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SECTION 1

INTRODUCTION

1.1 PURPOSE

The purpose of this document is to present a summary of Shuttle Taunch-
induced envircnment data acquired at KSC during Space Transportation System
(STS) launches,

1.2 SCOPE

The data presented include launch data from STS-1 through STS-11. A1l Space
Shuttles were launched at Pad A from Mobile Launcher Platform (MLP)-1, except
STS-6, -8, and -9, which were launched from MLP-2,

1.3 DESCRIPTION

Selection of measurement type, iocation, range, and sampiing frequencies was
based primarily on the Shuttle Environment Prediction, GP-1059. Figure 1-1
shows a summary of the measurement type, location, and ranges presented in
this document.

Figure 1-2 shows an elevation of LC-3GA. Figures 1-3 and 1-4 show the com-
partment arrangement and main structural members of the MLP. Figures 1-5 and
1-6 show the overpressure sensor locations for both MLP-1 and MLP-2. Figure
1-7 shows the pressure sensors installed on the lightposts for STS-6 launch.

1.4 AUTHORITY

This document was prepared by Planning Research Corporation {PRC) Systems
Services Aerospace Division for the NASA/KSC Engineering Development Directo-
rate. Mr. Valentin Sepcenko and Mr, Rocco Sannicandro comprised the PRC
technical team for this project. Mr. Frank Mcinerny and Mr,Bi11l Tolson of
NASA provided direction.

1.5 DATA PROCESSING

The data are initially recorded on magnetic tapes during the launch. These
tapes are reduced to raw oscillograms for quick-look analysis and selection of
significant time intervals for further processing. Processing was performed
in NASA's Wave Analysis Laboratory.

1.5.1 HIGH-FREQUENCY DATA. Launch environment data such as plume pressures,
acoustics, strains in structural members, and vibration may be classified as
wideband, random, and nonstationary. Data time histories represent long-dura-
tion transients where, in a general case, the mean value and the standard
deviation calculated within a short time interval are also variable with

1-1
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Measurement
Type Location Oty Range
Pressurs MLP
Deck 6 0 to 150 psia
TSM 12 0 to 25 psia
Exhaust wells 40 0 to 50 psia
Flame deflector 8 0 to 300 psia
FSS 6 0 to 20 psia
Centaur Porchn 8 15 psig
Acoustics MLP {inside) 15 110 dB to 170 dB
FSS 7 138 dB to 180 dB
RSS 12 130 dB to 175 dB
Pad (far field) 18 120 dB to 180 dB
Strain MLP ({inside) 18 11,500 win/in —1
Holddown posts 48 1500 win/in
TSM 8 350 to 1,250 min/in
RSS 15 1900 min/in
Load MLP holddown posts 12 0 to 2,124 kips ‘4
Temperature MLP B
Deck 9 32°F to 1,900°F
Flame deflector 2 32°F to 4,200°F
Heat Rate MLP deck £ 0 to 320 Btu/ftz/s h
FSS ET vent arm 1| 0 to 300 Btu/ftl/s
Vibration MLP (inside) 150 t5 g to 100 ¢
FSS a7 *15 g to *100 g
RSS 41 t7 g to i85 g
Figure 1-1. Shuttle Launch Environment Measurements Sumnary
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Launch Configuration (Sheet 1 of 2)

Figure 1-2. .
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time. The procedure used to process random nonstationary data in terms of
well-developed statistical functions used in stationary data processing is
outlined further,

A1l processing was performed on Hewlett-Packard 5451C Fourier analyzer equip-
ment. The inherent features of the analyzer, such as the choice of a data
block size and maximum analysis frequency, have an effect on the processed
results because of the nonstationary character of the data. In most cases,
statistical accuracy (random error) of processed data was limited by the
available duration of the data.

The first step in data processing is the separation of raw data into two com-
ponents: time variable mean (TVM) and the dynamic component. TVM is calcu-
lated from raw data by means of a multiple appiication of a Hanning smoothing
algorithm. The calculated difference between the raw data and the TVM is the
dynamic component. The chosen method of digital separation via Hanning
algorithm has an advantage over filtering because it does not introduce any
phase shift in the data. All further statistical processing involves only the
dynamic component.,

Certain types of data (vibration, acoustic, and some strains) have an inherent
zero mean and did not require the preceding step.

Whenever available memory space permitted, a type of overlap processing was
used by generating intermediate data blocks from two adjacent blocks contain-
ing a dynamic component. This operation was necessary to reduce random error,
a consequence of the short duration of available data and the small number of
data blocks. The number of degrees of freedom (DOF) for statistical estimates
is almost doubied by overlap processing.

Standard deviation, or the root mean square (rms) of the dynamic component, is
calculated on a data block basis. Averaging is performed for the time inter-
val contained within a data block. A plot of standard deviation time history
on a data block basis is always presented in this report to depict the non-
stationary character of the data during the total time interval of analysis.

Calculation of the dynamic component frequency composition and related cross-
functions (power spectra, cross-power spectra, and auto- and cross-correlation
function coefficients) via Fourier transformation, followed by conjugate
multiplication and averaging of resulting data blocks, required weighting of
data blocks prior to averaging. Such a requirement is peculiar only to non-
stationary data. A weighting factor, equal to the reciprocal of the data
block standard deviation, reduces the time variable standard deviation of the
dynamic component to a constant unit value. Normalization was performed on
each data block in the time domain to reduce the dynamic component to a
stationary data form. From this point on, calculations of power spectra,
cross-power spectra, auto- and cross-correiation function coefficients, and
coherences follow the standard procedure for stationary data.

1-10
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Two different windowing functions were applied to the normalized time domain
data in order to reduce leakage before taking the Fourier transforms. Both
windows use a cosine tapering function applied at each end of a data block to
a variable number of points (window taper width). In cases where the overlap
processing was used, the window taper width is equal to one-quarter of the
data block, 1In all other cases, the window taper width is equal to one-tenth
of the data block. While the data processing program allows specification of
any window taper width, the choice of assumed windows was found to be an opti-
mum compromise between the leakage reduction and the alteration of data ampli-
tudes. Preservation of data amplitudes was a governing factor because of the
short duration of available data. The correction required to preserve the
normalized unit value of standard deviation after windowing is calculated far
each window type and applied to the processed data.

Normalized power spectra having a unit area, together with the time history of
standard deviation, are a sufficient representation of a class of nonstation-
ary data having a constant frequency composition within the total analysis
interval. 1t should be noted that actual launch data do not perfectly fit
such a model. Some frequency variation does occur although relatively slowly
and in a continuous manner. In this case, processed power and cross-power
spectra represent average rms amplitudes occurring within the total processed
time interval,

The final step in calculating power spectra and cross-power spectra was af-
fected by practical considerations of data usage. For the sake of conven-
ience, normalized power spectra were multiplied by the value of variance cor-
responding to a data block with a maximum value of standard deviation. Simi-
larly, normalized cross-power spectra magnitude was multiplied by the product
of maximum values of a pair of standard deviations of data channels entering
the cross-power spectrum calculations. Final presentations are in engineering
units (squared) per unit bandwidth.

Estimated power spectra and cross-power spectra have a very jagged appearance,
caused mainly by the small number of DOF availabte for these estimates rather
than by the actual presence of narrow-band peaks in the data. Plume pressure
and acoustic data are inherently wideband., Vibration and strain data contain
legitimate peaks at resonance frequencies. It was considered that some fre-
quency domain averaging would improve the legibility and, in the case of plume
pressures and acoustics, the quality of the estimates, Therefore, frequency
domain averaging using a Hanning algorithm was performed on all data in the
frequency domain., However, the presentations always include data before and
after performed averaging with an understanding that the user's judgement and
experience are necessary to interpret the validity of narrow-band peaks.

The amplitude distribution probability density (PD) function is obtained from
the nonstationary dynamic component prior to normalization and by means of
histograms on a data block basis. Thus, PD represents a time-averaged esti-
mate for the total duration of an analyzed interval. These estimates deviate
from normal (Gaussian) distribution, reflecting the nonstationary character of
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the data and, to a lesser degree, the procedure, For presentation, the PD was
reduced to a standardized form whereby the abscissas are expressed in units of
standard deviations (sigmas) and the ordinates are a product of PD and the
standard deviation., The assumed value of the standard deviation is the calcu-
Tated maximum on a data block basis. Such a presentation facilitates direct
comparison with standardized Gaussian distribution.

In practical applications, integrals of PD (i.e., the cumulative probability)
are of importance, These integrals were calculated between limits (-1, +1) to
(-3, +3) standard deviations in 0.5 intervals.

In addition to the previously described processing, the acoustic and pressure
dynamic components were processed in terms of octave band sound pressure
Tevels (0BSPL's). The OBSPL's were calculated from power spectra for standard
octave center frequencies and bandwidths. It should be noted that the last
point of an OBSPL curve is always affected by the cutoff freguency of an anti-
aliasing filter. Also, the accuracy at the lower end of the OBSPL curve is
affected by the resolution bandwidth of the calculated power spectral density
(PSD) curve, Thus, the accurate range of the OBSPL curve is from about 16 Hz
and up to the frequency preceding the last center freguency shown on the OBSPL
plots. Below this range {approximately 16 Hz), the dispersion among OBSPL
curves from sensors, which should have measured about the same values, is in-
creasing toward the first OBSPL center frequency of 2 Hz. The cause of such a
decrease in accuracy is not in the data processing but rather in the fact that
within the total available analysis interval there is an insufficient number
of cycles at these low frequencies for a reliable statistical estimate. Con-
versely, at the low frequency end, 4 Hz and below, there is an insufficient
number of cycles to produce full resonances in the affected structures.

1.5,2 TIME INTERVALS AND PARAMETERS FOR DATA PROCESSING.

1.5.2.1 Time Intervais. Time intervals (as shown in figure 1-8) selected for
high-frequency data processing are referenced to an instant of time, T (often
called T-zero), which is the time of a signal sent to the Pyrotechnic Initia-
tor Controller (PIC).

Figure 1-8 depicts a typical data-time nhistory where T divides a total data
duration into two periods: Orbiter holddown and 1ift-off.

1.5.2.1.1 Orbiter Holddown Period., The Orbiter holddown period begins with
Space Shuttle Main Engine {SSME) ignition and the occurrence of measurable
data; it ends at T. 1t is characterized by a rapid rise of the standard devi-
ation to a peak followed by a small decay and transition into a steady state.
The total duration of this period is about 5.5 s.

1.5.2.1.2 Lift-off Period. By definition, the Tift-off period begins at time
T. The extent and the end of this period are vaguely defined by a decay of
data amplitudes beyond significant values. Usually this decay is accompanied
by a visible shift in the data freguency composition toward the lower end of
the spectrum,
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SSME IGNITION

REFERENCE LIFT-OFF PEAK
TIME

l
,Vlvw;;gvﬁl‘l‘h\l\q | Vl\#} j M% AU“UA‘WV&WWMW_M?

St SRB IGNITION

ORBITER '
HOLDDOWN ~™T UFT-OFF -

-Figure 1-8. Time Periods and Intervals of the Launch Environment

1.5.2.1,3 Lift-off Pericd Intervals, Within the 1ift-off period, there are
two intervals containing different types of data., The first interval is des-
ignated SRB ignition. This interval contains a distinct pulse caused by the
SRB ignition overpressure that is superimposed over a steady-state environment
generated by the SSME exhaust plumes. The second interval, designated 1ift-
off peak, is centered on the 1ift-off period to contain the peak data ampli-
tudes recorded during 1ift-off.

In a general case, processing was performed on data from the period of Orbiter
holddown and from the two lift-off intervals: SRB ignition and lift-off peak.

Since sensor calibration was performed to accommodate the anticipated peak am-
plitudes at 1ift-off, there are cases where holddown data are either near or
below the usable sensor range; i.e., the data are in the noise domain. In
such cases, holddown data were not processed. Similarly, there are cases
where the SRB ignition did not induce significant response and, conseguently,
processing was omitted. 1In each case, a judgement was involved in the selec-
tion within the general classification of outlined launch-time intervals.

1.5.2.2 Parameters for Data Processing. The choice of parameters governing
data processing [block size, maximum analysis frequency {Fpax), total analysis
time (TAT), etc.] was made after examination of launch data oscillograms. The
appearance of raw data within the time interval selected for processing and
the frequency-response range of the sensor imposed the upper Timit on the
selection of Fyax.
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The choice of a data block size is usually a compromise among a desired reso-
Tution bandwidth, the available length of data for a desired large number of
DOF affecting the random error, and a requirement to have essentially station-
ary data within the selected block size. The last requirement could not al-
ways be met because of the nonstationary character of the data. In order to
improve the resolution in the lower frequency range, a few processing runs
were necessary using the lower values of F.q rather than the upper limit gov-
erned by the total frequency content in the data. Thus, most of the processed
data are presented for two and sometimes three values of F and other param-
eters. A1l pertinent parameters appear on the plots of processed data.

1.5.2.3 Definitions of Parameters. Following are definitions of some param-
eters appearing in the data plots of this publication.

a. Sampie rate is always set to be twice Fp,,. Anti-aliasing filter
setting is always one-half Fua..

b, Start time defines the beginning of the total interval used in proc-
essing., It is always referenced with respect to time, T.

c. Time domain filter taper width defines the number of data points at
each end of a data block in the time domain window smoothed by the
cosine function.,

d. Standard deviation and rms are used interchangeably and pertain to
the dynamic component only,

e. Filter bandwidth represents the resolution bandwidth of a frequency
domain plot; i.e., the spacing of plotted data points.

f. Raw data, TVM, or dynamic component. Whenever these terms are pre-
sented, the plots correspond to a data block having a maximum value
of standard deviation. The location of this data block within the
total processing interval may be found from the plot of standard
deviation time history on a data block basis,

g. MNumber of Hanning smoothings represents the number of passes of the
smoothing algorithm applied to separate the TVM from the raw data (in
the time domain) or to provide averaging in the frequency domain (PSD
plots).

The remaining parameters and plot titles appearing in this document are self-
explanatory.
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1.6 SPACE SHUTTLE LAUNCH ENVIRONMENT REFERENCE MATERIAL

Document Na.

