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SECURITY NOTE

This document contains information affectinE the national

defense of the United States within the meaning of the Espionage Law,

Title 18, U.S.C., Sections 793 and 794 as amended. The revelation
of its contents in any manner to an unauthorized person is prohibited

by law.
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(4) ASSZP,

The evaluation of the Saturn SA-3 test flight is presented in

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. In

these volumes the performance of each major vehicle system is discussed

with special emphasis on malfunctions and deviations.

The SA-3 flight test was a complete success with all missions of

the test being accomplished. No maJor malfunctlons or •deviations
which _uld he considered a serious system failure or design deficiency
occurred.

4 Any questions or comments pertaining to the information contained

in this report are invited and should be directed to

_!_i 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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CONVERSION FACTORS FOR PREFERRED HSFC
_ASURING UNITS

M'I':iPZZ Obtai.

. 1. Acceleratlon ft/s 2 3. 04800x10-1 m/s2
2. Area in2

6.4516xi0-4 m2
3. Density ib_s 2

5"25539XI01 m_

" slug/f t3 5.25539xi01 k__s 2
-'T--

4. Energy BTU 2-51996xi0 "I m"
5. Force kcal

Ib 4.53592x10-1 kg

6. Length in 2.54000xi0"2
m

7. Mass lb.s 2

ft Z.48816 _ =
m

8. Mass Flow Rate Ib-____s 1.48816
ft

9. Pressure m
•_'. ib/in 2

7.03067xi0-2 kg/cm2
i0. Temperature OF.32o

5.55556xi0-1 oC

11. Velocity ft/s 3.04800xi0_i
12. Volu_e m/s

gal (U.S.) 3. 78543x10-3 m3
ft3

2.83168xi0-2 m3

" I3. Volume Flow ft3/s
i 2.83168xi0-2 m3/s

gal/s 3. 78543xi0-3 m3/s
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6 SATURN SA-3 FLIGHT EVALUATION

By Saturn Flight Evaluation Working Group

1.0 (U) VEHICLE DESCRIPTION

1.1 St_qMARY

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 i-I.

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 eight clustered H-I

rocket engines. Propellants were supplied to the engines from a cluster

of nine propellant tanks. Most of the SA-3 instrumentation, including

guidance and control components, was located in the S-I stage. The
S-I 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 S-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 S-I/S-IV interstage area.

1.3 S-IV DI_YSTAGE

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 givenln Figures

I-i and 1-2.
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1.4 S-V DIn_4Y 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 k_) to simulate upper stage weight. Dimensions of the S-V
stage are given in Figures 1-I and 1-3. •

1.5 DI]_Y PAYLOAD

SA-3 carried a Jupiter type nose cone and aft unit as the dmmy

payload. An ad_pt.er section was required to rote the aft unit to the
S-V stage. Dimensions of the payload are given in Figures i-i and 1-4.

• I



FIGURE 1-3 D_ THIRD STAGE

MPR- SAT- 63 -i



Sta. 1951.90

)iter Nose Cone

(With Insulation)

Angle-of'Attack Jupiter Aft
Meter (4 Places) Section

Angle-of-Attack
Meter Pressure
Manifolds
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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

MSFCDivislons covering some of the major systems and/or special
subjects.



3.0 (u) LAUNCHOPERATIONS

3.1 CHRONOLOGICAL S_4AEY OF PRELAUNCH CHECKOUT

Saturn vehicle SA-3 (consisting of the S-I first stage booster,

S-IV duchy second stage, S'V dummy third stage, and payload body)
arrived by the barge 'Tromise" at Cape Canaveral on September 19, 1962.

The S-I booster was transferred to Complex 34 the same day. On Sep-

tember 21, 1962, the S-I booster was erected on Pad 34.

The following is a chronological summary of the work and mile-

stones accomplished duri_ the Saturn vehicle SA-3 erection and check-
out.

September 21_ 1962 thru September 30_ 1962 - Electrical, mechani-
cal, and pneumatic systems connected and checked. R1_ antennas installed

. and calibrated; R1_ subsystems tests begun. Stabilized platform (ST-90)
lahorato_y test and calibration completed. Retract arms positioned

under the vehicle. Milestone - second and third dmmny stages (S-IV and

S-_, and dummy payload erected and mated to the S-I booster.

October I_ 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

be@un. Destruct Co_nd Control Receivers received from MSFC and

checked out. l_light measurin E calibrations 40 percent complete.

