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This report prasents the results of an evaluation performed by the Mechanical
Engineering Branch (Code 731) on the payload bay internal acoustic data
measured on the STS-1 through STS-4 flights. The results are used as a basis
for developing the required baseline acoustic environment specification to be
used in establishing design and test criteria for STS payloads and are
documented as part of the NASA Dynamics Acoustic Thermal Environments (DATE)
program activity. )
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1.0 INTRODUCTION

During the first four launches (STS-1 through STS-4) of the Space Shuttle

(OV-102 vehicle), sound pressure levels were measured at various locations i
inside the payload bay. This report summarizes the analysis and evaluations :
of the data from these four Shuttle flights for the purpose of developing a

baseline acoustic environment criteria for Shuttle payloads.

The data used for the analysis and evaluation presented herein were provided
by the NASA "30 Day Reports" (references (a) - (c)) and by additional data
reduction performed by NASA/Goddard Space Flight Center (GSFC) on measurements
from the STS-4 flight (reference (d)). The general procedure followed in the
analysis of these data is as summarized under Sections 4 and 5 of this report.

In addition, the results of the acoustic data analysis and evaluation

correspond to a launch vehicle configuration and conditions defined as the
following:

0 0V-102 vehicle

0 Launch from the Kennedy Space Center (KSC)
0 No thrust augmentation

0 Full complement of thermal radiator panels
o Payload bay vents fully opened at all times

0 Payload bay with small payload (£ 9 feet in diameter)

2.0 INSTRUMENATION

2.1 Measurement Locations

During the four launches of the Shuttle Orbiter 0V-102, sound pressure levels
were measured inside the payload bay of the orbiter using various number of
microphones. Microphones were mounted on the orbiter structure, on the "
Development F1ight Instrumentation (DFI) package and on the pallet payload
(STS-2, 3, and 4). In all launches, the microphones designated VO8Y9405A and
VO8Y9403A were located as close to the orbiter center line as structure
permited, at the forward bulkhead and on the aft bulkhead, respectively. One
microphone, VO8Y9219A, was located on the port fuselage sidewall. Specific
information on microphone locations, measurement parameters and data output

for each launch are summarized in Appendix A.

T LB
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2.2 Data Output

In general, data from the microphones were scanned via oscilloscope and
oscillograms for overall quality and event identification. The output data
were grouped and presented in terms of overall and one-third octave band level
time histories, instantaneous level time histories, and one-third octave band
spectral plots of specific events of interest. The overall level and
one-third octave band level time histories of figures A.l and A.2,
respectively, which correspond to the internal location at the port fuselage
sidewall (microphone VO8Y9219A) display patterns common to all the microphone
data on all the flights. The patterns are characterized by peaks which are
associated with the following events:

o Space Shuttle Main Engine (SSME) rough burn at 20 percent thrust
0 Solid Rocket Booster (SRB) ignition

o Maximum exhaust deflection effects at 1ift-off

o Transonic noise

0 Maximum dynamic pressure

The upper and lower plots of figure A.1 are typical of overall levels
representing the bands of 12.5 to 10 KHz for analysis averaging times of 0.1
and 0.5 seconds, respectively. As expected, the averaging time differences
affect transient acoustic levels and not the sustained acoustic levels. The
plots shown in figure A.2 represent typical one-third octave band level time
histories using an averaging time of 0.5 second which was considered optimal
for all one-third octave band analysis. For the significant event times of
the flight profile defined in table A.l1, the maximum one-third octave band
levels are summarized in references (a) through (d) for STS-1 through STS-4
respectively.

The Appendix A of this report summarizes only the data used in the evaluation
study reported herein. The data corresponds to the 1ift-off and transonic

flight events which represented the two worst-case events on all flights.
Note that for transonic flight, the data are tabulated only for the one-third

octave bands of 250, 315 and 400 Hz to assess the effect of payload bay
¥ent;ng. The levels in all other frequency bands were less than the 1ift-off
evels.

3.0 DATA ASSESSMENT

The acoustic data presented in the "30 day reports" (references (a) through
(d)) were genzrally of acceptable quality in the frequency range of 25 Hz to
1000 Hz. Beyond this, some of the data displayed a poor signal-to-noise (S/N)
ratio. It was observed that the S/N ratio is smaller for microphones with an
upper frequency limit of 2000 Hz than for microphones with an 8000 Hz upper
limit. Consequently, it is believed that the poor S/N ratio at high
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frequencies is attributed to instrumentation effects. To enhance the quality

of the data prior to statistical computations, correction procedures contained ,

in Appendix B and Appendix C were applied to the data when appropriate.

4.0 STATISTICAL EVALUATION OF DATA

The development of an acoustic criteria for the payload bay requires a
statistical analysis of the flight data. This analysis involves certain
numerical manipulations where statistical techniques are involved. As has
been in the past, the flight data acquisition configuration from a statistical
evaluation point of view is far from being ideal. Statistical treatment of
the truly nonstationary acoustic flight data assumes the data to be a
piecewise stationary random process. By invoking this assumption over the
various time events (e.g., 1ift-off, transonic, etc.), numerical manipulations
of the statistical analysis is simplified while still yielding sufficiently
valid results. In addition, the varied concentration of measurement locations
in certain regions of the payload bay during each flight presents a spatial
biasing problem. To minimize these problems, the following procedure was
adopted to develop the payload bay acoustic environment criteria for the
0V-102 vehicle:

a. Divide the payload bay longitudinally into four zones of equal
length.

b. Compute the pressure energy-average and variance of the sound
pressure levals measured in each zone.

c. Estimate the space average and variance for the entire payload bay
from the pressure energy-average computed in the four zones.

d. Conduct steps a. through c. for each of the flights.

e. Estimate the mean and variance of the space average over the four
flights from the energy-average of the space average levels computed
for each flight.

f. Compute the K% probability levels for the flight space average based
on a Student "t" distribution.

4.1 Zone Definition

The division of the payload bay longitudinally into four zones of equal
lengths is shown in figure 1. Table 1 summarizes tre microphone locations in
the various zones of the payload bay for STS-1 thrrugh STS-4 flights.

bl R LT
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4.2 Zone Average and Variance of Average

For each STS flight, the mean pressure energy1 value in the ith zone
(i =1 (Zone A), 2 (Zone B), 3 (Zone £), 4 (Zone D)) is computed by,

= (1_/Ni) Z P1J : (1)

2 of the samplxng distribution on the sample mean in each zone

and the variance
is computed by,

2
os = a/N).-o’ (2)
where: 1 Oy
2 Nj
Oi = variance of pressure energy values in zone =(1/(Ni’1)) E ( Pij -
=1
Pij = pressure energy values in zone "i"
(J 1 2, e o o N )
L = SPL in dB
N: = pumber of pressure measurements in zone "i"

i
The problem of calculating 6722 when only one sample value exists in a zone is
treated by applying the following procedure:

a. The average variance of the other zones is used to estimate the
variance.

b. When this is not possible, the average variance of the other flights
for that zone is used to estimate the variance after at least two
zonal variances have been obtained.

4,3 Payload Bay Space Average and Variance of Sample Space Average

Based on the pressure energy-average computed in the four zones, the space
pressure energy-average for the entire payload bay for any one flight is

computed by: NZ %
. - N = 4
YSTS (1/NZ) Z__ P_ ( )
=1 1
2

1Pressure energies are normalized to P ref where P of = 20 p N/mz.
2"

ZVariances of mean square pressure ratio (psi /Pref)’

B, )

2

Crian
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The variance.of the sampling distribution on the sample space presssure energy-
average is: '

Ny
o¢ = (1/N_)e( I+ o) (5)
STS ' Z Z T
, i=1
where, !
cyzz = variance of the zone averages
N, .
= (1/(N,-1) z (B, - Ygpg ) (6)
i=1
N, = total number of zones (4)

The calculation of spact average variance using equation (5) presumes that the
variances of the sampliny distribution of zone averages are statistically
independent of the variances of the energy values within the zone. Equation
(5) hence, yields a conservative estimate for the space average variance.

4.4 Flight Space Average and Total Variance of Averagé

Based on the payload bay space average for each STS fliynt, the mean space
energy-average over the fo%g flights is computed by:
F

Ty = (1/NF)-§ Ysrs, (7)

k=1
where N = total number of flights (4).

The flight to flight variability is computed by:
Ny

2 - = 2
Oyt = (1/(Ng -1) * E ( YSTSk - fp) (8)
k=1

e = e

|
f
Eﬂr :
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The total variance (flight to flight plus space average) is therefore given by:

N

2 2 2
GF/SA = “‘/NF)' O-?STSk + O-Flt (9)

k—"-’l '
where,

2.
OYsts for each flight "k" is given by equation (5) and Urlt by
equation (8).

4.5 Probability Levels for Flight Space Average

Consider the mean value of Ne number of flights from the payload bay space
average energy YS , as given by equation (7). If V. gormally
distributed with Pmean value pr and ar unknown varlgzée 511 it follows that a
probability statement concerning future values of the mean fF may be made as
follows:

- N ‘
or _
. ) i -
Prob [:F"‘( F/SA tno( +pf.)_ (1 ) (11)
where tn,u is the x percentage point of the Student "t" variable with n = N 2
degrees of freedom (DOF). A (1-X) confidence interval for the variance E

based upon the sample variance Oyiyga from a sample of size NF is:
iy 2 2 2 : 2 12
[‘_ Ny g OF/sa SSE< (/W4 o) F/S] (12)

where n=N- -1

B

4¢)n «72 = /2 percentage of chi-square
variable with n = N.-1 degrees of freedom

For an assumed 50 percent confidence level,
2

= CT
se = TF/sA

giemstores I . B MR et hee - B e s e aa
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It follows that the "K" percent probability level (at the 50 percent
confidence level) for the flight-space average acoustic level fis:

K% Prob. Level (dB) = 10 log | f - 13
5 (a8) gl}f“ + WF,SA_J (13)
where,
K = (1- &) (14)
K= b
For Np = 4, n = 3 DOF; examples of parameter pairs "K' and "k" of interest are:
L3 k
84,13 1.2
97.73 3.4
99.87 10.0

5.0 ACOUSTIC CRITERIA DEVELOPMENT

In the development of a baseline payload bay acoustic environment criteria for
the 0V-102 vehicle, only the worst-case flight events need to be considered.
The worst-case flight events based on the "30 day reports" of references (a)
“nrough (c) are the 1ift-off and the transonic flight events. In fact,
acoustic levels at 1ift-off exceeded the levels at transonic flight in al}l
frequency bands except at bands between approximately 250 to 400 Hz. In
Appendix A, 1ift-off flight measurements and limited transonic flight
measurements at the 250, 315 and 400 Hz bands are presented.

