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AMPLITUDE AND PHASE OF SURFACE PRESSURE PRODUCED BY

SPACE TRANSPORTATION SYSTEM - MISSION 5

1.0 INTRODUCTION

1.1 Statement of Need

There is a need to forecast the vibro-acoustic environment for

Space Transportation System (STS) launches at Vandenberg (VAFB).

Previous data were inadequate to establish the phase of the launch

pressure on major close-in structures at Launch Complex 6, VAFB.

Specification of phase is essential to vibration forecasts. Model

responses of VAFB structures have been found to be extremely sensitive

to the phase of the applied load.

1.2 Immediate Aim of Work

To correct this deficiency, array measurements of surface

pressure were taken of STS-5. These data permit a determination of the

amplitude and phase of pressure excited by an STS launch over an area

and at an orientation and distance of interest to Space Division. The

measurements are used to construct and test a point source model to

represent launch pressure. Of particular concern to vibration forecasts

here is the leve 1  spacia] coherency and effective source height for

plume generated pressures at a range of 150-300 meters.

2.0 FINDINGS

Overall Sound Power Level (OASPL) calculations for surface

measurements taken in line with the Columbia's vertical stabilizer are

unexpectedly low (prelaunch configuration).

STS-5 launch generated surface pressures are coherent in the
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sense that at any one time a unique amplitude and phase factor exists to

connect pressure observations separated by a spacial shift, a R.

Calculated phase, attenuation and (spacial) coherency values for

surface pressures generated by the STS-5 launch are entirely consistent

with a surface pressure produced by an acoustic disturbance propagating

outward from a single, small source moving with the rocket.

3.0 CONCLUSIONS

The low pressure level found here indicates that the STS OASPL is

asymmetric about the rocket's body axis.

An "equivalent point source", essential to vibration forecasts

can be constructed from the Kennedy Space Center(KSC) data to control

facility response measurements at VAFB.

The location and construction of an axially asymmetic source

permits a forecast of site peculiar pressures at VAFB due to reflections

off structures and topography.

4.0 THE MEASUREMENT SYSTEM

The measurement system (GDAS) used here is an Air Force

Geophysics Laboratory (AFGL) developed unit that collects, displays,

stores and analyzes geophysical data. A detailed description of GDAS

has been given by von Glahn (1). Since his report the GDAS has been

upgraded to include better amplifiers, a faster central processing unit,

expanded memory, Winchester disc storage, electrostatic graphics and

remote control. The remote control. feature was added to take

measurements at KSC.

6
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4.1 Sensor Locations

In its configuration at KSC as shown in Figure 1, GDAS accepts

the output of an array of 12 pressure sensors. Each observable is

converted into a 12 bit binary word at a rate of 100 conversions per

second. These data are merged with identification, error suppression,

time and status codes for storage on magnetic tape with a backup dump to

disk. Measurements of Mission 5 start 3 minutes prior to lift-off and

continue for a period of 15 minutes.

The orientation, size and distance to the array mirrors the

orientation, size and distance to major structures at VAFB. The array

is configured to dztermine the level, phase and spacial coherency of the

acoustic load at the time of the sound power level maximum for large

structures at a range of 150-300 meters.

It should be recognized that the vibro-acoustics around pad 39A

at KSC will consistently differ from those at VAFB. The launch

environment reflects a number of site dependent parameters. If the

geology, topography and structures at the two sites are quite

dissimilar, the vibro-acoustics will differ. In contrast, the

"equivalent source" we seek is insensitive to site. Indeed, a major

justification for constructing an "equivalent source" is to isolate and

treat the effects introduced by site peculiar features.

4.2 Data Quality

A number of error sources that determine the quality of

measurement are now explicitly considered. This heightened concern

about data quality is prompted by the fact that the pressure values

reported here are significantly smaller than those measured by
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NASA (2) and anticipated for a propulsion system of standard acoustic

elfitcency (3).

4.2.1 Sensor Scale Factors and Channel Gains

Table I summarizes a verification of sensor scale factors and

channel gains. Individual test waveforms and channel parameters used to

construct the table are carried in Appendix A. Sensor scale factors

were determined before and after the launch at D&J Instruments, Inc. in

Billerica, Massachusetts. The standard single measurement accuracy

claimed by this facility is %. Amplifier gains were established by

measurements of the GDAS as deployed at KSC. Scatter in peak-to-peak

pressure values in tests using a common input pressure is less than 1%.