Milestone - fuel and LOX simulated loading, functional and low pres-
surization tests completed.

October 8_ 1962 thru October i_ 1962 - Stabilized platforms,
ST-90 and ST-124P, installed in the vehicle and tests complete. Guid-

ance and ST-124P accelerometer monitors installed in blockhouse; EO's

installed in vehicle to permit blockhouse monitoring of the ST-124P.

Malfunction sequence and DCE 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 ranEe checks, navigstlon

system check, hydraulic system preparations completed. Service struc-

ture removed and sway tests and alignment tests completed. Cooling

tests cumpletedsatlsfactorily. EO's of EBW installed, upper stage

-leak tests started, dummy retro rocket tests begun. Measuring calibra-

tio,_ of flis,_t measurements 80 percent c_mpl.:te. Installation and
checkout of ground facilities measurements 50 percent complete.

Milestone - interstnge aligr_,ent, RF checks (with service structure re-

moved) performed satisfactorily.



.... October 22 t 1962 thru October 28_ 1962 - Relay distributors £n-
i spected aRd aligned. ST-90 and rate gyros aligned. Installation of

falrings and outboard curtains completed. Propellant utilization com-

puter replaced and checked. Meanurement calibration of fligh.C instru-
ments and installation and checkout of ground facilities measurements

• about 90 percent complete. Milestone - overall tests numbers i, 2, and

3 completed and evaluated.

_ctober 29_ 1962 thru November 4_ 1962 - Acoustical drag cable in-
• stalled and EB_ retro rocket initiators test fired. Sleeves on engine

• positions 2 and 4 replaced and umbilical faceplate pin installed.

Milestone - L0X loading and all associated tests completed.

November 5_ 1962 thru November 13_ 1962 - Overall test number 4
completed; two angle-of-attack meters and telemeter transmitter munber

9 replaced. Retro rocket installation and prlmacord installation com-

pleted. Milestone- simulated flighttest and evaluation performed and

- completed satisfactorily.

November 14_ 1962 thru November 15_ 1962 - Preparations for launch
Completed.

November 16_ 1962 - Launch.

3.2 _LOCKHDUSE REDLyNE VALUES

Blockhouse redline values are defined as limits on critical meas-

urements, se_ to assure safe engine and vehicle operating conditions.

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 in Table 3-I. All of the measure-

ments were within their specified limits and the countdown procedure
was normal.
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3.3 GROUND SEQUENCE OF EVENTS

Predicted Time Actual Time*

• Event Nominal (sec) (s.ec)

" F£rln E Command -369%10 -363.440

Fuel Vent Nr. 1 Closed -368_I0 -362.985

Fuel Vent Nr. 2 Closed -368__I0 -362.955

Fuel Pressurlzin E Command -368%10 -362.955

Fuel Pressurizing Valve Nr. 1 Open -368TI0 -362.915

l_uel Preskurizing Valve Nr. 2 Open -368_.I0 -362. 915

Fuel Pressurizing Valve Nr. 3 Open -368+10 -362.915

FUel Pressurizing Valve Nr. 4 Open -368TI0 -362.915
Fuel Pressurized -364.+10 -358.655

LOX Pressurizing Valve Open -120_I0 -110.255
LOX Relief Nr. 2 Closed -120+10 -109.855

LOX Relief Nr. I Closed -120T_I0 -109.855

" LOX Pressurized -35 -35. 220

Power Transfer Command -35 -35.220
Umbilical Eject Co_nand -25 -25.555

Umbilical Retracted -13 -13. 715

Ignition Start Timer -0.06 -0.0
Ignition Command O. 0 0.0

Eng. Nr. 5, Igniter _r. I Energized +0.015 +0.018

Eng. Nr. 5, Igniter Nr. 2 Energized +0.015 44).018
Eng. Nr. 7, Igniter Nr. I Energized +0.015 +0.018

Eng. Nr. 7; Igniter Nr. 2 Energized +0.015 +0.018

Eng. Nr. 6, Igniter Nr. I Energized +0.1!5 +0.116
Eng. Nr. 6, Igniter Nr. 2 Energized +0.115 +0.116