The statistical analysis procedure described in Section 4 was applied to the
lift-off and transonic flight data with the results presented in tables 2
through 7 for the lift-off event and tables 8 through 17 for the transonic
flight event. O0f particular significance are the percent probability levels !
of table 7 and figure 2 for 1ift-off and table 17 for transonic flight. .

A comparative evaluation of the variance analysis results indicates that the
variance of the transonic flight acoustics at the critical band of 315 Hz is
approximately 30 times greater than the largest variance observed at lift-off.
This variance is attributed to the large dispersion in acoustic levels from
region to region and from flight to flight due to payload bay venting. For
this reason, the results of table 17 for transonic flight should not be used
in establishing a baseline acoustic criteria for the payload bay.

5.1 Alternate Procedure for Transonic Flight Data Analysis

An alternate procedure consists of determining the worst-case zone average
levels measured during the transonic flight event of each STS flight. At each
one-third octave band center frequency of 250, 315 and 400 Hz the average of
the worst-case zone levels during the four flights is then used in the
development of the baseline acoustic criteria. The results obtained with this
procedure are shown in table 18.
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5.2 Reccumended Acoustic Criteria

The NASA Goddard Space Flight Center philosophy in establishing acoustic
environment design and test criteria for payloads is to define the environment
at the 97.73 percent probability level. The acoustic criteria recommended
herein is therefore consistent with this philosophy and is subject to the
launch vehicle configuration and conditions defined under Section 1.0.

Figure 3 is a plot of the computed 97.73 percent flight space average levels
for the 1ift-off event and the worst-case zone average levels for STS-1, 2, 3
and 4 transonic flight event at 250, 315 and 400 Hz. Smoothing is exercised
in order to provide a spectrum that is reasonably independent of band to band
variability since the variability will be highly sensitive to physical details
of the payload complement within the payload bay. In figure 4, the smoothed
curve in the low frequency region (25 Hz < f < 125 Hz) is constrained to pass
through statistically derived data points at 50, 63 and 125 Hz and the average
of data points at 25 and 31.5 Hz. In the high frequency range, the curve is
smoothed through 115 dB at 2000 Hz.

In order to cover the acoustic environment during transonic flight, the curve
is also constrained ty pass through the mean of the worst-case zone average
levels observed at the 315 Hz band. This mean level is selected to minimize
overconservatism in the predicted effects of payload bay venting. Since the
215 Hz transonic level has been identified with fully opened condition of the
vents, it should be recognized that modified venting may result in deviation
from these levels. At the present time, the NASA has no plans to provide any
modification to the vents to alleviate its effect on the acoustic environment.
Based on the smoothed envelope of the 97.73 percent probability level
occurrence of the maximum levels during Vift-off and the mean of the
worst-case zone average levels during transonic flight, the recommended space
averaged payload bay acoustic criteria applicable for small payloads (i.e., <
9 feet in diameter) is as shown in figure 5 and in column 3 of table 19 in
terms of the one-third octave band levels. For comparison, the smoothed
envelope without the transonic level is shown in column 2.

The duration of the 1ift-off acoustic environment will not exceed 15 seconds.
Duration is defined as the total time over which acoustic levels are within 10
dB of the maximum. The duration of the transonic flight acoustic environment
will not exceed 30 seconds. In order to insure that payloads are designed and
tested to cover the acoustic environment during transonic flight, the
recommended duration for the composite acoustic environment criteria of figure
5 and table 19 is 30 seconds.

In figure 6, the GSFC levels are compared with the current proposed revision
to the JSC-ICD levels (reference (e)), the "old" JSC-ICD levels (reference
(f)), the current Aerospace Corporation levels for Department of Defense (DOD)
?aygoads (reference (h)), and the GSFC criteria of October 1980 (reference

1) ]
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5.3 Payload Effects

The effect of payloads remains a complex issue and highly configurats:»
dependent. Although payload effects should be evaluated on a case-by-case
basis via the application of the Payload Acoustic Environment for Shuttle
(PACES) program reference (g), the following generalizations can be applied.
Payloads that are less than 9 feet in diameter generally show insignificant
changes from empty payload bay levels. Payloads of size greater than 9 feet
in diameter can have the effect of increasing the levels by 2 to 4 dB over the
entire frequency band. In order to estabiish payload unique criteria, the
following payload information will be required:

a. Overall dimensions and geometry.
b. Planned location in the cargo bay.

c. Payload surface materials.

6.0 CONCLUSIONS

The payload bay acoustic measurements from the STS-1 through STS-4 flights of
the 0V-102 orbiter vehicle have been evaluated for the primary purpose of
developing a baseline acoustic environment criteria for STS payloads.

The evaluation was performed based on data from the two worst-case flight
events (i.e., 1ift-off and transonic flight) using acceptable statistical
methods concurred with by others (Bolt Beranek and Newman (BBN), Aerospace,
and Rockwell International (RI)). The results of the statistical analysis
has provided the required basis for producing baseline payload bay acoustic
levels to be used for establishing STS payload design and test criteria
consistent with the NASA/GSFC philosophy of a 97.73 percent probability level
of occurrence.

As the STS flights carried only payload volumes of less than 10 percent of the
total payload bay volume, the payload bay was essentially representative of an
empty bay condition, or a bay with a small payload. Hence, the levels ;
provided herein represent the current best prediction of the maximum expected ;
acoustic levels in the payload bay with a small payload (X 9 feet in diameter).

The effect of larger payloads remains a complex issue and highly configuration
dependent. The unique criteria for such payloads should continue to be '

evaluated on an individual basis via the PACES program.

Based on the results of this study, the following recommendations are made:

a. The smoothed envelope acoustic spectrum with transonic noise shown in
figure 4 and table 19 is recommended to be used as the general
acoustic environment for flight acceptance of small STS payloads
(less than 9 feet in diameter).

b. Adjustment of the empty payload bay acoustic environment tec account

for effects of large payloads (greater than 9 feet in diameter)
should continue to be treated on an individual basis.

-9-



C.

d.

fe

ORIGINAL PAGE IS
. OF POOR QUALITY

For design qualification and certification of payloads, 3 dB is .0 be
added to the flight acceptance levels.

The herein proposed flight acceptance and qualification levels can be
applied to STS payloads which will be launched at the KSC Test Range.

1f later data results in a change to the acoustic envirenment, due to
either changes in launch vehicle configuration or conditions. the
payload bay acoustic environmental levels should be updated
accordingly.

The current STS flight assignment working manifest indicate: a new
orbiter vehicle (0V-099) to be flown starting with STS-6 ttrough
STS-10. The impact on the payload bay acoustic environmen’. due to
structural changes in the 0V-099 vehicle mid-fuselage shouid be
evaluated.

- 10 ~
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Sta, No,

576 - Forward Bulkhead
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941

1124

— 1307 - Aft Bulkhead

Figure 1 -

Subdivision of Payload Bay

-12 -

FEESNn



ure Lsvel

)

ES

.. ORIGINAL PACE IS
.+ OF POOR QUALITY

Lm}'e Band Sound Pre

~ e -
P 2 wt
1 T W w
.

dB ( re 20 pN/m

OCTAVE SAND CENTER FREQUENCIES
160 6 315 &3 125 250 S00 1000 2000 4000 8000
; [] i ] ¥ ] 1] T ] » ] g T T T " T Y 3 0 K] T Aj ] 2 4 Y ¥ ~Y L |
r ~ Mean Flight - Space Average Level (OAL 133, 8 dB)
150 =t x——x—x 84.13% Probability Level (OAL 135.8 dB)
= e——e——+ 97,73% Probability Level (OAL 138.0 dB)
. A—A—A 99,87% Probability Level (OAL 141,4 dB)
-
140 = : - : +4-
- +* = = =+ -+ L -+
= i .f. = = ol T = =~ I = *
> - &= = — = | = - & -
aad —— -—l—-. - -T- —— —— L
130 | E + R . /fj‘ - = + + =+
- — e —tea ] L - —t s e ...
= s - A/. /‘5:“4/3:.‘\./;\: *\l\ T oz I T ]
- | g g ety o Smen R B 05 i Pl + -+ +. 1 13
I = I AT HELIR] =] | £ AN
IR IREAR S AYEAREA RN An =T U EANERRE
e * - e —t g TN —~t N e o 5 .
N = E I TR 2]
- T = il N O O B G e S0 13
EELIE IR E R TSR == NEIRE
t .
1 SR EARE: _xi. = = | | = SO | & 3
T T E T T = T (= T T2 =1 =1 T
S || = + = =1 |=1 1% + 3
I e e B ES B S R S I e T == = = I
=R = = I = i A =~ + 1| = T T + %
- = — - - - — —_— - -+
100 + = = o - s =+ & T -
- = x = = = - - + T .
=T + =+ -+ =+ + X + 1 | 3
s £ = | | = =+ = =+ = = =+ + 3
< N (D“O"\D‘E"O"O”M"O"O"LD’O"O"Q"I_Q‘O‘D'OTO“O'—O—O_O*’O“G—O—OWO (»]
O T ARNMTMTNDOOIONDOMaOoO0OMOOVO0O0O0ONOO QD
- [AS I A s VYoo (_‘j O O Ul n o0 Mmoo
- — N N g D W o

