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(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
engineering evaluation and the second volume contains supporting in-
formation and information related to the evaluation of the flight. 1In
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 deviations
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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13.

CONVERSION FACTORS FOR PREFERRED MSFC

Quantity

Acceleration
Area

Density

Energy
Force
Length

Mass
Mass Flow Rate

Pressure
Temperature
Velocity

Yolume

Volume Flow

MEASURING UNLTS

Multiply

ft/s2
in2

1b-s2
ft

slug/ft2

BTU

1b

in

1b-g2
ft

1b-s
ft

1b/in2
0p.32°

ft/s

gal (U.s.

£t3
ft3/s

gal/s

)

By

3.04800x10"1
6.4516x10"%

5.25539x10%

5.25539x10%

2.51996x10™!
4.53592x10-1
2.54000x10~2

1,48816
1.48816

7.03067x10-2
5.55556x10"1
3.04800x10"1
3,78543x10"3
2.83168x10~2
2.83168x10~2

3,78543x10-3

To QObtain

n/s2
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1,0 (u) VEHICLE DESCRIFPTION

1.1 SUMMARY

Saturn SA-3 was the same basic configuration as previous Saturn
vehicles, The vehicle was made of a live S-I stage, a dummy S-IV stage,
_a dummy S-V stage, and a dummy payload. A diagram of the overall Saturn
configuration including some of the more important vehicle dimensions
is presented in Figure 1-1. .

1.2 S-I STAGE

The S-I stage was the only active stage of the Saturn SA-3 vehicle,
Propulsion was provided by a unique arrangement of eiglit clustered H-1
rocket engines. Propellants were supplied to the engines from a cluster
of nine propellant tanks. Most of the SA-3 imstrumentation, including
guidance and control components, was located in the S-I stage. The
S-1 stage was essentially the same as the S-I stage flown on SA-2; the
only important changes between the two vehicles being the addition of
one antenna panel and four retro rockets on the forward end of the §-I
stage and the addition of a fifth instrument canister, which housed a
laboratory model passenger guidance system that was flight tested for
the first time, to the $-1/S-IV interstage area.

1.3 S-IV DUIMMY STAGE

The S-IV dummy second stage for Saturn SA-3 carried water ballast
(41,102 kg) to simulate the weight and aerodynamic characteristics of
the live S-IV stage. Dimensions of the S-IV stage are given.in Figures
1-1 znd 1-2.
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1.4 S-V DUMMY STAGE

The S-V dummy third stage was basically a Centaur cruiser tank
modified by increased skin gauges. The tank carried water ballast
(46,312 kg) to simulate upper stage weight. Dimensions of the S-V
stage are given in Figures 1-1 and 1-3,

1.5 DUMMY PAYLOAD

SA-3 carried a Jupiter type nose cone and aft unit as the dummy
payload. An adapter section was required to mate the aft upit to the
S.V stage. Dimensions of the payload are given in FPigures 1-1 and 1-4,
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2.0 - (U) INTRODUCTION

This volume of the Saturn SA-3 Flight Evaluation report contains
supporting information for Volume I.

This report is published by the Saturn Flight Evaluation Working
Group, whose membership includes representatives of all Marshall Space
Flight . Center Divisions. Therefore, the report represents the official
MSFC position at this time., This report will not be followed by a
similarly integrated report unless continued analysis and/or new evi-
dence 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 CHRONOLOGICAL SUMMARY OF PRELAUNCH CHECROUT

Saturn vehicle SA-3 (consisting of the S-I first stage booster,
S-IV dummy second stage, S-V dummy third stage, and payload body)
_arrived by the barge "Promise" at Cape Canaveral om September 19, 1962,
The S-I booster was transferred to Complex 34 the same day. Om Sep-
tember 21, 1962, the S-I-booster was erected on Pad 34,

The following is a chronological summary of the work and mile-
gtones accomplished during the Saturn vehicle SA-3 erection and check-
out. . _

September 21, 1962 thru September 30, 1962 - Electrical, mechani-
cal, and pneumatic systems commected and checked, RF antennas installed
and calibrated; RF subsystems tests begun, Stabilized platform (ST-90)
laboratory test and calibration completed. Retract arms positioned
under the vehicle. Milestone - second and third dummy stages (S-IV and
S-V), and dummy payload erected and mated to the S-I booster,

October 1, 1962 thru October 7, 1962 - Mechanical systems and elec-
tromechanical components tests completed. EBW checks and changes com-
‘pleted, Stabilized platform (ST-124P) laboratory test and calibration
begun, Destruct Command Control Receivers received from MSFC and
checked out, Flight measuring calibrations 40 percent complete.
Milestome - fuel and LOX simulated loading, functiomal and low pres-
surization tests completed. '

October 8, 1962 thru October 14, 1962 - Stabilized platforms,

ST-90 and ST-124P, installed in the vehicle and tests complete, Guid-
ance and ST-124P accelerometer monitors imstalled in blockhouse; EO's
installed in vehicle to permit blockhouse momitoring of the ST-124P.
Malfunction sequence and DCR tests completed. Heat and radiation
shields, Azusa transponder; and outstanding EO's on electrical support

. equipment installed and checked out. Milestone - fuel and LOX full
pressurization tests complete.

‘October 15, 1962 thru October 21, 1962 - Service structure func-
tional tests completed satisfactorily. RF range checks, navigation
system check, hydraulic system preparations completed. Service struc-
ture removed and sway tests and alignment tests completed. Cooling
tests completed satisfactorily, EO's of EBW installed, upper stage
-leak tests started, dummy retro rocket tests begun. Measuring calibra-
tioa of fligat measurements 80 percent ccmpl:te. Inmstallationm and
checkout of ground facilities measurements 50 percent complete.
Milestome - interstage aligmment, RF checks (with service structure re-
moved) performed satisfactorily.




October 22, 1962 thru October 28, 1962 - Relay distributors in-
spected and aligned. ST-90 and rate gyros aligned. Installatiom of
fairings and outboard curtains completed. Propellant utilizatiom com-
puter replaced and.checked, Measurement calibration of flight instru-
ments and installation and checkout of ground facilities measurements
about 90 percent complete. Milestome - overall tests numbers 1, 2, and
3 completed and evaluated.

October 29, 1962 thru November 4, 1962 - Acoustical drag cable in-
stalled and EBW retro rocket initiators test fired. Sleeves on engine
positions -2 and 4 replaced and umbilical faceplate pin installed.
Milestome - LOX loading and all associated tests completed,

November 5, 1962 thru November 13, 1962 - Overall test mumber 4
completed; two angle-of-attack meters and telemeter transmitter mmber
9 replaced. Retro rocket installatiom and primacord installation com-
pleted. Milestone - simulated flight test and evaluation performed and
completed satisfactorily,

November 14, 1962 thru November 15, 1962 - Preparatioms for launch
.completed,

November 16, 1962 - Launch,

3.2 BLOCKHOUSE REDLINE VALUES

Blockhouse redline values are defined as limits on critical meas-
urements, set to assure safe engine and vehicle operating conditioms.
These measurements are monitored in the blockhouse, and the countdown
procedure could be stopped if these measurements show values outside
the limits. -

These redline values are shown inm Table 3-I. All of the measure-
ments were within their specified limits and the countdown procedure
was normal, .



Meas,

No,

Xcl

Xc54

XCc59

Measurement

Temp. LOX Pump Brg, #1

Temp LOX Pump Inlet

Temp, Hydraulic 0il

TABLE 3-T

BLOCKHOUSE REDLINE VALUES

Redline

-17,8°C minimum

-178,9°C minimum
-173.3°C maximum
at ignition command

98.900 maximum

Observed Value

Engine Position

L N

Engine Pogition

Minimum

30.5°C
36,0°C
35.,0°C
42,5%
51.0%
53,0%
50,5°C
49,0°

At Tgnition Command

0~ PN

Engine Position

P SN OLRN S ]

-176.3%%
-176.2%
-176.6°C
-176,49¢C
-176,6°C
-176,1°%
-177.0%
-176,8%

Maximum

38,5%
52,0°%C
48,5°¢C
44,5%¢C

01



Meas, o .
No. Measurement

XC89  Temp. Gear Case Lubricant

XCI113 Temp. Turbine Spinner
Case

XD2-F3 Press, Gas in Fuel Tank
XD3-0C Press. Gas in LOX Tank

XD24.11 Press. Gas in High Press.
Spheres

TABLE 3-1

‘Observed Value

BLOCKHOUSE REDLINE VALUES
(Continued)
" Engine
Redline Pogition Minimum
40.6°C minimum - o1 45.6°¢C
62.8°C maximum 2 46,0°C
3 45,0°
4 43.530
5 46.0°C
6 43,0%
7 " 44,0%
8 43,0°C
Engine

Position Minimum
4.4°Cc minimum 1 13.0%
23,9°C maximum 2 10.8%
at start of 10% 3 9,8%
LOX tanking (ap- 4 11.9%
prox. T-350 min) 5 13.4%
te T-20 minutes 6 14.5%
: : 7 14,0°%
8 14.8%

1.6 kg/cm2 {gauge) max

3.5 kg/cm2 (gauge) max

183 kg/cm (gauge) min
225 kg/cm (gauge) max

Maximum

51.0°%
51,0°¢
50,5°¢C
47.8%
50.5°c
46,5° oC
- 48, o C
49.5°%

Maximum
21, 2° C
19.2%
18, 6°c
20.5° C
- 21, 5 C
21,6° C
20, 8%
23.2%

1.16 kg/cm2 {gauge) max

3.22 kgICm2 (gauge) max

210.9 kg/cm2

(gauge) liftoff

u
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Meas,

_No, Measurement

Xp35 GG LOX Injecfor Pressure

¥D39-11 Press. Air Bearing Supply
Sphere

XD40-9 Pregs. Control Equip.
Supply Sphere

XG8 Level Hydraulic 0il

Time from Completion of
LOX Bubbling to Ignition
Command

TABLE 3-1

BLOCKHOUSE REDLINE VALUES

(Concluded)
. Engine
Redline , Position
1,8 kg/cm? (gauge)‘ 1
min - ‘ ‘
3.9 kg/cm? (gauge) 2
max
Check at T-20 minutes 3
4
5
6
7
8
Minimum

183 kg/cm? (gauge) min
225 kg/cmz (gauge) max

183 kg/cmg (gauge) min
225 kg/em® (gauge) max

Engine

209.5 kg/cm2

(gauge)

Minimum

204.6 kgfcm?

(gauge)

Posgition

187 minimum
68%7 maximum

130 sec maximum

E Ul O

Observed Value

At T-20 Minutes

2.5 kg/cm?
2,2 kg/cm2
1.8 kg/cm?
2.4 kg/cm?
2,7 kg/cm?
2.7 kg/em?
2.0 kg/cm%
2.4 kg/cm

(gauge)
(gauge)

(gauge)
(gauge)
(gauge)
(gauge)
(gauge)
(gauge)

Maximum

210.9 kg/cm?

(gauge)

Max imum

207.4 kg/cm2

(gauge)

At Liftoff

44, 5%
45,8%
.52,5%
41.0%

Observed Value

112 sec

(4"



3.3 GROUND SEQUENCE OF EVENTS

Event

Firing Command

Fuel Vent Nr. 1 Closed
Fuel Vent Nr, 2 Closed
Fuel Pressurizing Command

Fuel Pressurizing Valve Nr. 1 Open
Fuel Pressurizing Valve Nr. 2 Open
Fuel Pressurizing Valve Nr. 3 Open
Fuel Pressurizing Valve Nr. 4 Open
Fuel Presgsurized

LOX Pressurizing Valve Open

10X Relief Nr. 2 Closed

LOX Relief Nr. 1 Closed

LOX Pressurized

Power Transfer Command

Umbilical Eject Command

Umbilical Retracted

Ignition Start Timer

Ignition Command

Eng. Nr. 5,  Igniter Nr. 1 Energized
Eng. Nr, 5, Igniter Nr. 2 Energized
Eng, Nr. 7, Igniter Nr. 1 Energized
Eng. Xr., 7, Igniter Nr. 2 Energized
Eng. Nr. 6, Igniter Nr. 1 Enmergized
Eng. Nr. 6, Igniter Nr. 2 Energized
Eng. Nr., 8, Igniter Nr. 1 Energized
Eng. Nr. 8, Igniter Nr. 2 Energized
Eng. Nr. 2, Igniter Nr, 1 Energized
Eng. Nr, 2, Igniter Nr. 2 Energized
Eng. Nr. 4, Igniter Nr. 1 Energized
Eng.. Nr. 4, Igniter Nr. 2 Energized
Eng. Nr..l, Ignmiter Nr. 1 Energized
Eng. Nr. 1, Igniter Nr. 2 Energized
Eng. Nr, 3, Igniter Nr, 1 Energized
Eng. Nr. 3, Igniter Nr. 2 Emergized

All Igniters Energized
All Engines Rumming -
Thrust OK Timer
Thrust Commit

Short Mast Nr. 2 Valve Nr., 1 Open
Short Mast Nr. 2 Valve Nr. 2 Open
Short Mast Nr. 4 Valve Nr. 1 Open

% Time referenced to ignitionm command.