Eng. _r. 8, Igniter Hr. I Energized +0. 115 +0. 116

Eng. Nr. 8, Igniter Nr. 2 Energized +0.115 +0.116

Eng. Nr. 2, Igniter Nr. 1 Energized +0.215 +0.224

Eng. Nr. 2, Igniter Nr. 2 Energized +0.215 +0.22_

Eng. Nr. 4, Igniter Nr. I Energized +0.215 +0.224
Eng,: Nr. 4, Igniter Nr. 2 Energized +0.215 +0.224

Eng. Nr. I, Igniter Nr. 1 Energized +0.315 +0.330

Eng. Nr. I, Igniter Nr. 2 Energized +0.315 +0.330

Eng. Nr. 3, IEnlter Nr. i Energized +0.315 +0.330

Eng. Nr. 3, Igniter Nr. 2 Energized +0.315 +0.330

All Igniters Energized +0 315 +0.346

All Engines Running +l 32 +l. 247

Thrust OK Timer +3 30 +3. 247
Thrust Commit +3 34 +3.330

'-' Short Mast Nr. 2 Valve Nr. l_Open +3 39 +3.385

Short Mast Nr. 2 Valve Nr. 2 Open +3 39 +3.385

• Short Mast Nr. 4 Valve Nr. i Open +3 39 +3. 385

* Time referenced to ignitio]I command.
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3.3 GROIrN'DSEQUENCE OF EVENTS (CONCLUDED)

Predicted Time Actual Time*

Event Nominal (sec) (sec),

Short Rast Nr. 4 Valve _r. 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. l Open +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 Supl_rtlng +3 65 +3.680

Support Nr. I Not Su_portlng +3 67 +3. 676
Launch Commit +3 67 +3.692

H. D. Release Valve Nr. I Open +3 72 +3.745

H. D. Release Valve Nr. 2 Open +3 72 +3.745

Hi D. Release Valve Nr. 3 Open +3 72 +3.745

H. D. Release Valve Nr. 4 Open +3 72 +3.758

HolddownNr. i Released +3 74 +3.758

HolddownNr. 2 Released +3,74 +3.763

Rolddown Nr. 3 Released +3 74 +3.763
HolddownNr. 4 Released +3 74 +3.768

Liftoff Switch Nr. i +3 86 +3.950
Liftoff S_ritch Nr. 2 +3 86 +3.953

Liftoff Switch Nr. 3 +3 86 +3.955
Liftoff Switch Nr. 4 +3.86 +3.953

Liftoff (Tall Plug Eject) +3.96 +4.110

The times presented in this section may differ somewhat from those

event times shown in Volume l, due to refinement of event times based

on telemetered data and other functions. Thi_ difference is small

h0wever, usually in the order of 0.01 to 0.03 seconds.
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3.4ENVIRO_MEASUREMENTSDUP_NGLAI_NCH

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 I 72.5 g 30 g

XE57-2 2 60 g 27 g

XE57-3 3 60 g 30 g

XE57-4 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 g

XE57-8 8 50 g 20 g

Fire detection measurements XCII4 and xCII5 gave no indication of

a temperature rise during the period between ignition and launch commit.

Measurements XCII6 and XCII7 gave a very slight indication of a tempera-

ture rise during this period (approximately 12.5°C).

3.4.2 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 I0 temperature measurements. Most of the
measurements were taken on theumbilical tower. The measurements,

their locations, and their calibration ranges are listed in Table 3-11.

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-II, and YE-12. This frequency is below the linearb
response of the measuring system and therefore, the amplitude of the
data is distorted. Further analysis was not •possible 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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TABLE 3-If

ENVIRO}_4ENTAL MEAS_S ON LAUNCH COMPLEX 34

Vibration Measurements

Mess. Direction Frequency Calibration

No. Description of Mess. Response (cps> Range (_+G's_

YE-7 Limit Switch ]_rk't, R-2 Long't 330 50

-8 Retract Valve, R-2 Long't 80 50

-9 Vent Valve, R-2 Long't ii0 25

-I0 Pneumatic Separator, H-2 Long' t 330 50

-II Pneumatic Separator, H-4 Long't 440 50

-12 Release Valve, H-2 Long't 160 25

-13 Tower, 30.5 m Level, SE Face Vert. 600 10

-14 Tower , 30.5 m Level, SE Face West 60 I0

-15 Tower, 30.5 m Level, SE Face South 790 I0
-16 Tower, 48.8 m Level, SE Face Vert. 220 i0