OME-THIRD OCTAVE BAND CENTER FREQUENCIES(Hz)

Figure 2 - Percent Probability Flight-Space Average Sound Pressure
Levels in Payload Bay Based on STS-1 Through STS-4 Data
Lift-Off: T-6 sec to T+12 sec

-13 -

10,000

x®




1/3 QOctave Band Sound Preisure'Level
dB ( re 20 puN/m“ )

160

150

140

130

120

110

100

90

ORIGINAL p
. A
OF POOR gy 2,5 rle

OCTAVE SAND CENTER FREQUENC!ES

6 3.5 G3 125 250 500 I000 2000 4000 8000

E O Actual 97, 73% Flight-Space Average Probability ’ “
oy Level (OAL 138 dB) - Lift-Off |
o A STS-1 Worst Case Zone Average of Max., Transonic
= Level (250 Hz:120, 0 dB, 315 Hz-130, 0 dB, 400 Hz:118, 0 dB)
E X STS-2 Worst Case Zone Average of Max, Transonic
— Level(250 Hz'124, 8 dB, 315 Hz:129,7 dB, 400 Hz:120.1 dB)
= O STS-3 Worst Case Zone Average of Max, Transonic
: Level 7250 Hz:122. 5 dB, 315 Hz-129.5 dB, 400 Hz'118, 0 dB)
- + STS-4 Worst Case Zone Average of Max, Transonic
it Level (250 Hz-124, 4 dB, 315 Hz-128,0 dB, 400 Hz:119.5 dB)
= L= ] F Tl =l =L | = + ':E x ]
= [T TETSESOZ LRI 1 E|LE] X ]
- =l (O T=]7=%1. i - - T+ 3
FEANEIREIRE: SEIREINEIREIRE
IREILEAREIRE- rAREINEIREIRE
- = - - == ==Y @ § == - 3
= + = = = z . T
= R IE =12 =T IE= L= 2] LS
S = = N = = I = 2 O = I = O = Yoo || |3
= o = b o =. pa = = pu pu .
= == = 1= o o =1 | F = T E
= [ E[=VIEIFENIEN[Z0LEE F 1 |3
o g — - e rm = L -+ e
o X - -~ = - X -
= | AN % = _— = + + ]
= T = = o b por o = T .
3 AR EARE AR ERRE: X =| | ¥ AR E
= T =1 | £ x * * T a T 3
: :: I —J: amye -{— -t —t L —}— -
= x = =+ = = = = = ¥
< -0l ©-O-0- 57O O M- 0-0-10-0-Q O V- O-0 V0" Q"0 T 09D T YV OV
R CEEREEEEEE TR AL S E FREE R LR

OME-THIRD OCTAVE BAND CENTER FREQUENCIES (Hz)

Figure 3« Actual 97, 73% Flight-Space Average Levels for Lift-Off
and Worst Case Zone Average Levels for STS-1,2.3 & 4
Transonic at 250, 315. & 400 Hz.

10,00

B




;ctave Band: Sound Preﬁsure Level
dB ( re 20 pN/m% )

L AR
AfG ~

» -

~

ORIGINAL PAGE I8
OF POOR QUALITY

OCTAVE 2AND CENTER FRzQUaNCIZS

160 16 315 63 125 250 S00 1000 2000 - 4000 8000
- %  Mean of STS Worst Case Zone Average Levels
o (250 Hz-122. 9 dB, 315 Hz:129.3 dB. 400 Hz-118.9 dB) i
S O O O Actual 97.73% Prob, Level (OAL 138, 0 dB) -Lift-Off ‘
150 |—= Smoothed Spectrum with Transonic (OAL 139.5 dB) o
. E —— - —— Smoothed Spectrum without Transonic (OAL 139 dB) i
A e ] e T T = T T | 1S
~ s o od g u. ] s * ¢ T u i ]
= | * o T £ o+ = o = + =
140 o s 1 _ i T ] 1 =+ 7
= |EELIE]Z = I = - I - I == = N
e = e — pron - - -t e -t -
[~ 3 0 ha p—
- = = = = = = pu e o = 3
wmol E | £ T =+ == = ol B + ]
- o - 2 . N o I I 3
E‘ pcnd x = l = ~§: NG = - x 3
L o, -—tee a— o - N L L aud ke -d
=~ -+ - el -1 NG v - .
120 |_F £ é(x =1 1= = 'Y \[‘ 3N I % =
|~ . - - 3= - Ry = I -
C . EG I E = = =T =€ : = X ]
SEO S = == =) O I = I O =
SO = I = R = O B B B = N I
110 o :— — when -1'- q: —oe ! - ~da Nﬂ,i -
HEINEENEINE R EI R E N EI R R EA NE
il = - o — <+ i - 1 . \jsw
— L o ad A— L ol M :-‘- -n- 'ﬂ- L .1". ':
= 2 (== ENIENIZEIZLIELLE ED
100 T pr o gy p -+ pu e pu pun
e - — e —— oden ode [ . [ > 3
- o + -4 wi= - -+ I -1 -+
—. |E = 5| | £ = T T -
: o b & ¥ x o 3 I T .
90 | F po. o > .% e o o :E o= I 3
O OO ="0 'O 10O O WO TOTO KOO0 -
§ g8 wegd8388d288a5238mraca088883883
- T Toao TCVVLODONVOWNN [ OO0 MO
- NN T W Yo

OME-THIRD OCTAVE BAND CENTER FREQUENCIES(Hz)

Figure 4 - Smoothed 97. 73% Probability With and Without Transonic Noise

-15 -

10,000



R T e e I T

o T

ol : 7/

e} j#ﬂqa Jjﬂﬂuduq -444~4—- J:-uduuﬁa jdﬂ«ﬂ]d qﬁ,—#aq-«-
Q

o \

o .

o

<

: HHH :“LTI_“ HHH HH :2?2«. HHHHHHHH
of \
| HHHHHEH A
M.\w of . \\
S 8 HHHE R
i | -
o /
o 9 R AR
28 2 Wb A
oE oz | 8
=
v - Q o  rlanlit :
£35S 8 = 3 A ]
H .
LR o f ﬁv. = _ :
MO o @ 9 =
mm Z oy 2 = HH e . .
= g o | " & EARRERREREL LERR RN A.Z-.I.I, *I.—-TITL,I._.in H
'S (1)} =
oo w ° A - .
I . W m IERRAREN ) N
B8 o 2 HHH{HHHH AHHA A HEH R
— ;
o © ;
s > & ’ .
) KRIESRR L. ]
= I i e T e reswer revaeen
© HHHHH A
S2SRARSSIRRERNIRRRIACRREATET) __:__:b‘_:-_::k.:_:: SERARAT)
) ) o o o 4o o o
s & £ =& § ¢ g8 8

( ms\za 0Z eX ) dp
18A8T 8INESaxd punog pusg 8AR300 £/

- 16 -

OME-THIRD OCTAVE BAND CENTER FREQUENCIES(Kz)
( STS PPayloads Less Than 9.0 Feet Diamecter )

Figure 5 -~ Recommended Baseline Acoustic Criteria for Small Payloads



)

1/3 Octave Band Sound Preisura Lavel
dB ( re 20 uN/m

160

150

140

130

120

110

100

'90_

IGINAL PAGE 18
. &R POOR QUALITY

OCTAVE SAND CENTER FREQUENCIZS

A JSC ICD "O1d" Acoustic Criteria (OAL 145 dB)

X——x—¥ JSC ICD Rev. 6/82 Criteria (OAL 139 dB)
e —e¢—s Aerospace DOD 7/82 Criteria (OAL 141 dB)
® GSFC Code 731 Recommended Criteria (OAL 139.5 dB)

16 315 . 63 125 250 500 1000 2000 43?0 80C

- - Y Y -:_- T _4'__ []
BEEEIRERERE R E R E R AR R
I3 GSFC Criteria 10/9/80 (OAL 145 dB) .

- - il et e o}
EIREINEIRE: E | ANE:
0 S — - . * —
= — = s E=TPE T .é". T ST oy —i . % F
i i :Ff‘ + == ‘ -+ - %t 0 2
- e * A OB -¢-0: —] == { I
HENE 2 i s R E AR R X
- - _%i/ = i — s it S ] _ﬁ_
= RO - - E
- » 3 - .
pu o ) s e Iy - N s >
- SN = = ' e T I i 4 T A
= + += = = == -k 9 |- * ..‘ép
» T * = = = oo Ny 4 o s
- O ? L] * Yot
= - 4= — e ' =t -G ]
- L e L -~ - -~
s EELEIIEIIE = 1= ey ]
- 7 O o - =i oA ; g
t - g -+ . o = z =0 I = -
- | = + | = x = = x ERRERRE
Sel ot B = o I ol B e + = =] |=| | = ]2
- | =® +1 | = £ -+ = T + £ Y 3
wll - i = < = s e o0 o - -
> —te =N —ta - —t -t - ~
= | E - =l == = 4 + + -
- -+ 3= o =11 = s T x + 2
. . " i : = - - 3
- F = Tl FE] | E ¥ 3 s + .
b “ [ T Sv— T L arunad L e —
o= ] O w'o o D O O0D.0000COC O OO0 00O
Py gggm“’ggwgogmoggoomoomoooﬂooooo
- — N W cntou)ggfgggmgg:ggo_
o

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES(Hz)

Figure 6 - Comparison of Payload Bay Acoustic Criteria

- 17 -

P I T T



"g-S1S pue 1-S1S U0 Juesaud
-1-S1S uo juasaad j0u Ing “f pue € ‘g-SIS UO UOLIRO0| JueS 3e pajieisut /I

O s

2-S1S uo A(uo pajlejsut 011

*1-S1S uo 3uasaad jou pue

20U 3nq § PUR Z-SIS UO uoL3ed0| Bwes je pajie3sul TEl ‘6I1-81 “9I
-peo|Aed paLjlsse|d goa uo pale3sul €21