KSC-DD-457-TR

KSC-DD-593-TR

KSC-DD-651-TR

KSC-DbD-655-TR

KSC-DD-677-TR

KSC-DD-684-TR

KSC~-DD-688-TR

KSC-DD-712-TR

Title

Space Shuttle STS-1 Launch Processed Ground Measurements;
Volumes 1 and 2, September 1981

Space Shuttle STS-2 Launch Processed Ground Measurements;
Volumes 1 and 2, May 1982

Space Shuttle STS-3 Launch Processed Ground Measurements;
Yolumes 1 and 2, October 1982

Appendix A STS-3 MLP Vibration Data

Appendix B STS-3 RSS Vibration Data

Appendix C  STS-3 FSS Vibration Data

Space Shuttle STS-4 lLaunch Processed Ground Measurements;
February 1982 Appendix A FSS Acoustic Summary

Space Snuttle STS-3 Launch Vibration Displacements and
Acceleration Spectral Densities of the MLP, RSS, and FSS;
February 1983

Vibration Environment Effect on Payload Ground Handling
Mechanism During STS-6 Flight Readiness Firing; March 1983

Space Shuttle STS-5 Launch Processed Ground Measurements;

April 1982

Appendix A FSS Acoustics Summary

Appendix B SRB Holddown Post Strains and Loads During the
Holddown Period

Space Shuttle STS-6 Launch Processed Ground Measurements;
July 1983

Appendix A FSS Acoustics Summary

Appendix B TSM Acoustics Summary

Appendix C  STS-6 Near-Field Pressure on Light Posts
Appendix D Acoustics Inside MLP-1 and MLP-2
Appendix E  Vibration Inside MLP-1 and MLP-2Z
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SECTICN II

PRESSURE AND ACOUSTICS

2.1 FSS ACOUSTICS SUMMARY

The FSS acoustics summary inciudes data from five pressure sensors, KSAPBOO1A
through KSAPBOOSA, recorded during STS-1 through STS-9 launches, All sensors
were oriented horizontaliy and Tocated on the corner column of sides 1 and 4
of the FSS. Figures 2-1 through 2-%5 show mean and Timit (1imit = mean + 2
sigma) PSD's for each sensor, processed using two different sets of processing
parameters and different time intervals during peak environment at 1ift-off.
The left frame of each figure (2-1 through 2-5) presents peak PSD's of pres-
sure components above approximately 50 Hz, up to the plot limit of 750 Hz,
The right frame of each figure {2-1 through 2-5) presents peak PSD's of pres-
sure components below approximately 50 Hz. This dual presentation accounts
for obseryved variation in the pressure waveform frequency compositicon, which
occurs in a continuous manner during a launch,

PSD statistics (mean and iimit) obtained by lumping all FSS sensor data are
shown on figures 2-6 through 2-13. Heading text that accompanies each figure
(plot) provides information pertinent to data processing and rms (standard
deviation) values of pressures within presented frequency range. Statistics
on figures 2-6, -8, -10, and -12 present separate mean and 1imit PSD's ob-
tained from measurements shown on figures 2-7, -9, -11, and -13, which serve
mainly as illustrations of data dispersion on the FSS, For applications such
as a test specification or a design critericn, or both, limit curves on
figures 2-6 and 2-10 {or 2-12) are recommended. Limit curve on figure 2-6
will govern for frequencies above approximately 50 Hz, while limit curve on
figure 2-10 will govern for frequencies below approximately 50 Hz. It is
necessary to mention that below about 10 or 12 Hz, the number of pressure
cycles occurring during the peak is insufficient to induce full resonance.

The peak environment is usually contained within a single data block of about
0.5 s duration. Within a longer interval of about 1.5 s, the peak environment
decays to about 85 percent of its peak value. The user is advised to examine
individual measurement rms time histories published for launches STS-1 through
STS-6, and, whenever responses were calculated assuming steady-state theory,
to introduce a correction for a limited number of excitation cycles. Without
such correction, responses below 12 Hz will be overestimated.

Figures 2-14 and 2-15 present enlarged PSD plots obtained from the output of
sensor KSAPBOOSA located on the 245-ft level for STS-1 through $TS-8. Both
mean and limit curves are nearly identical to those on figure 2-5 (right
frame) showing that the addition of one series of launch data (S7S-9) does not
introduce any significant change to presented statistics. The limit curve on
figure 2-14 was used to check ET GOz vent arm for dynamic loads.
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Figure 2-16 presents comparative plois between predicted and measured (STS-1
through STS-6) OBSPL's. For applications, we recommend the use of presented
PSD's rather than DBSPL's because these PSD's have a substantially better
resolution than that obtainable from conversion of 0BSPL's into an average
octave band PSD.

No distinct "static" type pressures were measured on the FSS during STS-1
through STS-9 launches. Measured pressures are clearly dynamic transients,
Same low baseline drifts were noticed in the outputs of all pressure sensors
on the FSS. These drifts were becoming progressively worse as the number of
launches increased, and during STS-11 two FSS sensors failed. Baseline
drifts, both positive and negative, which may be mistaken for pseudostatic
pressures, are caused mainly by radiating heat and a very high rate of heat
input resulting in nonuniform temperature distribution and consequent thermal
deformations within sensor bodies,

Figure 2-17 presents a summary of PSD's obtained from the output of sensor
KSAPBOO6A. This sensor is located on the £T vent arm at the top of haunch
pivot and is oriented upward. Because of its proximity to the exhaust plume,
the output of this sensor was significantly affected by heat; therefore, the
data were processed using a high-pass filter to eliminate high baseline drift,
and so it is not known whether there were any “static" pressure components
(below 2 Hz) present in the sensor output.

Vehicle trajectory and engine gimbaling have a significant effect on this
measurement. Two lowest PSD curves on figures 2-17 (STS-5 and STS-6) have a
magnitude similar to data recorded on the FSS proper (sensors KSAPBOOLA
through KSAPBOO5A)}. STS-7 and especially STS-8 data are significantly higher.
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2.2 RSS ACOUSTICS SUMMARY

The summary of RSS acoustics was obtained from data collected in two separate
measurement efforts. The first effort was conducted for STS-1 through 5TS5-3
launches, using sensors used during the Saturn V program. Data are presented
in the form of OBSPL's on figures 2-18 through 2-25 and compared to predic-
tions. Because the STS-1 through S$TS-3 measured data did not compare well
with predictions, a second effort was initiated for ST5-7 and STS-8, using new
acoustic sensors. Resulting data are presented in the form of PSD's on fig-
ures 2-26 through 2-35. In either case, measured data were similar, as can be
seen from the comparison of overall sound pressure level {OASPL} values calcu-
lated from PSD's and shown on the plot headings. Acoustic pressures at a
given sensor location are comparable between launches; however, because of
diffraction, shielding, and ground reflections, the output of different sen-
sors, although located on the same side, are not always comparable. Sensor
locations and orientations are shown on plot headings on figures 2-26 through
2-35 to alert the user to these differences.
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-20



KSC-DD-818-TR

ACOUSTICAL SPECIFICATION
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Figure 2-18., Comparison of Predicted and Actual OBSPL's,

Orbiter Holddown, RSS Side 1
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ACOUSTICAL SPECIFICATION
ZONE 4.0
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Figure 2-19. Comparison of Predicted and Actual OBSPL's,
Lift-Off Peak, RSS Side 1
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Figure 2-2C,

Orbiter Holddown, RSS Side 2
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Comparison of Predicted and Actual OBSPL's,
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ACOUSTICAL SPECIFICATION
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Figure 2-21.

Comparison of Predicted and Actual OBSPL's,
Lift-0ff Peak, RSS Side 2
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ACOUSTICAL SPECIFICATION
ZONE 4.0
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Figure 2-22. Comparison of Predicted and Actual 0BSPL's,
Lift-0ff Peak, PCR Side 3
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ACOUSTICAL SPECIFICATION !
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Figure 2-23. Comparison of Predicted and Actual OBSPL's, Orbiter Holddown,
A1T FSS Levels and Side 4 of RSS
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Comparison of Predicted and Actual OBSPL's,
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Figure 2-25. Comparison of Predicted and Actual OBSPL's,

Lift-0ff Peak, RSS Interior Above 130.6-ft Level
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2.3 CENTAUR ROLLING BEAM PORCH ASSEMBLY

This summary of acoustic pressures on the Centaur porch assembly is based on
data from pressure sensors KSRPBOOLA through KSRPBOO8A, recorded during STS-9
and $TS-11 launches. FEight pressure sensors were installed in pairs at four
locations on the porch, two pairs at the east cantilevered end and two pairs
at FSS support. MWithin each sensor pair, one was oriented vertically
(Z-direction) and another horizontally (X-direction). Sensors were installed
at the end of bent (45°) tubes in order to protect diaphragms from direct
exposure to radiating heat. Additional protection from heat in the form of
ablative coating was applied to all sensor housings for STS-11. In spite of
these precautions, all sensor outputs contained some baseline drift. Because
of the baseline drift, data were processed using a high-pass filter.

No distinct "static" type pressures were measured on the porch during STS-9
and $TS-11. This conclusion is based on the following cobservations, dis-
regarding the possibility that baseline drift could have masked "static" pres-
sures:

a. The amount of baseline drift was the same in each sensor pair during
$TS-9. STS-11 data show a substantial reduction in the baseline
drift as a consequence of additional thermal protection, while the
sign of drift in the majority of sensors reversed to negative.

b. If there were any static pressures, they would be recorded by sensors
oriented vertically, in the opposite direction to the exhaust fiow.
Examination of low-frequency end of spectra shows that horizontally
oriented sensors always have higher PSD ordinates at these frequen-
cies than their vertically oriented pairs, This indicates dominant
direction of pressure waves to be closer to horizontal than to verti-
cal direction, and an absence of continuous exhaust flow at sensor
Yocations,

The summary of acoustic environment on the porch assembly is presented on
figures 2-36 through 2-49 in terms of PSD's. Figures 2-36 through 2-338 depict
environment during Orbiter nolddown period caused by the burn of SSME's. All
pertinent data processing parameters are shown in the plot headings. There
are no substantial differences between acoustic environments recorded by sen-
sors at the cantilever end and at FSS support during this period.

Figures 2-39 through 2-49 present summary of acoustic environment recorded
during the 1ift-off peak period. Data processing was performed using three
different values of F ., {Nyquist freguency) with corresponding different
analysis time 1ntervaTs. Such processing was necessary in order to account
for the continuous variation in the data frequency composition. 1In processing
cases corresponding to Fp,, = 5 kHz and 1 kHz, all PSD's were lumped together
regardless of sensor locations. The case corresponding to Fpayx = 9 kHz, where
PSD's are dominated by a wideband peak between 500 and 800 kHz, shows no sig-
nificant difference between environments at porch end and FSS support. The

2-39
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case corresponding to Fpazy = 1 kHz shows that below approximately 25 Hz,
nigher values of PSD's (near factor of 2) were derived from sensors located
closer to the vehicle {on the porch end). Figure 2-45, which shows all PSD
mean and limit curve calculations, illustrates this difference,

The case corresponding to Fyax = 100 Hz required separate mean and Timit curve
plots for sensors at cantilever end and FSS support because of 6.2-dB differ-
ence in the mean values within the 0~ to 20-Hz range. Figures 2-48 and 2-49
present summaries for the case Fpzx = 100 Hz. The user shouid keep in mind
that data are nonstationary and the number of cycles of waveform components
below approximately 10 Hz at peak amplitudes is limited and cannot induce ful}
response resonances.

Figures 2-50 and 2-51 present S575-11 cross-correlation function coefficients
(CCFC's) between adjacent sensor pairs calculated at sampling rate 10 kHz
(Fmax = 5 kHz) and at sampling rate 2 kHz (Fpax = 1 kHz)}. The timelag of the
peak is about 0.5 ms. The sign of the lag at peak is positive whenever the
first sensor entering cross-correlation catculations is oriented in the X
direction. The sign becomes negative when the first sensor is oriented in the
Z direction. This indicates that the prevailing direction of pressures wave
propagation is close to horizontal, since a sensor oriented in the horizontal
(X) direction records a wave befcre {(by 0.5 ms) it reaches a sensor oriented
in the vertical [Z) direction. The base of the first CCFC peak (theoretically
this 1s the time between zero crossings, but in practical computations it may
be taken as a crossing of *0.1 CCFC noise Tine), which defines correlation
Tength as a function of analysis bandwidth and thus, of Fyax. for the case of
Fmax = 1 kHz, the base of CCFC peak (figure 2-51) is about 3 ms. Thus, the
average correlation length (essentially an average of all waveform components
within the range 0 to 500 kHz)} is less than 3.5 ft. The value of CCFC peak
(Yess than 1) is a consequence of multiple sources within the exhaust plumes
where pressure waves are generated.

Figures 2-52 through 2-54 present coherences between adjacent sensors calcu-
fated for processing cases of Fyax = 5 kHz, 1 kHz, and 100 Hz. There is a
trend toward higher coherences between sensor pairs located farther away from
the exhaust plumes,

Figures 2-55 through 2-61 show narrow band, 1 to 10 Hz, pressure time his-
tories for STS5-11. For adjacent sensors, both time histories are shown on the
same plot.

Figures 2-62 through 2-64 show typical rms time histories for two sensors
{KSRPBOOZA and KSRPBOO3A) corresponding to each of the processing cases of

Fmaxe

Figure 2-85 shows probability density plots of KSRPBOO2A for two cases of
Finax:
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2.4 FAR FIELD ACOUSTICS

This section includes a summary of measured far field acoustic pressures at
various distances and azimuths from the center of Pad A.

2.4.1 FAR FIELD ACOUSTIC PRESSURES, BEARING 322° TRUE. The following sensors
recorded the acoustics along the line from Pad A to Pad B,

Measurement No. Distance From Pad A Center (ft)
KAVYAGOLA 257

KAVYAOQO3A 610

KAVYAOQAA, 13A, and 1HA 1,200

KAVYAOQOLA 2,754

During $7TS-1, -2, and -3 launches, KAVYAQO5A was reported to be 2,500 ft from
Pad A center. Cross-correlation data obtained during STS-9 and STS-11 showed
that the actual distance of this sensor from Pad A was 2,754 ft. A cross-
country survey confirmed this distance.

Figures 2-66 through 2-73 show far field raw data and smoothed (Hanned) time
histories for the STS-11 launch., Since all measurements contained baseline
drift caused by radiating heat, data processing required the use of high-pass
filter at 1 Hz in order to eliminate the drift.

Figures 2-74 and 2-75 present CCFC's obtained from S$TS-9 and STS-11 measure-
ments for a time period involving transients generated at SRB ignition. Close
examination of these data and enlarged summaries presented on figures 2-76
through 2-78 show the effect of atmospheric conditions on the trace velocity
of sound propagation. Time delay {(lag) of the CCFC's first peaks varies be-
tween launches. The average velocity of pressure wave propagation calculated
from the peak jags for STS-9, -10, and -1l launches (figure 2-76) is 1,153
ft/s.

Figures 2-79 through 2-82 present coherences calculated between adjacent
(about 4 in apart) sensors at 1,200 ft. Such high coherences exist only be-
tween closely spaced sensors. These coherences confirm validity of sensor
outputs at 1,200 ft.

Figures 2-83 through 2-85 present STS-11 PSD's. Headings on each figure show
selected processing time intervals and other pertinent processing parameters.
Output of KAVYAQO3A (see figure 2-83) was processed using four different total
analysis time intervals because of variations observed in its time history

(see figures 2-66 and 2-67). This sensor appeared to have been nhit by the

reflected SRB plume splashing over the sloping pad apron at approximately T +
12,0 s.  The output was Tost at T + 13.8 s. Plume splash was observed during

2-71
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STS-11 only and did not occur during STS-8 or STS-9 launches. OQutputs of ail
other sensors, figures 2-84 and 2-85, were processed twice, using intervals
that included and excluded SRB ignition transient.

Figure 2-86 presents typical probability densities calculated from the outputs
of KAVYAOO3A and KAVYAOO4A sensors, It should be noted that because of in-
advertent reversai of sensor polarity and consequent use of negative values
for calibration constants, signs of probability integrals are reversed. It
should be noted also, that the values of probability integrals below the range
t2.5 sigma are substantially different from a normal (Gaussian) distribution
as a consequence of nonstationary data. Presented probability densities in
standardized form are referenced to maximum rms (maximum sigma) values. The
99% confidence 1imit, often used in design considerations, occurs within
t2.2-sigma range, while in a Gaussian distribution, the same confidence 1imit
is within £2.58-sigma range, about 17% higher.