Predicted Time

13

Actual Time¥

Nominal (sec) (sec)
-369%10 -363.440
-368%10 -362.985
-368t10 -362.955
-368110 -362.955
-368%10 -362.915
-368%10 -362.915
-368%10 -362,915
-368%10 -362,915
-364110 -358.655
-120%10 -110.755
-120f10 -109.855
-120%*10 -109.855
-35 -35.220
-35 -35.220
-25 -25,555
-13 -13.715
-0.06 -0.0

0.0 0.0
+0,015 +0.018
+0.015 +0.018
+0.015 +0.018
+0.015 4+0.018
+0.115 +0.116
+0.115 +0.116
+0,115 +0.116
+0.115 +0.116
+0.215 +0.224
+0,215 4+0.224
+0.215 +0.224
+0.215 +0,224
+0.315 +0.330
+0.315 - +0.330
+0.315 +0,330
+0.315 +0.330
+0.315 +0.346
+1.32 +1.247
+3.30 +3.247
+3.34 +3.330
+3.39 +3.385
+3.39 +3.385
+3.39 +3.385
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3.3 GROUND SEQUENCE OF EVENTS (CONCLUDED)

Predicted Time Actual Time*
Event Nominal (sec) (sec)
Short Mast Nr. 4 Valve Nr. 2 Open +3.39 +3.385
Support Retract Command +3.44 +3.395
Retract Valve Nr. 4 Open +3.57 +3,544
Retract Valve Nr. 3 Open +3.58 +3.605
Retract Valve Nr. 2 Open +3.59 +3.620 :
Retract Valve Nr, 1 Dpen +3.61 +3.610
Support Nr. 4 Not Supporting +3.63 +3.610
Support Nr. 3 Not Supporting +3.,64 +3.680
Support Nr, 2 Not Supporting +3.65 +3.680
Support Nr., 1 Not Supporting +3.67 +3.676
. Launch Commit 7 +3.67 +3,692
H. D. Release Valve Nr, 1 Open +3.72 +3.745
H. D. Release Valve Nr. 2 Open +3,72 +3.745
H. D. Release Valve Nr. 3 Open +3.72 +3.745
H. D. Release Valve Nr. 4 Open +3.72 +3.758
Holddown Nr, 1 Released +3.74 +3.758
Holddown Nr. 2 Released +3.74 +3,.763
Holddown Nr. 3 Released +3.74 +3.763
Holddown Nr. 4 Released +3.74 +3.768
Liftoff Switch Nr, 1 +3.86 +3,950
‘Liftoff Switch Nr. 2 +3.86 +3.953
Liftoff Switch Nr. 3 +3.86 +3.955
Liftoff Switch Nr. 4 A 43,86 +3,953
Liftoff (Tail Plug Eject) +3.96 +4,110

The times presented in this section may differ somewhat from those
event times shown in Volume I, due. to refinement of event times based
on telemetered data and other functions. Thig difference is small
however usually in the order of 0.01 to O. 03 seconds.
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3.4 ENVIROMMENTAL MEASUREMENTS DURING LAUNCH

3.4.1 VEHICLE

The Combustion Stability Monitor equipment performed satisfactorily
during the launch of SA-3, The following vibration levels were re-
corded during the period from ignition to launch commit.

"Meas. . Engine No. Max. (peak-to-peak) Average (peak-to-peak)

XE57-1 1 72.5 g ’ 30 g
XE57-2 2 60 g 27 g
- XE57-3 3 60 g 30 g
- XE57-4 & 73 g 33 g
XE57-5 5 60 g 20 g
XE57-6 6 47 g 30 g
XE57-7 7 58 g 25 ¢
XE57-8 8 50 g 20 g

Fire detection measurements XC11l4 and XC115 gave no indication of
a temperature rise during the period between ignition and launch commit.
Measurements XC116 and XCl17 gave a very slight indication of a tempera-
ture rise during this period (approximately 12.5%9),

3;%.2 LAUNCH COMPLEX 34

During the SA-3 launch, there were 37 ground support equipment
measurements taken. These included 19 vibration measurements, 8 static
pressure measurements, and 10 temperature measurements. Most of the
measurements were taken on the umbilical tower. The measurements,
their locations, and their calibrationm ranges are listed in Table 3-II.

Vibration Measurements

The locations of six vibration measurements made on the launch
pedestal during the SA-2 launch were duplicated during the SA-3 launch.
The other thirteen were new measurements, located on the umbilical

tower,

Low frequency oscillations, below 15 cps, were noted in measure-
ments YE-7, YE-8, YE-11, and YE-12. This frequency is below the linear
regponse of the measuring system and therefore, the amplitude of the
data is distorted. Further analysis was not p0351b1e since the degree
of distortion-was not known, Data from measurements YE-13, and YE-16
through YE-24, exhibited the same frequency spectrums during both the
holddown and liftoff periods.
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ENVIRONMENTAL MEASUREMENTS ON LAUNCH COMPLEX 34

Vibration Measurements

Meas,
No.

YE-7
-8
-9.
-10
-11
-12
-13
-14
-15
-16
-17
-18
-19
-20
-21
_22
.23
-24
-25

Descrigtion

Limit Swi
Retract V
Vent Valv
Pneumatic
Pneumatic
Release V
Tower, 30
Tower, 30
Tower, 30
Tower, 48
Tower, 48
.Tower, 48
Swing Am
Swing Amm
Swing Arm
Swing Arm
Swing Arm
Swing Arm

tch Brk't, R-2
alve, R-2
e, R-2
Separator,
Separator,
alve, H-2
.3 m Level,
.5 m Level,
.5 m Level,
.8 m Level,
.8 m Level,
.8 m Level,

H-2
H-4

SE Face
SE Face
SE Face
SE Face
SE Face
SE Face

Mount
Mount
Mount

Valve Panel #4

Pressure Measurements

Meas. No,

YD-9
-10
-11
-12
-13
-14
-15
-16

TABLE 3-II

Calibration Range

Description (kg/cmz)

Tower, 8.2 m Level, South Leg 0 to 2,11
Tower, 8.2 m Level, North Leg 0 to 2.11

_Tower, 30.5 m Level, South Leg 0 to 2.11
Tower, 30.5 m Level, North Leg 0 to 2.11

Tower, 48.8 m Level, South Leg 0 to 2,11

Tower, 48.8 m Level, North Leg 0 to L4l

Tower, 73.2 m Level, South Leg 0 to 1.41

Tower, 73.2 m Léevel, North Leg 0 to 1.41

" Direction Frequency Calibration
of Meas. Response (cps) Range t G's)
Long't 330 50
Long't 80 50
Long't 110 25
Long't 330 50
Long't 440 50
Long't 160 25
Vert., 600 10
West 60 10
South 790 10
Vert, 220 10
West 160 10
South 790 10
Vert, 1050 25
West 600 25
South 60 10
Vert. 80 10
West 220 10
South - 160 10
Perp. 1050 50



TABLE 3-11 (CONCLUDED)

ENVIRONMENTAL MEASUREMENTS ON LAUNCH COMPLEX 34

Temperature Measurements

Calibration Range

Meas, No. Description (°c)

YC-19 Tower, 8.2 m Level, South Leg 0 to 600

. =20 Tower, 8.2 m Level, North Leg 0 to 600
-21 Tower, 30.5 m Level, South Leg 0 to 600
-22 Tower, 30.5 m Level, North Leg 0 to 600
-23 Tower, 48.8 m Level, South Leg 0 to 600
-24 Tower, 48.8 m Level, North Leg 0 to 600
-25 Tower, 73.2 m Level, South Leg 0 to 60C
-26 Tower, 73.2 m Level, North Leg 0 to 600
-27 Retract Solenoid Valve, R-4 0 to 600
-28 Release Solenoid Valve, H-4 0 to 600
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It should be noted that the composite vibration magnitude (shown
in Table 3-III) is related to the cutoff frequency (Table 3-II) of the
particular measurement, For example, if the cutoff frequency of YE-7
was 790 cps instead of 330 cps, it is quite possible that this measure-
ment would record a much higher composite value than was actually re-
corded. The reason for this is that more vibration, consisting of
higher frequency components, would be measured. However, this does
not preclude a comparison of the amplitude of the frequency spectrums
of the measurements. The amplitude of any frequency component, below
the cutoff frequency of the measurement, is influenced only by the elec-
tronic analyzing equipment. All the data has been analyzed such that
the frequency spectrum amplitudes are comparable.

Table 3-III gives the frequency and amplitude of the major com-
ponent of the vibration energy concentration and the composite vibra-
tion magnitude of each measurement, during the holddown and liftoff
periods.

Measurement YE-18, located adjacent to YE-16 and YE-17, indicated
the energy to be concentrated at a higher frequency and with a higher
amplitude than either YE-16 or YE-17, However, this is probably only
due to the higher frequency response of YE-18,

Measurement YE-21, located adjacent to YE-19 and YE-20, did not
exhibit the higher frequency energy components as did YE-19 and YE-20.
This may be attributed to the lower (60 cps) cutoff frequency of YE-21.

The vibration energy of measurement YE-25 remained at essentially
the same frequencies during liftoff, as during holddown; however, the
amplitude was considerably magnified when the vehicle lifted off and
the exhaust gases impinged on the pedestal surface.

A comparison of the frequency distribution of the data taken on
the launch pedestal during the SA-2 and SA-3 flights is showm in Figure
3-1. The YE-7 spectrum for the holddown period of SA-2 was flat, where-
as the spectrum for SA-3 showed energy concentrations at 180, 280, and
420 cps. However, since the frequency response of the SA-2 measurement
YE-7 was limited to 160 cps, no comparison can be expected above this
frequency. A similar situation exists for measurement YE-9; the fre-
quency response of the SA-3 measurement was limited to 110 cps, pre-
cluding any comparison of the data above this frequency.

The spectrum of measurements YE-10 and YE-11, for the liftoff
period, shows that the energy is concentrated at the same frequency,
but at a much higher amplitude on SA-3 than on SA-2, This higher ampli-
tude of the SA-3 data may be attributed to higher excitation levels,



TABLE 3-II1

VIBRATIONS ON COMPLEX 34

HOLDDOWN_ | LIFTOFF

Meagurement Major Energy Concentration Composite Major Energy Concentration | Composite

Frequency Amplitude Vibration Frequency Amplitude Vibration

(cps) - (GpMs) Magnitude (cps) (Grms) Magnitude

o (Grys) (Grms)

YE-7 180 0.5 1.0 360 0.55 2,0
YE-8 (1) (1 (1) (1) (1) (1)
YE-9 (2) (2) (2) 30 0.7 6.5
YE-10 265 0.4 0,8 375 4,5 13.0
YE-11 (1) (L) (1) 250 1.8 9.0
YE-12 (1) (1) (1) (1). (1) (1)
YE-13 750 0.55 2.4 750 0.55 2.4
YE-14 (3) (3) (3) (3) (3) (3)
YE-15 (3) (3) (3) (3) (3) (3
YE-16 125 and 150 0.15 0.5 125 and 150 0.15 0.5
YE-17 (4) 0.05 0.3 (4) 0.05 0.3
YE-18 750 0.45 1.6 750 0.45 1.6
YE-19 270 0.5 1.5 270 0.5 1.5

6T



TABLE 3-III

VIBRATIONS ON COMPLEX 34 (CONCLUDED)

Q¢

| HOLDDOWN : ' LIFTOFF

Measurement Major Energy Concentration Composite Major Energy Concentration Composite

Frequency - |Amplitude "Vibration * Frequency Amplitude Vibration

(cps) (Gpus) Magnitude (cps) (Grmg) Magnitude

(Grus) - (Cyg)

YE-20 - 350 0.5 1.7 350 0,5 1.7
YE-2]1 120 0.1 _ 0.3 120 ‘ 0.1 0.3
YE-22 60 0,06 . 0.1 60 ‘ 0.06 0.1
YE~23 125 0.26 0.9 125 0.26 0.9
YE-24 125 0.12 0.6 125 0.12 0.6
YE-25 HGGO’ 750, and 840 0.65 4,5 B 660 2,0 15,9

NOTE:

(1) Low frequency oscillations .were present which distorted the amplitude of the data, making
further analysis impossible,

(2) The magnitude of the data recorded was less than 0.1 Ggyg (within the noise level of the
instrumentation system), thus further analysis was not justified.

(3) The data from these measurements were very erratic and were not analyzed.

(4) The vibration was evenly distributed over the measured frequency range.
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during SA-3 liftoff, rather than a difference between the cutoff fre-
quencies of the measurements for the two flights,

Pressure Measurements

Eight pressure measurements were located on the umbilical tower
at various levels.

Measurements YD-9 and YD-10 recorded an underpressure condition
from 1 sec after liftoff until 2.8 sec after liftoff, when the measure-
ments were lost., The magnitude of the pressure at the time the measure-
ments were lost was approximately 0.886 and 0,879 kg/cm? on YD-9 and

YD-10 respectively.

Pressures of 0.297 and 0,949 kg/cm2 (underpressures) were re-
corded, by measurements YD-11 and YD-12 respectively, at 5.5 sec after
liftoff. These values give a net underpressure condition of approxi-
mately 0,652 kg/cmz acting across the tower from north to south at this
time. Measurement YD-12 also recorded an underpressure condition of
0.357 kg/cm2 at 10 sec after liftoff., Measurement YD-13 recorded an
underpressure condition of 0.254 k.g/cm2 at 7.2 sec after liftoff, All
three of these measurements (YD-11, ¥D-12, and ¥YD-13) show that the
underpressure condition existed for about 30 seconds.