In Figure 2 the overall response that satisfies the sensor and

amplifier values of Channel 6 are shown to twice the Nyquist frequency,

f,=50 Hz. As can be seen, first-fold alias terms are down by more than

two orders of magnitude for frequencies less than 30 Hz.



TABLE I

Pressure Response Test # 8 - 11 Nov 82 1240 EST

Ch # V(P-P) Sensor ScF AMP P(P-P)
'VOLTS VOLTS/PSI GAIN PSI

1 2.357 2.940 5.04 .159

2 3.477 4.402 4.94 .160

3 2.208 2.762 5.09 .157

4 3.671 4.581 5.04 .159

5 2.935 3.813 4.93 .156

6 2.898 3.625 5.01 .160

7 2.783 3.551 5.00 .157

8 2.507 3.208 5.00 .156

9 2.239 2.917 4.89 .157

10 2.577 3.238 5.06 .157

11 2.561 3.295 4.92 .158

12 2.846 3.595 5.02 .158

For completeness, we have included all measurements taken in this

study for an interval starting at 0718:55 EST and continuing for 35

seconds, Appendix B. The conspicuous transient at 0719:01 is due to the

ignition of the solid booster rockets. Other events of interest are

noted with the observations.
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4.2.2 Uncorrelated Additive Noise

Measurements taken on channels 7 and 12 are used to isolate

additive noise caused by atmospheric and hardware sources from those due

to launch generated acoustics. For acoustic inputs, the sensors are

close enough to one another to be treated as common. In contrast,

voltages excited by small, slow moving eddies and hardware sources are

largely uncorrelated both between channels and with the acoustic load

produced by the propulsion system. Figure 3 is the total and incoherent

spectra obtained for low level measurements. The spectral estimates

shown here use periodogram smoothing that calls for interval doubling by

concatenating zeros to the original data set. The technique reduces the

variance of the estimate and suppresses spectral leakage (4). Coherency

estimates, Figure 4, used to separate the spectra are based on auto and

cross spectra calculations on 10 data segments (5). The signal-to-noise

estimate for low level measurements shown in Figure 5 is the ratio of

the square root of the coherent and incoherent spectra.

The confidence bounds for S/N values calculated from coherency

estimates have been determined by Fay (6) for a stationary, Gaussian

process. For coherencles as large as those shown in Figure 4 at

frequencies of 30 lz or less, stable coherency and S/N estimates can be

obtained by ensemble averaging over a small sample set. To illustrate,

the interval for a coherency estimate, Coh (f) = 0.9, based on an

ensemble average of 8 samples, is calculated to be 0.8 - Coh4 0.96 at

the 95% confidence level for Gaussian variates.

The entire sequence used to estimate the dynamic range of GDAS

10
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at low measurement levels is repeated for high level measurements.

The results are shown in Figures 6-8. We conclude that the signal-

to-noise level for an individual channel is typically well in excess of

10 in the bandpass 2!=f4=30 Hz for modest level observations. For

frequencies above 30 Hz, measurements are substantially degraded by an

additive, uncorrelated noise term.

4.2.3 Signal Induced Noise

A number of signal induced noise terms can arise due to system

non-linearities and digitization. System linearity and digitization

accuracy are regularly verified at the 1% level by inserting known

signals into GDAS.

Another obvious area of concern for operating GDAS at KSC was

spurious terms arising from vibration. A sequence of performance tests

was conducted with GDAS affixed to a two axis shake table at the Acton

Environmental Testing Corporation, Acton, Massachusetts just prior to

shipment to KSC (7). No motion induced noise terms were found for

vibration levels as high as 0.5 g's. Both the level and duration of the

motion in these certification tests are well in excess of the motion

experienced by GDAS during the launch of STS-5.

5.0 ANALYSIS OF SURFACE PRESSURE

5.1 Main Engine

The analysis of main engine acoustics is based on data samples of

2.r6 seconds duration starting at 0718:57. The pressure spectrum given

in Figure 9 is a periodogram average of seven samples taken at locations

3-0 and 8-10 inclusive, see Figure 1. For frequencies below 30 Hz,

ii

I -. I' -' l .. .' " 'd :- !



the spectrum is well separated from system noise determined for low

level measurements. Much above 30 Hz, the data are dominated by

uncorrelated, additive noise. Below 2 Hz, pressure fluctuations

expected for the 5 knot wind reported at the time of launch rapidly

become a significant factor. A spectrum of pressure fluctuations for a

5 knot wind condition reported by Kimball (8) is included In Figure 9.

