummy S-IV stage
to supplement the analytical determination of structures in the vicinity
of protuberances and separated regions. The other six measurements on
the interstage fairing were located to monitor any skin temperature
rise during retro rocket firing,

No significant rise in skin temperature due to aercdynamic heating
was indicated, except on the conical portion of the interstage fairing
where maximum skin temperatures prior to retro rocket firing of 71°C
to 159°C were indicated (measurements C128-11 and C133-11 shown in
Figures 11-14 and 11-15).

The retro rockets were ignited at approximately 153 sec range time
and the response due to the heating from the retro rockets' plume
impingement is shown in Figures 11-14 and 11-15., Measurement C127-11
(see Figure 11-15) indicated the maximum temperature increase during
retro rocket firing (from 10°C at 154 sec to 315°C at 161 sec). An
investigation is being made to determine any secondary effects (thermo-
couple attachment, nearby structural members, etc.) that may have pre-
vented an indication of the actual skin temperatures.

Temperatures in the vicinity of the S5-IV stage protuberance were
within expected levels, although a heating rate of approximately twice
that predicted by theory was encountered (see Volume II for details).

Further analysis is being performed to determine the factors which
may have influenced the temperatures indicated by these measurements,

11.4 INSTRUMENT CANISTER
11.4,1 CANISTER PRESSURE

Instrumentation and guidance components located in the canisters
required the canister pressure to be maintained between 0.7 and 1.2
kg/cm2 during flight. Three canister pressures were measured during
flight and gave indications that the pressure was maintained within
this range, Canister pressure decayed approximately 0.1 kg/cm” from
0 to 150 sec range time,

11.4.2 CANISTER TEMPERATURE

Temperature in the .four canisters was controlled by an external
cooler package mounted on the swing arm. After the umbilical swing
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arm was retracted there was no additional canister cooling. The accept-
able range of canister temperature was 10 to 40°C. .All canisters were
within the acceptable range at liftoff.

Specifications call for ambient air temperature in the ST-90 and
ST-124P guidance platform compartments to be controlled at 25 * 2°C
(see Volume II for a schematic of the cooling system). Both ST-90 and
ST-124P guidance platform compartment temperatures were in the acceptable
range at liftoff. The ST-124P compartment temperature measurement
indicated that the temperature stayed within the acceptable range
throughout flight, ST-90 ambient temperature was not monitored during
flight.
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12,0 (U) AERODYNAMICS
12,1 SuUMMARY

Aerodynamic static stability ratio, gradient of normal force coef-
ficient, and the center of pressure location were determined from the
SA-3 telemetered data, The flight results were in agreement with pre-
dicted values, However, the gradient of normal force coefficient and
the center of pressure location for the SA-3 flight had larger error
margins than did results from previous flights, as expected, due to
lower values of angle-of-attack and dynamic pressure.

Surface pressure data for the SA-3 flight are presented as a ratio
of surface pressure to ambient pressure, SA-3 pressure data agreed
well with data from wind tunnel tests.

Pressure data on the simulated Centaur weather shield are im excel-
lent agreement with wind tunnel results. The flight results indicate
a maximum low pressure region (Cp= -1.74 at Mach 0.7) right behind the
shoulder in the subsonic region,

Sketches showing the datailed locations of the surface pressures
are included in Volume II of this report, Chapter 12.0.

12.2 RATIO OF GRADIENTS OF ANGULAR ACCELERATION (STABILITY RATIO)

The ratio of the gradients of angular acceleration (stability
ratio 01/B°) was determined from the average telemetered pitch plane
engine deflection (B p) and the free-stream angle-of-attack ((XP).