Measﬁrements YDQ14, YD-15, and YD-16 did not exhibit any signifi-
éant data trends and these measurements were lost 3 sec.after liftoff,

Temperature Measurements

Eight temperature measurements were located on the tower at the
same levels as the pressure measurements. Two additional measurements
were taken on the pedestal. All temperature measurements were com-
mutated at the rate of ten samples per second.

¥one of the measurements YC-19 through YC-26 indicated any appre-
ciable rise above 24°C, and all of these measurements stopped recording
data at the same time (3 5 sec after 1iftoff). Measurement YC-27 re-
corded a maximum temperature of 38°C at 4.7 sec after liftoff. After
this time, no more data was recorded. Measurement YC-28 recorded a
maximum temperature of 630°C at 3.8 sec after liftoff. Since the tem-
perature rose from 32 °c to 630°C in 0.3 sec, it is suspected that the
temperature of the exhaust gases,rather than the valve, was being
measured, This measurement did not record any data beyond 3.8 sec after
1iftoff, ,
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Possible Causes .of Signal Loss and Erromeous Data

7 Investigation of possible causes of signal loss revealed that 23
measurements, including all vibration measurements (except YE-11, YE-14,
YE-21, and YE-22) and all temperature measurements on the tower,
utilized the same voltage power supply. It was found that signal drop-
out in these measurements could be duplicated by short circuiting the
output of the power supply. A short circuit could be caused by sub-
jecting one of the accelerometers to intense heat, Physical ‘evidence
showed that the accelerometer cables of measurements YE-7, YE-8, and
YE-9 were burned, thus the probabilityof a short circuit was very high.

It was also found that an intermittent short circuiting of the
power supply would introduce noise and erroneocus data into some of the
measurements. This occurred for pressure measurements YD-14 and ¥YD-15,

3.5 ATMOSPHERIC SUMMARY FOR SA-3
3.5,1 INTRODUCTION

This section contains information concerning the more important
aspects of the atmospheric enviromment for the flight of Saturn SA-3.
The atmospheric data are presented in a form which will allow easy com-
parison with similar data for other space vehicle flights from the
Atlantic Missile Range. Wind and thermodynamic data are shown as a
function of both flight time and altitude. The general weather situa-
tion for the flight area is discussed, surface observations at launch
time are given, and upper air conditions near launch time, as measured
by rawinsonde and rocketsonde,. are given.

3.5.2 GENERAL SYNOPTIC SITUATION AT LAUNCH TIME

_ Pressure Distribution and Fronts. A high pressure cell, with cen-
tral pressure mear 1.04011 kg/cms (1020 mb), dominated the launch area
at flight time. A low pressure cell, with central pressure near
melmkﬁ(mﬁmm,mswmaﬁawrmehmr%mvﬂhmam
a cold front, embedded in a trough of low pressure, extended southwest-
ward across easternm Texas into Mexico. These pressure cells gradually
tilted westward with increasing altitude, There were no fronts in the
launch area,

Jet Streams and Associated Weather., Two jet streams accompanied
the pressure distribution. The stronger jet stream swept eastward
across Kentucky and Virginia at about 55 m/s near 11 km altitude. To
the south, at about 12 km altitude, a weaker jet stream moved eastward
through the Florida straits at about 35 m/s,
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Scattered high thin cirrus (ice-crystal) and scattered cumuliform
clouds, with bases near 1 Ikm, were reported throughaut the launch area
at launch time, but the combined clouds did not exceed 0.6 sky cover
at any point. Clouds did not obscure the vehicle flight path during
launch time except for the brief cloudiness caused by Project Highwater,
Light (less than 5 m/s) winds, mostly southwesterly, prevailed near the
surface in the launch area.

3.5.3 SURFACE OBSERVATIONS AT LAUNCH TIME

Blockhouse Observations. Surface observations have been discon-
tinued at the blockhouse,

Launch Pad Observations. A recording anemometer on the launch pad,
13.4 m above ground level and 38 m morth of the launch pedestal, showed
the wind to be about 3 m/s from the southwest, both before and after
the SA-3 launching (see Figure 3-2)., The launch blast caused the winds
to shift rapidly through all directions for about 45 sec after ignition.
During this period, wind speed also fluctuated rapidly, varying from
zero to 14 m/s. The 14 m/s gust occurred at 12:45:08 EST. These launch
time wind fluctuations are greater than those shown for the SA-1 launch,
and are very similar to the fluctuations during the SA-2 launch, except
that the maximum launch gust was 2 m/s greater for SA-3.

Service Structure. Observations. A recording anemometer on the
service structure, 95 m above ground level and 207 m southwest of the
-Saturn launch pedestal, showed the wind to be rather steady from the
-gouthwest at about 3 m/s throughout the launch period. As or the SA-2
flight, no effects from the launch blast could be detected at this lo-
cation. This is due to the fact that the surface winds blew from the
service structure toward the launch pedestal, in both cases. During
the SA-1 launch, the winds on the service structure were moderately
disturbed, dropping from 9.2 to 4.1 m/s 10 sec after T-0.

Recording instruments on the ground near the pad showed the launch
time ambient temperature to be 24,7°C, relative humidity 36 percent,
and the air pressure 1.03858 kg/cm?. At 13.4 m above the ground, on
the service structure, the laumch time ambient temperature was 20.1%"
and the relative humidity was 48 percent. At 79 m above the ground, on
the gservice structure, the launch time ambient temperature was 21.4°C
and the relative humidity was 66 percent, The launch blast caused
minor vibrations of the self-recording instruments at both the 13.4 m

and 79 m levels,
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3.5.4 TIME AND SPACE VARIATIONS BETWEEN VEHICLE FLIGHT PATH AND
UPPER ATR MEASUREMENTS BY RAWINSONDE AND ROCKETSONDE

Rawinsonde Path., A rawinsonde was released 5 km south of the
Saturn pedestal 35 min prior to T-0. The rawinsonde drifted 74 km east
by south of the Saturn launch pedestal where it burst, at 32.25 lm
altitude, 67 min after T-0, thus ending the observation. At that time,
it was 63 lm east of the position reached by SA-3, when SA-3 was at
the altitude where the balloon burst.

Rocketsonde Path. A meteorological rocket was fired, 122 min after

T-0, on almost the same heading as SA-3, The target was acquired 32 km
east-southeast of the SA-3 launch pedestal, at 52 km altitude., At that
time, it was 7 km east-southeast of the SA-3 position, when SA-3 was

at the same altitude. While falling to 23,75 km altitude, the rocket-
sonde target drifted 28 km to the northeast, where it was lost 146 min
after T-0., At that time, the rocketsonde target was 33 lm northeast

of the position reached by SA-3, when SA-3 was at the same altitude.

3.5.5 WIND DATA

Wind Speed and Direction. Wind speed and direction are in good
agreement by rawinsonde, rocketsonde, and angle-of-attack measurements,
as shown in Figures 3-3 and 3-4. Winds were mostly from the southwest
quadrant and less than 10 m/s up to 4 km altitude. From 4 to 19 km
altitude, the winds were westerly and reached a peak speed, by rawinsode
and angle-of-attack measurement, of 31.3 m/s at 14 km altitude (83 sec
range time), Above 14 km, the wind shifted to southeasterly and the
speed decreased to near calm in the 21 km region. In the 10 to 14 km
region of high dynamic pressure, winds averaged about 5 m/s less than
for the SA-2 launch, Above 22 km, the wind shifted back to southwest
and west, and increased in speed to reach an extreme of 68 m/s from the
west at 42 km altitude (123 sec range time), by rocketsonde measurement,
Wind speeds were near the 95 percent probability of occurrence level
from 30 to 42 km altitude. Angle-of-attack winds show speed and direc-
tion profiles similar to the rocketsonde wind profiles.

The SA-1 winds reached 47 m/s from the west-southwest at 12 km
altitude (64 sec range time).

Wind Components. Range component winds were mostly from the rear
except in the low wind speed region from 20 to 25 km altitude, and

near the surface (Figure 3-5). The strongest range component, in the

high dynamic pressur. region, was 30.7 m/s from the re r at 14 km
altitude (83 sec range time); but an extreme tail wind of 60 m/s was
measured at 42 km altitude by rocketsonde (Figure 3-6), SA-1 had a
maximum tailwind of 36.8 m/s at 13 km altitude, and SA-2 had a 31.8 m/s
tailwind at 14 km altitude,
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Cross range components were mostly from the right above 25 km
(Figure 3-6) and reached a maximm of 57 m/s at 49 km altitude, by
rocketsonde measurement. In the high dynamic pressure region, the
strongest cross range component, by rawinsonde measurement, was 11.3
m/s from the left at 12 km altitude. The maximum cross range component
for SA-2 was 13.3 m/s from the right at 12 km, and SA-1 had 29.2 m/s
from the right at 12 km, '

Wind Shear. Wind shear profiles are shown in Figures 3-7 through
3-10.  The wind shear discussed here is for the modulus of shear; that
is, the absolute shear value. Because of their greater accuracy, it
is recommended that 1000 m interval shears be used, in preference to
250 m interval shears, wherever possible. A table comparing extreme
shears in the high dynamic pressure region, for SA-1, SA-2, and SA-3,
is showm below,

Extreme Wind Shear (Rawinsonde) In High Dynamic Pressure Region

250 m interval 1000 m interval
Pitch Yaw Piteh Yaw
‘Space Plane | Alt Plane | Alt Plane |Alt | Plane [ Alt
Vehicle | (sec-1) | (km) | (sec 1) | (km) || (sec-1) | (km) | (sec™1) | (km)
SA-1 0.0415 15 | 0.0350 16 - - - -
‘SA-2 0.0261 14 | 0.,0196 12 0.0144 15 60,0083 16
SA-3 0.0355 14 | 0.0205 13 0.0105 14 0.0157 13

High Resolution Wind Measurements, High resolution wind profile
measurements were made, employing the ¥PS-16 Radar/Spherical Balloon
method, beginning at 19:56 Z (2 hr and 11 min after T-0). In view of
time (more than 2 hrs) and space differences, these wind measurements
compare favorably with the rawinsonde and angle-of-attack wind measure-
ments. :

© 4.5.6 ° THERMODYNAMIC DATA

Thermodynamic data were measured by rawinsonde to 33.25 km alti-
tude, Deviations of temperature, pressure, density, and index of re-
fraction, from the Patrick AFB reference atmosphere, are shown in
Figures 3-11 and 3-12. Temperature, pressure, and density vary less
than 3 percent from the reference atmosphere at any level, and depar-
tures are less than 2 standard deviations in all cases. The lowest
ambient temperature measured was -73°C at 17 km altitude. The index
of refraction exceeded the PAFB reference atmosphere values by as much
as 36(n-1)106 units in the first 2 km above the surface. Above 4 km,
the index of refraction did mot vary from the PAFB reference atmosphere
by as much as 3(n-1)106 units, at any level.
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4.0 (U) TRAJECTORY
4.1 TRACKING ANALYSIS |
4,1.1 DATA SOURCES
The data available for establishing the postflight trajectory on

SA-3 are shown in Tables 4-I and 4-II. These tables include the
various types of external tracking, the omboard measurements that are

 ugeful in determining transients, and meteorological data. Tracking

from several systems was available throughout the powered flight (see
Figure 4-1)., A sufficient amount of high quality tracking data was
available to establish a ballistic trajectory representing the vehicle
path from retro rocket burnout to water release, Some radar sites
even provided tracking beyond water release, thus indicating that the -
booster and instrument compartment retained structural integrity for

a period of time after water release.

The electronic tracking data obtained on this flight was somewhat
poorer than on the first two vehicles, Although po simple rule can be
given at this time for detemmining the relative quality of external
tracking that will be applicable to each flight, the random error of
the acceleration components during powered flight should certainly be
less than 1.0 m/s2. This error is about 10 times larger than the
requested metric requirements for this flight. Periods of usable ac-
celeration components, from the electronic tracking data, during pow-
ered flight were:

Tracking System Time Available
Azusa 76 to 160 sec
UDOP - MSFC 35 to 120 sec
UDOP - RCA _ 30 to 125 sec
Radar None

FPS-16 radar data was intermittent during the entire flight from
all stations. Retro rocket operation and the roll resulting from the
firing of the retro rockets adversely affected all of the electromic
tracking data,

4.1.2 DATA UTILIZATION

The relative motion between the vehicle and support arms was deter-
mined from pad measurements YL-1 and YL-2, which were mounted on sup-
port arms R-2 and R-4 respectively. These were plunger rype relative
distance measurements. The results of the measurements are shown in
Figure 4-2, First motion was determined from these measurements to be
0.10 sec¢ range time,
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_ TABLE 4-1

EXTERNAL DATA SOURCE
Data Source ' Interval
. “Close;in" Fixed Camera (light) 0.036 to 5.573 sec
o 6.774 to 10.910 sec
. "“"Regular" Fixed Camera (nose) 0.338 to 27,237 sec
Theodolite : 20.0 to 133,6 sec
Azusa 18,0 to 168.4 sec
. 211.3 to 254.4 sec
. UDOP (MSFC) | 22.0 to 120.0 sec
FPS-16 Radar 1.16 (Cape) Auto Beacon 0.0 to 92.0 sec
- ‘ a Auto Beacon 105.1 to 195.7 sec
Auto Beacon 202,0 to 235.9 sec
Auto Skin 244 .4 to 312.8 sec
FPS-16 Radar 0.16 (PAFB) Auto Beacon 22.0 to 132.4 sec
o Auto Skin 186.0 to 323.0 sec
Auto Skin 368,0 to 456.0 sec
FPS-16- Radar 3,16 (GBI) Auto Beacon 84,0 to 191.0 sec
Auto Skin 191.1 to 228.0 sec
Auto Beacen 239.0 to 260.0 sec
Auto Beacon 286.0 to 289.0 sec
. Auto Skin 289,1 to 408.0 sec
Auto Skin 432,0 to 471.0 sec
. PPS-16 Radar 42.16 Auto Beacon ' 90.0 to 190.6 sec
(Carter Cay) '
Auto Skin 202.0 to 278.6 sec
Auto Skin 325,0 to 352.0 sec
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TABLE 4-I1

- SUPPORTING FLIGHT DATA

Tilt Program

Powered Flight Interval

Guidance Qutputs
Meas: 1I1-15, I2-15, 1I3-15, and I4-12

0.0 to 158.4 sec

Longitudinal Acceleration
Meas: F5-13
F6-13
F7-13

0.0 to 154.0 sec
0.0 to 160,0 sec
Decay to 160.0 sec

Cutoff Signals

Observed Meteorological (to 33.4 lm Alt.)