-1-7 Tower, 48.8 m Level, SE Face West 160 I0

-18 .Tower, 48.8 m Level, SE Face South 790 i0

-19 Swing Arm Vert. 1050 25

-20 Swing Arm West 600 25
-21 Swing Arm South 60 i0

-22 Swing Arm Mount Vert. 80 I0
-23 Swing Arm Mount West 220 i0

-24 Swing Arm Mount South 160 10

-25 Valve Panel #4 Perp. 1050 50

Pressure Measurements
Calibration Range

Mess. No. Description (k_/cm 2)

YD-9 Tower, 8.2m Level, South Leg 0 to 2.11

-10 Tower, 8.2 m Level, North Leg 0 to 2.11

-II Tower, 30.5 m Level, South Leg 0 to 2.11

-12 Tower, 30.5 m Level, North Leg 0 to 2.11

-13 Tower, 48.8 m Level, South Leg 0 to 2.11

-14 Tower, 48.8 m Level, North Leg 0 to 1.41

-15 Tower, 73.2 m Level, South Leg 0 to 1.41

-16 Tower, 73.2 m Level, North Leg 0 to 1.41
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TABLE3-_ (CONCLUDED)

ENVIRONMENTAL MEASLqIEMENTS 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 600

-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 3-111) is related to the cutoff frequency (Table 3-11) 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-!II 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

period§.

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 SK-2 and SA-3 flights is shown 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 II0 cps, pre-

cluding any comparison of the data above this frequency.

The spectrum of measurements YE-10 and YE-II, 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,
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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 I 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 2, on YD-9 and

YD-10 respectively.

Pressures of 0.297 and 0.949 kg/cm 2 (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/cm Z acting across the tower from north to south at this
t_me. Measurement YD-12 also recorded an underpressure condition of

0.357 kg/cm 2 at I0 sec after liftoff. 2Measurement YD-13 recorded an
underpressure condition of 0.254 kg/cm at 7.2 sec after liftoff. All
three of these measurements (YD-II, YD-12, and YD-13_ show that the

underpressure condition existed for about 30 seconds.

Measurements YD-14, YD-15, and YD-16 did not exhibit any slgnifi-
cant data trends and these measurements were lost 3 sec.after llftoff.

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.

None 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 liftoff). Measurement YC-2_ 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
llftoff.
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Possible Causes of Signal Loss and Erroneous Data

Investigation of possible causes of signal loss revealed that 23

measurements_ including all vibration measurements (except YE-11, YE-14,
• E-21, and YE-22) and all temperature measurements on the towerp

utilized the s_,e 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 weTe burned, thus the probability of a short circuit was very high.

It was also found that an intermittent short circuiting of the

power supply would introduce noise and erroneous data into some of the

measurements. This occurred for pressure measurements YD-14 and YD-15.

3.5 A_SPHEEIC SI_IARY FOR SA-3

3.5_ I INTRDDUCTION

This section contains information concerning the more important

aspects of the atmospheric environment 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 ot_er 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-

tiou 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 GENEEAL SYNOPTIC SITUATION AT LAUNCH T]24E

Pressure Distribution and Fronts. A high pressure cell_ with cen-

tral pressure near 1.04011 kg/emZ (1020 mb), dominated the launch area

at flight ti_2. A low pressure cell, with central pressure near
1.02481 kg/cm (1005 mb), was centered ever the lower Ohio Valley; and

a cold front, embedded in a trough of low pressure, extended southwest-

ward across eastern Texas into Mexico. These pressure cells gradually

tilted westward with increasing altitude. There were no fronts in the

launch area,

Jet Streems and Associated Weather. Two Jet streams accompanied

the pressure distribution. The stronger jet stream swept eastward

across Kentucky and Virginia at about 55 Ks near ii 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 I km, were reported throughout 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 OBSKRVATIOHS 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 north 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 12:45:08EST. These launch

time wind fluctuations are greater than those shown for the SA-I 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, sho_ed the wind to be rather steady from the

southwest at about 3 n_s throughout the launch period. As on 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-I 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 i_struments 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 2. At 13.4 m above the ground, on

the service structure, the launch time ambient temperature was 20. I°C "

and the relative humidity was 48 percent. At 79 m above the ground, on

the service 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 PATHAND

UP'PERAIR_UREHEN_ BY RAWI'NSONDEANDROCKETSONDE

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 km

altitude, 67 min after T-0, thus ending the observation. At that time,

it was 63 _=n east of the Immsition 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 km 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 I0 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 i0 to 14 _m

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-I 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-I had a

maximum tailwind of 36.8 m/s at 13 km altitude, and SA-2 had a 31.8 m/s

tailwindat 14 km altitude.