The pressure, p(R,t) caused by an acoustic disturbance

propagating outward from a small source located at the origin of a

windless, isothermal, unbounded atmosphere is completely coherent along

any radial segment with an amplitude and phase determined from its

Fourier transform.

p(~w-iwh exp i kR +
p(R,w) p(w) R k= wIC, R -0

C, is the speed of sound In air and0 is a phase term at the source.

In contrast, distributed, independent sources invariably lead to

incoherent fiolus for separated observers. The magnitude of the

coherence loss generally increases with the magnitude of the separation.

Hain engine pressure measurements, p(r ,t) at distances

r C= 1,2,...'2 are taken to be a spacially coherent acoustic term

corrupted by independent additive noise. Under this construction the

magnitude of the ratJo of k weighted vector and scalar sums of

p(r,w ), tht transformed pressure measurements corrected for hardware

response arc given by:

12

p(k,)r')eikre
p (rt , U)
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For a coherent acoustic field, v (k, w ) approaches unity for large S/N

measurements when Caf w /k and w - 2 x f.

Figure 10 is a plot of the absolute maxima of v(k',w) for k

weighted Fourier coefficients of the measured pressure samples. In the

band where additive noise is small, the magnitude is close to unity.

The measured pressures are coherent under a phase shift given by

(krwrp)

Figure 11 locates the (k, w) pairs to obtain absolute maxima

V (k, w ) values. The plot establishes the propagation characteristics

for main engine pressure over the array. The phase velocity, C, cal-

culated directly from (k,w) pairs is given in Figure 12. The median C

value for frequencies in the band 2 !!r- f ---r30 Hz is 350.6

meters/second. Within this frequency band, surface pressure

measurements are well represented by a coherent, non-dispersive,

acoustic disturbance propagating outward from a single small source

region located near the launch pad. For frequencies much above f = 30

Hz the scatter both in v(k, w ) and C ) are consistent with errors

due to measurement noise. There is no need to interpret the scatter as

a breakdown in the single source characteristic of the pressure field.

5.2. Solids Ignition Pulse

The ignition of the solid engines produced a conspicuous

transient over the array at 0719:01. The power spectral density for a

2.56 second time gate starting at 0719:00.25 EST that includes the

ignition transient is given in Figure 13. The spectrum is computed in

the same fashion and over the same station set as before for

constructing Figure 9. The energy spectrum of the transient resulting

13
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from the ignition of the solid engines peaks below 3 Hz.

We again establish the spacial coherency and phase velocity of

the sample by locating the absolute maxima of y(k, w ) over trial sets

of k values, see Figures 14,15. The ignition pressure is found to

propagate over the array as a coherent, non dispersive disturbance at a

velocity of 347 meters/second.

As well recognized by NASA, the need to predict pressure

spacially is essential to vibration forecasts for large class structures

(9). Figure 16 illustrates how well we can spacially predict pressure

from phase shifts obtained from (k, w ) pairs and I/R attenuation.

Trace I is the pressure value measured 293 meters south of the launch

pad starting 0.25 seconds after launch. Trace 2 is an average of all

the measurements corrected for differences in amplitude (1/r

attenuation), phase (ikr ) and hardware response. The error trace is

the residue that cannot be represented by a spherically divergent

acoustic term incident on a smooth ground of constant reflectivity. The

residual term, Trace 3, is quite small.

Clearly, secondary sources arising from reflections off

structures and topography are minimal at KSC. Almost the entire

measurement is satisfied by outward propagating acoustics and additive

hardware noise. (This finding continues to be true over the entire

launch sequence). Pressure predictions at VAFB, in contrast, must

anticipate secondary sources causee by reflections from a number of

major structures. The launch pressure environment at the two sites will

differ.

14



5.3 Plume Sound Level Maximum

A major objective of this effort is the determination of the

magnitude, phase and coherence of launch generated pressure around the

time of maximum loading over distances and azimuths to major structures

at VAFB. For our measurements of STS-5 the maximum occurs some 11

seconds after lift-off. At this time the plume is taken to be close to

vertical and in an undeflected, steady-state condition. The vehicle has

just commenced its roll maneuver. Water suppression is now assumed

(perhaps incorrectly) to be ineffective for attenuating pressure in the

array area.