Summaries of derived PSD's at each sensor location are presented on figures
2-87 through 2-90. In each case, a mean and 1imit (1imit = mean + 2 sigma)
curve are calculated. Because of the small number of collected measurements,
the 1imit curve is essentially an envelope of all measurements. The use of
1imit curve is recommended for design applications.

Launch-to~launch dispersion is obtained from the difference between 0ASPL's,
calculated by integrating 1imit and mean PSD curves within presented range 0
to 50 Hz, and converting these into dB. Calculated dispersions are 2 dB, 1.7
d3, and 1.3 dB at respective distances 610, 1,200, and 2,754 ft. It is of
interest to note that within the same 0- to 50-Hz range, dispersion on the FSS
calculated from 45 measurements (STS-1 through S$TS-9) is 3.3 dB.

2.4.2 NEAR FIELD ACOUSTIC PRESSURES ON THREE LIGHT POSTS. The following
measurements recorded acoustic pressures on three existing light posts during
the STS-6 launch at elevation 98 ft (3 ft above MLP deck 0) shown on figure
1-7:

Distance from Azimuth From

Measurement No. Pad A Center Pad A Center
KFTPAOO1A 200 337° true
KFTPADDZA 200 41° true
KFTPAQO3A 235 210° true

The purpose of these measurements was to establish pressure on structures sur-
rounding the MLP when SRB plumes splash over the deck 0 and, after being
deflected, impinge on surrounding structures that are elevated above the MLP.

Pressure time histories from all three measurements were affected by heat
input and contain baseline drift corresponding to unreal negative pressures,
This malfunction begins at T + 6.0 s in the output of KFTPABOLA and KFTPAODZA,
and at T + 7.7 s in the output of KFTPAOQ3, which is located on the south side
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of Pad A and was least exposed to plume impingement. A high-pass filter (at 1
Hz, 18 dB/oct) was required to eliminate baseline drift in the output of all
sensors. The remaining data above 1 Hz are considered to be valid.

Figure 2-91 shows overplots of data processed using two different sets of
parameters., The Teft frame presents data essentially before the SRB plumes
splash over the MLP. The splash begins at about T + 6.0 s.

The right frame is a relatively long-duration (up to T + 13.9 s) processing of
a fairly narrow (0 to 50 Hz) band of data that include effects of the spiash.
Notice a substantial increase in all amplitudes (0 to 50 Hz) on the right
frame compared to those on the left frame.

Figure 2-92 presents an enlarged zoom plot of the same data as the left frame
on figure 2-91. Data on both figures were Hanned two times in order to reduce
jogged appearance of PSD's resuiting from a low number of DOF's available for
these estimates,

Figure 2-93 presents an enlarged zoom plot of the same data as the right frame
on figure 2-91, except that no Hanning was applied in order to obtain the
nighest value of PSD peak at 1.24 Hz, which indicates that sensor KFTPAOOZA
was exposed to impingement by thne east SRB plume deflected from the MLP deck.
The peak at 1.24 Hz exceeds data obtained on the FSS by narrow band analysis.
Examination of raw data time history confirms that this peak is real and not a
consequence of the baseline drift. The peak amplitude of 1.24 Hz raw data
component 1is about 0.25 psi and only about 5 cycles were recorded. Thus,
presented ?5D on figure 2-93 below approximately b Hz, shouid not be con-
sidered as a steady-state input.

2.4,3 FAR FIELD ACOUSTIC PRESSURES ON THE ECS COOLING TOWER., Measurements
KECYADOCL and KECYADOZ were installed on the ECS cooling tower Tocated approxi-
mately 450 ft and 270° true from Pad A center during STS-7 and -8 launches.
Damage to the tower walls was occurring. Hardening of the structure solved
the problem. PSD plots are presenied for both launches, including the mean
and Timit (mean plus 2-sigma) curves in figures 2-94 and 2-95.

2.4.4 COMPARISON OF ACTUAL FAR FIELD ACOUSTIC DATA TC PREDICTIONS. Figure
2-96 shows a comparison between predicted far field acoustic Tevels at various
distances from Pad A center to the average of actual data recorded at the dis-
tances shown,

2-73



KSC-DD-818-TR

AJ01SLH BuLl BleQ MBY ‘pBd 9Yl WOJ4 14 QT9 1@ YEOOYAAYM JOSUSS - 330-3417 TT1-S1S °99-Z 2unblLd

o @Ix(D35) dWIL

€l 21 [ at b 8 14 9 g b £ ¢ I a

1
L e : 2€-

i
{
|
©
Ry

F =
T
|
i
!
i
-
i

h

! I
E i
=T
P ——
e e e
L1 JE |
nJ o]
I I
LSd JANSSIAMd

:
;
:
H
!
t
w
—

T
i
I
-—%—_‘ _:-;
———
t::z::ég
—
[
~
(2Ened)

- 22
_ 4
e f 82

(pBEI) IWD SIR'REI@RIE[bE=ONTZ-L NOILINDT HNS Ol Q3ONINI4IM SI 1071d IHL 40 WIS SWIL BIx
m|.

"ZH @S ® HALTIA ONISHITG-TING "ZH 1 ® ¥3LNT4 SSHA-HDIH "Z7H @82 L4y ONITTdWHS

oEpauAs deadgs ‘3114

2-74



KSC-DD-818-TR

KJOISLH BUWL) PBUURH ‘PB4 24l WOJ4 34 0T9 3P YEOOVAAYMN JOSUDS - JJ0-2417 TT-S1S °/9-Z 3Jnbld

@TX(DAS) JWIL

%]
vl El ¢! I Bl 6 B 2 9 G % g [4 1 @
. )l\zﬁil ..... II;@.E
| ) ;_ % L __/ 1m..l
\ i > . i I,
v ' \ 1 _
LR T LT s il -
R i LTSN CO " L R _ # A%
AT A
% t T - % | 4
xxxxxx . i i Z
—— S .'I.i{lr“@.ﬁ
- - - e
“(bBET) WD mﬁm.a&"mm“mnuvmuo%umup NOISINDI @uS Ol JJONIWIAIY SI 107d JHL 40 ITHOS IWIL @ww
FONIFUNDO0 WOONHN H_SI1 SIRL-MOSNIS 3HI SLTH JAUM IuNGSId QI3 1434 2=

‘NOMdH OHd 9NIQOTS ¥3A0 SN 1d BUS 40 ONI JHL 40 _HSH 45 IHL AH gASNHY 81 035 2i+l ® My3d 310N
YGINANOIWOD ADNIND3NI MO IZISHHCWI Ol NIOHO NI *@8 GINNGH F43M Blod Mud
‘zH @G ® N3L114 ONISHIH—TINB “ZH T ® #31713 S58d4-HHIH *ZH 202 316d DNI WS

JEPuEA geEpupA f3 114

L s

(sBneB) 1sd IHNSSIMA

2-75



KSC-DD-818-TR

AJ403SLH Swll elRQ MBY ‘PB4 BY3 WOJ 1 00Z°T 1 VYOOVAAYN JOSUSS - 4J0-2417 TT-SIS °89-Z 24nbld

BIX(035) AWIL

a
91 Gt vl ET 21 11 A al & B8 ¢ 9 [ ¥ £ c 1 &mﬁ
- | #. _ - ] 6—
M N ) ) ‘_ | f . | ” __
mw | 1l g
| [ I | A
| [ | r | T
o - _._ __ _— i ) ; 1 mw ,
+ M i " | .ﬁ HHTE T m
% ik _ Ul i m é mﬁ m
| | [ _ 3o
I AR
~ N nm/ ’
! j__ _ LEiE _ * I 1 2
w
- (D
— ~
- A S T i
I S - - - T k. [P m a
"(HBE1Y 1WD T2 RPN El tpE=0NTZ-1 NOILINDI HMS 61 QEDNIMIAZY SI L1074 JHL 40 ITIBOE IWIL .Emw

2

"ZH BS B ¥IL1I4 ONISHITY-ILINY “ZH T ® 31714 SEHd-HOIH *ZH B0T Hidy DNITIWHE

DvoNpA Erougi 3114

2-76



KSC-DD-818-TR

AJ01SLH Bwl] pauuRH ‘ped 3yl wodd 34 002°T I VHOOYAAYM JOSUSS -~ 430-1417 TT-SLS *69-2 34nbLy

@iX(2335) ZWIl

7
a1 Gi L ﬂ} B £l m.ﬁll-. It a1 6 m‘\ I _ 9 G 7 E ¢ 1 |J|® o
N 1 ] M
SO N N O NN IS S U SN Y VS I N .
N ) A
gl | r m,_ N e N 1 1 e A T ey K
ﬁ Hmn i |8
|
L ?/ | i | L_ . _ _B i ___T? _q= j_? _p___;?bp‘ A H J ! Lderdberd B M
il f TR R | .
il | 19
AU NI | NUUS SO S |81 ﬁ } SI%II. T!?fﬁif.c — - - H 4= — 7 RW
] Dm "
Q
N S b [N N R A N U |0 O A P
] , | 1
e e e e R S R . E— g
i -
] L
.n¢mmﬁuupzw wma.&&"&&“mﬂnvmlozmmlk NOTLIINDI €S Ol TIDNINZ4IY 51 1070d FHLI 40 FHDES FWIL Mﬁﬁwx

"SAINANOGWOD ADNINDINS MO I7ZISHHLWI Ol dIOMO NI XPC TEANNUH J¥3M Jigd Mud
"ZH BS @ M3LI4 DONISUITW-IANY "ZH | @ 3317714 SSHI-HDIH "ZH B@¢ 3.1Ud DNIT1dWHS

Dvouus avedga fI 114

2-77



KSC-DD-818-TR

AJo3SLH Bwl] ejeq Mey *ped ayj wod4 3} 002°T 1P YSTOVAAYN JOSUSS - J140-1417 TT-SIS

PIX(235) AWIL

*0/-Z a4nbLy

5]
g1 i ET cl il 21 B B 4 8 < 14 E e I @
I T T ki
_ N
T MRS S SO DSV b 1 SR IDUNE PO ) A - e S STty Rt SRR o Ti-
| | ]
N N T I N N A A A - Jo R o
! _ | ﬁ
b ] L. .L 4 1 } _ k i — ml o)
A
| | | _+ Wil 4 o 0
b 4 - {4 . , e . LA L. ; | P Q.m
‘ y_, | A ; i T | =
_ Q_ | ‘ __ i : _ ;o m
_Af H _ _ I _ “ _ U
! j | 2]
ISR W S f 1 a1 R 1N | __, o
| | o
| I ﬁil‘r \1<J..|.I|WII|| - BE T -  A—— Y B N ﬂw
| | ] 8
A e S SR - .1111114‘ __ t— - S .1{“ ar
{ i N
[ﬁliafrli):f- e p—m ifﬂ@}i;:" S SN SO FO dfb b ey
| | _ W ]
N e ‘ .-.Ti...i .. R ~ -,..._....il],+. I sl,_i — e il.iz.ll!«E{H g1
| B L } o1
"(FEGSTY LWD 910 0RIOIE] ! HE=08TZ—1 NOILINDT €835 ¢l OIZNIANILTY 81 1074 FHL 40 FTHIS IWIL B1x
NI“
*ZH @8 ® ¥3LTI4 ONISHITH-IINY "ZH 1 @ WIL1i4 SSHd-HDIH “ZH 2@ AlbY DNITHWHS
DcTHgA @ciaga 3114

T e mERR SRS ITOT IO e ——

2-78



KSC-DD-818-TR

AJOISLH BWL] pauueH ‘ped 8Yj wodd 33 00Z°T 1P VGTOYAAVYN JOSUBS - JJ0-3417 TI-SIS “T/-Z d4nbid

AIx(235) IWIL

2

et sI _pi €@ 11 @ s & ¢ 9 & b € T 1 8,

. I ~} G-
. {mx\ _ . . L _ A S S i N
1 0=x
f Wl b 4o 3 . i 1
“ >=_ g m% c: | M 5_\b ﬁ ifﬁl; J* _ ! L A aa M
A L LA L T A S P 3
iF r | 14
S ‘;qull.:!il g ”

| 7

_ ,$||| _ oy

| 1

“($BBI1) 1KWD FIB'BR!@GETLE~083Z~1 NOILINDI €3G OJ OIDONIWIAIY 81 1074 3HL 30 ITHOE SWIl Wuﬁﬁx

. 'SININOHWOD ADNINDINA MO IZISWHIWI 01 W3MH0 NI_*@5 O3INNBH 3¥3M Blud Muy
ZH PS ® ¥31714 ONISHITH-ILINE “ZH 1 & 531714 SSHA-HOIH "ZH B@C Aibd ONITJWHS

G164 HGauA 3114

2-79 .



KSC-DD-818-TR

AJOISLH Bull BIRQ MRY ‘pBJ 3yl WOJ4 ) 00G°Z I YGOOVAAYN JOSUSS = J40-3317 TT-SIS

BTx(035) 3WIL

*2/-2 dJnb14

7]
ac G B1 21 91 Gl 1 El ci 17 gl 8 8 I 9 G ¥ £ e I a
—- e .:.-.4 e e e e o - - aemm G-
» | W b _M : L, e b
_
L Wl | | |
L it 4| e | 1a
; ‘ _ _ i m l ]
+ _ : | i G
| | | | |
i
T T ¥ T I " | N
~*ﬂ ﬁ _ n A: _ {; “ |
- T T 3 ‘ A ¢
b il
- - | - 9
- (1) ANTTRIEINGD Ve WoMd SO DS N N -~ 8
V567 A9 O HAIAINS SUM
NOTIWOOT TVALOY WSOOVAAYM  THION -
i 1 I L i 3 H Sﬁ
(P8B1) LWD S1D°0B00IEI I PE=0NT7-1 NOILINDI HYS 0J G3ONIUIIZM SI 10774 IHL 40 ITHOS Il a1
Nl..
‘ZH BS ® MILTI4 ONISHTTH-IANE *ZH [ ® #3i714 SSHI-HDIH ZH @82 3iH¥ ONITdWHS
JcoduA asgaus (3113

ISd NS5 I

(9bnel)

2-80



KSC-Db-818-TR

AJO3SLH BuL] pBUURH ‘ped Y3 woJd 24 005°¢ I VSOOVAAYM JOSUSS - J40-2417 TTI-SIS

PIX(235) 3WIL

(QBHQS)

*g/-g @JnbLy

3aNS534d

L sd

4]
g 61 gl 2l at g1 1] £l cl 11 ai B 8 bd 9 G ¥ £ 2 [ a
T e B S iﬁ.i :Ew S, _Jat.-.)—.\‘ [ — . mml
A _
! _ | -
S P ﬁ JJA_.I lIIVv nllqﬂl .,,.!U mﬂi
| ! | -
I —
__ i N N S :.::I:¢M ,} ...... e £1-
T T
f Ly __ | PR O f D ¥ 7 _ S -
L e |
_ [
| > _ , h .ﬂ bﬁ w i . T .-
1 1 [ i 1 [LATI [ 1] [N IR ! ¢
1 \_ .%\ nﬁ T I e _ : m
| P ] i 1 U g g
f i _ N
| | | il
- Syl .
| | |
a
::éf.nlp . - 21
| " (1F) ANITIEINAD Jvd WO 1 e R 1 P:,;1-| £2
J7SL7 A9 QL GLAIMARINS SYM R - _
NOTIHOOT LIV YGOOYAAY  THION ! , ! .
! 1 i 1 ] 1 { P _ IM. H ~ { _ 7 52
"(pBET) AW 010°BOIRGIETHE~OYIZ-1 NOTLINDT 8BNS Ol TINIIIIY ST 107d IHI 40 IIWIS IWIL oy