27

_wlnsonde (17:10 to i8:42 Z)

Altitude (_) Angle-of-Attack Range T_e (sic)

35 _ "I16.5

. 30 -_'-" Z uo

_ --9_ probability

envelope

I00

- L_it Cu_e Based on 3o /
variation in control fac- / i 80

no limitations occurred

I0 _ . for winds under the 95_
envelope. --_ 70

_ 6o

' S _i 403020500 i0
0 I0 20 30 40 50 60 70 80

Wind Speed (m/s)

FIGURE 3-3 LOW ALTITUDE _ SITE_ SA-3 WIND SPEED
BY _W_SO_R _D _G_-OF-A_A_

I

MPR-SAT-63- I



28
_mRocketsonde (19:47 to 20:01 Z)

Rawinsonde (17:10 to 18:42 Z)

Altitude (km) Angle-of-Attack Range Time (sec)

55

135

50 " _b

130

45 __

I20

35

95% Probability

envelope

25 _ L.-._

I00

20 95

0 i0 20 30 40 50 60 70

Wind Speed (m/s)

FI_ 3-4 HIGH ALTITUDE LAUNCH SITE wIND SPEED FO_ SA-3 BY

BJOCKETSONDE, RAWINSONDE, AND ANGLE-OF-ATTACK

MPR-SAT-63- I



-- gawlnsonde (17:10 to 18:42 Z)

.... Angle-of-Attack 29

Altitude Altitude (km) Range Time (set)

35 I. ,,_, 35 _.... 116.5

_r

El •I00
20 20

_._ "_"'" ._o

• 1
15 ' 15 p

, :- | _. 8o

<. /I0 I0

Head' ". Wind From $_[.n'd from /eft

Wind 7 Wind _ right

j 6o

5 .¢" _, 5 _.2 r:_ fF !__ 50
'40

-30• 20
0 0 _ i0

• -20 -I0 0 I0 20 30 40 -30 -20 -I0 0 I0 20 30 40
;._ Wx Range Component (m/s) W z Cross Range Component (m/s)

FIGDRE 3-5 LALr_CH TIME WIND COMPONENTS FOR SA-3

_: _ (Rawinsonde vs Angle-of-Attack)



--Rocketsoude (19:47 to 20:01 Z)

Rawinsonde .(17:10 to 18:42 Z)
30 Angle-of-Attack

(km) Altitude (km) Range T (sec)

55

'135

so _ ___ -130

35 ..._-

_,. .
Head Tail Jind Wind

Wind Wind from fromrigh! left

._ t.'K

L 1°°
20 '95
-I0 0 10 20 30 40 50 60 -60 -50 -40 -30 -20 -i0 0 i0

WX Range Component (m/s) Wz Cross Range Component (m/s) #

FIGURE 3-6 LAUNCH TIME WIND COMPONENTS ]FOR SA-3 AT HIGH ALTITUDE

(ROCKETSONDE_ RAWINSONDE, AND ANGLE-OF-ATTACK)

l_R-SAT-63-1



: 31

Cross range components were mostly from the right above 25 km

(Figure 3-6) and reached a maximum of 57 m/s at 49 km altitude, by

roeketsonde measurement. In the high dynamic pressure region, the

strongest cross range component, by rawlnsonde 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-I 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 I000 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 shown below.

Extreme Wind Shear (Rawinsonde) In High Dynamic Pressure Re_ion%

250 m interval I000 m interval

"-Pitch Yaw " Pitch Yaw

Space Plane Air Plane Alt Plane Aft Plane Aft

Vehicle (sec -I) (kin) (sec -I) (kin) (sec -1) (kin) (sec -I) (kin)

SA'i 0.0415 15 0.0350 16 ..........

SA-2 0.0261 14 0;0196 12 0.0144 15 0.0083 16

SA-3 0.0555 14 0.0205 13 0.0105 14 0.0157 13

High Resolution Wind Measurements. High resolution wind profile
measurements were made, employing the FPS-16 Radar/Spherical Balloon

method, beginning at 19:56 Z (2 hr and Ii min after T-O). 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-
ment s.