The average spectrum, Figure 17, for surface measurements south

of the shuttle (aligned with the Columbia's vertical stabilizer) over

the same station set as before is well above additive noise for frequen-

cies less than 35 Hz. For higher frequencies, measurements are probably

contaminated by digital noise, as well as additive noise. The measured

spectrum has the usual bell shape when plotted in log-log format (10).

A spectral maximum somewhat in excess of 130 db is found around 5 Hz.

The S/N estimate for measurements near the maximum is in excess of 100.

As before, the single source nature of the pressure field is

determined by V (k,w ) calculations, Figure 18. For times around the

maximum, f (k, w) typically remains well in excess of the half power

level (.707). Pressures, particularly near the 5 Hz spectral maximum

are well represented by a spacially coherent, acoustic disturbance.

This feature continues to hold true for surface pressures well after

lift-off. At these later times there is some evidence of dispersion

that is consistent with the notion that the longer waves "appear to "

15



originate from a point lower in the plume.

Figure 19 summarizes phase velocity estimates for the STS-5

launch calculated from (k, w) pairs located by absolute y(k,w ) maxima.

Around the load maximum, STS pressures can be modeled by acoustics

coming from a small source located some 100-150 meters above the launch

pad.

6.0 PLUME SPECTRA IN STANDARD FORM

After Hartnett, (11) we construct stable broadband spectral

estimates of surface pressure by fitting periodograms to the spectral

form advocated by Powell (12) for undeflected, plume generated

acoustics. The spectrum

G (f)=4 OASPL f/fm + fm/f
F J

is fitted to periodograms by selecting values of OASPI. and fm , the

frequency at the spectra] maximum, that minimize the square of the

residuals between periodogram coefficients and C (f). The best fittingpp

spectrum for data starting at 11 seconds after lift-off is shown in

Figure 20.

It is worth noting that periodgram values given in Figure 20 are

only modestly lower than those forecast for frequencies less than f
m

At frequencies greater than 2f , the calculated coefficients are qnm

order of magnitude lower. The theoretical overall acoustic power

calculated for STS-5 is found to be less than that measured for a Titan

TTI-D, a vehicle with a thrust level less than half that of the

shuttle (3).

16
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Table 2 is a set of OASPL and f values that best fit data samplesm

for times shortly after launch. The maximum OASPL for a surface

measurement at 293 meters occurs 11 seconds after lift-off. The OASPL

is calculated to be 139 db. The spectrum is a maximum at 4.37 Hz.

TABLE 2: STANDARD SPECTRA PARAMETERS

(for 293 Meters)

Time After
Lift-Off fm OASFL Figure of Merit OASPL
(Seconds) Hz PSI (db)

6 10.86 2.652 *104 325.9 135

9 4.96 6.381 " 1.23 139

11 4.37 6.982 " 0.84 139

14 2.79 4.429 " 0.54 137

17 2.49 1.459 " 1.41 132

20 3.89 1.011 " 0.94 131

* Periodogram does not fit STANDARD FORM.

Two tests were run to evaluate when the calculated periodograms

could be represented by a stochastic process with a spectra of the form

17
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proposed by Powell. One such test is shown in Figure 21. The figure

plots the observed residuals against the residual distribution of a

Chi squared variate with DOF=2, the expected distribution, had we fitted

periodogram ordinates to the true spectra. The plot is constructed to

make the acceptance criteria one of simply accepting the residuals to

lie on the indicated straight line. Both by this test and a test based

on the acceptance range for a figure of merit established by Hartnett,

we conclude that the calculated periodograms are well represented by a

spectrum of the form G (f) for all but the data starting 6 seconds
pp

after lift-off. This early in the launch the acoustics do not exhibit

the spectral form ascribed to an undeflected plume (and probably rightly

so).

7.0. COMPARISON TO FORECASTED VALUES HELD

It has long been widely accepted that the acoustic efficiency of

an undeflected rocket exhaust, defined by the ratio of the OASPL to the

exhaust's mechanical power, is about 0.5, independent of thrust level

(10). Indeed, the simple linear relation between maximum OASPL and

thrust for an observer at a fixed distance over the wide range of thrust

levels shown in Figure 22 was the basis for AFGL's early forecasts for

shuttle launches at VAFB (13). The forecast assumed that the OASPL is

axially symmetric about the rocket's body axis. Consequently, surface

pressure for a vertical rocket was expressed solely as a function of

distance.