The values of C;/B°C obtained for the SA-3 vehicle and predicted
values agreed well w%en plotted versus time (Figure 12-1). A minimum
value of -0.58 was obtained at the time of maximum dynamic pressure
(79.6 sec) compared to a predicted value of -0.55., An estimate of
the possible error margin in the flight-determined stability ratio is
also shown in Figure 12-1,

"12.3 GRADIENT OF NORMAL FORCE COEFFICIENT AND CENTER OF PRESSURE
LOCATTION

The gradient of the normal force coefficient (Cz') and the center
of pressure location (CP/D) were obtained using telemetered values of
angle-of-attack, normal acceleration, and engine deflection,

Calculated values of C,' and CP/D are in fair agreement with pre-
dicted values and previous flights' results when plotted versus Mach
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number (Figure 12-2), SA-3 data has a broader error margin than SA-1
or SA-2 which is attributed to the generally lower values of angle-of-
attack and dynamic pressure experienced on the SA-3 trajectory. The
unreliability and wide scatter of data at higher Mach numbers limited
the SA-3 analysis to the transonic and low supersonic region. In this
region, predicted values as well as SA-1 and SA-2 flight results were
within the error margin of the SA-3 results.

12,4 SURFACE PRESSURE
12,4.1 STATION 205 MEASUREMENTS

All four surface pressure pick-ups at Station 205 on SA-3 were
located on the fillets of the flared-out region adjacent to the extreme
lower portion of the fuel and LOX tanks, similar to SA-2., Figure 12-3
is a plot of surface-to-ambient-pressure ratio versus Mach number for
all four individual measurements. Also shown are their approximate
radial locatiens at this station.

Except for measurement D78-10, the pressures rose steadily above
ambient at this station after a Mach number of approximately 0.4,
reaching a maximum pressure ratio of 1,5 at Mach 2. Excellent agree-
ment is also shown with SA-2 values and wind tunnel test data.

The walidity of the data from measurement D78-1Q had been pre-
viously questiomed after the SA-2 flight on the grounds that it differ-
ed widely from wind tunnel results and from the consistent trend exhi-
bited by the other three measurements. As shown in Figure 12-3, SA-3
data for measurement D78-10 was very similar to SA-2, thereby adding
some validity to the results from SA-2,

120%.2 STATION 860 AND 863 MEASUREMENTS

Pregsure ratios (surface to ambient) obtained from the four mea-
surements (same as on SA-2), located at Stations 860 and 863, are
plotted versus Mach number in Figure 12-4 with a sketch indicating the
radial location of each individual measurement, Surface pressure
measurements D80-F1 and D82-F3, situated at station 863, were located
on the extreme upper portion of the fuel tanks facing the flight direc-
tion., Measurements D81-Fl and D83-F3 were located facing the center
of the cluster at Station 860, slightly above the fuel tanks, Observed
flight readings indicate that the pressure dropped to a minimum of 80
percent of ambient at Mach 1.2 and gradually increased to ambient
around Mach 2. 8SA-3 data is in good agreement with results from wind
tunnel tests conducted in the Langley 8-foot TPT and 4-foot UPWE.
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SA-2 data, shown for comparison in the figure, indicates slightly lower
pressure than SA-3, but both results are within the error margin of the
telemetered data,

12,4,3 STATION 989 AND 1019

Pressure ratios (surface to ambient) obtained from the four mea-
surements on the interstage are plotted versus Mach number in Figure
12-5, These surface pressure measurements were obtained for the first
time on SA-3, Measurements D84-20 and D86-20 are located at Station
989.3, approximately 7 degrees from fin locations II1 and I, respec-
tively; D85-20 and D87-20 are located at Station 1019.3 also at approx-
imately 7 degrees from fin locations IIT and I, Values of the ratio of
surface to ambient pressure at Station 989.3 increased from 1.0 at Mach
0.3 to approximately 2.1 at Mach 2, Data from wind tunnel tests at
Langley (@= 0) agree well with the flight data.