*107d HI1Gd MUd 3IHAL NI SISIX3 ALINNIINODSIO HOOE ON_"D3JS ¢°B=1 8 107d 3HI £

NI ALINNILNOOSIO H ST FIHI (935 _+#°8=1 ®> NIOL HOIMM S3714 INJWIAAIIG OML 40 JSNED3E 310N
SININCHWOD ADNIND3INA MO IZISHHLWI O A30H0 NI *@G JINNUEH J83IM 4150 MU

"ZH 1 % ¥317II4d SSHA-HDIH "ZH Bde 31iHd INITIGWHS

"IH BS ® ¥3LITTI4 DNISHITH-ILINY

2-81



KSC-DD-818-TR

YGOG= PUR fYgTe CUdD-
SYCOOYAAYY UDDMIBE UDLA2[BJJ0)-S504) ~ USLLLUDL Y3 6-515  “9/-2 34ndig
BIX(D35) 987
@z B1 a1 b1 A at B § b 2 B mav
A 5 s SN 4 S - o | . o -
- | ] | .,
Y ~ v
! ; i
A ViooN L A e A i I P
N/ v \ A | N
,\: [ \ ZEAN | . / LS
. ” \ Fophy
_M ‘ | | |} \ Fsa \ _/\/v | ; IR_ g) ! ‘,.\ M% Vg { rf g
_— 1 i T @ﬁ ___ ._w\; [ h H | 7 T ﬁ&. I ] N ,_h
W M “ Y \ i \
F A, [V | POLE
! j m | n by v
- SO I & o L D Y e e T e -
W 1 ! ] | M i “
ﬁ q : _ _ ; i | -
.... S ﬂ:\‘\ :\.‘. g T w - _ e R ~ —- _‘,.>;||..:._yl_\-|-lzi 14
! ; J _
: _ i _ ]
[ - 5 AU S Iw O R A . —e R e q
i _ |
| | ! -
Vo |
e e S - s e eef ﬁ B
_ : ; % }
R |
*(IH) ENITIELINED Qvd WOMd - 4 %:L.i-l s e T
7SLT B O CHAAAMNS SWM : m
NOTIVOOT TYIOY YSOOVAAYY  EION | i 7
R I R T —— -:;-!;-.#_\3-...!?ib h SEN—— A
_ *235 SPR@=1-YL130 NOIINTIOSIM 107d -ANQ ¥Hid ISHT4 FHL 40 ALINIJTA 3HL NI d3Ll07d bled a1
74 @5 & 112 B-H_CFH @@ 31ud DNIGWUS_‘ (WGB@HAAHY: . BBSZ ONB (WCIQHAAUN % HY@EYAAEY) .@R2] .
(HE@@HAAED) @19 1330 (S.€d5) fud HONOYT 3HL 30 ¥3INIJ AHI WOH4 SIONULSTO HOSNIS TUNIWON
(53T~ 8, ¥03) D35 BB S+L 01 9@+l ONY (SFITd-.H. ¥03) D35 pE-E+l 93 82°@+l
STEANIINT 3WIL NIHLIM (TANIHIGO 3¥3M (S,D300) SINIIDIHI303 NOTIONOA NOIIWTIHICI-SSTMD WNWIXHMH
BSESTO €SPY@D BGIP@D HG@EED GG1E@D Wr@eed (3 114

ANFIOI 44300 NOILIBT3403-S50x0

TR PSS TITW Rorm T TRt e e

e S pereY

2-82



KSC-DD-818-TR

4mooswgm,£mﬂouvcu a<mﬁow a4¢cou
SCOUTANTY HO2NABY UDLI2|DA405-S3040 = uOLALUBT gYS TI-SLS  °G/=2 9J4abL4

B1x(038) 9

~|
B 81 9] ! ‘m I .--.!@. ﬁ B8
L f _ -..-..& I
| N wr ;
,., ; ___:_h um..:.,u_..\l \I\_I
T | ! ; . JK e — L .
| m ,ﬁ
| : !
T i
oo
| |
Do m !
_L_J. Y _,,_ —_— -
1 i
i B
¢ L
] R B
i
!
_,_
- () ENTTIHINGD OVd WO
| \pGLz E6 OL QEAIANNS SWM i
NOLLEOOT 'TWNIOY YSOOVAAYY  *HION "_ |
L » - 1 . Y - .M.M
“AINO MH3d 18313 TJHI 40 ALINIDIA 3HL NI O3L107d S,0300 "035 5@ @=1-H173q "ZH I B 174'd'H 5y

‘7z @5 ® 174 H-8 "ZH BA¢ F1HY ONIIHWHS " (HEBRHAAHM) ,@BSE ONB (HS51- % HEI- "HPR@UAAEM) . BUc!
C(EERBHAAEYMY @19 13d” (S.828) OWd HONNET IHL 40 ¥3ELIN3ID JHL WOd4 SAONYLISIO YOSN3S TUNIWON
"(§IT4~.8, d¥0dY D35 BB G+l 0% 9/°'@+1 ONY (S3AT7I4-.H, aQd) 03§ YE'E+Ll 93 82 @+

STIUANTINT IWIL NIHLIM O3NTEIE0 3d3M (3,D400) SINIIDTA4A0D NOILONOD NOTIHIZHE00-S5080 WNKWIXEW

I

HOEGIO HS0pUD GGPEMD WEIGID HEIHED HO1r3D HEIE@D HG1E@D Hbgegn 414

INTIDT 44300 NOILB 1386805-850:40

2-83



KSC-DD-818~TR

YG00= pue “¥GI0- “YH00- VEOOYWAAY
USBMLAE UOLIR|SII0]-SS04) =~ UOLILUBT quS Ti- pue - *8-S1S °9/-2 =unbly

L 21X(035)  9H]
99 »9 @9 @9 BC 85 bS @¢ @S By 9y vy Ty @y BE 9 vE  €E  BE
¢ e _ et D
[ [ | \ |
\\x. u,f . : .\.h — HI
ﬁmu : T S
E | O (i s wies SR S
//,/ _ K I li.ﬂ
i . |
iy I 4 £
00z'L | vElo 0L9 veoo | Lo
00z't | vslo 0L9 veoo | 1L
00Z'L | vH0O oL9 vEOD | LL
B 00Z't | Wb0O oL9 weoo | 6 |1 ¢
00Z'L | VF0O oL9 veoo | 8 .
(L) (L) 18
IDNVISIO <>><v_moz<bm_o VAAV| —SLS
‘ 31V13YHOD SINIWIHNSYIW i
| | I i I [ | 11
“(METEED % HLIEAD ‘HPAERD) 11-515 % (HPZERDD mlmhm.nmvmoﬁ>v B-5185 83114 @1

PLATING 11-CA80ZH 1 @ L4°d'H "ZH @8 ® 1714 "-d "ZH_B@Z Jldd ONT1aWHE

UMY (HEBBBAABM) 019 334 (S, d¥8) Odd HONNET 3HL 4
“11-681S % §-51S ¥04 23S vEE+L O3
STHANTINT FWIL NIHLIIM O3NIHLE0 3F3M (5,240D) SIN3I

TE@D ©YOERD BvBE@s dpeows 3114

BETEBD HBEG

*(HE1—8 HS1-"HPBAUAAEN) . BOCI

82 °'B+1 ONH B-515 d04 D35 $B g+l 031 82 @+l
ST 44307 NOILONNA NOILHTIMMOI-SS0MD WOWIXHW

-

IN31DT44400 NOT 1HT34400-55043

2-84



KSC-DD-818-TR

Y300~ PUB ?_Q.m.ﬂoa Y700V AN
H2DMI3T UDLTT[BIGDD-S5S04) = UOLILUST ANS T1- DU 6=§IS °//-2 oJdabL4

PIX(035)  HHT

N!.
asl BF T 9p1 bl chi gy BET 9ET FEI cEl PET BZI a1 el ¢cl &mﬁm
. [ - xHHuJW/
T - ;\\vlfﬁx - . - . i _ L e [—
- M.:.‘.‘Jrnuu 2 %, \ s } e - B £ .hp.ui\ E \\
! Y S | /f | | 1 S SR Dy B NI 8 | v
f = SRR I N T | A D R LI T T | I 2
NN T
SN b T . : S
4.,./ é - - . \\ . f;l\.\\x J
A ! . . L/
s -
) U,\_ B ¢
/ \ |
/ /
_ : i+ G
,i /JA \.,_u . :
! / t ¥52L'T wG00 00Z'l v§lL0 L
Al ! , \ i q
y r S ¥E8LC w500 00Z'L 00 1L
v i, NN !
5 i W\ 1 vere ¥500 002’1 vS10 6 ‘
: // ,/V//Iil
W ¥’z | weo0 | 002t | ww0O | B |
vE \
k| I
- {1d4) {14} H B
WBGLT BE O (EATANNS S : 1
NOLINDOT "T¥NIOY YSOOVAAYM  AICN _ Jmk<4m4moomJ2m§mmﬂm<m§k
Ti

"{HGASTD ¥ €8@+¥BD) 11-515 R (HFBSID ¥ d509ED) 68-515 153714 [
o SCATING TT-8LS32ZH 1 ® 174°d'H *zZH B85 & 174 8-4 "ZH gec AlHd BNITDWHS " (HSRRHAAEY)  BBR5E H!.®
% (YG1-'"UrBRHAABNM) . BACT 1Y (S, 835) Odd HINOB 1 FHI 40 83INAD FHI WO¥H SIONHLSIO HOSNIAS TGNIHON
*(11-515 M0d4 ¥311I4°d’H 1d430X3) ONISSIDO¥4 THOILINIOT DNISN SAHONNYT HLOH d04 D35S 887G+l 031 9/7'B+1
SIUAYILINI IWIL NIMIIM GANTHLIE0 J¥3M (S,D423) SINIIITA4300 NOILINNA NCILHTFHHOD-SS08D WNHIXBW

HCPSID €cerds gcecin aceren 3114

INAIDI 44300 NOTLE1d603~55040

2-85



KSC-DD-818-TR

7
HO2MLDY LOL12(34d058500)

§00- PUR CYEIIIARTA o
- UoLILUBY gys I~ pue §5-S1S "QL-¢ 34014

@1x(035) oyl

(L4 d*H

INFIDIA4300 NOILH 13400 -55083

NI
g@?  pU? 282 @p2 BEBI 981 6! 281 @61 881 981 BT ZBI @81 821 9401 #2T 241 &mfm
e i RN _ ]
e e PaieN —
N / \ A K -
- — ) . b ] 81~
. \ ,./ \.\ \\ A - /\\ ! /. H
. S A N -~ | S N . R .
K J /wN S Y 4 ~ '
\\. = . -+ - P < = |||x VI.
R M “ { { m/ ; { { ﬂ ﬂ 4 “ 1 4 “ ]
./ . \\. II.I.
T B ! 7 — 8
y _ \.n / .
' ) \\\ n
e , ‘ “ @2
L / \ ]
,,_ / / ]
\ J ' S ]
- ; SR R A A —] ¢€
,,, \ \ v —
i / m _ ]
L - N B vaELT V&S00 oL9 VEDD 6 i
) ./! vGL'Z | vso0 | 0L | wveoo | Ll | O
_ } / (L) tE) .
mo A_H.m: ANTTIATLNAD I¥d WOdA m_. - / ADNYLSIA YAAVA JIINYISIO YAAYD —S1S ; ] 8%
JBSLT TG 0L TIAIANNS UM N .
NOLIVOOT TWNIOV YSOOWAAY  EION ~ | omHWmeJOUmkﬁm§m43m<mﬁ 1
. L 4 i : N mm
ON % 14IN0 BlHG) ON3IZ 1ON SuM NHIW 3SNYDIE SIXH O¥3Z LNOEY_NMOU GIL4IHS SI 6-515 ¥04 D400
. ncmmmmmmmbw;mkmu ZH 1'% 1934 °ad"H "z B8 ® 174 H-U *ZH @82 316d DNI 1dWHS

i F (US@RHAALN)  BatE - B1%
CB1O t3ud (S5,EMS) (dd HONOW 1 3H1 40 ¥3INID 3HI WO¥3 SIONHISIO NOSNIS THNIWON
*(11-518 ¥0d ¥3IL1I4 G H Lld3DX3) DNISSIN0H

STIHAMILNI 3WIL NI

d TIHOTINATI SNISA S3HONOYT HIO08 2404 D3I5 8B G+l 03 9/°@+1

HLIM aNI1g0 FudM {=,24020) SINIATDI 44300 NOILLONAH NOILHTIINHMOO-5S0UD WNWIXEW

d6pepD aseegn 4114

WD

o4



KSC-DD-818-TR

2320 JOSUSS YGTO~ PUR YHOOVAAYM 3u9DB[pY U9aMag aduaJdauol - e3d 140-3417 T1-S1S /-2 ®4nbl

B1X(2H3 ADNINDet S

@A
ad g9 B3 GG @< G gy GE @ae G2 @e g1 a1 S 2
T [ H 1 T T | | 1 H T i T T H T T w 1 T Jﬁ 1 T | | 1 1 T T = &
| | w
; , =
. “ ..... T U W — 21
|
_ e ] — 4 xm. bE
_,_ |
,_
— e i
! | i
| 3
: ! 3
[ #
i . - # 89
TM
L \E
vl B - Lo ik
AN y=
/\Y/J@Agg}?g}r}&g{;\!\ - W
= 201
5. 81%
*400 ¥1 *CINIISNBML NOILINDI JaNIIX3I) D38 B ¢+l 03 L b+l WOMA HIBO ! CLOQ-1Q0-HSBOY 2 3JANNY
*300 81 *(INAISNGML NOIIINDI JaN1SNI) D35 @'el+l 0% 2*1+1 WONA HIHQ TOINTT OTT0S) 1 3AAnD
"ONINNBH ON “ZH @C & &31714 H-H "2ZH 1 ® #31714 SSHBd-HHIH ‘ZH 8BB6E'B=J-H1130 *ZH QB1=XgHd

8Q1bEH WoippH 1114

FONZFHFHOD

2-87



KSC-DD-818-TR

(uesy ) 2190 Josusg

YS90~
yead 130-3417 11-S1S

BIX(ZH) ADNINDEYA

PUR YHOOVAAYN 3u20B[pY UDBMIBY BDUSJBYO)
*08=¢ 24nb L4

“
¢ EQ @Bs P 472 It BE GE ¢t 6¢ g2 Ec ac rat 1l [ 8 c
T T T T T T T T [ T T T T T T _qlﬂ. LA A B B 626 7
_ ] _
- — . 2EB
! H -
— - P e ] 516
! ]
, i
i - - VUV SURUVR SV SEURU WSS I - o .
t A
| | 1
| > | 1 a
_ \ S RS E N —196%
1 13
! - A
| 1ol
f A - N e —]
mﬂ + M mwmmw
P\ fy )
! A R L
L A o 226
¥ niy / _
¥ -
u\ _ e i At — GBB
| A A ]
Ve \bﬁJ Ji £ -
LY _l
< - * £66 |
W s _
_ o7 |
*JONHM TH §65-C ¥04 1074 MUZMHMIOU 938" ._7_u @Ix |
"4oa F1 " (ANIATENHHL NOILINDI 3AN1OX3) D38 B Y1+l 0% G b+l WOMH HIBO ! (100-L1QU-HSHA) 2 3IAAND €~
300 81 T CINIISNUEL NOILINDT JO0NNONIY 2938 B 'Hi+i 03 2'1+1 WOW4 ©libd OANITE AIT0s) 1 3JANEND
"ONINNHH ON "ZH 8% @ 331714 H-H "ZH 1 ® 3317114 SSHd-HDIH *ZH SEEE°E@=4-H1T30 "ZH Q0 i=Xdkd
NG3W  €ST+#@H Hgiead ‘3114