£-SIS UO UOLFEIO0| JUBUB4HLP FB *f PUB Z-SLS UO UOLIBI0| wes e pajje3sul §I
-I-SIS UO UOLJEIO0| JUBJ4ILP 3@ ING § PUB € ‘Z-SLS UO UOLIRI0| 3ues 3e p3[[eIsul I

s3ybL|4 4n0j [P UO uoL3BOC| Bwes je paj[e3sut €I - TI «
m
]
w 111
w ‘61 ‘gl
L o1 c91 | a1 fsI
byl ‘€1 | “#1 ‘€l 111 - €I €1 L0€T - 2Tl a
|57
.nAu < 2¢1
3 €21 |“0z1 ‘611 |8II-9TI ‘vII1 ‘2il 1 v211 - 2t6 3
fx
=8
(<]
& 21 21 STI ‘€11 ‘21 21 176 - 652 q
od
11 11 11 1 85/ - 91§ v
i
2 - S1S 1 - SIS ("soi -e1s) UOL3EIL$1IUBP]

£l
i

- 18-

¥ - SIS € - SIS
auoz UL SUSL3EI0T JUBUWRUNSE3y

feg peojfAed ayg jo
§auCZ UL SuoLjedo] auoydosoly - T 3iqel



% A R R R T T T T I T T M T S e 5 e e G T SR I TR I e

ﬁmww.&\mmm& ol3el sanssaxd arenbs ueswr jO aduUEBlIBA
NE\Z1 0z "3I €p =

190
¥00°0 % '601 S0°0 %801 £0°0 £ 1 €0°0 0011 0052
£02°0 8 "801 50°0 0°601 20°0 P 20°0 911l 0002
10°0 3°L01 £0°0 ol 20°0 0°ell 20°0 L 60391
82°0 8901 96°1 £°601 2t 0°sll 21 011t 062t
62°0 L "801 212 0 801 021 051l 02°1 021 0001
81°0 L1 92°1 %601 2L°0 0°sll 2.0 031t 00H
¥E"0 b9l 86°0 L 99°0 0Ll 99°0 62l ~ 0€9
« 170 £ sl 85°¢ 0511 00°2 0811 00°2 9'cn 00¢
nm 99°0 6Ll 0.8 0°911 89"t 0611 89 ¥ 12 00
8& 992 9-o¢l 0£°22 0ot 05°21 0°032t 0§°21 L'81 gig
&3 ot g-221 00°0L 0°zat 0L°9¢€ 0°23t 0L°9¢ FAEA 0s2
S 077G €121 00°861 0°gzl 00°201 0121 00°201 g 221 002
Mm 09°9 €22l 00°9¢T1 012t 00" 14 L gal 00°12 €221 091
R A% g1at " 007982 0“1zl 00°St1 292l 00°St1 z'gal et
| & orst g1el 08°9Y 022l 02°0¢ g8 g2l 02°0¢ ge2l 001
T 08°Y A 09°€9 0121 00 t€ S AA 00°tE 3 vzl 08
06°8 1z 00°8¢ 0'slt 00°€t v02 00°¢h 1131 £9
(8201 i ¢." L8 081l 0284 .eed ot v 1'egl 0¢
: §2°1 180 92°t g°qll g.°2 [ANAR 9.°2 17221 0%
570 1601 92°1 0°ell 06°0 2 911 06°0 191 g 1g
£L°0 1 6£°8 01 85"y 1Pl 85" ¥ 1°911 cz
£0°0 R aFAL £5°0 0%l 62°0 188 71 0£°0 1BFAL 02
61°0 1'%l 62°0 07021 2°0 rsu 20 1°021 91
250 1'9u 2T°0 =0 260 1°601 oo AN ¢ el

2201 gp 2201 gp 2201 ap 2207 gp 3%

squelrzA | TIASHO ¢/1 |2oueldes [TTJSHO £/1 | 2durlIeA | IdSHO €/1 | soueraep|l1dSdO £/1 "ba1g “juad

d auoz O suozZ g suog ¥ auoyz g0 g/f7

JJO-UTT - souysne;g afexsay (rucy
s1sdleuy ejeq 1S4 1-SLS - g o1qBL .



( umun\m_mav one ganssazd sxenbs uesaw Jo aduelrep
¢ W/NT 02 "33 €p »

1v0
10°0 6*90T 01°0 0°801 81°0 2°601 01°0 0°801 0052

10°0 £°90T 60°0 £°801 81°0 £°60T 60°0 0°601 0002

20°0 1° 01 50°0 §°601 80°0 6°601 50°0 0°601 0091

p2°0 £°801 b€ 0° 111 20°0 1011 66°1 0° 111 0szl

b2°0 LETT RS 9°911 62°0 6 111 661 0°211 0001

6£°0 0°b11 80°1 9°G11 02°0 6°211 05°0 0°€ll 008

1£°0 1°911 80°1 9°911 60°0 €511 69°0 6°211 0£9

pp°0 911 00°6 6°811 140 AA 00°2 . 9-911 00§

8 050 €811 0p°01 2°021 10°0 6°L11 00t 1211 00%
B3 0y 5021 00°82 6° 121 £L°0 p 021 05°L L8611 olg
g3 oee 6121 00°89 9°€21 0£°01 8°221 06°92 pe121 0s2
oo OEE p 221 0002 6521 21 1221 01°18 €621 002
=S ovz 9°121 00°911 5 421 00°9 €2l 05" 1t €221 091
g8 oz 1-221 00°00€ €921 0g° €l b2l 05501 L€21 521
Eu o 2-221 0901 2°tel 0€°61 $'€21 0p 11 2°521 001
0£°2 £°021 00° 411 6°b21 08°0¢ £°€21 068t £°921 08

02°1 €811 00°96 8°€21 0£°82 £ g2l 08" It $°921 £9

0e°T 9711 00°891 0°t2r $0°0 6021 Qv 95 9°b21 05

€270 9-911 08", €511 0Lt 9811 oY 1°g21 ov

22°0 0°p11 ob'2 9 L11 £v°0 bSTT 20°1 9°811 R

£0°0 62l 840 9°G11 (£°0 6°911 1r°0 9-/11 52

20°0 0-011 00°1 911 $0°0 6211 §€°0 9-911 02

120 9-211 30°0 8* /11 90°0 1611 £1°0 1°021 9l

£6°0 b1 50°0 8" 111 10°0 €801 £1°0 1°911 s 2l

2201 ap 220! ap 220t ap 220 ap 2y

aduelteA | TISHO g/1 [9ouelaeA [1dSHO £/1 | 9oueiaes | 1dSHO g/1 | eouerreal1dsHO g/1 "baag ‘jua)

d suo?zZ D suozZ g suoz ¥ duoZ g0 g/l

JO-ur] - ‘sonsnels sdelsay 1euoz

s1s{{euy eyeq y311J z-SILS

- ¢ ?1qelL

- 20 =

1.k



( 3®Id/ 1sd) on3es sanssaad ayenbs ueaw JO aduelIEH
e 2 (/N 07 93 &P 4

1v0
100°0 801 100°0 0° /01 100°0 0°€ll 100°0 0°01I 006¢
1000 ¥°901 100°0 0°£01 100°0 0°€ll .| 100°0 0°60T pooze
00°0 0- /01 00°0 0°801 06°0 S°¢It | 00°0 07011 2091
50°0 L 01 £5°0 0°011 0e°0 0 STt 0e°0 021t aazl
01°0 £°011 £8°0 /AR ! Lv°0 0°S11 A MY 0ttt 0001
c¢ro ¢eil evl ¢hil 8L°0 S°911 8L°0 0¥t 008
85°0 0°ST1 (870 0°STt L0 0°611 el 6°€11 0Es
0L 8°GT1 e 0°L11 b 1 0°6T1 12: A0 ! 9°G1l 00¢
Sm 81°1 b 811 00°¢ L°811 60"t 0°02t1 60 Y 1°L11 00b
HVL 0S8°S £ 12t 0L°91 8°021 0T°T1 0°121 o1°1! L°611 Gle
mm M 009 0-ect 00°€L 9°€2t 0S5 6¢ §°2et 05°6¢€ v-121 06¢e W
oo 006 8 ecl 00°4ST 0°tet 00:€8 g eel 00°¢t8 £°9el 00¢ !
-4 g 0S5°CI L7221 00°4LST 0° ¥l 0298 ¢ el " 02°98 evel 091 ¢ -
MM 0¢°8 8°121 00° €L 67421 00°Tv1 ¢°8el 00" TI¥1 [ARTAL g2l ~ !
@& gose JAR YA 00°€8 6°¢tel 00°6S 8°6cl 00°6S 2"9¢1 001 '
m W~ 00°¢L 87021 00°€l g€l 02 ot 9°921 0201 ¢ L2l 08
70012 97021 00°C9 6°€el 0s 0b 6°621 0570t 1221 £9
88°1 S° /11 00°¢L ¢ 12l 1)/ 28 £°021 0¥ 17421 0¢ ;
8v-¢ S 911 £€L°0 1°811 09°1 AL]41 0s°1 %21 0% M
2£°1 38 281 e |98 294 eL0 L7ST1 Lo 0’611 G if |
St°¢ 8°811 00°91 1°021 €0°6 9°911 80°6 T°61% ¥4 N
¢0°0 ¢"011 EL°0 8°¢ll 80°0 9 111 80°0 9°021 0¢
11°0 9 11l £9°0 8°S11 2e0 9 111 ¢e0 1611 ‘ 91
8470 £°911 61°0 £°¢1l 6v'0 9 011 6%°0 1°6T1 A
2201 gp 220t ap 2201 gp 2201 ap 3
aduelaeA | TdSHO g/1 |9duelXeA [TIdSHO €/1 | @dueldeA | TdSHO £/1 | 20UeBlIBA|TASHO £/1 ‘beag "wad
(1 3uo? D ?duoZ g auoyz ¥ auogz 90 §/1
JJO-\IT - sgojysnye}s 98eI04y [BUCZ
sisfreuy ®ied W3 I¢-SLS - ¥ 219el



e b M U A ST VRS TR

( umua\mum.& o13ex sanssaxd axenbs ueaws Jo aduejiep
N .