0.0 to 114.5 sec

Chamber Pressure
Meas: bD1-1, D1-2, D1-3, D1-5, D1-6,D1-7,D1-8

0.0 to End Qutboard Decay

Dl-4 0.0 to 73.6 sec
9, H1-15 0.0 to 158.4 s&c
¢§’ H2-15 0.0 to 158.4 sec

Separation, Anvil vs Vehicle Support Block:
YL-1, YL-2 '

-4.0 to 1.0 sec
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The trajectory, as shown in Volume I, was established in the
following manner (also see Figure 4-3):

0.0 to 35.0 sec: "Close-in" and "Regular" Fixed Camera, and
Theodolite data used in a least squares curve
fit, assuming that an eighth degree polynomial
represents the flight path for that period of
time. The resulting curve fit of the data is
almost identical with the original input track-
ing data. This procedure was followed to
establish smooth acceleration components dur-
ing the launch phase of flight.

35.0 to 62.0 sec: Theodolite data processed through a digital
smoothing and differentiation program.

62.0 to 78.0 sec: Azusa position data processed through a
digital smoothing process. Velocity and ac-
celeration components were calculated from on-
board accelerometer and attitude data. These
calculated velocity and acceleration data
were corrected to fit theodolite data at 62.0
sec and Azusa data at 78.0 seconds.

78.0 to 130.0 sec: Azusa position data processed through a .
digital smoothing and differentiation program.

130.0 to 160.0 sec: The same procedure as used in the Mach 1
area (62 to 78 sec) to maintain the true
characteristics of the large transients that
occur in the cutoff and decay sequence,

160.0 to 292.0 sec: A ballistic trajectory calculation using
Azusa data as initial conditions at 160.0 sec,
e and adjusted to be compatible with the avail-
able external tracking data after 160 seconds.

Measured meteorological data and winds were used in the calcula-
tion of the trajectory from liftoff to 33.4 km altitude. Between
33.4 km and 47.0 km altitude, the measured data was adjusted to the
1959 ARDC atmosphere., The 1959 ARDC was used above 47.0 kilometers,

4.1.3 ERROR ANALYSIS OF ACTUAL TRAJECTORY

Good coverage for the launch phase was provided by the "Close-in"
and"Regular" Fixed Camera and the Theodolite Cameras. There was some
degradation in quality of the Radar and Azusa data during the first
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40 to 50 sec of flight, ‘because of surface envirommental conditions

‘and multipath effects. All electronic tracking data were adversely
affected by retro rocket operation and the vehicle roll resulting from

rvetro rocket firing. All of the electronic systems appeared to regain
good track for about 20 to 30 sec around 250 sec range time.

: Figure &-4 shows a time history of the relationship between the
established trajectory and the available external tracking data during
_the first 170 sec of flight. Comparisons of the external tracking data
_with the established trajectory near cutoff and midway of the free

flight are shown in the following table.

Tracking System’ 150 sec 240 sec

M(m) AY(m) AZ(m) | AX(m) AY(m) AZ(m)

Azusa 0 0 0 15 20 3
UDOP -16 3 -1 -10 34 =22

Radar 1,16 -8 -18 16 - - -
’ 0.16 - - - 3 4 92
3.16 404 -13 -97 16 31 30
42.16 -12 61 =70 - 35 - 21 80

This table indicates that the FPS-16 radar on GBI (3.16) was able
to track the vehicle much better during free flight than during powered

" flight,
4.2 VEHICLE LIFTOFF MOTION

Figure 4-5 shows the distance the vehicle traveled toward the
umbilical tower, used on SA-3 for the first time, versus altitude,
The vehicle attained an altitude higher than the umbllical tower at 10

sec range time,
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5.0 (€) PROPULSION

5.1 PROPULSION SYSTEM DESCRIPTION

The S-1 or booster stage of the SA-3 vehicle was powered by eight
clustered H-1 liquid propellant engines., Engines 1 through & were
designated outboard, while engines 5 through 8 were designated inboard,
The four inboard engines were fixed mounted on a 1.63 m (64 inch)
diameter circle with a 3 deg cant angle. The four outboard engines
were gimbal mounted to provide pitch, yaw, and roll control with a null
position cant angle of 6 degrees. The outboard engines had a maximum
gimbal angle of 7 deg in the pitch and yaw planes. ' '

The SA-3 flight test was the first flight with a propellant load
of 355,300 kg (783,300 1b) from discrete level calculations. This pro-
pellant lpag, which was larger than previous flights, was flight tested
to simulate C-1 Block EI ullage volumes in the $-I propellant tanks.

The H-1 engine is a fixed thrustt single start type, bi-propellant
rocket engine. It is a derivative of the Thor-Jupiter-Atlas family of
rocket engines manufactured by Rocketdyne Division of North American
Aviation. . The SA-3 version of the engine produces a nominal 74,800 kg
{165,000 1b) of thrust and has a nominal sea level specific impulse of
252,7 seconds. '

Liquid oxygen (LOX) and RP-1 fuel are the propellants used as the
main power source. A hypergolic fuel mixture is used for combustion
chamber ignition, and a solid propellant charge provides initial gas
to spin the turbine. :

Major components of the H-1 engine are a thrust chamber assembly,
turbopump assembly, gas generator assembly, hydraulic system {outboard
engines only), and a hypergolic ignition system.

The exhaust gases from the turbine are handled differently in the
outboard and inboard engines. In the case of the outboard engines,
the exhaust is routed rearward through the heat exchanger and into an
aspirator. The aspirator is welded around the periphery of the expan-
sion nozzle exit to form am integral part of the thrust chamber. Use
of the aspirator on the gimbaled engines allows removal of the hot
gases from the engine compartment without the need for flexible joints
in the turbine exhaust ducts. The exhaust gas from the inboard engine
turbine is routed laterally from the heat exchanger through the outer
" vehicle skin, then ejected rearward.

Propellants were supplied to the engines through suction linés
from an arrangement of nine propellant tanks. These tanks consist of
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four 1,778 m (70 inch diameter) LOX tanks, four 1.778 m (70 inch diam-
eter) fuel tanks, and one 2,667 m (105 inch diameter) LOX tamnk, The
1,778  fuel and LOX tanks are mounted alternately around the circum-
ference of the center LOX tank, Each outboard tank (LOX and fuel) sup-
plies propellant to one inboard and one outboard engine. The center
LOX tank is used to supply the outboard tanks through the LOX inter-
change system and does not supply LOX directly to any engine.

LOX tank pressurization was provided by gaseous oxygen (GOX). The
. GOX, which was obtained by passing LOX through a heat exchanger (one
for each engine), was routed to a GOX manifold and distributed to all
LOX tanks. Pressurization of the fuel tanks was provided by gaseous
nitrogen (GN;) supplied from 48 storage spheres located atop the pro-
pellant tanks.

Eight outriggers and a spider beam assembly support the outer pro-
pellant tanks. The LOX tanks form the basgic structure, with the fuel
tanks mounted to allow for thermal contraction of the S5-I stage struc-
tural elements. All four fuel tanks are interconnected at the base
through the fuel interchange system. Baffles, used to prevent propel-
lant sloshing in the tanks, may be seen in Chapter 7.0,

A propellant utilization (PU) system was flown as a passenger on
this flight to obtain flight data for performance evaluation of the
system. The system utilized two (one for LOX and one for fuel) differ-
ential pressure transducers for propellant weight information. Signals
from the transducers were sent to a computer for mass ratio determina-

tions.
5.2 ZINDIVIDUAL ENGINE PERFQRMANCE
A schematic of the H-l engine is shown in Figure 5-1,

Total thrust and specific impulse for each engine is shown in
Figures 5-2 through 5-9. These curves indicated that the flight data
showed no significant deviation from predicted data. A more detailed
discussion of the individual engine performance is given in Volume I,

5.3 FLIGHT SIMULATION OF CLUSTER PERFORMANCE

The vehicle specific impulse, thrust, and total weight loss rate
were derived from the telemetered propulsion system measurements in a
simulition of the tracked trajectory. Measured values, or best esti-
mates, of the liftoff weight and propellant tanking weights are part
of the inputs required, in additionm to the propulsion system measure-
ments that are used as inputs, for the differential equations which
represent the vehicle's powered flight motion. ' )
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Many combinations of specific impulse, thrust, and flow rates,
which will satisfy the tracked trajectory within its accuracy limita-
tions, can be derived if the liftoff weight and propellant tanking
weights are allowed to vary. '

Mean sea level vehicle specific impulse is shown versus liftoff
weight in the upper portion of Figure 5-10. All the values of specific
impulse and liftoff weight which fall on the solid line will satisfy
the tracked trajectory very closely. Those values which lie within
the dashed lines will satisfy the tracked trajectory within its accu-
racy limitations.

Mean vehicle‘tofal weight loss rate is shown versus mean sea level
vehicle thrust in the lower portion of Figure 5-10, Points correspond-
ing to a variation of + 0.57 in liftoff weight are also shown in this

figure,

© The differences between the earth-fixed velocities and slant dis-
_tances, determined from the computed and tracked trajectories, are
shown versus range time in Figure 5-11. The maximum difference between
the velocity for the actual and simulated trajectories was legs than
0.5 m/s. This can be used to judge the quality of the simulation of
the cluster performance, o '

5.4 PRESSURIZATION SYSTEM
- 5.4.1 FUEL TANK PRESSURIZATION

Figure 5-12 shows a schematic of the SA-3 fuel system, This sys-
tem is identical to that used on SA-1 and SA-2, and performed satis-
factorily during flight. Fuel tanks were initially pressurized during
automatic sequence, which started with firing command. Initial pres-
surization was achieved in approximately 4 sec, which was 15 sec shorter
than the pressurizing time for SA-2, and was due to the decreased initial
ullage volumes. Fuel tank pressure throughout flight was limited to a
maximum of 1.20 ¥ 0.04 kg/cm? (17.0 T 0.6 psi gauge) by a pressure
switch sensing fuel tank:F-1 ullage pressure. Ullage pressure decayed
from 1.185 lcg/cm2 (16.85 psi gauge) after initial pressurization to
1.15 kg/cm2 (16.4 psi gauge) at liftoff. During flight, a maximum
ullage pressure of 1.17 kg/cmz (16.6 psi gauge) was reached at 60 sec
and a minimum of 1.02 keg/cm? (14.5 psi gauge) at 30 sec (Figure 5-13).
After cutoff, ullage pressure increased to 1;18’kg/cm2 (16.8 psi gauge)
at 160 sec, and activated the ullage pressure switch which stopped
nitrogen flow into the fuel tanks.
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5.4.2 LOX TANK PRESSURIZATION SYSTEM

Figure 5-14 shows a schematic of the SA.3 LOX system. The initial
pressurization of this system was provided by helium from a ground
source, In flight, the LOX tank pressurization is provided by gaseous
oxygen (GOX). The simulation of Block II ullage volumes and the effect
of this reduced volume on the LOX pressurization system was one of the
special missions of SA-3,

LOX tank pressures and temperatures are presented in Figure 5-15.
The temperatures were as expected; however, the reduced ullage volume
affected the accuracy of the predicted characteristics of LOX tank
pressures. Therefore, the prediction technique will be refined for
Block II wvehicles based on results of this flight,

5.4.3 CONTROL PRESSURE SYSTEM

g The control pressure system, shown in Figure 5-16, operated satis-
factorily during flight, This gystem consists of a_high pressure,

211 kg/cmz (3000 psi gauge), N2 supply; a 53 kg/cm2 (750 psi gauge)
regulator; and a regulated pressure manifold, from which is taken con-
trol pressure for the control valves, vent valves, and prevalves. This
manifold also supplies 53.F 1 kg/cm2 (750 T 15 psi gauge) pressure for
gearbox pressurization, LOX seal, and calorimeter purge. The control:
system pressure decay over flight is shown in Figure 5-17. This regu-
lated pressure decayed over flight, as was expected with a gauge type
regulator,

5.4.4 AIR BEARING SUPPLY SYSTEM .

. The purpose of the air bearing supply is 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. This pressure
was supplied to the ST-90 and ST-124P by two separate but identical

systems.