2-88



KSC-DD-818-TR

‘39
et

2

(4 J9suss Y10~ PUR YyOOYAAYA

BIX(ZH) AININDIHA

7]
@l G3 B3 GS @q Sy 44 GE BE GZ ae Gt al q g
N S T TT T T T T T TT 7 I 0 T T | I T B
i . S c
i : -
J |
LA - ] - S OO -
/ |
_ i
' { —H
] 9
WL
._,‘ ;
1 : L H g
AV |
- gk\u\?d}l )
b
81X
400 #1 " CINIISNENL NOILINDI 30N19¥3) 235 8'fI+l 02 L e+l WOMA HLIHA #{100-100~HSEO) € IAHND
*30f1 B1 *CINJISHNEML NOILINDI 3ONTONI) 038 2 Fi+l 2% 2771+l WOMA HlHO P(ANITT OIT1058) T FAXND
"ONINNGH ON "ZH PG ® §317I4 H-B 24 1 ® 3317114 SEBHI-HDIH *ZH 9B6E'B=d4-HIT30 "ZH DB1=XHWi
HERIK

HET¥BH HEIPEH

JUSORLPY UDAMIDG BIUBIDYOD - Nedd J40-1417T TT1-SLS °18-Z dJnb 1L

FONZRIZHOD

]

2-89



KSC-DD-818-TR

p1e(l JOSUIS YLD~ PUB YSTOVAAYN 1u9de[py ussmlag 8duadayo) - Nead J40-1417 TI-SLS °Z8-2 aJnbld

QwﬁthIV ADN3NOde 4
%74 G3 @3 1 G]¢ Ch ar GE ae ge Be gl a1 g

T T I T 1 T 1 1 1 T ¥ 1 | [ I 1 ! | 1 ¥ T 1 1 T |3 I T

=

[
—

=TT 1

-
on

3ONIE3HCD

-y
——
e

bbb LLLCLLLLULLL LUV T o

i
i

o

4=

o
TITHTY
R

-
i

B =0

‘L_,_

s

58

-

o

IRITRERRRRRAT]

3
Y

\/Vﬂ\\k}(ﬂ S e ey, | s R B e u}\\/ﬂhu!l\

28l
.a1x

(3§ ]
|

INDTI 30N1OX3) 239 B ¢1+l 93 G'b+l WOMA HIHO ¥ (I00-100-HSHOY 2 3haND
INDI JANTIONIY 035 B ¢I+l 01 2°1+1 WOdd WiHd YOINIT QITNS) 1 3AMD
¥A1TT4 B-H *ZH T @ ¥ALI4 SSHY-HDIH "ZTH SB6BE"@=-4-HIT730 “ZH Be1=Xbkd

A0 b1 (LN3ISNHML NOI
"400 B1 *(INIISNHMLI NOI
"DNINNYEH ON "ZH 85 ®

A
1

ge1GTH wergrH 3114

L

2-90



KSC-DD-818-TR

PRd 3yl WoJ4 13 0T9 I® VEOOVAAYM JOSUBS “(Sd - PUF jead Pue 334 140-3JL17 T1-S1S *€8-2 dJnblL

BIX(ZH) AONINDIAA
Gge e ve e gi &1 el B 9 E @

ZHs2v 1 sq USd

1 v1
IS AU AN NSV SR H1e
H
UV . B e - Be
AV
.; w _.¥_ H _H
- S 4 — 7 ——1 gg
./ EH
=
S R S
b3
e
‘ - e 77 6%
{ _u
S S - : —_——— — \ ? - 85
i
- g9
"HEL4S ON3 Mudd SIAMIONT "NOILINDT @8NS S30N1IX3 '40d +1 "S5 ¥GTE€Il+l 03 ETE+l WOM4 Iy 3IAUND A%
‘UoLTHe (INT MU3d S3aMTONT "NOTLIINDT 8N6 S3ANIDONI 400 81 235 G'El+L 03 Z @+l WOMY IE INND o-
‘HeU48 N3 Su3d S3aN1OxX3 "NOILINDT @NS §3ANIDX3I "J00 91  "J38 @'I1+1 0% £'E+L WOd4 g JANND
SXECIUNNGH S, G8d ‘AP b 6b1=1d5H0 *1Sd 980 @=CWd 400 #1 038 §6°@I+1l 0% Z'O+1L WO¥3 T IAMND
“93E g0 2 AWIL N1EDAY ‘ZH OS © H3LI4 B-H "ZH [ ® ¥3ITJ'd°H *ZH SB6E‘B-4-HL1T13Q 'ZH BB1=XHWd
UEBdUL DEGJUA BEQdUA HERdBA ‘I 114

2-91

T rTaTE — ————



KSC-DD-818-TR

ST bu2 YST0- “YhOOdAAT

ped @yl wWoJ4 1y 00Z°T 12 e
B3 1301411 1TSS “H3-2 24nGid

sJosuas juar2lpy “4sSd - o

@TX(ZH) ADNINDIAA
)3

15 B¥ 214

;wmmmﬂuﬁﬁwﬂ

Ze

be 1<

__ 5
| _ 8
N ,Izgllatiitlllli;llhrisiztf!!l —t ,,. M_ m el
l _i:; ]
N l w T_‘: x\ — m:
s Tt e e B A < ; i
} \ H
| | ]
e - - L - 8l
BN | T
| i .
R ﬂ ¥ E
8 _ | | | 14z

*NOI
‘14140 Hidd

WH
ge 1 ek i=1d5HO w>m

-

NOI B3S 14 O3LHNANTD SININOJWOD ADNINDIMA MO NIWINOD € % 21 SIAAND @1x
IHNIWITF 01 G3¥IN0AY SBM ZH [ & d31114 SSHd-HITIH °XG O3INNLH $.05d T g
134 /P@ @-CWd DAH *A00 1 "D3G B v+l 0% ST+l WOM4 18 % G GIANMND

"l m 5PR P=SW¥ DAH *3J00 Bl 035 @ kI+l 01 2°1+l HOM4 € % 271 QIANND

® F31T4 H-H *zH T 8 ¥3LT4"d'H "7 8P6E"B=4-Bl130 'ZH BBT=XEW4

"HE bt ey 1=T1d5H0 DA

I
I
=
=
*D3AG 8572 IWIL ATEDAH a

zH

HEldUA E61dUA EVPHUA HETdBA HGIdHA Gypabs 3 114

ZHsev18d (5d

2-92



KSC-DD-818~TR

ped Yyl wodd 34 00S°Z IR VGOOVAAYM JOSudS “(Sd ~ ¥edd 310-1417 T1-S1S

*Gg-Z dJnbld

BIX(ZH) ADNINDIy

& 8y oy cr 513 9g EE ae e ve 1e 81 43 cl B 9 £ @

1 T T T T T T T =TT ™1 118
j
i H v
B8
;
L . cl
.//
\
. — 1. —h 91
~.
| ae
—. e [t - b2
SOCZ+10LST+ 1] ! \ .
*(I3) ANIRIFINAD Avd WOdd oL - VL B?
557 39 OL CERAMAINS SWM \ |
NOTTEOOT THOLOY YSOOVAAYM  *AION /r\ =
| 1 | I | _ ] 2€

"1 _FAAND SH_FWUS)
*XG GINNDH S, (0Sd "BP B’BE[="IdSHO

* INIISNWYL NOILINDI €3S S3ANTONI I 3Adny g 81%
"400 22 238 B 1+l 03 &7 9+l WOH4 2 FANND
"300 @€ *D3AS_@T€+l 03 £-G+l Wodd 1 AN

IS¢ ECH B=SKHY
"13d E20 @~5ky

"036 887 F AWIL MIETDAH TZH BL & ¥3LTI4 ¥-H FH T 8 ¥3LTNI4d°H "ZH SOBE@~4-HLT30 "ZH 281=Xuli

Bo@duA dwoadga fd1I4

ZHs2v 134 (0S4

a

2-93



KSC-DD-818-TR

7520~ PUR YEQOVAAYY SJ0SUSS ‘A3Lsuaq A31[1qeqodd - J40-3417/U0LILubT g¥S TT-SIS

*9g-¢ aunbi4

81

NOELYIAZD RIVEHYLS NOLLYIAZD ONYCNVIS
8 g 4 3 - ¥- % B [} -

1 i ! -? AEIWL{FLi 'R ﬁ
f " - !
B vl 2 - , L

I
- e - -
- F oy L -
|
- — m. . =
— ._ — w- L_ L
208 1- #% -/+ 856 Bt -/+
- %66 - 572 -/+ | e o 656" §2 -/+ » |
586"~ 172 -/+ 85- B2 -/
¥ - ET -/+ o5~ G -/+
18- (A . %L B3 -/+
- —l b— m { L. —
TN SIS SYWEN SR
LITEaNd I LTI oW
1. 1
I BT v B M1 (N s 4 B N K A1 S5V KO H T (Od Mk p 9
C = S¥aEM ¥ o= 93N
IS5 = IS KT + 1= NI NS US4 28~ = B8+ L= WL WIS
335 8Tl = ML WAL YR YYERVIA I 2 W = HIL WI0L ¥ INAHD  YERIVAAVY
M = UV TS ALISH) ALLTIEYE0Nd H 3 = 3V TINYS MISNIE AL GvREd
FAIEER AR ¢ i) HFUD /7 ROLLDL B 11518 ¢S = 1715 404 A-LTTNILINGD &S 11-515



KSC-DD-818-TR

Ped By3 wodd 3J 019 I° VYEQOVAAYN JOSUSS
‘VISd ~ 340-3417 3@ AJRwwng [T~ pue ‘- ‘@-S1S °/8-Z dJnbl4

B1X(ZH) AODNINDIFAA

BE 22 bE 12 21 8 9 E 9
T T~ T 1 T 1 T1 @
§ *! m_ﬁ\*
- Jﬁ i
oL
o/ AR e
............... i N | A Ny 1.
VRN s |
| N NSNS Y
SN PR -t - _ . WWU <\/& hhf m W ge
| i W
I . Cbonvaw— m S YiE
T ! I \u_ﬂ.# SYE R
LI —1 f \m //. m
N . e Y i ¥-J a9
| i -
- W :
- i i - - ] it -  2¢
. L: -
{ . —
L q ] M 48
o BIx

.xmﬂmzzcx.nmum.—mﬁv_w&mﬁﬁ.&imzmuﬁszHm*N+zmuZuthHJ.Amnw.mvﬁv_mmmma.almzmnzmmz
*035 952 FWIL B *HDAE ZH 86 ® ¥ILNI4 H-H "ZH 1 @ #317T4°d"H "ZH SBEE @=4-B.1730 *ZH 2B1~-XbW4

TIWIT  Nu3W  (EPduA OEPJUA BEDAUA HERAUA HEBdUA BEBJUA DE@AUA GEBgus 3114

ZHsev1Sd (5d

2-95



KSC-DD-818-TR

ped 9Yl WoJd4 34 00Z°T I SJOSuas “(ISd

BIx(ZH) AJININDHHA

330~2417 30 Ayewwns TT- pue ‘6= g-SiS

*gg-2 94nbl4

¢m 12
5]
£
3
6
21
Gl
81
I S w,ir.l Llfi}i,iﬂit, * SN PO SO § e S S 12
|
i i ! _ '

H 1 H —
.:¢E|51+riiis.:Tr@iiinEii!!iiii!ﬁib!llil!ai::?.;iinLlliTiéiii:i!iﬁi ....... - - pe

| w | ! ! _ | 4

; ‘ ! _ | w | ‘ w

L [ ._ ﬂ __ i g \ﬁ ] ) } | —. ] 22
*(OoId3d ZOH._.HZ@H axs OZMQDJUXM (INH GZHQDJUZHV JDIMIL Qmmmmuom& mmz 1IN0 w_omzmm HJHF 310N R x

*xg dANNHH (8P 8 ._w 13 19 COCR " P=Spd ! (BWDISXZ+NUEAW) 1IWITT  “(dP [ ¥¥1) 184 Z28p0 " Q=CHy NHIW g

*035 9572 IWIL MIE (DAY "TH BS @ #3014 -4 "ZH 1 ® #3171I4°d’H .NI.mSmm B=4-HL730 "2H BOT=XHWKd
"(HETD— ¢ HGIB- "HEBaUAAEM) 11-515 (HGIB- % Bb@EHIAGA)Y B-518 (HPBEBAAEY) B-51S 1SHOSNAS
"SIANNT LIWIT ONH NB3W 40 [0d 3lHdHd3E 338 1T " RGaR

GE10UL GOldUL EYGdUA UEIdHA UGIdUA UvGdulh EGTdUA S5@dui HETdPA Br@dHA JbQAdUA  EYAdUA EDE

ZHs2visd 0Sd

2-96



KSC-DD-818-TR

(K1up Frwi pue uesiy)

ped ay3 Wod4 34 00Z°T 1P SJOSUDS “(QSd - JJ0-2417 3P AJewwnS TT- pue ‘G- *g-SI§ *68-Z 34nbL
0 P1X(ZH) ADNINO3A4
IS BY St ch BE 8E EE @e ¢2 be e 81 gl 21 6 g £ @
l.l_'._lln___“__ﬁwd_n_“n_#1—__~H__w__ﬁ_ﬁ_4____ﬁ®
e L ﬁ:yn?ﬁﬁ/(/_’/\ ! &.
S~ R S
- 7 B T Same AR ‘;}/T.wﬁ RS t
. -
L v .
R £ - *..l‘ul.l_l e .Ff\ul.,r e niJ‘l.ll.-l.lrQ~ l_m
M -
ot - S S PO —— B
M i
b I It s — -~ A
e b ci
! -
- — R s N et e S e et I s mﬁ
! .
| 4o S R ;Ei._.- — 12
n ; w ]
Tisil,:.A!?.fr \“. [UURURt SR DUPRINY VRSP SR S —— .‘él.ll...hﬁ(..i].\ - J — - .VN
{ | m H
[!th_ \—n;l _ - _ | S | : _ \_ 2e
(0T34 NOILINDI @95 ONIM 10X3 ONE ONIONTIONI) 3DIML U3ISSADQd mmz 1NdiND ®OSNIS HOHA 13LON 1%
*xt IINREH (8P 8°S¢1) |35d mmm@ @=Suy .Ezﬂmx?zmmzu STRIT, CEP T pb1y 15d 29pTB=CWHY B g ©
035 8S°¢ AWIL HIE(9AHY "ZH PCT§ H¥ILII4 t-H "ZH | ® ¥l 114 d 'H .Nz.mumm @m-HLTA0 " 2ZH PRI=-XBiHd
Y(HEI@~ % HES1E- ‘BYBRUHAADL 11-818 Em:w Q% YPBBBAARY) §-515 ' (ByBAUAAEN) 8-Sl8 ISHOBN3S
TITeI  Nemw P3N