In Figure 22, the OASPL calculated for STS-5 appears to be quite

low. The "apparent" acoustic efficiency of this rocket is substantially

18
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lower than that of most large class rockets. Further, the location of
the spectral maxima forecast for fm based on a Strouhal number that is
in harmony with the STS engine parameters also differs from the value

forecast (3).
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10.0 APPENDIX A

COMMON MODE PRESSURE TEST *8
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10.0 APPENDIX A

HARDWARE RESPONSE FOR NOVEMBER 11, 1982

MEASUREMENTS AT KENNEDY SPACE CENTER (STS-5)
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24-3JIN-3
FILE: FLSTS5 CHANNEL: I FILTER CARD:

SENSOR:

DC SCALE FACTC - 2.940 (VOLTS-/PSI
DC P1 (DEGEES) 19.0
POLE FREQ (HZ) - 2m99.

PREAMPLIFIER:

DC GAIN (DB) - 5.94 DC P4 (DEG) - 0. 00W
POLE FREQ (HZ) - 169.9 DAMP COEFF - 0.070

FILTER:

STAGE 1

DC GAIN (DB) a 7.969 DC PHASE (DEG) - 0.9
POLE FE0 (HZ) = 670.9

STAGE. 2

DC GAIN (DB) - 0.1217 DC PHASE (DEG) - 188.0
POLE FQ (HZ) - 34.19 DAMP COEFF - 1.089

STAGE 3

DC GAIN (DD) - 0.3738E--2 DC P1S (DEG) - 0.0000
POLE FREQ (HZ) - 34.34 DAMP COEFF - 0.7320

STAGE 4

DC GAIN (DB) a- 0 -.67E--M DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 1591.

STAGE 5

DC GAIN (DB) - 0.6423E-01 DC PSE (DEG) - 186.0
POLE FTfQ (HZ) - 34.16 DAMP COEF" - 0.2695

..... .................................................................
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24-JAM-83

FILE: FLSTS5 CHANNEL: 2 FILTER CD: 19

SENSOR:

DC SCALE FACTOR - 4.40 (VOLTS.PSI
DC PHASE (DEGREES) - 18.0
POLE FREQ (HZ) - 2W.

PREMIFLIFIER:

DC GAIN (DB) - 6.012 DC PHASE (DEG) - 0.00
POLE FREQ (HZ) - 100.0 DAMP COEFF - 0.7679

FILTER:

STAGE I

DC GAIN (DB) 7.675 DC PHASE (DEG) - o.0969
POLE FREQ (HZ) - 676.0

STAGE 2

DC GAIN (DB) - O,362SE-01 DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 34.17 DAMP COEFF - 1.003

STAGE 3

DC GAIN (DB) - "-. 57E-e1 DC PHASE (DEG) - 0.0069
POLE FREQ (HZ) - 34.34 DAMP COEFF - 0.72BB

STAGE 4

DC GAIN (DB) -. 5210E-02 DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 1592.

STAGE 5

DC GAIN (DB) -0.2167E-01 DC PHASE (DEG) - 189.6
POLE FREQ (HZ) - 34.2 DAMP COEFF 0 0.2658

........ .................................................................
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24-JAP1-83

FILE: FLSTS5 OHtEL: 3 FILTER CARD: 3

SENSOR:

DC SCALE FACTOR - 2.762 (VOLTS-PSI
DC P (DEGREES) - 180.0
POLE FREQ (IZ) a 28.

PRE.AMPLIFIER:

DC GAIN (DB) 6.129 DC P (DEG) - 0.8M0POLE FREG (HZ) - 100.0 DI:WI OEF - 0.7070

rILTER:

STAGE 1

DC GAIN (DB) - 7.952 PDC E (DEG) - 0.880
POLE FRE( (HZ) - 670.0

STAGE 2

DC GAIN (DB) - I.MSE6-'1 DC PHASE (DEG) - 180.9
POLE FIRQ (HZ) - 34.25 DAMP COEFF - 1.086

STAGE 3

DC GAIN (DB) - 8.3359C-61 DC F4 (DEG) - 0.9OM
POLE FREG (HZ) - 34.25 DAMP COEFF - 0.7327

STAGE 4

DC GAIN (DB) -0.8687E--03 DC P (DEG) - 180.8
POLE FRE (HZ) - 1592.