NEEn 0Z ‘32 gp =«

ORIGINAL PAGE IS
OF POOR QUALITY

VO _,
#00°0 €00 0*TIL €070 AR 2R £0'0 0°0TI 0052
200°0 S0°0 0 21t 2070 1°51T 20°0 £°011 0002
100°0 £0°0 0°E1IT 10°0 G H1IT 10°0 8011 0091
€0°0 96°T 0°b1T 00°T S°SIT 00°1 1°211 052l
20°0 e S°SIT 0°1T 9°G(I 0°1 8211 0001
£0°0 92°1 G°GIT #9°0 6911 $9°0 €1l 008
rAN1) 86°G 9°ZIT 85°0 E°61T G50 '€l 0£9
0T°0 85°€ JagAA $8°T . 6°02T #8°1 £°S1T 006
0£°0 0,8 £°611 0S°% 9021 0s°t £°G11 00%
60°1 0£°22 6°511 0L 1T 2° 121 0L'11 £°811 sle
08°1 00°0¢ L7021 00°9¢ YAk TAt 00°9¢ 9°021 052
00"t 00°85T | 2°¥21 007101 421 00°10T 0°p2l 002
08°1 00°9c1 | 8-g2l 00769 YA YA 00°69 0°€21 091 '
221 00°982 | 9°g2l 00°4h1 9°£21 00° b1 IR TA! g2l &
06°1 08°9% 2 121 0" 42 rARAAL 0t "2 8°€21 0ot '
01°% 09°£9 0°€21 08°€€ AL T4 08°¢¢ 6921 0g
0b*h 00°8L G221 00°1¥ G e21 00° 1Y L 21 £9
#0° 1T 05°.8 L7021 0€" b §°'121 113827 0°¥21 0S
§5°0 92°% L°811 0Y°2 2611 ob°2 9°€21 0%
110 92°1 $°81T 89°0 9°911 89°0 L7811 g'1g
01°0 6€°8 27ell v2 Y §°GTI TAR 6°G11 G2
%0°0 (5°0 17911 0€°0 1°211 0£°0 6°G11 02
810 . 62°0 9 LIl ¥2°0 1°911 v2°0 1°021 91
p°0 210 £ 11T 82°0 S 801 82°0 6°911 g 2t .
220t 220" €p 22°" gp 22! gp ;!
souelyep | 1JSHO ¢/1 [9ouelIeA [TIJSHO £/1 | @dueixea | TISHO g/1 | 9duelrea|1dSdO £/1 ‘baag "awa)
q sucz O suoZ g suoz ¥ auoz g0 g/1 ‘

73011 - sol3s1iels adexaAy 1euoz
sis1euy eied UINI SIS - § 2198l :



fuu.&\wum& o}jet aanssaad sgenbs

UeB3W JO IDUR]IEA

NE\Za 02 ‘221 dp »

TAT 1A 9°f€1 0° el 8°2¢1 1v0

$2°0 £ 111 v1°0 8°601 01°0. 0°801 50°0 6°601 0062

22°0 § 111 £1°0 L°601 ot °801 900 v°011 0002

{2'0 12t 91°0 ve o1t 90°0.. 0°601 .01°0 |8d 44 0091

FA A I°€ll 29°0 .02l W 2°011 8p°1 9° 111 05zl

15°1 0° 1T 59°0 rALAA 68T 0°p11 51 8' 111 0001

82°1 L Lt (A ¢ S HI1 59°0 0°t1T 86°0 0°gll 008

592 8911 2€°2 291t 28°0 - t°ST1 riA 1°S11 0¢s

#€°9 6°L11 €r°2 101 90°2 Y AVAN 19°2 0°911 00S

0Lt S 81T - 60°S L8l ob°s § 811 6€°S 9°L11 00%

sm 0s €1 6°611 06°11 L°02Y o111 L°021 0Z°€l 6°611 sie

wS ooy 0°221 0E €Y §°221 0€" L2 5221 05 °S€ L 12t 4

G 00801 8 €21 06°S§ Leen ot-ott A 7A 00°S0T 0°221 002

Qo 00' 4L B2zt 08°58 8 €2l 05°2h zteer 00°9¢L bzet 091

3 007251 £ g2l 00°182 17521 05°9€T 38 741 00°161 v €2l g2l

M;m 01°0¢ g 221 00°18 0°s21 0v €2 6°€21 01°9¢ L221 001

m\r 0866 AR 721 02°€01 AL TA 06°%01" A 7AS 00°6S 8 221 08

OC 007191 £ vl 05°STT 0°521 08°90T 6°€21 00°€Ll § 221 €9

. 0E°€9 b 121 00°p11 1°€21 0v°s8 9-221 0v'19 b6l 0s

oY 12 2 021 09°+2 9°021 0b-91 1°021 08't1 0°811 0%

8h°2 1°L11 222 7°911 222 8911 £5°1 A §°te

95" ¥ protl 8h 01 8811 80°1 1°911 26"t AR 62

¥6°0 2°p1t 8c°9 0°911 ST°1 AR A4 (8°0 L1t 02

th € AAR 28°2 L°§11 €0t 0°LT1 'A88" €8t 9t

TR A 66°2 8°S11 190 AR 21 S H1T A

i) ap 2201 ap 20T ap 220t p 2y
eduelleA | TdSHO €£/1 |3dueldep [IdSHO ¢/1 | @ouejaea | TISEO €/1 | aduelxeA|TdSHO £/1 "baag *jus>

¥-SLS £-SLS ¢-SLS 1-SLS g0 ¢/1

JJO-UIT - sonsneys aderaay lenedg Leg preoileg
sis{euy eieq y3|ld SIS - 9 a1qel

-23 -

i
i
i

]
|
i
|



ORIGINAL PAGE 18

ANumua\numa,v O13el ainssaxd syenbs ueaw jo asueraep

JUINT 02 "a1 gp o

b Il 0°8¢E1 8°GET 8°€€1l 1v0
5 L11 188241 6111 22°0 6°601 00s2
G LIT AR 0°211 12°0 2011 0002
1°811 Lp1l 9°211 £2°0 8°011 0091
€121 AN T4 ot°1 8 111 0s21
L 121 1-811 L°sT1 09°1 £Ell 0001
£ 121 0°611 6°G11 02°'1 18241 008
8221 9°611 9°L11 0€°2 6°G11 0€9
1421 6°021 8°811 0Z°t rAVAN 006
1°621 612l 6°611 0t°9g | €811 Qob
B8 921 Leet 8°121 00°#1 €021 Sie
m 1'621 8621 8°£21 00°1¢ 2 221 062
£°1€1 8° 121 9°621 00°021 G°£21 00z |
3 by 0€1 0°£21 6°v21 00°8¢ 1°€2t 0s1
v-2el 8°821 v°921 00°0¢2 188741 ARG
m 9°0¢€1 v°L21 £°621 00°.8 9°¢21 oor ‘'
- ARG | 1°821 0°921 00°0€1 A 7Al 08
o 0°2€1 821 1°921 00°041 0°421 £9
L°0E1 021 A8 TA 00°01F 8'121 0S
JANTA 2 et 6°121 00°t2 8°611 0%
5°€21 2-02t 1°811 02°¢ €911 S°1e
9°621 8-121 1611 00°01 €911 sz
6221 v 611 1°411 0L°2 0°ST1 02
521 1°121 0°611 02°S 2L 91
L2 6°811 9°911 00°2 9°b11 A
gp ap gp NmS gp zH
1dSE0 ¢/1 - 1d4S€0 ¢/1 "1dS€0 £/1 . 9oUelaeA | dSHO ¢/1 "baag tyua)
12497 "Q03d %L8°66 | 134371 "qoad %EL°L6 | 13497 °*q0xd %El°¥8 adezaay lenjedg g0 ¢/1

JJO-UIT - sonsiielg adetaay eryeds-udig,
s1sdleuy eyed g Z01-AO

M3ng

- L 3qel,

-uedp



“S|9A3| $30-33LL > Spueq bauy 3say3 ul s|3A37

nqﬁhm.«@u%m.mm% ¢ siiea Sins {6 ad-3x8nbs Ueaw Jo aduelIEA

110-~31id ~ 22iteilsidzonsas mP» faq2-3dgld™ NE\Zl 07 ‘a1 €GP *
- 3d4gilT - assM 10
favpJ .do19 oim .ee Ispad .do1d FET.TE Isks 1 .doa9d FFI.28 wmawfy Isiigaqe M g0 e\l ;
Jg9280 £\f . J92d0 e\l 19280 e\f soksiteviaga2gq s\I 00827Td .insT
b gb &b $or gb 0602 sH
581 0811 3.811 oofs |* a.hllI 062l 2.8!
2.MSI I.ISI 6.eir os}a S.uUr 000t 3!
0.SSI p.ell I.5II ov|s 0.21 008  0S
0.38I | 8.ISI I1eI1 oolor g.a1lr 0gg &S
. 2.e81 .“ $.08I [.81I os|e £.a1I 00g @.I¢
TSI | S.ASE 4 0 00{#s el ooy 0%
£0°2 &.0E | 00°9L 0 Xyl 00°p& p w % m»% Il wwm i i qle 0@
08°1¢ 9.€Er | 00°0osvT)  pGel | O00°POEL | 00 0%i mmﬁ 3t osg  &d
01:02 ¢:ger | 00°pos 1.3%4IT | 00°pTY 0 Bdel | 00 :aioz P8 ack 00z 08
. 3.0€l B.NSI £.28! 00 {18 3.e8f 091 09
mm, w.mm 8.8S!I ».081 00.J0sS L.y sal e8! e
B .0EI 0.5SI e.5S] 00.8% I.ES. 001 08I& “
o £.I€1 8.\8I 3.asI 00.psI 2.£8] 0g 002
5 r.est 8.asI 8.€51 00.lre 3.58) g9 O&S
- & 8.3SI T.€8I 8.18I 00.pi £.081 oc &t
mm e8I e. ISt e.ell 0b.p + £.811 oy 00k
S 1*S1 0.8t 8.8t 0s.p S.%1J ¢'1g OCE
T 8.8SI 3.0l 3.%UI 0e.§ 0.21] gz G7E
£.181 0.e!l g.cairI 0S.§} [.:1] : 02 (Gt
T.ISI £.8(1 .31 N .81, u 9l 4
£. 181 Y, AL G SN 5 I g 2l
1.801 TAIL e _
0T c..,.»w 0T ww.w.fw 5701 HWW 2 gp - N 2: 3
mowmfm\w Anm%mum»m: 9JURIIEA ,A&Mmm.m;m: SOUEIIBA TdSEO €/1 oocwmm.um.?dnmm,mO en beId "wed
3 2u0 N Y suozZ , d0 m\.—.
d 3UOZ 3 rpf O 3U9% g¢r 8O0 o IR