ZH/2v1Sd (Sd

w

2-97



KSC-DD-818-TR

ped Y3 WoJd I 006°Z I° VYSOOVAAYM JOSUSS “QSd - 340-2417 3@ Adewwng 11~ pue §-S1S

*06-¢ @4nb14

BIX(ZH> ADNFNDHS

@
15 By Ch (44 BE 1 EE Bt 2 Fe 1e B1 gl. ¢t & g £ 2
] L e Nt L L A AL ‘ 7 @
ﬁ _
PPN SO S — * S V !
! | K ] _
- s
J i
. .
4 T 2l
=
mﬁ HIfE T g
/ i 7 8);
N/ 21 1P
%y ST
AN A r}/ i+ 2
\ %.\_R/,rrk \|_P g_ f_ 3 N ac _./v.,
xg“ /zx ! N i N
il /
| i § A
; I ; 1 \ I/
ANIE
N SR VORI, ] r —} S WO ] R !
NV EE
! ! WYt |
*(5d) ANTTIEINAD d¥d WL — /_ h___ g
WPGLE FD OL QHAIANNS SYM N o
NOTI¥OOT TUAIOY YSO0VAAYN  :EION v |
e s M - 9¢
TObKS 40 386038 " (OOINId | g 8%

INADNINGI LON SI HANND 1IWIT S, (08d QALETNWNIOH 40 HHEWON
7 i N7 HOH3 d04 LNdLNG HOSN3IS 310N

NOILINSE adS ONIOQOTIOX3 ONY ONIANTIONI) ADIML 03ISS300dd SHM HON
P(HWDISKE+NHAW) LIWIT (8P E'Z2E1> 15d ET120 0=CWy INHIW

TXG GINNGH_C (dP
‘038 gL d AMIL ATNEDAY "TH B § ¥3LT114 Bl "TH |

S"8EL) 13d B-PR " E=SKHM

LIWIT

B 33174°d"H *ZH 8SBEE'P=3-H1130 "ZH PRI=XBK4

NoSW HG0dWA USRdUA BG@dBA Boadwa 3114

2-98



KSC-DD-818-TR

(S 96°Z pue s tz0°1 aull ¥d0lg BuLBeddAy) 3(d21yap 3yl Buioe;
SJOSUDS YILM UOLTRAD[I 34-86 BUY3 I8 SISO4 IYBLT] U0 8JNSSAUJ DLISNODY §-§IS *T6-Z dJnbLy

®®ﬁxHNIV ADNANO 34 4 ﬁQﬂxﬁNIu AONINDI4
B4 av BE 514 a1 (6] G2 0e GI a1
ABRADIAG == I, rrrgarrrrTrTTTy O ELia N G i 2o e S e o A e
I S G Vo R TVMMA
\., N \// \ %//z "
o RN/ NN _— T e
\ i
P P, i . e [ N Nﬂ
] e — - S 4 f“l b
JRUUUOUOR Y USRI S S By 5l Bi % ’
1] o} SRRSO EUUUUUSUIN SV SR 9
1 0
S - el
] >
T A 5
B | Hoe &
| o1
o e
S He - —— 2
-] —t
n
1 gy _ —— b1

*23G 8672 3WIL 0078 ONIOHHIAH X ‘035 $20°1 IWIL 0071 SNIODHMIAH %
*(14TH0 180y JUNSEINd WFATIH93IN. JIUNIWINI TLS" 'J35 %.M+F 0L &1+l "7H 9¢6°0=Jd0 " ZH BQG~XHKWA .LSﬁ
Ol OIMINDAN BUM TH 1 @ ¥3ALT4 S8Hd HOIH RE 12 SNI®H3E ' ITDIHIA WOoHd, 5E2 JERBHDL A
*BTET+1l Ol B i+l "ZH [6E'P=J0 "7H RAJ-=XulWd 030 I+ ONIYHIA "FTIDIHIA WON4. BAE Drpdtdl4X
*x2 (I3NNHH 3, 08d *930 ZEE DNINY3IE "FIDIH3A WO¥L. 882 J1edddldH

dfopdd Ozeoua digodd ¥ LI

2-99

ZHs2v iS4 (5



KSC~bD-818-TR

(sbuey 1014 ZH-0GZ ©3 =-0§ PuR ZH-0§ 031 =) @l2Lusp ay3
Buroe4 SJOSUBS YILM UOLIBAB[I 24-86 @Y1 2B S3504 IUBLT UO BUNSSBUd 21I5N0dY 9-5]S

BIX(ZH) ADNINDIA

El 6 g
T T T @
] 3
9
| S e ——————— g 8 TR ————— - — o e e o e - m— — m
V100VdL43l
N S RN SN ——— A 42l
VZOOVd1dM — , 1
- " Y - e L m~
-
@
ISR RS SN U S —
—md |2
"TH BGe-@C JONBY 10T oy

*HAHID3dE 20 N3 ADN3NDIMA HOIH 40 107d g.-
*X2 O3NMNBH 8,054 "235 $2B°1 3WIl HD07d ONIDUMIAY *HIad 1+

*036

99+l 01 6%T+1

"TH 926 =4l

JEDPHd 2200@Hd D10eHd * 1.

ZH/2v 34 (05¢

8s Q

aaﬁxﬁNIu AONINDAY 4

b BE

@ae 8

*26-2 3JnbL

I 0

'0930 @17 DNINYIA'ITNDIHIA WO¥4. GES JEQ@HDL AN
ONINGAE 3ITIDIHIA WONA, 832 J200HdLAN
"IH PES-XUBW4 930 ZEE DNIHMH3IHE"ITDIIH3IA WOHA. Q02 Ji90bdLIA

EE/,I_\ IRARARAREERRARASASE!
= . e
I A
P /..ﬁ\ ~
| VEOOVdLd
e b
v100¥d.1ld
—— - SRR SO U
—y
b e e e e b ] - @
YZOOVdLidA
VS NSRS MU S — “ Bl
. [N R SN S SISO p—— NH
-
o — A
"IH AG-@ IONUM 107d oI

14

SEQaHd D2ZBgud dlgedd ¥ LA

dsd

ZH/2v L Sd

2-1G0



KSC-DD-818-TR

(96uey 30[d ZH-0G 01 -0T pu® ZH-0T 0% =0) 3|2Ly3p ay3 bBuised

SACSUSS UILM UOLIRAB|Z 24-86 8Ul 1B $750¢ 2UBLT U0 34NSSadd DL3SN0JY 9-S1S

BIX{ZH) ADN3N03d4
a2 g1

%

Bb
h

=

1S G Ge

T

. =
Y

STIITHIEIN

a1

L
(951

VEOOVd LA

ru
e
ZH/2v S (5

jup)
o]

TGRS S WS S —

98

HUIHIEHHI|§lHI'lM{H!HII].’ILlIlllHl!llHlUl!lHlliiIll!P'rﬂ_Tl_l

r |. - m@m
.mxumam-meuzpzomhmupuu4uum x
AWM HHE 1GHT AB INIWIONIDWI 0l (0360dx3d o B1
EUM 070@ud L4 HOBN3S 1dHL I16DIUNT vldad

"ONINNEH ON 2365 BL'd 3JWIL M)01d DONIOHHIAH
"035 GTEI+1l Ol @°T+1 "ZH [6E*B-40 °"ZH BBT-XuWi

HEPPHd 020044 dipaud # 1

QIX(ZH) ADNIND 34

*£6~¢ a4nb L4

HEQULd (280Hd Q190uHd ¥ 1D

L]
at a 9 b c a&
LL| T HIIT LG A LU e L L R L LR LR L LBl
FEF#\EE/FVA( SN, ]
\\a/./.l\u...-nlny N A f1
- J-r/a .
~ \ -
o l,e:=;s;::..-:aivmr:. o \7/frﬂ u
V N
VEOOVAL \\ E
T A A S
VAl
e ) N w . B2
VEOOVd.L 7
e~ I e e - mm
YZOOVdLIY — 3
SN N O RO QU U T
e e e o o = 1
-
-
N S — 3 gg
| o e e EUES lllm £9
- : %P4
(14780 BIHO) FANSSIAd IATIUOTN, FIUNIWITI B1x
OL 039INDI SBM zH 1 ® 831113 5GHd HOTH p_
990 Blé DNTNHUIE IIDTIHIA WOH4, GES HERRHCLANA
‘530 1p  ONIHW3E"ITOIHIA WON4.UB2 (12BBHdLIM
530 266 ONINWIE*TTDTHIA WOH4.BRZ d10BBdidx

'
]

Z

/evisd (sd

2-101



KSC-DD-818-TR

(Buluuey ON) S$212SN0JY Jamo} Bull00) S$)3I - Jedd JI0-3417 8- PUR /-SIS ‘p6-Z 34nbLY

BIX{ZH) AODNINDIAA

e ke Ie 9 £ ]
1 T 1 1 ] w\( @
. % > . FE_N\___,"
/ HAN g
i\ N RRY
2NN
| NN
| il
AL
T
| Il
el m_a_
I § - L Wi 3
(R d_u 0
I
_H | ? __
1 ] ]
| | | ;_
i L]
—_— - - ;__ M “_“ — m
1
| __
1 i —
!
A S ¢ at
i
o _ | o1
"UWDISKZHNGAW=LINIT @R 2°1GT=(SZ+X)TdBH0 1Sd 2C@1T@-oWy ¥ LIWIT 4 BIX
"6P C'BpI=(NHIW)TdSHO '1Sd E2/0°@=SWd ¢ NUIW
"DNINNHH ON_"(D38_@'BI+l 0l £'2+1) B-51S_! (D78 #'B+l OL 2 1+1) 2-616 t THAYAINI ONISSIION
"zH 1 ® ¥30714 SSud POIH TZR OGS ® §317114 ONISHITW-TINY "ZH 9@6E @=4-H1730 “ZH 2@1=XHWd
TIIWIT TNH3IA E2000A €18PHA D20RUA D1ppuA fEODA

ZH/2v!Sd (Sd

02

ot



KSC-DD-818-TR

(pauueH $,0Sd L1Y¥) S2L3Snody Jamol Bulpo

00 $J3 - ¥B3d 140-1417 8- pue /-SIS G~ d4nbLy

B_m:anIu AINZANDFA A
ig 8¢ Gy 44 BE 9k EE QE e e | B1 Gl 2t b 9 £ G
T T T T 1 T T T1 T T T T T T T 8
bl | N, :
=7 ,,,,/»/1? | ,
\MHU\» / =
4 ¥1
=17
— - 82
— 3 &E
= 2F
f 3
un 1R B E
- | 1 H.N ¥ I 3 64
i T E
i | o 3
0 ST .ﬁ P Y . lm gq
_w- [} ii]r.
A =
A~ b i £9
| iy E
1 H —
!ie;,:s mﬁ i%t; 4 )¢
[ v =
I B -
m _ y L3y,
*@2 SI DNIDHNIAH MO4 SHO0TE Hlbd GIZITUWNON 20 ¥IEWNN P10L "ZH 15-0 JONWN 107Td Blbd 91x
HO4 3 SANTIHA LIWIT] % NE2W "BROIS*@+NHIW=LIWIT ‘dP B '@aI=(3&+X11dSH0 *1Sd QR3A1'@=CWa i L1IWI'] c-
“SHIN-BXD0TE H1l30 & NI S1N53M DNISSID0Nd dHINIA0 6P G 8pI=(NHIW)ITHSHO "1Sd ELZ@'T=SWY ! NH3W
X2 GINNEM $.05d 7118 (238 @'8T+L 01 E"g+L) 8-5l18 (935 +’'6+1 QL £°1+1) £-81l8 MHAYALINI *20d

"ZH 1 ® ¥yFLTI4 SSHd HDIH ‘ZH @8 ® ¥3IL1IH4 ONISHITH-ILINE "ZH SB6E°P=3-Bl130 "ZH B801=XBW4

1TWIT  NE3W  H2009A €1P0WA D2B@HA Digeus +¥OI

ZH/ZVESd asd

2-103



KSC-bD-818-TR

FAR FIELD Direction:
PREDICTED AVERAGE SOUND PRESSURE LEVELS 322° T from Pad Centerline
{50 PERCENT CONFIDENCE LEVELS)

T Fog R
o i
6 = ]
T GS;OCI SR
<> Eanlng 1 J- FSS {REF.)
wEBE = MW :F OASPL = 167.1 dB
- Il - "
e ] YA
5 1] L 50 £ Iy I ._}\
150 A NEmpe L ESead
i . _-_-_-;- SO - ¥
I_* T ]Tft IST;;[ =r:-1 50 \FT T
P i r-‘*ﬁu rIU ] : h.l(fﬂl? y 1651"?4 @
BN 8 T N mya
@ )i *1:‘”]“ — 6001* yan g
= 140 r ]ISE?TAIYT& oD l1 - 15 BN ‘__2710 SF;’ dB
- L =+ ! 1 6
= o5 “147.53 dB ooty s b I] S
: l-i—PA‘L t ) f{- T y ? I[
wideN 4 b !
w E ! A J"S.g,d L4390 FT H
f,‘r.s,::m AL —— i T ] rmﬁ{ 155.34 dB T
v ¥ -+t i 5 g 1 E
23 G - ' Lo STISCLER0 F T
- ! o, T151.8] dBg
Dg N ‘*-?Q?@ s .
=Ys] A i J ! % T
2120 ! i ‘- .
=] X} 1 1
g £ WL 1 1—IE_L i i_ %1__?700 FT N, AP
" T ] a PR 18 9T
[¥¥) i } i H B
E o RSN, Sl 1 1 |
5 110 - T 253800 FT
o [ Tt T LI T T J}3638d8“
Data is a ts:urnm::;rcy of the following L 7 ol .
- measurements: 00 TT1
A. {111
/i L] 1
8Ts-1  $Ts-2  STS-3 -/ 11'8400 FTL
T/ —H131.65 dB
100 4 Kavya 001 001 001 5_ { 17
003 003 003 +
004 004 004 CF 19,500 F1
<1 005 005 005 T 123.91 dB
PREDICTED +
90 —hu. T T T ACTUAG + tHHIHH
1 t 1 T T T
™ © = Y & 3 S S = S
- - o = & F 8

OCTAVE BAND CENTER FREQUENCY, Hz

Figure 2-96. Predicted and Actual Sound Pressure Levels Data Summary

2-104



KSC-DD-818-TR

2.5 MLP DECK 0 PRESSURES

This section presents a summary of plume impingement pressures recorded by six
pressure sensors during STS-1, -2, -3, and -9 launches, The thermally pro-
tected sensors were located only on MLP-1 as shown in figure 2-97. Wot al)
sensors provided valid data for each launch. Data losses, mainly dropouts,
were caused by the severe vibration environment affecting the data acquisition
system {DAS). Remaining valid data were processed to provide slow varying
pressure components designated as TVM and rapidly varying dynamic components,
further processed to yield PSD's. Extraction of TVM used multiple application
of time domain averaging by means of Hanning algorithm, a symmetric coeffi-
cient digital fiiter that acts as a low-pass filter but without introducing
time delay (phase shift) in filtered data.

Extracted TVM's, often identified as “static" pressures, for each launch are
shown on figures 2-98 through 2-101. Sensors that provided data and other
pertinent information are shown in plot headings.

A summary of static pressures recorded by each pair of sensors equidistant
from the SRB's in prelaunch position is shown on figures 2-102 through 2-104.