STAGE 5

DC GAIN (DB) .1298E-01 DC P (DEG) - 188.0
POLE FREQ (HZ) w 34.33 DAP COEFF - 0.2689

.., ..o,, ..., ... .. . . ..I. o. ...... ..... .. * ............. ...
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24-J3t+-83

FILE: FLSTS5 CHNEL: 4 FILTER CARD: 4

SENSOR:

DC SCALE FACTOR * 4.591 (VOLTS/PSI
DC PHASE (DEGREES) * 190.0
POLE FREQ (HZ) a 299.I PREMPLIFIER:
DC GAIN (DB) = 6.834 DC PHASE (DEG) 8 0.0M0
POLE FREQ (HZ) - 100.0 DAMP COEFF 0.7078

FILTER:

STAGE 1

DC GAIN (DB) = 7.945 DC PHASE (DEG) * 0.0000
POLE FREG (HZ) - 670.0

STAGE 2

DC GAIN (DB) - 0.1546E-01 DIC PIASE (DEG) - 180.0
POLE FREQ (HZ) - 34.35 DAMP COEFF 0.9983

STAGE 3

DC GAIN (DB) = 0. 1124E-01 DC PHASE (DEG) 0. 00M0
POLE FREQ (HZ) - 34.33 DAMP COEFF - 0.7325

STAGE 4

DC GAIN (DB) s -0.78W-02 DiC PHASE (DEG) - 190.0
POLE FREQ (HZ) - 1589.

STAGE 5

DC GAIN (DB) = 0.-570E-0l DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 34.33 DAMP COEFT - 0.2675

.................................................................
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24-JAM-63
FILE: FLSTSS CHANNEL: 5 FILTER CARD: 5

SENOR:

DC SCALE FACTOR * 3.813 (VOLTS/PSI

POLE FREQ (HZ) a 96

PRALIFIER:

DC GAIN (DD) * 5.990 DC PHAS (DEG) 0. OM90
POLE FREG (HZ) - 189.0 DAMP COEFF * 0.7979

FILTER:

STAGE I

DC GAIN (DD) " 7.912 DC PSE(DEG) - 0.9009
POLE FREQ (HZ) - 670.0

STAGE 2

DC GAIN (DB) * -0. 3960E-f1 DC PHASE (DEG) - 199.0
POLE FREG (HZ) - 34.29 DAMP COEFF ow199

STAGE 3

DC GAIN (DD) * -0.4120E-01 DC PHASE (DEG) *0.9999

POLE FREG (HZ) * 34.46 DAPIP COEFF * 0.7291

STAGE 4

DC GAIN (DD) * -0.1216E-d1 DC PHASE (DEG) * 199.90
POLE FREQ (HZ) * 1592.

STAGE 5

DC GAIN (DD) * 0. 565BE-01 DC PHASE (DEG) IW19.
POLE FREG (HZ) * 34.23 DAMP COEFF 0 .268B

..... .................................................................
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24-JAN-83

FILE: FLSTS5 CIAIEL: 6 FILTER CARD: 6

SENSOR:

DC SCALE FACTOR - 3.625 (VOLTS/PSI
DC PHiASE (DEGREES) - 180.0
POLE FREQ (HZ) - 200.

PREAFLIFIER:

DC GAIN (DB) * 6.042 DC PHASE (DEG) = 0.0000
POLE FREQ (HZ) * 100.0 DAMP COEFF 0 0.770

FILTER:

STAGE 1

DC GAIN (DB) * 7.984 DC PHASE (DEG) = 0.680
POLE FREQ (HZ) * 670.0

STAGE 2

DC GAIN (DB) -0.1287 DC PHASE (DEG) - 180.0
POLE FREQ (HZ) = 34.26 DAMP COEFF = 1.004

STAGE 3

DC GAIN (DB) * 0.9717E-01 DC PHASE (DEG) - 0.0080
POLE FQRE (HZ) * 34.19 DAMP COEFF - 0.7345

STAGE 4

DC GAIN (DB) = -0.1735E-01 DC PHASE (DEG) . 180.0
POLE FREQ (HZ) * 1591.

STAGE 5

DC GAIN (DB) 0 0.1541E-01 DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 34.26 DAMP COEFF - 0.2701

........ o. ... , . ..................... ..... ............
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24-JAN-83

FILE: FLSTS5 CHRNEL: 7 FILTER CARD: 7

SENSOR:

DC SCALE FACTOR - 3.551 (VOLTS/PSI
DC P E (DEGREES) - 180.0j POLE FREQ (HZ) - 208.