] Prior to flight, the 0.014 o~ (0.5 ft3) spheres were charged and
replenished to a pressure of approximately 211 kg/cm2 (3000 psi gauge)
by ground support equipment. The GN, then flowed from the sphere
through a filter to the pressure regulator, where the high pressure
has regulated to a predetermined low pressure. From this pressure
?egulator, the low pressure GNo was directed through the orifice and
the normally open solenoid valve in the regulator assembly, to the
thermostatically controlled heater, where it was maintained at a con-
gtant temperature (25 + 19c). The GN; flowed from the heater, through
another filter, to the air bearings (see Figure 5-18). Sphere pressure
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was monitored during preflight by a high pressure OK switch. This
switch was set to maintain a sphere pressure between 225 kg/cm2

(3200 psi gauge) and 183 kg/cmZ (2600 psi gauge). A low pressure OK
switch was in the system to shut off electrical power to the stabilized
platform and close the solenoid valve in the regulator assembly if
sphere pressure dropped below the switch setting. The switch was set
to actuate on decreasing pressure at 103.7 t 4.9 kg/em? (1475 T 70 psi
gauge) with a maximum actuation differential pressure of 5 kg/cm2,

This assured an adequate flow of GN3 through the orifice to the air
bearings, to prevent damage while the gyroscopes decelerated.

Figure 5-19 shows the air bearing supply pressure actually supplied
to the air bearing. This low pressure air to the air bearing of the
ST-90 decayed slightly from 2.41 kg/cm2 (34.3 psi) at 32 sec to 2,37
kg/cm2 (33.7 psi) at 150 seconds. The low pressure to the ST-124P re-
mained constant at 2.24 kg/cmz (31.8 psi). .

5.5 PROPELLANT UTILIZATION SYSTEM

A schematic of the propellant utilization (PU) system is presented
in Figure 5-20. This system was flown as a passenger on this flight )
to obtain flight data for performance evaluation of the system. The
system utilized two (one for LOX and one for fuel) differential pres-
sure transducers for propellant weight information. Signals from the
transducers were sent to a computer for mass ratio determination,

10X level in tank 04 and fuel level in tank F2; shown throughout
powered flight in Figures 5-21 and 5-22 respectively, are indicative
of the rate of propellant utilization as well as total utilization.
The levels were calculated using the propellant tank differential pres-
sure data, the propellant denmsitites, and the vehicle longitudinal ac-
celeration. The calculated LOX level was higher than predicted except
from 110 to 135 seconds, The calculated fuel level was at or above
the predicted value throughout flight. ' '

The AP measurements from the PU system, for the LOX and fuel con-
tainers, are compared to the predicted differential pressures in
Figure 5-23. Also shown is a comparison of the calculated AP ratio,
from the measured LOX and fuel container AP data, with predicted.

5.6 HYDRAULIC SYSTEM

The performance of the hydraulic system is meonitored by the fol-
lowing groups of measurements, one group for each independent system:
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Meas, No. Measurement
Cc59-(1-4) ‘ Temperature, Hydraulic 0il
D29-{1-4) Pressure, Hydraulic Source
D32-(1-4) . Pressure, Hydraulic Return
G8-(1-4) Level, Hydraulic 0il

The telemetered data from the SA-3 flight indicated that operation
of all four hydraulic systems was satisfactory. All temperature, level,

., and pressure measurements remained within acceptable operating limits,

Source pressures remained within the band indicated in Figure
5-24, Fluid temperatures (Figure 5-24 for engine positions 1 through
4) agreed with all previous data, and showed a gradual 6°C (10°F) to
89c (15°F) decrease from approximately 40.6°C (105°F) at ignition.
Specified fluid temperatures were between -17.8 and 98.9°C (0 and 210°F).
The -hydraulic oil levels (Figure 5-25) remained constant throughout
flight, with a high of 53 percent for engine pogition 3 and a low of
40 percent for engine position 4. All of these levels are within the
18 to 68 percent specifications. The hydraulic oil return pressures
(Figure 5-25) remained constant throughout flight. Constant levels and
source pressures ipdicate that the average actuator demand during flight

was well within the pump capacity.

Figures 5-26 and 5-27 show the hydraulic source pressure and level
after outboard engine cutoff. These curves indicate that an engine
gimbaling capability exists for approximately 9 sec after engime cut-

off,
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6.0 (C) MASS CHARACTERISTICS

6.1 WEIGHT MEASUREMENT ACCURACY

- The weight measurements for vehicle total weight (on-pad) consist
of component dry weights, propellant loading weights, ice accumulation,
auxiliary fluids, and other miscellaneous weight items.

For flight simulation and flight reconstruction programs, the
agreed liftoff weight is assumed to be accurate to within + 0.25% of
the actual value,

6.2 PROPELLANT LOADING

The Saturn propellant loading system is designed to tank propel-
lants to a given total weight, at a ratio to give simultaneous deple-
tion at cutoff. By design, it is easier to drain fuel and tank LOX,
tharn to tank fuel and drain LOX, for final adjustments. A final fuel
density check is made prior to flight. TFuel is drained and LOX is
tanked to the proportions necessary to give the desired total propel-
lant load based on the final fuel density check. The design goal for
the system was to load propellants to an accuracy of 0.25 percent total
weight load. Tanked propellants of 355,600 kg (784,000 1lb) agreed well
with the discrete level calculations of 355,300 kg (783,300 1lb), or
within approximately 0.1 percent.

. The following is a summary of the fuel (RP-1) and liquid oxygen

(LOX) loading operations performed and a list of the malfunctions and
deviations observed in the propellant loading system. Also included
are final settings of the tanking computers and readings of the backup
manometers. The SA-3 vehicle was flown with approximately the same
propellant tank ullage that is expected on SA-5.

1. Fuel (RP-1). RP-1 fuel was loaded on T-2 days. The tanking
was accomplished similar to SA-1 and SA-2, with the following excep-
tions. The tanks were filled to less than 100 percent (based on a com-
puter AP of 1.0873 kg/cmz). At this level, the overfill pressure
switch was "jumpered out"” (because of a previous difficulty), and the
level was raised to above 100 percent (based on a computer AP of
1.1189-kg/cm2) by using the replenish sequence. Upon completion of
the KP-1 tanking, the density computer indicated 99.05 percent of nomi-
nal density.

. No coarse adjust level drain was made, due to the small over-
fill above 100 percent. The final level adjustment, made at T-90
minutes, was an adjust level drain. .
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At T-90 minutes, the density computer indicated 99.53 per-
cent of nominal densitz and, according to the loading tables, a correc-
tion of -0.00738 kg/cm” was to be used in the level adjustment, When
this value was dialed into the computer, the "out of tolerance" light
illuminated on the computer. It wag_attempted several times to dial
in the correction of ~0.00738 kg/cm“y however, the closest that was
attainable was -0.00668 kg/cm®. During the remainder of the countdown,
the density increased to 99.59 percent, which calls for a correction

of -0.00668 kg/cm2 (the same as that used for the final adjustment).

Fuel density versus fuel temperature, as showm in Figure 6-1,
was determined from fuel analysis data. Blockhouse fuel temperature
data, fuel. density probe data, and fuel pump inlet temperature data
are also shown in Figure 6-1.

2. Liquid Oxygen (LOX). Launch day 1LOX tanking was accomplished
gimilar to SA-1 and SA-2, with the 100 percent LOX level set at a
computer AP of 1,4543 kg/ cm?,

The LOX replenish system was ugsed for the final LOX level
adjustment. A correction of +0.00422 kg/cmz was dialed into the LOX
computer, and the new 100 percent level (based on a computer AP of
1.4585 kg/cmz) was maintained by automatic replenishing. The replenish
rate control setting was 0.400,

3. Propellant Loading Computer System. Listed below are the
final settings for the tanking computers and the readings of the backup
manometers at T-15 minutes.

Backup
Computer Manometers Deviation
(kg/cm®)  (kg/cm®) (%)
LOX AP 1.4585 1.459 0.06
Fuel AP ' 1.0982 1.1003 0.2
Fuel Density AP 1.0226 1.0224 0.02

4. Loading System Malfunctioms and Deviations.

- a. The fuel loading computer pressure correction readout
indicated "out of tolerance" when a -0.00738 kg/cm2 correction factor
was dialed.

b. When the LOX replenish tank pressurization valve was
closed, the stem remained approximately 0,08 cm above the seat, causing
intermittent venting of the replenish tank. This did not impair normal
10X loading.
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C. 'ihe replenish line vent valve was freezing open and had
to be thawed to allow mormal operation.

d. The replenish vaporizer experienced heavy icing on the
finned tubes and the excess ice had to be thawed to allow continued
storage tank pressurizatiom.

e. A devigtion occurred, in that the fuel system slow fill
push button was presgsed at 78 percent to allow the uneven levels in
the fuel tanks to settle before the tanks were completely full, and to
" provide a slow f£ill condition (about 0.757 m?lmin) as the tank filled
to 100 percent.
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7.0 (U) CONTROL

7.1 SUMMARY

The basic flight results of the control system performance are
given in Volume I of this report. Here in Volume II are presented
supporting data for Volume I.

Pitch and yaw simulations of the vehicle dynamics are compared
with flight results. A discussion of the control aspects of the bending
oscillations after OECO is also presented. Functional analyses of the
angle-of-attack meters, control accelerometers, and sloshing measurements
are presented to supplement the discussion made in Volume I. ‘

7.2 CONTROL SIMULATION

7.2.1 PITCH PLANE

The results of the digital simulation for the pitch plane are
compared with telemetered attitude, average actuator position, and
free-stream angle-of-attack in Figure 7-1. The mathematical model used
for the digital simulation includes the dynamics of the first elastic
mode and the first sloshing mode. The control system filter network
and swivel engines are represented by the appropriate transfer functioms.
Close agreement of the simulation trajectory with the tracking trajectory
was obtained by using the best estimate of the actual weight and engine
performance. The wind input data was obtained from the angle-of-attack
winds calculated from onboard measurements (see Figures 7-3 and 7-6 in
Volume I). The simulation gives a good representation of the actual
control system response during the oscillations, which are primarily
due to wind gusts. Some of the small oscillatory motion, appearing
in the engine deflection and angle-of-attack, may be due to propellant
sloshing. No attempt was made to phase the sloshing, in the calculations,
with the actual flight history of propellant sloshing.

7.2.2 YAW PLANE

A comparison of the yaw plane simulation with actual flight results
is shown in Figure 7-2 from 50 to 110 seconds. Again, the attitude,
free-stream angle-of-attack, and average actuator position show close
agreement with the simulation program.

7.2.3 'BENDING OSCILLATIONS AFTER CUTOFF

As mentioned in Volume I, the cutoff of the outboard engines at
149.09 sec excited vehicle bending in both pitch and yaw. Figure 7-3
shows the oscillations as measured by the pitch and yaw control

S
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accelerometers. The pitch plane bending indicates neutral, and even
negative stability, between OECO and ignition of the retro rockets;
whereas more normal damping is indicated in the yaw plane.

An examination of the flight data showed that during the period
between OECO and retro rocket ignition, the engine deflections in
pitch lagged the vehicle angular rate by about 200 degrees. This is
what would have been expected from the control system.

In order to examine the expected behavior during and after thrust
decay, a study was made of the roots of the system with decreasing
thrust force. The study included the following degrees of freedom:

a. rigid bedy rotation
b. rigid body translation
c. first few vehicle bending modes
d. first engine mode (all engines in phase)
~e. control equation for engine (including actuator transfer
function).

The results of this root locus study for both the pitch and yaw
planes, based on certain assumptions,are shown in Figure 7-4. The
variations of the first bending mode coupled roots, for pitch and yaw,
with decreasing thrust are shown. The circle represents the locus of
" the pitch plane root at the zero thrust level, for phase lags introduced
in addition to what was assumed in the basic information.

For the theoretical analysis, the first natural bending mode
frequency of 2.94 cps was assumed. Two significant differences were
assumed for the theoretical amalysis. First, a difference in the
mounting constraint between the pitch and yaw directions of the instru-
ment canister containing the stabilized platform was considered. From
this effect, the gain of the yaw feedback signal at the first bending
mode frequency was 0.5 to 0.6 of the gain in pitch. This was determined
from the full scale dynamic tests of SA-Dl1, and was also verified by
the rate gyro flight data in the canister of SA-3. Another factor
considered was a difference between the pitch and yaw directions for
- the structural damping. This was also indicated from the dynamic tests,

as given in MTP-P&VE-S-62-3, Experimental Vibration on a Full Scale
Saturn Space Vehicle, where the damping factor in yaw was twice that in
pitch. These tests indicated a structural damping, for the empty
condition, of 2.5 percent of critical damping for yaw, compared to 1.2
percent for the pitch plane.

Whether or not the above assumptions with respect to the structural
damping can be considered valid is difficult to determine. However,
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there are some indications, from the SA-3 flight data, that the
structural damping in yaw may be greater than expected. There are
also some nonlinear effects, which are a fuhction of amplitude, that
have not been considered because of the difficulty in incorporating
them. One such effect is the nonlinearity of the servo system, which
gives an increased phase lag at small amplitudes.

The actual roots of the coupled first bending mode, as deduced

. from the telemetered information, are shqun for comparison with the

theoretical results in Figure 7-4. The uncertainty in the actual
frequencies is quite large with respect to the scale shown. The
apparent variation in the damping in pitch is shown by the spread in-
dicated in the figure.