Typical PSD's obtained from dynamic pressure components (dynamic component is
the difference between raw data and TVM) for STS-9 are shown on figure 2-105.,
The user is referred to previously published STS-1 through STS-3 data docu-
ments for additional information (PSD’s, rms time histories, probability den-
sities, etc.) on processed dynamic components. The highest values of dynamic
components were recorded during STS-1 by sensor KSRPFO1iA (14.7 psi rms aver-
age within 0.512 s data block). Pertinent plots are shown on figures 2-106
and 2-107. The right plot on figure 2-106 shows probability density with
asymmetric distribution of dynamic pressure components.

As an illustration of response to both static and dynamic pressure components,
figure 2-108 presents STS-1 strain time histories (raw data, TVM, and dynamic
components) recorded by a strain gage on the bottom flange of T-2 truss top
chord. These time histories are similar to those of pressures. Note that
after the peak, a slow decay of TVM to ambient is delayed (by a few minutes)
by induced thermal strains in the deck 0. Peak amplitudes of dynamic strain
components slightly exceed peak values of TVM strains.
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Figure 2-108.

STS-1 Lift-0ff Peak - KSRGFOOZ2A Raw Data (Filtered),

Time Variabie Mean, Dynamic Component of Data, and Power Spectral Density
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2.6 TSk PRESSURES SUMMARY

This section presents a summary of pressures recorded Dy sensors on both TSM's
and L0y} during STS-4 through STS-8 launches. Statistical data in terms
8BSPL s were derived from STS-1 through STS-5 measurements (X- and Y-
d1rect1on sensors) and are included in this summary. Since the acoustic envi-
ronment on TSM's 1is very nonstationary, orientation of sensor orifice (X, VY,
or Z) and time intervals selected for processing were major factors affecting
the results,

Figures 2-109 and 2-110 present PSD's derived from MLP-2 TSM's sensor data
during 1ift-off peak (T + 1.5 s to T + 5.6 s). Orifices of these sensors were
oriented in the -Z direction (looking down)., PSD's from the same sensor out-
puts for processing time interval T+ 5.5 s to T + 12.2 s (1ift-off peak end}
for STS-6 are shown on figures 2-111 and 2-112. Comparing the PSD plots of
figures 2-109 and 2-111 reveals significant differences in their frequency
composition.

TSM sensors with orifices in the -Z direction recorded apparent "static" pres-
sures as a result of indirect impingement from the SRB plumes after these
piumes impinge on the north part of MLP deck O (peak at about T + 8 s), and
are deflected horizontally toward TSM's. Deflected splash impinges on the
base of TSM's where they are again deflected by the TSM's. Thus, apparent
“static" pressures are associated with an upward flow of twice deflected and
splashing plumes. Figures 2-113 through 2-115 show S7S-6 time histories of
raw data and TVM extracted from the raw data for the period T+ 3.0 5 to 7 +
13.24 s.

When ail PSD's from -Z-direction sensors on MLP-1 and MLP-2 recorded during
S$TS-4 through STS-8 are averaged, the resulting PSD's are shown on figure
?2-116 and 2-117/. These PSD's are similar to those on figures 2-109 and 2-110,
thus confirming similarity and validity of TSM pressure data recorded on two
different MLP's by two different data acquisition systems.

A number of sensors on the MLP-1 TSM's had their orifices oriented in X and Y
directions. Figures 2-118 and 2-119 show PSD's derived from the outputs of X-
and Y-direction sensors for STS-4, -5, and -7 launches. These sensors did not
record significant "static" pressures mainly because the direction of their
orifices is perpendicular to the direction of splash flow. Generally X- and
Y-direction sensors recorded higher dynamic pressures within the 0~ to 200-Hz
range shown on figures 2-118 and 2-119 than did their Z-direction counter-
parts,

Tabie 2-1 presents a statistical summary of acoustic pressures on TSM's re-
corded by X- and Y-direction sensors during STS-1 through STS-5 launches,
Data are presented in terms of 0BSPL's. A total of 18 measurements comprises
these statistics, which essentially reflect data on figures 2-118 and 2-119,
except that OBSPL's range is extended to 2.0 kHz.
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Table 2-1. Statistical Data From TSM Pressure Sensors
(X and Y Directions) for STS-1 Through STS-5 Launches
r‘ Statistical Summary
Dctave Band Mean (50% CL) 97.7% CL. 97.7% CL
Center Sound Pressure Level Sound Pressure Level Qctave Band
Frequency (X) (X + 20) Average PSD
(Hz) {dB) (dB) (psi /Mz)
2 153.1 156.9 2.913 £-2 |
4 156.8 160.3 3.186 E-2
8 157.9 161.5 2.100 £-2
16 158.8 161.6 1.074 E-2
31.5 160.1 163.4 8.261 E-3
63 163.4 166.1 7.691 E-3
125 165.6 168.5 6.736 E-3
250 172.3 176.3 ?2.029 £-2
500 173.8 176.9 1.165 E-7
1,000 163.8 166.9 5.825 E-4
2,000 158.7 162.7 1.107 E-4
Qverall
sound pres-
sure Tevel
(0ASPL) 177.3 180.7

2-130

(X and Y directions).

NOTE

Statistical summary is applicable to north side of
TSM's, where measurements were made.
are not included because on MLP-2 all TSM sensors

are oriented downward (-7 direction) and data re-

corded at Tift-off peak are lower than similar data
recorded on MLP-1 by sensors oriented horizontally
Presented data do not in-
clude pressures from impingement of SRB plumes de-
flected by the MLP deck O.

STS-6 data
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2.7 MLP EXTERIOR PRESSURES ({SRB EXHAUST WELLS, SIDES 2 AND 4, AND BOTTOM)

This section presents exterior pressures recorded on MLP-1 and MLP-2 by sen-
sors located in the SRB exhaust wells, on MLP sides 2 and 4, and on the MLP
bottom (B-level)., Since the pressures are distinctly transient at some loca-
tions, the data are presented in the time domain; however, when longer dura-
tion data are available, PSD's are plotted. Plot headings provide information
on parameters used in data processing and on sensor locations. Figures 1-5
and 1-6 show the overpressure sensor locations for MLP-1 and MLP-2.

Figures 2-120 through 2-124 present STS-8 SRB ignition overpressure transients
recorded by MLP-2 sensors at various locations on the sides of SRB exhaust
wells. Data processing time interval T + 0.05 to T + 0.35 s includes highest
recorded SRB ignition overpressure transients. All raw data were smoothed
(Hanned) between 3 and 10 times in order to eliminate high-frequency noise,
which obscures underlying pressure pulses. Figures 2-120 through 2-123 pre-
sent overpressures at sensor locations below water spray nozzles. Figure
2-124 presents overpressures at locations above water spray nozzles and water
troughs where pressures are substantially reduced by these devices.

Figures 2-125 through 2-128 present STS-9 SRB ignition overpressure transients
recorded by MLP-1 sensors for the same time interval as above, T + 0.0b to

T+ 0.3% s. Although MLP-1 and MLP-2 sensors do not have an identical corre-
spondence (their corresponding locations are slightly different), pressures
recorded by corresponding groups of sensors are similar. Thus, corresponding
STS-8 and STS-9 data are on figures 2-120 and 2-125 {south side), 2-121 and
2-126 {west side, primary well), 2-123 and 2-127 (west side, secondary well),
and¢ figures 2-124 and 2-128 (locations above water spray nozzles).

Figures 2-129 through 2-132 present S7S-9 lift-off (T + 1.0 s to T + 11.0 s)
pressures on different sides of the west SRB exhaust well measured by 14 sen-
sors on MLP-1. These pressures, obtained from raw data by digital filtering
(extraction of TVM) are slow varying pressure components that, in most appli-
cations, may be identified as "static"" loads. In this group, a few sensors
were affected by heat, and their outputs did not return to ambient. Corre-
sponding invalid data are noted in plot headings.

Dynamic pressures during STS-9 lift-off, obtained from the outputs of 14 sen-
sors located in the west SRB exhaust well and using high-pass filter at 2 Hz,
were processed in terms of PSD's. Figures 2-133 and 2-134 show raw and
smoothed (Hanned) PSD's and derived mean and 1imit {1imit = mean + 2 sigma)
PSD's. The limit PSD is exceeded by only one measurement, KSRPFO74A, located
near the bottom of SRB secondary exhaust well. For application, both static
(figures 2-129 through 2-132) and dynamic (figures 2-133 and 2-134} pressures
should be considered to occur simultaneously, although peak rms pressures
usually precede peak TVM by about 1 to 2 s.

2-131
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The summary of pressures on MLP sides 2 and 4 obtained from a total of 11
measurements is shown on figure 2-13b. Sensors KSRPFO37A through -40A were
installed on MLP-1 only, They do not have counterparts on MLP-2. Sides 2 and
4 are shielded from direct exhaust impingement and no "static" type pressures
were recorded. Recogrded maximum rms pressures are below those on the FSS,
orobably because of diffraction effects and shielding (sensor orifices cannot
"see" exhaust plumes).

Pressures on the bottom of MLP were measured by three sensors, KSRPF062A and
-60A on MLP-1, and KSRPGO14A on MLP-Z2. Tigures 2-136 through 2-138 present
typical pulses occurring during SRB ignition. These pulses are higher than
TVM pressures occurring at 1ift-off shown on figure 2-139. Corresponding
dynamic pressures at lift-off at locations of KSRPF062A and KSRPGO14A (between
T-1 and G-13) are shown on figure 2-140 with enlarged plots on figure 2-141
and 2-142. Similarly, pressures between SRB exhausts are shown on figures
2-143 through 2-145. It should be noted that pressure pulses at SRB ignition
and TVM at 1ift-off show highest "static" type, Sslow varying pressures to be
negative; thus, as load, their prevailing effect is downward. PSD's on fig-
ures 2-141 and 2-144 have a peak around 4 Hz near fundamental MLP resonance
and apparently these pressures, in addition to MLP level 0 pressures, are re-
sponsibie for relatively large MLP motions in the vertical direction.



KSC-DD-818-TR

fSaUNSSadd | [3M ISNeUXT ULRK “gyS 1SOM - UOLTLUBT gyS §~SIS

(1 apLS uo sJosuas Z-d7TW) S GE°0 + L 03 S GO0 + 1

*027~2 34nbr4

m|®ﬁxﬂummu AWNTL
EE TE B2 2d ce £e 1d 61 e Gl £l T1 & B :m mm
- R A —_— wl.
A I . _de-
¥ )
i 2
. J— N _ m
| h i
w ! =
S - #; — m
S . - - — - - 5
L " . L 21
Pl SAHAD
| B
[ -
: -} : Li - 61
f :
T e i e e 81
! |
- _ 12
“IWD /ZP°BRIFEON:ZL2=0837-1 TENTWCN ¢} QIONIYIL3N 5T 37HOS IWIL 210N a1x
*XE U3NNBH'ZH RG] & 31714 -y "z & Jiuy 31dWES @ X030 MOT3E W 6-, [2°HFABDINEN '€ JAHND :
‘X JANNYH "ZH 89S 8 ¥317I4 B-H "ZHX 2 Il IdWHS ‘@ D30 MOI3AE.0- .81 ‘HESBDIHSH 2 JAdND
‘xg JANNBH *7H D@5 & FAL7T4 B-8 "zHM @ 318y 37aWBS '@ 030 MOTI3E . 6=, p'u2elodusX 1 3a30D
"SIVZZ0ON AQALS AFLIYM MOTIE FIEM LSNBHXE 40 (1 30IS> 30IS HLNOS NO SHOSNAS g-diW
Tv@Ntd LEzdoa lzzwog 4114

LSd FeSS3dd

2-133



KSC-DD-818-TR

(2 opLS uo sJosuas zZ-4TW) S GE°0 + 1 03 S Gp°0 + 1
SDUNSSAUd | [9M ISNeUXT ULRY “gyS 3S3M - UOLILUBT §YS 8-SIS *121-Z adnbLd

PIX(D3S) IWIL

Nl
GE EE TE E¢ e ce £e | =4 BT 21 Gl £T 11 6 o mv
AL LA R 7
o J_ Y —j\e (:\{.\./_ —
Lm.:_ Ay LA
| L Oy
1 | faw
”
_ |
|
“
_
H
|
- | - andno Pl
— 1
_
A e e d
£
"IWS /2B RRICEISPIZpe=0d37Z—1 TONIWON Gl O3INIHI 43 mH 37H08 3JWILl TILON Q1x
‘X J3NNGH *2H B85 8 831714 B-4 "ZHY 2 Jldd I7dWYS '@ HD30 MOT3d __ml\_m.mmﬁawmw_mv_ TR AMMD g
*XE [ANNEBH *ZH B35 & ¥31713I4 H-H "ZHX 2 331Gy FdkeS "B AD30 MO39 .@-.117 .mﬁ&ommmv_ 12 3AEND
“xf OANNBH "2zH @BS ® ®31714 bH-H "ZHM 2 3188 J1dWHS "@ HO30 MOI3H . E~,9 ‘HSIRDLYSH 1 JAdD
*SIIZZON ABMGS ¥3IHM MOIFE113AM 1SNYHXI 40 (2 3AIS) 3AIS LS3IAM NO SHOENIS - 1W

LSd J9N554dd

2-134



KSC-DD-818-TR

[18M 1SNeux3 g¥S 1S8M 4O W0IJ0f 1P S2UNSSadd - UOLILUBT gys 8-SIS *Z221-¢ d4nbL4

PIX(035) AWIL

N:J
Gt €€ 1E 6¢ c Ged EC Te Bl el Gl £l
A
VARY
|t Vs,
g | e
! I brﬁwgu\ |
IRV |
7
VAV 1
£ n ] 11
3AHND ]
i
v —t G
’
61
» £c
*095 GE'@+l 0% S@'G+1 "{Sd B°'P=3MNSSIA4d INITHWY 434 "1WD 2@ 00:7E!902yI=0NFZ—1 438 ITYOS IWIL 1
“Xg QINNBH 41HO TH “oTW 40 WOL108 3AQHH.C—. b 173M AMBONODIAS‘E ANIS HZIODLNSY v AAEND g -

"Gl _40 WOL108 u>omm=@|\v.4Juz AMHONODAS 2 FATS U1 20Dd485H

1AM ANHWINA ‘2 303G ‘UB189dd

‘713M 3HL 40 WOLio"d 3FHL 1Y

9

M i 3ANND “dIW A0 WO110g IA08H.9-,.E°]
TI13M 1SNHHX32 1S3M 40 S30IS HIMON 2 L1S3IM

3

PE TANND  CdTW 40 WOL108 3AQEH,B-. ¥

AIS 'HyRRDdAS) 1 3AJAND
HLINOS NO SA0SNIE 2—d7 W

4

121¥Dd [12una 181u9d Lvouog 3114

1S4 FUNSSIUd

2-135



KSC-DD-818-TR

S GE°0 + 1 01 S GO0 + L Sadnssaud [|3M 3sneux3 AUepucdds ‘gyS 31sSM - UOLILUBT gys g-SIS g2l-Z 24nbld

B1x(0353 JWIL

2
GE EE 1€ 62 e G2 E¢ 1¢ 61 21 Gl €T I 5 P [

= — 61—
! f i ,/ A u

| \ / _}/.\z__, i ] pl-
~ AR YN il -
A W )\u (. A ﬁ._ [ -1
; NE A R Y ]