Measurements D85-20 and D87-20 at Station 1019,3 indicated slightly
lower pressures than at Station 989.3, as expected, since the orifices
are located closer to the expansion corner on the frustrum of the S-IV
stage, Readings from measurement D85-20 dropped from 1.5 at Mach 1.2
to a value slightly above ambient at Mach 1.6, It is conjectured at

. this time that the local shock wave moving downstream caused this drop

in pressure. Wind tunnel measurements at locations in close proximity
to the flight measurement do not indicate this drop. However, the
value obtained from the wind tunnel tests was a faired value and the
possibility exists that the faired value is not correct,

12.4,4 CENTAUR SIMULATION PRESSURES

An experiment was flown on SA-3 to simulate the Centaur shoulder
configuration behind the nose fairing, The failure of the first Cen-
taur flight was attributed to an adverse pressure distribution in the
vicinity of the shoulder with respect to a venting arrangement. To
gain some full scale flight information in support of the failure cause
hypothesis, two panels were mounted on SA-3 to simulate a portiom of
the Centaur configuration (See sketch in Volume II, Chapter 12 of this
report), Two 2.3-cm thick panels were installed on the payload surface
of the vehicle, one between fin locations IIT and IV (designated panel
IITI - IV) and the other between fin locations I and II (designated
panel T - II). The panels were approximately 60 degrees wide in cir-
cumference and extended from Station 1698 to 1731. The shoulder of the
nose cone was moved back 10 c¢m to Station 1727 on the area encompassed
by the panels, A total of 11 surface pressure measurements was located
longitudinally on the center-line surface of the panels. The Centaur
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vented in an area similar to the base of the simulation panels installed
on SA-3, Base pressures were measured on each one of the panels during
the SA-3 flight,

Figure 12-6 is a representative plot of surface pressure coeffi-
cients versus Mach number which were obtained from the six measurements
on panel III-IV. A configuration sketch and the location of each
measurement is also shown in the figure, The largest pressure coeffi-
cient occurred at Station 1726, 2.5 cm from the shoulder, where a
value of -1,74 was obtained at Mach 0.7,

Values of pressure coefficients at various Mach numbers are plot-
ted versus vehicle station in Figure 12-7. Results show excellent
agreement with wind tunnel results (Reference 4 ) on the Centaur shoul-
der configuration tests at Ames Research Center for the Mach numbers
available. The flight results indicate a very low pressure region

right behind the shoulder in the subsonic region,
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13.0 (U) INSTRUMENTATION

13.1 SUMMARY

‘Overall reliability of the SA-3 measuring system was 97.0 percent.
All commutators performéd satisfactorily with no deviation from normal
operation, All preflight and inflight calibrations were normal,

Transmitted RF power from all telemetry links was sufficient to
produce good data during the flight time of approximately 292 seconds.
Indications are that the entire system performed without significant
failure,

The signal strength of all RF systems, except C-Band Radar, was
very close to the expected values., Even though the C-Band Radar re-
. ceived a lower-than-normal signal, tracking information from this sys-
tem, the UDOP system, and the Azusa system was sufficient for good
trajectory information.

This flight has again proven the usefulness of redundant tracking
systems. As pointed out in section 13,4, some periods of flight exist
when data from one system may be insufficient to provide good tracking
information, but these periods may be filled using data from redundant

systems,

The engineering sequential camera coverage for the SA-3 flight
was comparable to that of SA-2,

13,2 MEASURING ANALYSIS

Measurement Malfunctions

There were 607 flight measurements made on the SA-3 vehicle, Of
these measurements, fourteen were found to be completely unusable, six
were partially usable, and one was questionable,

Two types of malfunctions occurred on the flight. First, there
were seven pressure transducers and one temperature measurement lost
because of a malfunction in the power supply serving the direct measure-
ments in area five. Second, there were six other measurements in which
the measuring components had apparent failures,.

The eight measurements that were lost because of measuring voltage
failure were: C€69-5, Temperature Radiation Shield; DI12-5, Pressure
Fuel Pump Inlet; D13-5, Pressure LOX Pump Inlet; D1l4-5, Pressure