The basic reason for the trend towards a decrease in stability,
during. the thrust decay period, can be explained as follows. The
control system is designed to phase-stabilize the first bending mode
with full thrust. The force felt by the gimbal point, for a given
bending mode, can be expressed as:

F - TY(Xr) - wB2 [mele Y(XT) + IeY'(XT)] B

where; |

T = thrust force

mer = engine mass |

1e = distance ofrengine c.g. from gimbal point

I = engine moment of inertia about gimbal point

Y(Xp) = bending mode shépe at gimbal point

Y'Xp) = ?ending modé slope at gimbal point

wB = bendiné mode natural frequency

2 ¥ (X
= W

the force changes sign and reverses the stability trends of the system.
For the Saturn vehicle, this oceurs at about 40 percent of full thrust
of the outboard engines. A further decrease moves the coupled root

closer to the unstable region.
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As can be noted in the above equations, the stability is a function
of, among other things, the bending mode shape. Figure 7-5 shows the
theoretical coupled first bending mode shape after cutoff for zero
thrust, as determined from a multi-beam theoretical analysis. Some
points determined from the SA-3 accelerometer measurements are shown
for comparison. The results are basically in good agreement, which
helps to support one of the inputs used in the theoretical anmalysis.

There may be other possibilities, other than a difference in
structural damping, that might explain the different behavior between
pitch and yaw bending observed on SA-3. It is not intended that this
present analysis proves that a difference in structural damping actually
exists. More direct proof should be obtained before this hypothesis

is accepted.
7.3 CONTROL ACCELEROCMETERS

The calculated pitch and yaw normal acceleratioms, for the control
accelerometers, are compared with the telemetered values in Figure 7-6.
The control accelerometers were located at station 879 on the web of
the spider beam, 1.13 m from the longitudinal axis of the booster. The
pitch accelerometer was located in line with Fin III, while the yaw
accelerometer was in line with Fin IV.

The telemetered accelerations had a considerable amount of higher
frequency (approximately 10 to 15 cps) oscillationms, but these were
filtered out for the purpose of this comparison. All oscillations
above approximately 2 cps were removed by a numerical Fourier filtering
technique. The calculated accelerations were computed from telemetered
angles-of-attack and engine positions, and were corrected to the
accelerometer location by means of the telemetered rotational motion
of the wvehicle.

The agreement between the two results is good with the exception
~of a slight bias shift, that seems to appear in both functions at
approximately 110 seconds. The telemetered values are slightly more
positive, in both cases, until cutoff of the outboard engines. The
calculated results may be in some error, due to small erroneous biases
in some of the telemetered functions. However, this may alsc be an
indication of some small thrust vector misalignments (A8 <0.3 deg).

7.4 ANGLE-OF-ATTACK METERS
A Q-ball angle-of-attack indicator was flown as a passenger on

SA-3. ,Dynamic pressure, angle-of-attack in pitch, and angle-of-attack
in yaw were determined from differential pressure measurements made on
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the spherical segment of the nose. The angle-of-attack differential
pressure measuring ports were located on opposite sides of the surface
in the pitch and 'yaw planes, 45 deg from the longitudinal axis of the
vehicle. Differential pressure ports, for dynamic pressure measurements,
were located midway between the Fin I and Fin 1I planes, 39 deg and

51 deg measured as above. The pressures from the pitch plane ports

were led to a differential pressure transducer in the model F-13 Q-ball
electronics package. The same thing was done in the yaw plane. 1In

this manner, differential pressures are produced proportionally to

(1) the product of the angle-of-attack and the dynamic pressure and (2)
the dynamic pressure. The differential pressures were telemetered and
also fed into the computing portion of the F-13 circuitry, from which
signals were produced corresponding to the angle-of-attack in pitch

and yaw, and also to the dynamic pressure. . By using the differential
pressures, the angle-of-attack and dynamic predsure may be computed by the
following equations, -

The angle-of-attack: a(AP) =6 APy (1)
; Z&Pq
The dynamic pressure: q(AP) = APq . (2)
Cp
where;

a(AP) = AngleQOf-attack computed from the differential pressures
measured with the Q-ball.

APy = Differential pressure proportional to the product of

- angle-of-attack and dynamic pressure. (Measurements

D64-30 and D65-30L)

APq = Differential pressure proportional to the dynamic
pressure. (Measurement D66-30.)

q( AP) = Dynamic pressure computed from the telemetered differ-
ential pressure. (Measurement D66-30.)

Cp - = Wind tunnel determined pressure coefficient.

A comparison of the angles-of-attack measured from the locals, the
Q-ball, and those calculated from rawinsonde and rocketsonde winds is
presented in Volume I (Figures 7-3 and 7-6). The agreement between the
calculated angle-of-attack from the Q-ball differential pressures, and
the direct measurement of angle-of-attack from the F-13 Q-ball electromics
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package is quite good. A bias of approximately 0.25 deg, between the
direct Q-ball measurement (F23-30) and the calculated values from the
differential pressures (D64-30 and D66-30), starts at about 65 sec

and continues for the remainder of the time. A nonlinear time shift

- of the telemetered data could possibly explain this deviation. The
agreement in the yaw plane is good to approximately 105 sec, where the
direct measurement (F24-30) starts to deviate from all other determin-
ations of angle-of-attack. This deviation can most likely be attributed
‘to the operation of the servo.

The angles-of-attack from the Q-ball and the free-stream angles-
of-attack calculated from the locals were not in good agreement prior
‘to Mach 1 (68 seconds). This deviation is suspected to be due to an
error in the dynamic pressure AP measurement of the Q-ball. The factor,
‘representing this error, was computed by taking the ratio of the direct
measurement of angle-of-attack from the Q-ball, and dividing by the
free-stream angle-of-attack from the locals. This ratio is shown in
Figure 7-7 as a dashed line for the yaw plane and a solid line for the
pitch plane. To further substantiate this, equation (1) above was
used, by substituting the dynamic pressure from the trajectory, along
with the wind tunmnel determined pressure coefficient for APq, and
computing a free-stream angle-of-attack in the pitch plane. The ratio
of this angle-of-attack and the angle-of-attack computed from the
differential pressure, using equation (1), was determined and is shown
as the solid points in Figure 7-7. The agreement was very good, and
verified that this error does exist for the Q-ball angle-of-attack
jndicator in the subsonic region, varying from about 2.0 at Mach 0.2
to 1.0 shortly after Mach 1.0.

7.5 PROPELLANT SLOSHING
Sloshing was measured by means of differential pressure measurements
in three of the nine propellant tanks. Slosh measurements were made in

the center LOX tank, LOX tank (4, and fuel tank F2. Locations of the
tanks and the polarity of the measurements are shown below.

+ Pitch

+ Yaw
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The ring frame and baffle locations, as well as the locations of
some of the measurements, are shown in Figure 7-8.

The telemetered sloshing differential pressure medsurements must
be multiplied by a conversion factor, to obtain the sloshing amplitude
in terms of height. At the present time, this conversion factor is
based on a theoretiral correlation. Some recent ground tests, to
detexmine the adequacy of this approach, indicate that this approach
may not be very accurate. However, the analysis of these test results
has not been completed as yet.

. The converted propellant sloshing amplitudes, for the fuel tank F2
and the LOX tank 04, are shown in Figures 7-9 and 7-10 respectively,
for the later portion of the powered flight. The small sloshing
amplitudes indicate the effectiveness of the additional baffles in the
lower portion of the propellant tanks, added after the flight of SA-1.
The sloshing in the center tank (see Volume I) was slightly more

significant.

Figure 7-11 shows a comparison, in the form of polar plots, of the
propellant motion in LOX tank 04 for SA-2 and SA-3. These plots are
both comparable with respect to the passing of the propellant surface
below the last baffle. Both vehicles showed motion which took place
more predominantly in the pitch plane direction, SA-2 being of a more
planar motion than SA-3. On SA-3, it does not appear that vortexing
occurred as the propellant reached the bottom of the tank.

This flight has again demonstrated that the'baffling arrangement

_ being used 1s sufficient to keep the sloshing small and therefore, it
" has no significant effect on the vehicle's performance.

.” .
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8.0 (C) GUIDANCE

8.1 INTRODUCTION

.Two guidance systems were carried on the Saturn SA-3 vehicle as
passenger equipment, The flight-proven ST-90 platform and associated
hardware furnished a reference for the control system. Data telemetered
from the ST-90 system were also used as reference data for evaluation
of the functional operation of the ST-124P system,

8.2. DESCRIPTION OF THE GUIDANCE EQUIFMENT
8.2.1 ST-90 SYSTEM

The ST-90 guidance hardware included three pendulus integrating
gyro accelerometers (AMAB-3) mounted on the ST-90 stabilized platform,
These accelerometers were mounted to sense forces along a set of inertial
axes, oriented with respect to the stable platform X, Y, and Z axes,
The slant range axis was directed downrange and elevated 41 deg up from
the horizontal plane at launch; the slant altitude axis was directed up
and 41 deg counter-clockwise from the local plumbline at launch, when
viewed from the positive cross range direction; the cross range axis
was parallel to the local horizontal plane at launch and normal to the
range-altitude plane, completing a right-handed cartesian coordinate
system. The platform axes were maintained in orientation by three AB-7
air bearing gyros. No second integrators were carried and the velocity
signals were used for measuring purposes only.

Velocity Encoders mounted on the individual accelerometers are
driven by the precession of the accelerometer measuring head. Each en-
coder generates two variable frequency output signals. The zero cross-
ings of each signal indicate an incremental change in velocity of 0.1 m/s.
The polarity of the velocity increment is determined by the phase rela-
tion of the two signals. ‘

The Guidance Signal Processor accepts the two sine wave signals
from the encoder, determines the phase of the signals and zero cross
points, and then sends a polarized, 350 ps pulse to the telemetry sys-
tem.  With each 64th incremental pulse, the Signal Processor shifts the

. bias level of its respective telemeter channel. The bias shift is nor-
mally used as a coarse velocity count of 6.4 m/s for data reduction

purposes. .
. 8.2.2 ST-124P SYSTEM

E;Ehe ST-lZ&P,guidance system, flown for the first time on Saturn
SA-3, was a prototype or engineering test model of the system to be
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flown in the Saturn Block II vehicles. The ST-124P is a four gimbal system,
utilizing two pendulus integrating accelerometers (AMAB-3) mounted on

_ the stable element, Platform orientation is maintained by three AB-5

air bearing gyros.

The accelerometers were mounted to sense the forces acting along
inertial axes oriented with respect to the stable platform Y and Z axes,
The altitude axis was directed up along the local plumbline at launch;
the cross range axis was parallel to the local horizontal plane at

~ launch and nommal to the platform X axis.

. The Guidance Signal Processor Repeater and two Velocity Encoders,
used with the ST-124P, were similar to those used with the ST-90 system.

8.3 GUIDANCE INTELLIGENCE ERRORS
8.3.1 GENERAL

Guidance intelligence errors are defined as deviations in the
guidance measurements resulting from platform and accelerometer errors.
Intelligence errors are obtained by comparing the telemetered outputs
of the guidance system with corresponding values computed from trajec-
tory data. The earth-fixed trajectory, established from external track-
ing data, is mathematically transformed into inertial, space-fixed guid-
ance indications., Hardware alignments. established at liftoff are as-
sumed to be ideal for the data.transformation. Telemetered and calcu-
lated guidance values are compared to establish their agreement.

The guidance intelligence errors, as presented in Volume I, include
small errors in tracking and data reduction as well as guidance hard-
ware errors. The errors shown for the ST-90 system are well within the
data noise level and/or one sigma hardware errors. Errors observed in
the two guidance measurements from the ST-124P system are discussed be-

low.
8.3.2 ST-124P INTELLIGENCE ERRORS

Velocity differences, shown in Volume I for the ST-124P system,
present no particular problem. This system was a prototype model flowm
as an engineering test to observe its functional operation and for
familiarization with the resolver chain and 5 kc/s servo systems in an
operational enviromment. Accuracy was only secondary and a considerable
savings in both cost ard time was accomplished by using equipment that
was less accurate, yet fulfilled the prime objectives.

The altitude intelligence errors resulted from some combination

. of errors in scale factor, data reduction, and difference in alignments
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of the ST-124P platform, with respect to the ST-90 system which was
active in the contrel loop.

Cross range velocity errors for the ST-124P system resulted from
a difference in alignments of the ST-124P platform and data reductiom
errors., The ST-124P platform was aligmed within approximately 0.27 deg
of the ST-90, or within approximately 0.1 deg of - the vehicle axes.
This difference in azimuth contributes the major portion of the cross
range velocity differences. However, errors in data reduction and other
aligoment differences contribute to the total velocity deviations.

Malfunctions in the Guidance Signal Processor Repeater, used with
the ST-124P system, are discussed in Volume I. One malfunction, affect-
ing the cross range outputs, occurred before firing command. A second,
affecting both guidance measurement outputs, occurred intermittently
between 113 and 120 seconds. The accuracy of the data reduction was
affected to some extent by the malfunctions, Errors made in interpret-
ing the telemeteréd velocity data are reflected in the ST-124P velocity
differences presented in Volume I.