3.5.6 "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-l)106 units in the first 2 km above the surface. Above 4 km,

the index of refraction did not vary from the PAI_B reference atmosphere

by as much as 3(n-l)106 units, at any level.
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4.0 JrscToRY

4.1 TRACKING ANALYSIS

4.1. I 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 onboard measurements that are
useful in determining transients, and meteorological data. Tracking

from several systems was available throughout the powered flight (see
Figure 4-I). 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 -

:: _ooster and _nstrument compartment retained structural integrity for
:_ a. period of time after water release.

The electronlc tracking data obtained on this flight was somewhat

poorer than on the first two vehicles. Although no simple rule can be

given at this time for determining the relative quality of external

tracking that wily be appllcable to each flight, the random error of

the acceleration components during powered flight should certainly be

less than 1.0 m/s 2. This error is about i0 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:

' Trackln_ System Time Available

Azusa 76 to 160 sec
;_ UDOP -MSFC 35 to 120 see

: 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 electronic

tracking data.

4.1.2 DATA IPEILIZATION

_;i 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 type relative .
-_i distance measurements. The results of the measurements are shown in

l_gure 4-2. First motion was determined from these measurements to be

O.I0 see range time.
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. _ TABLE 4-I

_gl_AI, DA_/_ SOURCE

Data Sourc_ Interval

"Close-in" Fixed Camera (light) 0.036 to 5.573 sec

6.774 to 10.910 sec

"Regular" Fixed Camera (nose) 0.338 to 27.237 sec

Theodolite 20.0 to 133.6 sec
L

Azusa 18.0 to 168.4 sec

211.3 to 254.4 sec

ODO£ (HSFC) 22.0 to 120.0 sec
%

FPfl-16 Radar i.16 (Cape) Auto Beacon 0.0 to 92.0 sec

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

....... AUtO Skin 186.0 to 323.0 sec

Auto Skin 368.0 to 456.0 sec
/

FPS-16Radar 3.16 (GBI) Auto Beacon 84.0 to 191.0 sec

Auto Skin 191.i to 228.0 sec

Auto Beacon 239.0 to 260.0 sec

Auto Beacon 286.0 to 289.0 sec

Auto Skin 289. i to 408.0 sec

Auto Skin 432.0 to 471.0 sec

. FPS-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 4-11

•SUPPORTING FLIGHT DATA

Tilt Program Powered Flight Interval

Guidance Outputs 0.0 to 158.4 sec

Meas: 11-15, 12-15, 13-15, and 14-12

Longitudinal Acceleration 4
Meas: F5-13 0.0 to 154.0 sec

F6-13 0.0 to 160.0 sec

F7-13 Decay to 160.0 sec

Cutoff Signals

,_ Observed Meteorological (to 33.4 km Alt.) 0.0 to 114.5 sec

Chamber Pressure

Meas: DI-I, DI-2, D1-3, DI-5, DI-6, DI-7,DI-8 0.0 to End Outboard Decay
D1-4 0.0 to 73.6 sec

_pp, Hl-i5 0.0 to 158.4" s_c

_y, H2-15 0.0 to 158.4 sec

Separation, Anvil vs Vehicle Support Block:
YL-I, 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 wg.th 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 ae-

" 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 use 4 in the Mach I

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,

_- and adjusted to be compatible with the avail-

able external tracking data after 160 seconds.

Measured meteorologlcal 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

_i_ 1959 ARDC atmosphere. The 1959 ARDC _as used above 47.0 kilometers.

i%q 4.1.3 ERROR ANALYSIS OF ACTUAL TRAJECTORY

_' Good coverage for the launch phase was provided by the "Close-in"

and'%egular" 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 environmental conditions
and multipath effects. All electronic tracking data were adversely

affected by retro rocket operation and the vehicle roll resulting from
retro rocket firing. All of the electronic systems appeared to resaln

good track for about 20 to 30 sec around 250 sec range time.

Figure 4-4 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

iwlth the established trajectory near cutoff and midway of the free

flight are shown in the following table.

Tracking System 150 sec 240 sec

_X(m) AY(m) AZ(m) L_X(m) AY(m) AF.(m)

Azusa 0 0 0 15 20 3

IIDOP -16 3 -I -i0 34 -22

Radar I. 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 indlcates 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 I_0TION

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 umbilical tower at i0

sec range time .... :
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