3tuosued] uwﬁuwﬂmﬂmouwdqu%wdoﬂa - | |
mdmﬁmw;w eyeq Wwad 1-SLS - g 2198l .A ‘:hm on .
( mwan/opmﬁ .oli81 stuz2eIq 8usUpe asom Yo sonn i’



R g

“S|aASL 4i0-33L] > spueq -hauay 3sayy ul s{3A3

( .«oua\mum& o13ed sanssaad axenbs vzoW JO 30UEBlIEA
(4

LB/NH 02 "33 &P+

0¢°s
00°68
00° LS

2
t
<
o
> |
<

3
g

=
G
[ 3
o8

1°811
9°6ll
6°LIT

00°0ST

00°0006¢
00°009T

1°0¢1
L°6et
8 ¥l

05°9
00°00%¢
00°otr

9° 11
b 9ct
€' 12T

00°tS
0000501
00°'065

T°ETl
AR 144
v 8Il

1v0

0062
000¢
0081
oszl
0001
008
0cg
00¢
00%
Gle
062
002
091
gel
001
08
€9
0¢
(134
S'1e
G¢
0¢
gl
g'el

2Vt

aouelIBA

@ auo7z

ap .
"1dSHO ¢g/1

gp

aouelIEA

1dSH0 €/1

D auozZ

Nmo.n

aduBlIEBA

g auoyz

gp
1dS€O €/1

NNS

gp

3aduUBIIEBA

1dSHO ¢/1

¥ auoz

JLuosued] - sousnels aderaay 1euoz

s1s1euy ejeq 14y31d z-SLS

- 6 91qel,

ZH
*baag "jua)d
g0 g/1

- 26 -

‘.

TR «



S|9A3( $40=35L| > spueq -bauj asay3 UL S}3ADT

(_32Id/ _1sd) onex aunssaad axenbs uesur jo aouelIey
s ¢ LU/Nd 0z a1 @b «

ORIGINAL PAGE 18
OF POOR QUALITY

g8 21t
6°€Tl
E£°EIl

9°s1t
9°8IT
AN 448

¢8°1
09°2Y

0°81T
5°'62T
§°22T

9°€elt
292t
6811

TvO

0062
000¢
0091
0¢czl
0001
008
0€9
00S
00%
¢le
0se
00¢
091
sel
001
08
£9
0s
oy

G 1e
14
02
g1

¢ 2t

Nmoﬁ
3ouBlIBA

gp

"IdSHO g/1

¢ |auoz

Nmo_”

gp

aduelaep

"1dSd0 ¢g/1

D ?uoy

Nmoﬁ
aduelIRA

qgp

1dS90 ¢/1

g aucy

Nmoﬂ
aduelIBA

gp

1dS490 ¢/1

¥ auoy

otuosuet} = sO13S13e3S 98ersay [rUOCy

sisd1euy ®e1ed 1481 J¢-SLS

- 01 31geL

ZH
*baay ‘jua)y
80 ¢/1

-27 -



ot s s e

S|3A3| $30-334L| > spueq -bauy 3say3l ul S|3A37

.
(4

umpn\wmm& o13eJ aanssaad axenbs ueauw jo adUBIIBA

NE\Z; 0g 22 dp *

ORIGINAL PAGE IS
OF POOR QUALITY

B

A
6°€TT
1°¢l1

“noa

00°9L
00°00S¥1
00°008

S°611
0°¢et
128 T4

00°8€E
00°00¢¢
00°00%

8'8l1l
0°82t
8'1el

00°8E
00°00¢¢L
0000%

9° 111
012t
L811

0052
0002
0091
0sal
0001
008
0£9
00S
00%
(>
052
002
091
szl
0ot
08
£9
0S
0¥
S°1g
52
0z
91
A

NNOﬁ
aouelsep

ap
1d4S40 g/1

d auo?z

Nmod
aouelIep

gap

1dSHO0 £/1

D 3uoyz

aouelaep

gp
1d8490 ¢/1

g auoy

220t
aduelaep

gp

1dS€O ¢/1

Yy auoygz

Jluosued] s so13513€3Q 9901084 Y TRUCTYZ

sisdteuy ejed 1ydid #SLS-

- 11 @19eL

ZH
*baag "jua)
g0 ¢/1

i mAEAS - L.

SIS



An.umua\m_mn: Oljes aanssaad agenbs ueaws Jo aduelaep
ZB/NT 02 "2 gp &

f VO

0062
0002
0091
0521
T, 0001
A 008
el 0€9
< 00¢
A4 , 6°€217 £°021 000t 8 t1T 00%
9°6€T 2°GET G TET 00°00LL LATAS ) gle

AR XA 8°82T 8°v2T 0001t 6°LIT 062

‘ 002
091
g2l
001
08
£9
06
(1}2
. c'1e
62
02
91
A

'ORIGINAL PAGE IS
OF POOR QUALITY

. gp gp ‘ap 5701 ap o
13437 "Q0Jd %1866 | 194971 'q03d 9%gL L6 19A97T 'qoad 9%g1°98 adegaay 1eljedg g0 £ /1

Jtuosued] - sdNsIeIS adedaay leneds Leg neoiled
s1sf1euy ejeq yudig SIS - 21 219e],

S

- 29 -



S e TR

ANmmua\NMm& O13eJ 3anssauad azenbs ueaw jo sdueldep

NE\zn 02 "2 gp =

17641
g ovt
¢ PEl

ORIGINAL PAGE IS
OF POOR QUALITY

61l
0°9¢1
0°0tl

9-121
¢eel
b-9el

00° LS
0000011
00029

AN
€921
G 121

1v0

00s2
0002
0091
ogel
0001
008
0€9
00¢
00¥%
cle
0¢e
002
091
gel
001
08
€9
0¢
0%
S'le
g2
02
91
SANA

gap
1dS€0 ¢/1
124271 "qoad %L8°66

ap
1d8d0 ¢/1
12497 "Q0ad %gL L6

ap
1dSH0 g/1
1949 "q0d %g1°$8

NNS
aouelIep

afexaay 1erjedg

JLuosuRAl - SO1IS1IRIS afersay lenedg Leg peolded

s1sd1euy eyeq y31d 2-S1S

gp

"1dSd0 ¢/1

= €1 °1qeL

ZH

‘baag ‘jus)

40 ¢/1

- 30 -



4

ST S A eSS

( .«aua\mmm&. Oljed sanssaxd aJenbs ueaur jo adsueizep

e AT TR T 20

NE;E 02 '2a gp x

reet
L Eet
9°92T

v

OF POOR QUALITY

ORIGINAL PAGE 19 -

S°61IT
T°0tT
reet

LANAY
9°421
8°0eT

08°2
00°0tY
00°¢T

§°STI
¢ et
881l

1v0

0052
0002
00631
062l
ooot
008
0€g
00S
00¥
sie
052
002
091
A
oot
08
£9
0S
(1}
S'1¢
s2
02
91
A

gp
1dSsd0 ¢/1

1937 "qCad %L3°66 | 1942

ap
1dS€0 ¢/1
T "903d %EL L6

ap
1dS90 ¢£/1

18437 "QOJd %gl $8

Nmo L
3douElICA

Jtuosued] - SO1IS1IelS aderaay 1eneds Leg peoileg
sisA1euy eieq uydid ¢-SLS

gp

1dSE0 ¢/1

aderaay 1eljedg

- %1 °1qel,

ZH
*baag -juap
g0 ¢/1

- 3] -



e e e A R TS [ 2

Amumua\,mdmav C1iBl 2anssaad asenbs uesw jo aduelgep
NE\Zn 02 "3 €p »

190

00s2
000¢
0091
0sel
0001
008
0€9
00¢
AR TA g el 0°1¢l 00 "2v 8911 00%
treel 0-SET 0°1eT 00 ‘00€L 6-eel cle
ARAN 27621 8°6¢1 00°0¢eY ¢'12t 0Ge
00¢
081
gzl
00t
08
£9
0¢
0%
c'le
S¢
02
81
A

ORIGINAL PAGE IS
OF POOR QUALITY
- 32 -

mm m@ ap 220t gap . zy
1dSdO0 ¢/1 ‘ 1dSHO g/1 1dSHO g/1 33UBlIeAlTdSHO g/1 ‘baxg “yua)
194277 "Q0Jd %1866 | 194977 "q0Id %EL'LE | 19427 QO gl g adelraay (enjedg g0 ¢/1

dtuosued] - so13S13EIg 3aderoay 1e13edg Leg peciieg
. s1sATeuy ejed 31d $-SLS - gl 219el