8.4 PLATFORM AND VEHICLE ALIGNMENTS

The vehicle axes, as defined by the ST-90 stabilized platform,
with respect to the actual SA-3 vehicle axes are shown in Figure 8-1,
The ST-124P platform was aligned in azimuth approximately the same as
the vehicle, | :

Azimuth of the ST-90 platform was 100.011 deg E of N, while the
vehicle Fin I ; Fin III position was 100.381 deg E of N. The view in
Figure 8-1 is from the rear, with the solid lines and circles represent-
ing the vehicle axes and engine positions respectively. Dashed lines
and circles represent the position of the vehicle axes and engines, if
aligned at launch with the ST-90 platform. Alignment differences for
the ST-90 system were nulled out before launch and the vehicle flew
with offset axis reference., These alignment differences contribute to
the actual cross range velocity buildup observed on the three Saturm
flights, and also contribute to the attitude differences between the
two platforms flown on SA-3.

The operation of the ST-90 system was completely satisfactory.
The prime objectives of the ST-124P test were satisfactorily accom-
plished; the deviations in the measurements telemetered from this sys-
tem result. primarily from the less-than-optimum hardware used and the
difference in platform aligmment, o
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9.0 (U) VEHICLE ELECTRICAL SYSTEM
9.1 POWER SUPPLY DESCRIPTION = '

The power supply for SA-3 (Figure 9-1) consisted of two identical
28 volt zinc-silver .oxide batteries, designated D10 and D20, located
in instrument canister 14 (canister and unit locations are shown on
Figure 9-2). These batteries supplied power to nine inflight distri-
butorsg a power distributor, control distributor, propulsion system
distributor, main distributor, and five measuring distributors. The
capacity of each battery is 2650 amp-min, which is approximately three
times that required for the flight.

Power Distributor

The two 28 volt batteries supply main power to the power distri-
butor, located in camister 14, which is used to switch and distribute
power as required for operating all inflight subsystems. Three buss
systems (D11, D21, and 400 cycle) are used as junction points to dis-
tribute the power from the power distributor to the eight other distri-
butors,

Control Distributor

This distributor (Figure 9-3), which contains busses to receive
28 volt power from the power distributor, distributes this power to
control the functions as required by the program device, flight se-
quencer, control computer, and the pressurization system. The 60 volt
de control voltage supply converts the three-phase, 115 volt, 400 cycle
ac power to 60 volts dc and feeds it to the control distributor for
distribution to the actuators. Three-phase, 115 volt, 400 cycle.ac
power is also distributed directly through the conmtrel distributor to
the stabilized platform, servo amplifiers, and guidance repeater. The
control distributor is located in camister 15. :

Propulsion System Distributor

The propulsion distributor (Figure 9-3) contains the relays and
circuitry which control the functions of all eight engines according
to a preset, programmed sequence. This distributor is located in unit
9 of the vehicle,

% The propulsion distributor receivés, through its busses, 28 volt
power from the power distributor and distributes this power to the cir-
" cuits and relays which control the engine functions. Part of the relays
actuate fuel and LOX prevalves for comtrolling the flow of propellant
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to the engines.’ Some of the relays are used to activate the conax
valve for engine cutoff. The engine cutoff relays are activated when
signals are received from the flight sequencer, or from sensors indica-
ting low liquid level and low thrust, There are also relays which
operate fuel and LOX fill-drain and replenishing valves.

Main Distributor

The main distributor contains relays for control of the retro rocket
EBW firing units. Other relays control the horizon sensor, the guidance
signal processor, the heaters for the gyros, and the air bearing for
the ST-124P passenger platform system. This distributor, located in
canister 12, also has relays to turn the measuring racks on and off,

Measuring Distributors

" The Saturn SA-3 vehicle was equipped with five measuring distri-
butors. All five of these distributors are identical in configuration
and size, but differ electrically., The measuring distributors serve
to distribute measurement signals to the telemeter chamnels from the
engines, tail area, and the upper portion of the vehicle. The main
distributor also functioned, for SA-3, as the measurirg distributor
for canister 12. The location and function of these distributors are: .

Measuring Distributor 9A3 - located in unit nine - controls
measurements which do not require signal conditioning on
engines 1, 2, 5, 6, and a portion of the thrust frame area.

Measuring Distributor 9A4 - located in unit nine - controls
measurements which do not require signal conditioning on
engines 3, 4, 7, 8, and a portion of the thrust frame area,

Measurement Distributor 9A5 - located in unit nine - controls
measurements which require signal conditioning on engines
1, 2, 5, 6, and a portion of the thrust frame area.

Measurement Distributor 9A6 - located in unit nine - controls
measurements which require signal conditioming on engines
'3, 4, 7, 8, and a portion of the thrust frame area.

" Main Distributor 12Al - located in canister 12 - controls
measurements associated with the ST-124P passenger platform,

Measurement Distributor 13A1 - located in canister 13 -
controls measurements located in the upper potrtion of the
vehicle, except for the measurements inm camister 12. It
also controls all telemeter and tracking equipment.
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The 28 volt dc power from the vehicle batteries is supplied
through the power distributor to busses in the measuring distributors.
This 28 volt supply is fed to the measuring power supplies, converted
to a 5 volt output, and is routed to the measuring voltage busses (D8l
through D89). From these 5 volt busses, energy is supplied to the
various measurement pickups throughout the vehicle. Busses D81 through .
D88 distribute 5 volt power through the vehicle meaguring network to
the measurements in the eight engine compartment areas. The D89 buss
supplies 5 volt power to all remaining measurements throughout the
.vehicle,

9.2 POWER CONSUMPTION

The capacity of Battery D20 was 2650 amp-min. The loads on Bat-
tery D20 were continuous and a current of 165 amps was supplied from
T-35 sec until Project Highwater at 292 seconds. A total of approxi-
* mately 898 amp-min was used for the flight (Figure 9-4) or approximately
33.9% of the total battery capacity.

The capacity of Battery D10 was also 2650 amp-min, The loads
varied, during flight, from 165 to 95 amps and the total consumption
cannot be accurately determined; however, the consumption was less than
for Battery D20.
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10.0 (U) STRUCTURES AND VIBRATIONS

10.1 SUMMARY

The instantaneous longitudinal loads, bending moments, and shears
along the pitch and yaw axes were determined from 8 truss compression
member strain gauges, 16 truss tension member strain .gauges, and 8
LOX tank stud strain gauges. The strain gauge data showed a very
smooth, flight, as was evidenced by the relatively low bending moments,
. and generally agreed very closely with trajectory values,

Instrumentation for detecting vehicle body bending consisted of
10 bending accelerometers at five vehicle stations. All accelerometers
appeared to respond properly and have polarity as reported before
flight, ’

The vibration data received from the SA-3 flight was transmitted
by two telemetry systems, FM/FM and single sideband. Data in general
was smooth and within the expected range with respect to vibration
amplitudes. Transients and irregularities were noted in some of the
measurements.

10.2 BENDING MOMENTS AND NORMAL LOAD FACTORS

10.2.1 INSTRUMENTATION

Instrumentation for determining bending moment and normal load
factors congisted of eight truss compression member atrain gauges
(E13-11 thru E20-11), sixteen truss tension member strain gauges (E229-
11 thru E244-11), and eight LOX tank stud strain gauges (E21-01 thru
E21-04 and E22-01 thru E22-04). These gauges were located as shown
in Figure 10-1, Flight evaluation consisted of determining, for nu-
merous time slices, the-instantaneous longitudinal loads, bending mo-
ments, and shears about the pitch and yaw axes. The strain gauge data
indicated a very smooth flight, as was evidenced by the relatively low
bending moments which were encountered, :

The eight LOX stud strain gauges were located at station 869 (see
Figure 10-1). Of the eight gauges, five were lost prior to ignitiom;:
therefore, no bending moments about the pitch and yaw axes could be
calculated for this station. The three gauges which functioned pro-
perly served as a check on the vehicle longitudinal load. These three
gauge readings were found to closely agree with predicted values.
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10.2.2 STRAIN GAUGE MEASUREMENT ADJUSTMERTS

Several days before the SA-3 flight, each strain gauge was set to
a zero reading with a total of 101,290 kg of load existing above sta-
tion 979; however, telemetry data recorded 30 sec prior to engine igni-
tion indicated that the gauges might have drifted. An average of each
truss strain gauge during this time interyal indicated a total of
3026 kg compression load from the dummy stages, instead of zero. The

actual strains used were obtained as follows:

(a) The average of 100 s;raiﬁ readings recorded prior to ignition
was computed for each strain gauge. This average constituted a "drift"
value for each strain gauge.

(b) These "drift" values were subtracted from their respective
strain measurements recorded at: any time point during flight to obtain
differential strain values to use in the calculation of bending moments
and longitudinal loads at stations 979 and 869. Hence, the zero read-
ings were essentially reset (the 3026 kg load was subtracted) and any
moment present prior to ignition was neglected. (Note: Low wind veloc-
ity just before 1iftoff generates extremely small bending moments at
station 979.)

Ihg polarity of the gauges on the 16 tension members of the truss
as telemetered was reversed, Verification of this was obtained several
weeks after the evaluation was started.

10.2.3 TIME POINTS EVALUATED

Bending moments and longitudinal loads were calculated in 0.2 sec
intervals for the faollowing time slices:

Seconds from Range Zero Significant Event
-4.0 to 11.0 Ignition amd liftoff
Beginning of tilt program
60.0 to 115.0 Mach 1
Maximum &Q

Intermediate time slice,

139.0 to 155.0 Engine cutoff
Retro Rocket firing

Additional time points were. considered for the construction of the
longitudinal load vs time curve.



117

10.2.4 LONGITUDINAL LOADS

Multiplication of the actual telemetered strain by the calibratiom

factor results in the loads shown in Figure 10-3 of Volume I. The
golid lipe in this figure was obtained by using the differential strains
and adding the 101,290 kg load which was lost when the gauges were set
to zero., This latter curve is alsc shown in Figure 10-2 of Volume IX
and is compared to the corresponding curve for the SA-2 flight, Al-
though both curves are seen to pass from their calibration range, it is
known that they go to zero as the thrust decays. The SA-3 curve is
also known to drop below zero load (go into temsion) during retro rocket
firing. . : -

° Figure 10-3 shows the longitudinal load at station 979 versus time
in the cutoff fegion.. Of primary importance is the agreement between
the times of cutoff as given by trajectory data and that given by the
gtrain gauge data, The cutoff. accelerations determined from the strain
_gauge data also agree with those determined using trajectory data.

N The loads in the three functioning LOX stud gauges versus time in
the cutoff region are shown in Figure 10-4, These gauges were the only
-source of data presenting the longitudinal loads during the outboard
engine thrust decay and retro rocket firing periods, They are in close
_agreement with expected values.

10.2.5 MOMENT LOADS

-~ Maximum bending moment at station 979 occurred at 69.2 sec after
range zero (" @Q" max). High bending moments were also experienced at
64.8, 67.0 and 81.6 seconds, TFigure 10-5 presents the bending moments
versus time throughout the above interval and includes the time point
for Mach 1 (68.1 seconds). These moment values vary to such a degree
as to make it difficult :to detect any natural bending frequencies. A
portion of the pitch moment shown in Figure 10-5 was previously pre-

sented with the corresponding & and B measurements in Figure 10-2 of
Volume I. Good agreement in frequency of oscillation was noted.

The decommutated oscillograph traces showed small oscillations in
the vehicle in the time interval of 80 thru 105 sec after range zero,
The bending moment values corresponding to these oscillations proved
to be of relatively low magnitude and hence, are not comsidered serious.

Maximum yaw moment at statiom 979 oceurred at 103.5 sec after
range zero, This moment was somewhat less than the maximum pitch mo-
pent and was found not to be critical.
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10.2.6 SHEAR LOADS

Shear loads perpendicular to Fin I-IIL and Fin TII-IV were inves-
tigated throughout the flight and found to be erratic but of very low
magnitude, Since the oscillations were irregular, no bending frequen-
cies could be determined. However, the shears were found to lie in a
relatively narrow band of + 5000 kg, Because no significantly impor-
tant information could be shown, no graphical results are presented
for shear.

10.3 BENDING OSCILLATIONS

Instrumentation to detect vehicle bending frequencies and deflec-
tions consisted of four pitch and four yaw accelerometers located at
stations 189 (thrust frame), 1050 (2nd stage), 1310 (2nd stage), and
1900 (nose cone). In addition to these four positions on the vehicle
proper, accelerometers were located on fuel tank Fl at vehicle station
814, in both pitch and yaw directions (Figure 10-6). The measuring
range of these low frequency accelerometers (0 to 25 cps) was T 0.5 g's.
All accelerometers appear to respond properly and have polarity as re-
ported before flight,

) The frequencies presented here vary slightly in accuracy but all
are considered to be within ¥ 0.15 cps.

The oscillographs showed a predominant frequency content of ap-
proximately 12 to 20 cps throughout flight, with increased amplitudes
at liftoff and the two engine cutoffs. The natural frequencies of the
accelerometers vary from approximately 13 to 18 cps.