PREAMPLIFIER:

DC GAIN (DO) " 5.960 DC PHASE (DEG) - 0.0008
POLE FREQ (HZ) - 100.0 DAPW COETF 0.70M

FILTER:

STAGE I

DC GAIN (DO) - 7.994 DC PHASE (DEG) - 0.8M08
POLE FREQ (HZ) - 670.0

STAGE 2

DC GAIN (DO) - -0.2810E-01 DC PHASE (DEG) - 180.0
POLE FRE (HZ) - 34.23 DA'P COEFF - 1.006

STAGE 3

DC GAIN (DO) - 0.1875E-0 DC PASE (DEG) - 0.0000
POLE FREQ (HZ) - 34.28 DAMP COEFT - 0.7363

STAGE 4

DC GAIN (DO) - -0.681E--82 DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 1592.

STAGE 5

DC GAIN (DO) - 0.5378E-01 DC PHASE (DEG) - 188.0
POLE FREQ (HZ) - 34.14 DAtP COEFF - 0.26e1
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24-JA4-W3
FILE: FLSTS5 O41:iL: 8 FILTER CAD:

SENSOR:

DC SCILE FACTOR - 3.20e (VOLTS/PsI
DC PAE (DGES) - 190.0
POLE FREQ (HZ) - 2999.

I PRE3LIFIER:

DC GAI'" (DB) 6.094 DC PHASE (DEG) - 0.0000
POLE F1.'Q (HZ) - 100.0 DAP COEFF - 0.7870

FILTER:

STAGE 1

DC GAIN (DB) - 7.949 DC PHASE (DEG) - 0.0900
POLE FREQ (HZ) - 670.0

STAGE 2

DC GAIN (DB) - -0.3142E-01 DC PHASE (DEG) - 180.0
POLE FIEO (HZ) - 34.39 AP COEFF = 1.001

STAGE 3

DC GAIN (DB) - -0.1691E-01 DC PHASE (DEG) . 0.0000
POLE FREQ (HZ) - 34.43 DAP COEFF 0 0.7307

STAGE 4

DC GAIN (DB) - -0.112SE-01 DC PHASE (DEG) - 199.0
POLE FREQ (HZ) = 1592.

STAGE 5

DC GAIN (DB) - 0. 1737E-- DC PHASE (DEG) - 169.0
POLE FREQ (HZ) = 34.43 DAMP COEFF - 0.2661

........ .................................................................
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24-JN-.3

FILE: FLSTS5 CNE: 9 FILTER CARD: 9

SENSOR:

DC SCALE FACTOR - 2.917 (VOLTS'PSI
DC: (DE:GREES) - 180.0
POLE FREG (HZ) - 2909

PREMU.IFIER:

DC GAIN (DB) - 5.916 DC P1 E (DEG) - O.O99
POLE FREG (HZ) - 100.0 DRVP COEF - 0.7079

FILTER:

STAGE 1

DC GAIN (DD) " 7.923 DC PHRE (DEG) - 8.8M90
POLE FREQ (HZ) a 679.0

STAGE 2

DC GAIN DB) a -0.3290E-01 DC PIRE (DEG) - 180.0
POLE FREQ (HZ) - 34.34 DAMP COEFF 1.02

STAGE 3

DC GAIN (DB) a -0.7479E-2 DC PHASE (DEG) - 0. OO
POLE FREQ (HZ) - 34.31 D[P COEFF - 0.7333

STAGE 4

DC GAIN (DB) a 0.2601E-'02 DC M (DEG) - 180.0
POrE FREQ (HZ) - 1588.

STAGE 5

DC ,PIM (DB) --0.1381E-01 DC PHASE (DEG) - 190.0
POLE FREQ (HZ) = 34.39 DAMF COEFF * 0. 25

... . . . . . . .. . . . . . . . .. . . . . . .......e ~ o e . *e o e,* e e m s u l e l e o e l~ . ......... o
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24-JAN1-83

FILE: F1.STS5 CHANNEL: 10 FILTER CARD: 10

SENSOR:

DC SCALE FACTOR = 3.328 (VOLTS/PSI
DC P1~ (DEGEES) * 190.0
POLE FREQ (HZ) * 20M0.

PREFMLIFIER:
DC GAIN (DB * 6.042 DC PHASE (DEG) - .800
POLE FREQ (HZ) * 100.0 DAMP COOT * 0.7?on

FILTER:

STAGE 1

DC GAIN (DB) - 7.956 DC PHASE (DEG) - 0.800
POLE FREG (HZ) - 670.0

STAGE 2

DC GAIN (DB) * -0. 4789E-01 DC PHASE (DEG) - 180.8
POLE FREQ (HZ) a 34.37 DAMP COOT * 1.002

STAGE 3

DC GAIN (DB) - 0. 3177E-01 DC PHASE (DEG) - 0.000
POLE FREQ (HZ) - 34.26 DAM~P COOT * 0.7341

STAGE 4

DC GAIN (DB) * 0.13O1E-01 DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 1589.