S|aA3| 330-33LL

‘2

uwua\m

> spueq ‘bauaj ©S3Y3 UL S3AIT

1sd) onyes aanssaxd axenbs uzaw JO 3JUEBlLIEA
NE:,E 02 "31 9P =

2 wrpenese

sn ¥ mnem

G 511
TS
881l

0°Ls
0°00011
0°0¢9

e LTT
£°9¢1
§ el

0'0%
0°00LL
0-oty

g vil
AT S
6°L11

Tv0

0062
000¢
0091
ocel
0001
098
0€9
00¢
00¥%
cle
0¢ce
002
091
gal
001
08
€9
0¢
ov
g'le
g¢
02
91
A

gp

NNOﬂ

gp

NNo T

gp

NNoH

gap

ZH

- 33 -

148490 ¢€/1

aouelrep I4SHO €/1
-SLS

£-SLS

aouelIep | IdSHO ¢/1

acuelIBA|TdSHO £/1
2-SLS

‘baag jus)
1-SLS

g0 ¢/1

sLuosueL] - SO1IS1yelS 23vIaay lenreds Leg peclfed

sis{teuy eied 343114 SIS - 91 21qelL

S

3



B i i Y

*

-

S|3A3| }30-33LL > Spueq -baaj 3say3 ul Si3A37]
( .«wua\uummv c1jel aaussaxd szenbs ueaw JO aduelIBy
-

B g Sy R T o TR Gt oo s Shar gt v

NE\Zn 02 "93 €P =

ORIGINAL PAGE IS

1°821
£°6¢El
T eet

OF POOR QUALITY

IRYAL
6 Pl
6°82T

9-0¢1
AR
g6el

00°LE
00°0049
00°08¢

¢9tl
T A
roct

170

00¢ce
000¢
0081
0cal
000t
008
0Es
00¢
00¢%
gle
0se
00e
09t
gel
001
08
£9
0¢c
0%
sie
ce
0¢
91
AL

-34.

gp
14540 £/1

13497 "q0xd %L8 66

gp
“1dSHO €/1

19837 "qoJdd %EL L6

ge
1dSHO £/1

12497 "q0Jd %E1°¥8

stuosued] - sd13s13€3S 9FeIaay 1eliedS-1udg
sisf1euy eied 1ydndg z201-A0

NNOﬁ

ap

J0UBlIEA

wang

- L1 219&L

"1dSHO g/1

adeaany 1eiljedsg

-uea|

ZH
‘baag "jus)
g0 ¢/1

I




¥
i
¥

e i i e e o 1 e S e e

RIS

ZW/NT 0z ‘34 gp «

2]
oE
MA
a3
(+
28
Q&
gy | .
£ : [Ip]
¥ 0
uw [ 1
6°811 2 G611 8 0°811 2 1°621 ;| 0811 00t
£°621 | 0°821 9 G621 3 LRl g 0°0EI SIE
6°221 v 421 g G221 2 8 v21 | 0°021 052
T o8 gp gp ap gp 2y
4S80 €/1 3uo0Z | 4S80 £/1 | 3uoz 4S80 £/1 8uoz | 14s40 €/1 auoz 1dS80 £/1 bauy -3jua)
sbpueay #-s1s £-S1S 2-S1S 1-S1S 90 €/1

S19AR7 JLUOSURJ| WNWLXRY JO S|SA37 362UBAY BUOZ 3SR)-3SJOM

stsAjeuy e3eq Y6LL4 20T-AO

= 81 31qey,




s

ORIGINAL PAGE 1y

Table 19 - OF POOR QUALITY

Recommended Payload Acoustic Flight Levels
(based on empty STS Cargo Bay)

Sound Pressure Le£F1
(dB re. 20 pN/m<)

ienter Frequency (Hz) Without Transonic Level With Transonic Level
1/3 Octave 1/3 Octave : 1/3 Octave
25 119 119
32 122 122
40 125 125
50 127.5 127.5
63 128.5 128.5
80 129 129
100 129 129
1256 129 129
160 128.5 129
200 127.5 129
250 127 129
315 126 129
400 125 127 .5
500 124 125.%
630 123 124
800 121.5 122
1000 120 120
1250 118.5 118.5
1600 116.5 116.5
2000 115 115
2500 113 113
3150 111.5 111.5
4000 109.5 109.5
5000 108 108
6300 106 106
8000 104.5 104.5
10000 103 103
OVERALL 139 139.5 3
> i

MIN. DURATION 15 seconds ; 30 seconds

i e sl E O - ¥ - JIP PR e



APPENDIX A

PAYLOAD BAY INTERNAL SOUND PRESSURES
MEASUREMENTS FROM STS-1 THROUGH STS-4
LIFT-OFF AND TRANSONIC FLIGHT
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APPENDIX A.1

STS-1 FLIGHT DATA
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Summary of Microphone Locations For STS-1

General BBN NASA Station Number Frequency
Location Code Code X Y Z Range*
Bay Il VO8Y9UO05A 576 +4 423 A
Structure I2 V08Y9219A 863 -100 381 A
I3 Vo8Y9U0o3A |1306 +12 k00 A
DFI I4 V08Y9220A | 1049 0 4217 A
Payload

#A-20 Hz to 8kHz; B-5 Hz to 2kHz
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APPENDIX A.2

STS-2 FLIGHT DATA
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gure A,2,2 - Microphone Locations on DFI Payload for STS-2
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Figuf'é A.2.3 - Microphone Locations on OSTA-1 Payload for STS=-2
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Table A,2.1 - Summary of Microphone Locations Por STS-2

General BBN NASA Station Number Frequency
Location Code Code X Y Z Range*
Bay Il VO8Y9UO05A 576 +4 423 A
Structure 12 V08Y9219A 863 | -100 381 A
I3 VOBY94O03A [1306 +12 400 A
DFI I4 VO8YY220A |1159 0 4217 A
Payload I5 VO8Y9279A 11192 +15 384 B
16 VO8Y9277A |1219 | -68 432 B
17 vVo8Y9281A |1219 -68 384 A
18 V08Y9278A | 1194 -4y 328 B
I9 VOB8Y9276A |1139 +20 384 B
I10 V0o8Y9280A |1139 +68 432 A
I11 V08Y9275A [1139 -68 432 B
OSTA I12 V08Y9253A 978 -29 410 B
Payload I13 V08Y9252A 864 -29 410 B
I14 VO8Y9254A 951 -45 394 B
115 Vo8Y9257A 832 +29 §27 A
116 vo8Y9258a | 1001 +29 427 A
I17 V08Y9256A 951 -85 398 B
I18 V08Y9255A 951 0 326 B

¥A~-20 Hz to 8kHz; B-5 Hz to 2kHz
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Table A.3.1 - Summary of Microphone Locations for STS-3

General BBN NASA Station Number Frequency
Location Code Code X Y Z Range®*
Bay I1 VO8Y9405A 576 +4 423 A
Structure I2 V0O8Y9219A 863 {~=100 381 A
I3 VO8Y9403A |1306 +12 400 A
DFI Iy VO8Y9220A 1159 0 427 A
Payload 15 VO8Y9275A 1139 -68 432 B
17 vo8Y9281a 11219 | -68 384 A
0SS-1 Il9 VOBY9232A 1060 -35 419 B
Payload I20 | VO8Y9234A 976 11 409 A
122 VO8Y9231A {1032 -10 471 B

¥ A - 20 Hz to 8 kHz; B - 5 Hz to 2 kHz

.3-4

remmmaeImy T mes e

A L T L



ORIGINAL PAGE 13

OF POOR QUALITY

L

e S e T T T
arerxdoadde uaym 309JJ9 UDIIOSYAT [/ ISIOU UOCIJIBRIUIWINIISUL JOJ Pa3daII0] i A
gW/NT 02 32 €@p
1v0
0°L01 0°901 0°501 07501 0°€ll 0011 00se
0°L01 0° {01 07901 0901 0°¢ll 0°601 000¢
080T 0°£01 0°L0T |0°L01 |G'€Ell 0011 0091
0°qlt 0°011 07011 001 0°211 0°801 0°801 0911 0ell 06el
0°91% 0°TIT 0° 111 0°011 0°tll 0°801 0°801 0°G1I 0°€1l 0001
0°L11 0° 111 0211 0°¢tl 0°t1l 0°0T1 L7011 G911 0 b1l 008
0°L11 0°t1l 0°Ell a°q1l 0°911 0°011 v 911 0°611 61l 0E9
0°611 0°911 0°S1t 0°sTl 0°8ll 0°d1t £°91l 0°611 9°G11 00§
0 1et 0°911 LTI 0" L11 0°02t 0°811 6°L11 0°0¢1 1°L11 o0ov .
0°€el 0°811 0°0¢21 07021 0°edl 0°021 9°121 0°121 L7611 Sle
0-921 0°121 0°2¢t 0°0¢t 0°¢ed1 0°€21 £ 121 §°2¢l AN TAt 0S2
0°Le1 0°2ct 07021 0 ¢eel 0°€dl 0 ¥et £°0¢t §°¢2l L2 74§ 002 o
0°Le1 0°0ct 0°¢cl 0°021 0°¥et A 1 A | ¢ vl gvel 091 Y
0821 0°€21 S°611 0°¢ect 0-gel 07121 ¢'611 2°821 FARAAN gcl .
0°9¢1 0° ¢t 061l 0°9¢1 0°¥et 0221 ¢' 12l 87621 2°9¢1 001 <
0¥l 021 TR 0 0°021 0°eel | 07021 ¢'611 G921 AN XA 08
0-921 0221 g eel 0°611 0°tel 0°611 1°L11 6°5¢1 1" 221 €9
0 ¢t 0°511 0-éer 0°STL 0°611 0°611 T°STI £°021 1°L21 0¢
0°L11 07811 0°8IT 0°€elt 0°6ll 0°811 17211 L7611 17121 0¥
0°vlt 0°€ll 0°STt 0°€Tl 0°8il 0°ST1 1°011 L°STT 0611 S'le ;
0-1¢1 0°pI1 0°¢el 0°911 0°0¢1 0°02t 1°811 9°911 1°611 G2 =
0°€11 (R ARE 0°ill 0° 111 0°01I1 0°801 T°111 9 111 5021 02 i
07911 0°L1T 0" P11 0°€ll 07601 0 011 T°¢€11 9 111 17611 sl
0" tll 0°0TT - 07211 0811 0°vit 0°s11 1 L11 9 011 1'611 s el
1€26 b€26 (ANAS 1826 GLZ6 02z2e €£0%6 6126 S0v6 ZH
gel 02l 611 Ll 35 I 2 €l 2l 8 "baag "jua)
u013ed07] 4q (gP) ST2A37] aInssald PUNSS pueq 9Ae}d0 PIIYL-9U0 g0 g/1