Analysis of the data by a digital computer program revealed the
presence of frequencies in the comtrol frequency range of 0,25 to 0.50
cps, and also in the propellant sloshing range of 0.6 to 1.5 cps. The
frequency trend of the vehicle first mode follows the first mode of
the SA-D tests for similar fill conditions (see Volume I, Figure 10-5)
and this trend is substantiated by the mode shapes shown in Volume I,
Figures 10-6, 10-7 and 10-8. Additional mode shapes for time slices
at 10 to 13 sec, and 32 to 36 sec are presented here in Figures 10-7
and 10-8, The second mode shapes are not shown due to their low ampli-
tude of response, The response of the vehicle structural modes was
lower on this flight than on SA-2. The only outstanding difference
in this flight was the forced response after OECO which was caused by
the imertia of the engine gimballing after cutoff.
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10.4 VIBRATIONS

10.4.1 INTRODUCTION

The SA-3 flight vehicle was instrumented with 40 vibration meas-
yrements. Their description, axis of semsitivity, and frequency range
are listed in Table 10-I. Measurement locations are shown in Figures
10-9 through 10-11. The accelerometers were divided into three major
monitoring groups: structural measurements, engine compartment measure-
. ments, and component measurements.

BMS acceleration time histories were obtained for all measurements,
Data envelopes are presented for the major monitoring. groups and for
individual components whenever possible,

10.4.2 GENERAL DISCUSSION

The vibration data received from the SA-3 flight were transmitted
by two telemetry systems, FM/PM and single sideband. Data in general
were gsmooth and within the expected range with respect to vibration
amplitudes. Transients and irregularities were noted in some of the
measurements. A discussion on the investigation of these transients .

is - included in this section.

The vibration data was divided into three major categories accord-
ing to the location of measurements; i.e., structural, engine compart-
ment, or component measurements. Measurement E85-11, located at the
base of canister 14 on the spider beam, was an exception. It was ana-
lyzed as a component measurement instead of a structural measurement
because it recorded the vibration input to the canister.

The five structural measurements represent both the upper and
lower structure of the booster. Three measurements were located on
the lower structure, two being on the gimbal point support and one on
the heat shield. The trend of these data is displayed in the upper
part of Figure 10-12, The two upper structure measurements were on
the spider beam. The acceleration time history envelope of these
meagurements is shown in the center portion of Figure 10-12.

Twelve engine vibration measurements were monitored during the
~ flight of the SA-3 vehicle. The results of these measurements are pre-
_ gented in Volume Y, Figure 10-9. The data from measurement E45-8 was
plotted separately because of its comparatively high levels as indi-
cated on the figure.: ’ :

A total of 22 vibration measurements monitored component vibration
during the flight of the SA-3 vehicle. An acceleration time history
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TABLE 10-I

SA-3 FLIGHT VIBRATION MEASUREMENTS

Meas, Direction of Frequency
" No. Description Sensitivity Response (cps)
L10-11 Sound Intensity 3 ke
EA4-15 Vibr. ST-90 _ Y Axis 790
Ell-4 Vibr. Thr. Cham, Dome Lateral "7 3 ke
* El12-2 @ 'Vibr. Turbine Gear Box : 3 ke
“E12-3  Vibr, Turbine Gear Box 3 ke
El2-4 ' - Vibr, Turbine Gear Box 3 ke
El2-6 . - Vibr. Turbine Gear Box 3 ke
E12-7 _ Vibr, Turbine Gear Box 3 ke
E12-8 ° Vibr. Turbine Gear Box 3 ke
E33-1 ° Vibr. Thr, Cham. Dome Long't 3 ke
. E33-3 Vibr, Thr. Cham, Dome ' Long't 3 ke
E33-5 .. V¥ibr. Thr. Cham, Dome . Long't 3 ke
E34<1 . Vibr. Pitch Actuator Pitch 3 ke
‘E34-2 ° Vibr., Pitch Actuator Pitch 3 ke
E34-3 Vibr. Pitch Actuator Pitch 3 ke
E34-4 Vibr. Pitch Actuator Pitch 3 ke
E37-1 Vibr. Yaw Actuator Yaw 3 ke
E37-2 Vibr, Yaw Actuator Yaw 3 ke
E37-3 Vibr, Yaw Actuator Yaw 3 ke
E37-4 Yibr., Yaw Actuator Yaw 3 ke
E40-1 Vibr. Gimbal Pat. Support Long't . 3 ke
E40-7  Vibr. Gimbal Pnt. Support Long't 3 ke
E42-2 Vibr. Fuel Cracking Valve Long't 3 ke
E43-4  Vibr. Hydraulic Pkg.- ;" Lateral 3 ke
E45-8 Vibr. Fuel Suction Line Long't -3 ke
- E46-9 Vibr. Prop. Unit Distr., 9Al Long't 3 ke
B47-1 Vibr. Radiation Shield Long't 3 ke
E48-14 Vibr. Instr. Panel .Lateral 3 ke
E85~-11 Vibr. Lower .Support Long*t 3 ke
E86-14 Vibr. Instr. Panel Pitch 3 ke
E90-12 Vibr. Roll Gimbal ST-124P X-Axis 3 ke
E91-12 Vibr. Roll Gimbal ST-124P Y-Axis 330
E92-12 Vibr. Roll Gimbal ST-124P Z-Axis 3 ke
E93-12 Vibr. ST-124P Mtg. Frame Long't 600
~ E94-12 Vibr. ST-124P Mtg. Frame Pitch 1050
E95-12 Vibr. ST-124F Mtg. Frame Yaw 790
- E96-11 . Vibr. Retro Rocket #1 .,  Lomg't 3 ke
E97-11 .Vibr. Retro Rocket #1 ’ Pitch -3 ke
e E98-11 Vibr, Retro Rocket #1 Yaw 3 ke
E99-11 Vibr. Spider Beam Long't 3 ke
E100-11. Vibr. Spider Beam Pitch 3 ke

XL24-9 Sound Inmtensity, Sta. 167
X125-9 - Sound Intemsity, Sta. 167
XL26-9 Sound Intensity, Sta., 889
XL27-13 Sound Intensity, Sta. 889
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envelope for the canister area is shown in Volume I, Figure 10-9. The
lower part of Figure 10-12 exhibits the acceleration time history
envelope for the retro rocket measurements, Data envelopes for the
hydraulic actuators and the propulsion unit distributor are not in-
cluded because of an insufficient amount of data.

10.4.3 MAJOR DEVIATIONS OBSERVED IN FLIGHT VIBRATIONS DATA

1. Three engine measurements,E33-1, E33-3, and E33-5, transmitted
. data - only intermittently throughout flight,

2. The SA-3 flight data revealed a great number of data points
of questionable origin, which are termed transients. Most of these
transients are similar to those resulting from a severe or high mechan-
ical input to the vibratiom transducers, However, it is felt that dur-
ing this flight there were no mechanical inputs great emough to satu-
rate the telemetry circuit temporarily, except at ignition, liftoff,
Mach 1, max q, cutoff, and retro rocket firing.

There were 3,869 transients observed in the vibration measurements
on links 7 and 8, and on PM/PM. Of the recorded transients, 90Z can
be classified in the following four categories:

1. Transients caused by the two commutators.

2. Transients having periods between 6.1 and 6.2 seconds,
3. Transients having periods between 7.0 and 12.0 seconds.
4. Transients having periods between 0.09 and 0.60 seconds,

Transients in category 1 occurred on links 7 and 8, but not om
FM/PM. Transients in categories 2, 3, and 4 occurred on links 7 and 8,

and on PM/PM.

Approximately 5% of the recorded transients were in category 1.
The sources of these transients were separated into two groups:

(a) Those produced by the Master Pulse of the commutator, occur-
ring approximately every 13.86 seconds.

(b) Those produced by the commutator when it switched from record-
ing one channel to the next, occurring approximately every 3.45 seconds.

The majority of the tramsients in category 1 resulted from source
(b). ‘Source (a) affected measurements E40-1, E40-2, E42-2, E43-4,
110-11, E96-11, and E97-11. ‘
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~ Approximately 8% of the recorded transients were in category 2
and were of a cyclic nature, occurring every 6.13 T 0.04 sec, or a mul-
tiple therecf. These transients have beem correlated with the turning
on of the air heaters for the ST-124P, It appears that the resulting
electrical transients induced a disturbance in the electrical wiring
associated with the particular accelerometers affected.

The measurements seriously affected by the transients in category
2 are E96-11, E97-11, E98-11, L10-11, E90-12, E92-12, E93-12, E94-12,
E95-12, E91-12, E99-11, and E100-11.

Approximately 3% of the recorded tramsients were in category 3 and
were also of a cyclicnature; however, there was a rather large devia-
tion from any particular assumed period. During and after powered
flight, up to 180 sec, the period of occurrence remained near 7 or 8
sec, or a multiple thereof. After 180 sec, the period increased stead-
ily to almost 12 sec at Project Highwater. The source of these tran-
sients was active at least 8 minutes before liftoff.

The measurements most likely to be seriously affected by the tran-
sients in this category are E4-15, L10-11, E96-11, E97-11, and E98-11.

Approximately 74% of the recorded transients were in category 4,
making this the most significant category. Similarly to category 3,
the source, or sources, adopt a near periodic patterm, the frequency
decreasing with respect to time. The average period of occurrence
increases steadily from 0,10 sec &t 100 sec range time, to 0.19 sec
at 200 seconds. Beyond 200 sec, the period increases sharply to ap-:
proximately 0.60 sec at 240 sec range time.

-As yet, the source of the transients in this category is unknown,
but characteristics have been determined, In categories 3 and 4 (un-
like 1 and 2), the cause is not a "timed" functionm, but is somewhat
variable with time, perhaps contingent on conditions requiring or effect-
ing correction or adjustment; such as the operation of a thermostat,
or a condenser discharge or breakdowm.

The measurements most seriously affected by the transients in cat-
egory 4 are E96-11, E97-11, E98-11, E99-11, E100-11, E90-12, E92-12,
L10-11, and E91-12, Transients in category 4 are capable of affecting
other measurements slightly.

The remaining 107% of the recorded transiemts, which are not in
these four categories, are termed "residual transients". A series of
these transients appeared between -1.40 sec and +2.35 sec range time
in measurements E96-11, E97-11, E98-11, and E99-11. They were similar
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to the transients in category & in all respects, except that they lacked
the cyclic feature so predominant in category 4. Because many of these
residuals appeared at periods of high vibration levels, such as igni-
tion, liftoff, Mach-1, max q, cutoff, and retro rocket firing, they
could be a result of a mechanical input to the vibrationm transducer,

10.5 ANALYSIS OF GROUND ACOUSTIC MEASUREMENTS

10.5.1 SUMMARY

Sound measurements made on the SA-3 vehicle were used to determine
the acoustic enviromment created during launch. These measurements
were made in a similar position to those of previous Saturn flights; in
the near-field, mid-field, and far-field; such that both specific envi-
ronmental characteristics were known and general acoustic evaluations

could be made,
10.5.2 NEAR-FIELD DATA

Four measurements were made on the vehicle itself with the micro-
phone signals transmitted to the blockhouse through trailing wires,
which were cut when the vehicle was approximately 33 m above the pad,

The results of the near-field acoustic measuring program are shown
below compared with the results of SA-2. For SA-3, the values were
recorded between ignition and approximately T+5 sec within 60 m of the
_ vehicle, giving an indicatiom of the magnitude of the sound pressure

at critical points on launch complex. The on-pad measurement locations
are shown in Figure 10-13. '

Near-Field Acoustic Measurements

Microphone Location Max. Overall Sound Pressure Level (db)
Vehicle Environment Meas. (db re: 0,.0002 microbar)
: . SA-2 "SA-3
Umb. Tower, Sta. 167 167 163
Pmb. Tower, Sta. 860 45 162
Holddown Arm Nr. 4 (inside) : .- 151
Swing Arm Nr. 1, control panel - 155

Oanehicle Meas.

Outside Shroud, Sta, 167 156 - 149.0
Inside Shroud, Sta. 167 135 157.5
Outside Can, Nr. 13, Sta. 889 141 149.5

Inside Can., Nr. 13, Sta. 889 130 : 132.0
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GSE Environment Meas. Max. Overall Sound Pressure Level (db)
(db re: 0,0002 microbar)
' SA-2 SA-3
Small Utility Room (underground) - 120
Large Utility Room (inside) - 125
Large Utility Room (outside) - 157
Blockhouse 34 (inside) 110 113
Blockhouse 34 (outside) 139 141
On-Pad Envirommental Meas. Max. Overall Sound Pressure Level (db)
Radius (m) AC* (deg) SA-3
.15 66 161
15 80 © 157
15 90 ' 157
22.5 75 152
22.5 90 ‘ 155
30 80 153
30 . 100 . 154
32 45 154
45 40 154
45 50 150.5
45 58 153
45 90 153
45 130 156
60 66 151
60 30 154
60 90 149

%AC - Angular coordinates are measured in degrees from centerline of
_the direction of exhaust. Direction of exhaust is 132 deg with respect
to the true north,

 10.5.3 MID-FIELD DATA

The mid-field data represents measurements ranging from 0.090 Im
to 0.366 km from the launch site. The results obtained from these
measurements are compared with SA-1 and SA-2 results below.

Mid-Field Acoustic Data

Microphone Location Max. Overall Sound Pressure Level (db)
(db re:0.0002 microbar)
. SA-1 SA-2 SA-3
0.046 km, Az 182°, A.C. 50° 155 - -
0.061 km, Az 162°, A.C. 30° - - 154
0.061 lm, Az 198°, A .C. 66°. - - -
0.061 km, Az 222°, A.c. 90° - - 149