STAGE 5

DC GAIN (DB) - 0. 856BE-01 DC PHASE (DEG) - 180.0
POLE FREG (HZ) - 34.16 DAM~P COEFF - 0.2696
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24-3JA-83
FILE: FLSTS5 0-VVEL: 11 FILTER CARD: 11

DC SCALE FACTOR - 3.295 (VOLTS/PI
DC P E (DEGEES) - 10.8
POLE FQRE (HZ) 28.

PRAPIFIER:

DC GAIN (DB) - 6.021 DC PAE (DEG) 0 8.8ON

POLE FREQ (HZ, - 100.0 DAMP COEFF - 8.780

FILTER:

STAGE 1

DC GAIN (DD) - 7.978 DC S (DEG) - 0.88O
POLE FREQ (HZ) - 678.8

STAGE 2

DC GAIN (DB) - -0.6119E-01 DC PHASE (DEG) a 188.0
POLE FEQ (HZ) a 34.42 DAMP COEFF - 1.00

STAGE 3

DC GAIN (DB) " -0.1127E-01 DC PHASE (DEG) - O.000
POLE FREQ (HZ) - 34.31 DAMP COEFF 0.7340

srAGE 4

DC GAIN DB) - -0.1650E-01 DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 1593.

STAGE 5

DC SAIi (DB) - -0.7756E-01 DC PHASE (DEG) - 189.0
POLE FREO (KZ) - 34.48 DAMP COETF" - .2678
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24-3t4-83

FILE: FLSTS5 CIHNEL: 12 FILTER CAD: 12

SENSOR:

DC SCALE FACTOR , 3.595 (VOLTS/PSI
DC P1 (DEGREES) * 180.0
POLE FRE (HZ) a 200.

PREAMPIFIER:

DC GAIN (DB) a 6.042 DC PHASE (DEG) - 0.009

POLE FREQ (HZ) - 100.0 DAMP COEFF 0 9.779

FILTER:

STAGE 1

DC GAIN (DB) " 7.990 DC PHAE (DEG) - 0.9998
POLE FREQ (HZ) - 670.0

STAGE 2

DC GAIN (DB) - 0.1116E-02 DC PHASE (DEG) - 180.0
POLE FREQ (HZ) - 34.38 DAMIP COEFF - 1.002

STAGE 3

DC GAIN (DB) 0 0.9406-02 DC PHASE (DEG) - 0.00W0
POLE FREQ (HZ) - 34.40 DAP COEFF - 0.7322

STAGE 4

DC GAIN (DB) a 0. -2 DC PHASE (DEG) - 180.0
POLE FRQ (HZ) = 1590.

STAGE 5

DC GAIN (DB) - -0.2719E-01 DC PHASE (DEG) - 180.0
POLE FQRE (HZ) - 34.37 DAMP COEFF - 0.2679

. .. ,.., ........ . . .. ... ...
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10.1 APPENDIX B: GLOSSARY OF TERMS

A Angstroms

AFGL Air Force Geophysics Laboratory

C Phase Velocity

C0  Speed of Sound in Air

db Decibel: ref to .0002 dynes per sq. cm.

DOF Degrees of freedom

f Frequency of G (f) maximumm pp

fN Nyquist frequency

GDAS Ceokinetic Data Acquisition System

C pp(f) Theoretical undeflected plume spectrum

k Wave number

KSC Kennedy Space Center

NASA National Aeronautics & Space Administration

OASPL Overall sound power level

p(p-p) Peak to peak pressure

p(re,t) Pressure at distance r at time t

p(r,, w) Fourier transform of p(rl, t)

PSI Pressure, pounds per sq. in.

ScF Scale factor

SD Space Division

S/N Signal to noise ratio

STS Space Transportation System
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VAFB Vandecberg Air Force Base

Vo (p-p) Peak to peak volts

i(k,uw) Ratio of magnitude of k weighted sum to scalar sum for p(re, w)

t(k,w) Absolute maximum of L(k w)

Os Source phase

T p Phase time delay

W2i of angular frequency (2 x f)
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