JO-11T  £-SLS

Leg peolfed Ul ST3A3T 3INSSatd punog paansea]y] - ¢ €V 21qel




AL TIDT A R i

S194371 1J0-3J17T >spueq °bagj asayj ul s[s8aa]
ajerxdoadde uaym 303)73 UOIOIAI / ISTOU UOTILIUIWINIISUT J0] PI}IO3aII0D

mﬁ\Zn 02 "o gP x

A R SRR I U AT

ST LR

0yl
0wl
0°sut

¢
0-1a1
syl

S LI
0°su
o°en

0 -zl
0"t
0°on

081l
g'gel
g zal

9 el
¢'¢et
6 "8l

Y0

0063
0002
0091
052t
0001
008
0€9
005
00%
gig
052
002
091
52t
001
08
£9
0g
0%
S'1g
14
02
91
A

1€26
¢el

12444
021

(A4S
611

1826
Ll

GL26
Gl

0226
4!

e0v6
gl

6126
[4

G0v6
1l

uo11ed07] Aq (EP) SI9487 3INSEaJd pUnoS pueyq A€o0 pIiUL-ouQ

ZH
*bagg "jus)
g0 g/1

AQ. 3"6

dluosuea], E€-SILS .
Leg peolded Ul S12A37] 9INES3IJ PUNOS Pa NS - £°¢° ¥ 91qel

IR ATIET e

i



e et - m T

APPENDIX A.4

STS-4 FLIGHT DATA
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Figure A,4,2 - Microphone lL.ocations on DFI Payload for STS-4
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Table A, 4.1 - Summary of Microphone Locations Por STS-4
General BBN NASA Station Number Frequency
Location Code Code X Y Z Range*
Bay Il Vo8Y9H405A 576 +4 423 A
Structure I2 | V08Y9219A 863 -100 381 A
I3 VoBY9403A |1306 +12 400 A
DFI I4 V08Y9220A }1159 0 427 A
Payload I5 VO8Y9279A |1192 +1§ 384 B
16 vo8Yg9277A 1219 -68 432 A
I7 vo8yYg281A {1219 -68 384 B
18 vV08Y9278A {1194 -4 328 B
I9 Vo8Y9276A | 1139 | +20 384 A
I11 : vV08Y9275A | 1139 -68 432 B
DOD 123 | V08Y9642A B
Payload
(Classified)

¥A-20 Hz to 8kHz; B-5 Hz to 2kHz
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OoF APPENDIX B

SURFACE REFLECTION CORRECTIONS

The surface reflection problem relates to the fact that on all STS flights,
the bulkhead microphones (I1 and I3) were mounted very close to the bulkhead
surface; I1 was 0.066m (2.6 in.) from the forward bulkhead and I3 was 0.046m
(1.8 in.) from the aft bulkhead. The sidewall microphone (I12) was also
mounted close to the orbiter structure. It can be anticipated that the
measurements made by these microphones located close to large surfaces will
include significant reflection effects.

The increase in sound pressure levels in a reverberant enclosure due to
surface reflections has been evaluated by Waterhouse [1]. An extension of
those results to include the effects of surface absorption leads to the
relationship by Piersol [2].

p-/ P - (112?) + a sin kx cos (kx + @) (B.1)
X 0 2 kx~
where:

p2 = mean square pressure x meters from the reflecting surface,
X

pe = space averaged mean square pressure in the enclosure,

)

aZ = 1 - « where % = absorption coefficient,

k = 2mwf/c where c = speed of sound,

¢ = phase shift of reflected waves.

Again, Eq (E.1) assumes a highly reverberant (diffuse) noise field which will
not be fully representative of the noise field inside the payload bay at all
frequencies. At the lower frequencies (below 30 Hz or so), the bay levels
will be dominated by standing waves, while at the higher frequencies where
surface absorption values are large (above 250 Hz or so), the sound pressure
levels near reflecting surfaces will not be diffuse. At the higher
frequencies, the lack of a diffuse field implies that the predictions of Eq
(B.1) yield only crude approximations.

Based on the assumption of no phase shift of reflected waves and that
amplitude changes are due to absorption only, the cortribution of surface
reflections in the various measurements of interest can be predicted using Eq

s Lt s S AR S8R S e e
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(B.1) with the results shown in table B.1. ,The negative correction factors
predicted by Eq (B.1) are assumed zero for the purpose of correcting the
measurements from STS flights. With this assumption the measurement results
from microphones I1 through I3 were corrected.

References:

1. R.V. Waterhouse, "Inteference Patterns in Reverberant Sound Fields,"
Journal of the Acoustical Society of America, Vol. 27, No. 2, pp. 247-258,
harch 1855.

2. A.G. Pijersol, "Bias Error Corrections for Acoustic Data From Space Shuttle
FRF and STS-1 through STS-3", BBN Report 4547, Bolt Beranek and Newman
Inc., Canoga Park, California, December 1981.
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TABLE B.1 SURFACE REFLECTION CORRECTIONS

FURWARD

1/3 0.B.

AFT BULKHEAD

SIDE

BULKHEAD

I3

12

11

(HZ.)

FREQ.

CENTER

99999999888777417630533977
L]

999988764283555585
L]

222../—22222211001..10000000000

9999999988877639416 989041

L . L] L] L]
222)._222)._222./_22211100“—v.|...|-..|..ﬂ-U1
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INSTRUMENTATION BACKGOUND NOISE

In many cases of acoustic data acquisition and reduction, the valid frequency
range of the measured data is often limited by the effects of "instrumentation
background" noise. The microphone measurements on the STS-1 through STS-4
flights were acquired via a Frequency Modulation (FM) muitiplex system with a
frequency bandwidth of either 2000 Hz or 8000 Hz. 1In almost all the flight
measurements the acoustic data were contaminated by background noise above a
certain frequency depending upon the data acquisition frequency bandwidth.

In figures C.1 and C.2 the presence of background noise contaminating an
one-third octave band spectrum is characterized by the sudden reversal of
increased spectrum levels which follows a trend similar in slope to the "noise
floor" spectrum. This criteria was adopted in determining the valid frequency
range for the acoustic data. Applying this criteria, the valid cut off
frequency for the 2000 Hz and 8000 Hz bandwidth data was estimated to be 1000
Hz and 2000 Hz, respectively.

The one-third octave band levels were further edited for background noise
based on the following procedures:

a. If the maximum level during flight is at least 10 dB above the
background noise, no correction is applied to the data.

b. If the maximum level during flight is at least 3 dB but less than 10

dB above the background noise, the data are corrected for background
noise using the relationship,

corrected db = 10 109‘}0 (dB,./10) _ 4 (de/lof] (1)

where dB_ is the sound pressure level as read during flight and de
is the bgckground noise level,

c. If the maximum level during flight is less than 3 dB above the

background noise, the data are considered too contaminated by noise s
to be useful and are discarded. A
This method of correcting for background noise assumes that the signal ¥

designated as "background" has a constant level independent of flight events.
The validity of the assumption is not known precisely for the present
situation, but appears to be supported by the close similarity in background
noise level measured at pre-SSME engine ignition time event at T-20 sec.
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Figure C.1 - Example of Instrumentation Background Noise

Effect on 2000 Hz Bandwidth Data

€ =2

TAEL




2

One-Third Octave Band Level dB, re 20 uN/m

- ORIGINAL PAGE S
OF POOR QUALITY

OCTAVE BAND CEMTER FREQUENCIES

6 315 63 125 250 500 1000 2000 4000 8000
150 3 = =+ - - | IsTrs-=08s-1 _LauNncH
T ™ = T MAXIMUM ACOUSTIC LEVELS
—i— ot = o 0.5sec.AVG. TIME
, N =+ 3= = VOoOSYRLOSA
1404~ = + - =+ INT.CARGO BAY-STA NO. X640
T S I = = I = = O I~ R - I O - - S R B
=+ o T - == & - T T |
+ =+ + = g = T + .
130 |- — ; ¥ = T = i T s .
=] | E 4 o WS T T =
| e o T o - + T - il I
. L I - - T -+ -
= = T T + ARE
oLE = =l 1xl 1= '
120 T - T l T T T |/
ko T / - T .
o oty - -
oS el L | = . ){ , i
E (= | LE T e E3ZE
110 =5 |_A - - P - > il B
7 ' = [ ] = : T :
- = = > + -
o = oy —= jp &+ s
v L = 3 Background Noise Correction x E‘_E .
100 fef—i— = = , - .
- = | = - s + o + // + = .
o E -+ - = A \NEA | S
- -+ =+ g I-Y - / - T FYreq., Cutoff
-~ -]
90 = \s_/ , - / _E[. w/:E\ us = A Data BW= 8000 Hz
pe L g —;— -:— -l-— -T= —L- L -
- T T = = = = = -
:. . 'T T 1 __T__ T I 7 i o}
- + + =+ =+ - = T + ’ I + | -qi
sl | & = . = T T + + R
e N O O W ":'-, oOCMOONMWOOoOOWOOCO OO0 OO0 OC OO0
(o] - " N N T 0 OoowN OO Ww o D OMOOW OO0 OO0 OO0
- N N TVUVOWOOoONWOW KOO MOO
- - N N g 0 W o d

ONE-THIRD OCTAVE SAND CENTER FREQUENCIES (Hz)

¥—H—+% T-bsec.TO T-isec.
¥—¥—¥ T-isec.TOD T+12sec.
fef—B T+30sec.TO T+5Ssec.
¥—4—% T+&60sec.TO T+B4sec.
f— T+120 BACKGROUND

Figure C.2 - Example of Instrumentation Background Noise

Effect on 8000 Hz Bandwidth Data
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