N N [ i N i
YN P LI _ “
| | : N

o~ \_.? r\\_\_,%\‘_. m./ \_ ! __ H N -
\. f ,*&\ Y \(_ m (a y ;\L‘
JW\M( VA L ! X A

AT i ; V] Y N R
C.ﬁ_ LM___‘ ._ —{
c./_/ M_,;.\ M A
\ | d 43

N ]
5,,\._\ -

! 1
/ _
I¥ m £ 3

_,k, Z 7 9]
V NG ]

TREND kllm Ie

. — 92

de

"IWD 7B TRPIECIORIZE =087~ 1 THNIWON 01 O3IDNIFuI4Hxd SI FBIOE FWIL1 (310N PIX

"18d 9@ = JUNSSIud INITEWY " 43 X5 O3NNHH "Higd MEd 79 "ZH P85 ® ¥I17T4 "-4 "ZHN 2 Jlbd d70dKkHS
£ 3ACIS HI0E '@ NI3U MOI3IE 5-.Q¢ HIBDAMSH ¢ JAuND @ MO30 MOTI3d .@-.9 HITEDJMSN 1€ JAMND
‘2 d0Is HLOoE '@ X230 MOTJE .B-,12°'Hle@DduSH g JAdND ‘@ D30 MOT3d L E-,8°HB2EBDLNEN 1 JANND

"SIIZZON AHMAS d31BM MOT3EFTINEM 1SNHHXI 30 S30IS (£ 30IS) HIMON % (2 3AIS) 153M NO SMOSNIS Z-d7W

1ZTa94g 11194 llzand l@sod 3114

LS4 FuNSSdad

-136



KSC-DD-818-TR

wa1sAS Jo3eM uoLssaaddng punog

5€ EE 1€ 67 e

BAOQY SOUNSSAJJ [[OM ISNBYXJ 1S8M - UOLILUBT 9¥S §-SIS

mamﬁxﬂummv AWIL
&d g¢ 12 61 a g1 €1 1 6

—_

, N

b
S

1
i
|
}
H

INSND |

"08s GE'@+l 0% GB'A+l "1Sd B E=38NS5S3dd INIIEWH 49y "IWD 28" BEZESRIZLg=0837-1 434 3THIS IWIL
TX@1 [IENNGH HiHO 7Y "ZH @85 @ 1714 W-H “ZHM 2 31"y 31dWdHS "@_AH030 MO 13d , ml\m T1AM AMHENODIS
‘e 3Aqis’ Hy2@oduEH e AANND "B X030 MOTJE. 9-. ¢ '171dAM AMHONOSD3S ‘€ 30IS HET@DGHSH 1€ AANMND '@ 230

MOTIE. 9,2 1T1aM_ANHWINd'E S0I1S°
"GHOMNEeML ¥ SITZZON AH¥HS 3A0HY

¥

S18548SM ¢ FAdND "0 XMDO3a 304um=m|\¢ I 30I5°H01894u5

T 3JAA00

TT3M LSNUHXE 183M 40 S30T1S HAYON R LS3M "HLNOS NO SH0ENAS -4k

T1p2¥Dd 1BT¥Dd 1G1¥9d L@ 1a9d

*$21-g |JnbL4

81-

-

LSd FdN553da

b1

61

_@1x

3114

2-137



KSC-DD-818-TR

(L1®M 2Sneyx3 3$aM JO 3PLS YINOS UO S4OSUIS T-d7TW)

wa1SAS JoageM uolssaJaddng punog mo|ag S2JNSSadd [ |OM ISNeyx3 1SeM - UOLTLtubl g¥S 6-S1S °GZT-Z 24nbLd
5 @1X(035) Il
GE EE I€ B¢ ¢ ge £e id 61 A Gl £l Tl ) l mmx
/\\/31 N L N
a3 ATT b e, E-
~ ] ~

g, )
,AQJ\ |
e\ i) VAt .

SV

"(EBBI) WD P12°@0:0R:9] {ZEC=-0udZ~L Ol O3IONIHI4TN FTHO6 IWIL

(abneB) 1sd INNSSIed

gl

61

Al

61

‘oes GE'@rl Ol S@°@+1 @] (3NNWH BiBO 1 °ZH 208G 8 M3LI4 H-H "ZHA 2 FIHH DNITIHEE p -arx

*@ D30 MOTI3E ,B'1¢ §SERAdMSH ¥ 3ANND T8 ADEd MOT38 \m.ﬂmnmmm&ummmx e IAdND
"9 030 MOTEE JR°91°H/204AdNSN_ g FANND '@ D30 MOTI3E .@°9°HGLBAdMEN 1 IAMAD
"SITZZON AUMdS ¥ILEM MOTHEE "113EM LENHHXE LS3M 40 30IS HINOS NO BHOSN3S [-d’W

NGEYid OGENAd HilMid UGladd 3114

2-138



KSC-DD-818-TR

H21SAS JojeM uoLSSaJddng punog MO[dg SAUNSSAUY | 1dM 2SnNeUX] 3SAM - uolLubl gus 6-SIS

{113M 3sneyx3y 3SoM AdeuLdd 4O 9plS 3S8M UO SJ40SUIS 1-d1W)

ATX(035) AWTL

*921-¢ a4nbl4

-
GE -‘1mm“ 1€ -,mm ‘mm Ce £¢ Hm. 61 21 Gl mﬁ 3 Il 3] ¢ mm:
A N e s .
nyVAﬁk:-V(Gi@u%hmwufilmwz,//\&W e 7—
e ed o T -~
e - ~TTL N/
. . U J . P— ﬁ....,
PN vy r/\k\/{\\/\u;J;\)/\)l
e B e S S A 7 = ¢
\/)\/ _3
- s oo e { — 1
Y i
— T S - iww 2
S — — - 4—\r | m
1
e e 4
€
I I {4 A
y i &
i t
. ; m» DU!L[E.L m
_m
e - - f — /
A — - — - B

! ﬁ

|

“{EBBI) WD &ﬂ&.QQ"QN"wﬁ”mmmiomMNlp 01 OUDNIANI4EY FHIS FWil g1x

'08% GE'B+l Ol SPTA+) "XEP] O3NNBH Blgd Y

"IH PRC ® M¥ALTI4 H~H TZHM ¢ dlbd DNITIdWHS

‘gMS 1S3IM 40 INIINILINID & (31HD071 SHOSNIS 1 "B 230 MOT3IE ,@°91'H99a4diS) € 3AMND

‘@ AD30 MOT3E LB ‘HGIRASNEN

12 3AMND

‘B D3I MOTIZE L E§ Hr99ddMEN

T 3AWND

*GITZZON ABN4E dH1EM MOT3E 113M 1SOBHXE QS3IM ANMBWINA 40 30IS 1S3M NO SMOSN3S 1-d7TW

HUO0¥ie BGBR4d BbSNdd

NERRE

(aBne

B)1sd NS5

2-139



KSC-DD-818-TR

sadn

Wa1sAS Jo1eM uoLsSaaddng puno§ molag
SSaJd | [9M 3SNeYx3 A4epuodas 383 - uoL3Lubl gys 6-S1S *£2T-2 s4nbl4

@1X(235) dWIl

2-
GE £E 1€ 6e 2 G £Y e 61 Z1 g1 £1 I 6 ¢ g
ﬁ.a.l.!.-iiia-.:..i ~ - A 2 2o-
£ p1-
VR4 .
ot N ] g
am ]
} Aod
L. - € .
— A
Jar
. 1 2
— C.
— Ad
— 4 81 M
S U
\ . ¥
R — o ﬂlq‘ s S - S¢ -
; v ] 2
Lo Jve
e frm -1 | FAHND o Q
# ' d o
h - p—
S —_ ! - 2b
il ]
]
- ﬂm . . HhG
/! N
T - i ~ } 7 85
p wd
99
“(EBET)Y IWD D1P 8RR I8 IZEE=08d7-1 Ol (3INIHIAIN IWIS_SWIL Q1
*os GE'P+i Ol SRO+l .x&w O3NNBM HIHQ TIH "ZH p@Rc & 317114 bU-H .va_ ¢ d1ldyd SNITTdWHS 1=
“30IS HIMON @ X234 MOTE4 \m.gm.mmmam&mmv_ ty JANND "B D30 MOTIEE \&.mﬂ.w_&m&h_&w_mx e dAdND
.u.DHm 163M "B »H30 MON3d .12 'Ui2B4dMGH € JAHND @ MOA0 MOT3AE LE°9'HIZBAdMSY 1 3AHND

SIZZON Abud

S HAlWM MOTIE TIAMTHX3 LE3M ABLYONODAS 40 SIMIS HIAON ¥ LS3M NO SHOSNIS 1-d'IW

UBCHAd UDBNAd Obeddd Giclwdd ‘34

2-140



KSC-DD-818-TR

wa1sAS Jorew uolssadddng PUNOS DADQY SSJNSSAJ (19K 2SNBUXI 1SM - uolILUBT QYS 6-S1S  °g21-2 odnbitd

RIX(D38) IWIi

res
GE EE 1€ 6¢ ‘c Ge £¢ 1¢ G1 21 Q1 \i1mﬁ ?mu m;ii;;m .......... mmml
L. . H ne-
— e g I-g
3 A
- m:
— w)
~ \ - 15D
- M
WAL NN ]
rllr\\ .\.,-\..../ ,\..;/ \ 4 \.\J»\/ ~ -1 cS.G
A Py \/\_, AN N AUAN ey -
7 N Y G SN BER VAN o AR W 1 W A T A~
W /r\\ T4 7 .l.v\/\.v\/f\l — (@]
. =1 fal}
— n nm
- Q@
. —¢€. IIA. m ~ |
fd/:lN ]
1 =
m nNHND &1
— 1 22
‘08% GE'B+l Ol CE'B+1 “(EBBI) IWD B1R'00:0@:97gEE=0N3Z—1 Ol OHONINILIM FI83G HWIL BIX

*¥@1 (3INNBH dibd T4 ZH @AS ®_174 H-H *ZHX 2 315H F1dWHE "0 %03 MOT3d, G2 °E
‘E_301IS UQL044u5M ¥ 3AdND 'R MO30 MOT38, 572 TT1aM A¥HONODIS "2 IS
MOTIE, G 2 ' 1T1TaM AMHWING c JUIS‘HEQDAdMSH 2 3ANND "@ X230 MOT13d.SL° v

T 3JAIS
“CHBNONL % SIIZZON AHMdS 3A0EH 173M 1SNHHX3 153M 3J0 53016 HLIWON % hmwzu

UBZNAd UPRl¥id HEGNId HbGHdd

YO20445 tE 3AANND '8 pLio ¢4
HyCAIdHSY 21 3AdMND
HINOS NO SMOSN3IS T-d7W

I

‘314

2-141



KSC-DD-818-TR

pROT 213P3S [ 8PLS YINOS €S8UNssadd | 1OM Isneuyx3i A4euwldd 3SeM - 130-2417 6-S1S  °621-2 d4nbiLy

@Ix(035) FWIL

ﬁl

Q:Iiw&ﬁ A1 &6 @6 <8 BB G2 B2 &9 B8 GG @& b @B GF @ G2 @ag Gl Sﬂiwl
B i /N
¥
I .\ -_.._P\,. 92—
.s\\ 't B
a%t\ \H
L /] _
7 + B1
N \.), /1 ! T -
L AR A v s -
" T — R AWAY VAR AN . . ‘_ / 4 m
— \ &_\_ ___— f.\..lrrlx_\\/\ _/u /| ,/\\ ~_/] /! b\ L _T /- J Qﬁls
NN A N = = it P e L
~\\ — /r \_|a/ 4 . \ ; o \\ 2 —
_— N N I\ Y N \ L J Ny / y 1 %
\ | =T 3 / S
' I N T Y T T A S Y Y, YT Y L1 »
-CJ~A~_ 11— 5 B S e _ﬁ?.,__ T q\_.-___l 2
Y o ¥ ) / — ] ~
V\IfV\r,_T\J\)‘\ T~ WY ‘\.\ \))/. ENIAN mam
/\/ -/ IR BN AN //.-\\ !\II\T/IJ(A///./I¢ 1%
| N\ A~ ) NN v
)/\/\ /|N 1
— 1L .
] \\/c E FYSTok) ] ¢c
REe

‘QITUANT JuH 035 @ bl ¥3L4Y (HZZ@-% HE/B4dNOD) STNSSIud IATIWOIN "O¥IZ-1 Ol JIONIIIIY ITHOS W1l x
305 R 11+l Ol B 1+1 WOd4 xmsm ai

‘@ ¥Haa MoT3E

.8

Q3aNNEH Blgd 717

 HEEBIJUEH
9 'HE /R AdUSH

ty JANND
e JANND

*ZH @6 ® §3LNId4 H-H °7H @B 3Jlu¥ ONITdHUHS [

‘@ ADA0 MOTIAE .@° 91 HAZAAdNEN E JAMND
‘2 X030 MOTIE L 627 ‘HEEBAdHEN 1 FAdND

*NUJW ITEYINYA 3WIL QMhummkxu *S93M 16NUHX3 153M ANUWIdD 40 | 3015 HLNOS NO SHOBN3S 1-o W

EELId 122i4d D6¢isd opslid P34

2-142



KSC-DD-818-TR

pROT 211PIS 2 3PLS 1SOM “S2UNSSadd | [BM Isneyx3d AJrWldd 3SOM - 140-2417 6-S1S

@1x(035) WIL

*0€T~¢ @d4nbi4

.ﬁl
@11 91 @@ S BB G8 @B G/ B2 G9 @9 G5 @S & OF GE BE Ge @¢ S1 @l
——- i’ S ; — A _ S - Lb~
/) g
- 1 : —3 e
[ ]| v
.!IEINL/” / - - . - Nm.l
A% 4 ” =
- — b \ : £ -1 €€~
! , 3 .
| —t ] gy
L S A 47 1 / — - mmtwm _
/l i / / 3AdND ] tn !
) 1 22-¢
| ~3 A
AoAl! // \/KY i m,
- A VAL i \NAA VAR S P
N \ \ / \\ .l\./.:..ln A.Lb
- \ \ iy / 1 ,w 4 p
L. N ™ " FM ! } ~ i Nﬁlﬂn
\,. AR A VAL \\\ i /7 =
] /x\\/\m\y) / e \./\7/,/ \N\m.\ﬁ AN \\)., . ] m..,m
"] -, . \. 3 A \ \. . t /./ . — o
NANAA AN | LY 3.
R N A P R P A AR
) x-%\ h\ S _ //ﬂ_. \.\ _ R\ — m £
S e RN\ NP 3
o—/ \\ g b S _/ J m
b S - b — 8
k | 3 ¢
‘O¥3Z-1 OL QIONINIFY ITBIS_IWIL X
203 @ 11+l Ol @1+l WO ‘XABS OINNUH Bibd T8 "ZH @6 ® ¥3L114 W-H *ZH @2 J1ud ONIdWds -8l

"® Ho30_MOTJd_.8°S1
"B AD30 MOI3H LESH
*NUAW 3TaRIdbA FWIL d3106d1X3d

Y880 iduSA v _3AdMND 0 HO3A0 MOI3E .@"1] ' HC8R4EN £ FAdND i

UPORIESH 12 3AWND 'R D30 MOTI3H .02 'HESBIJNSH 1 IAEND
*TEM 1SAUHXT 183M AdbWIdd J0 € 3015 153M NO SH0SNIS 1-d7W

69134 DC8lid DObelid DE81dd

‘3714

2-143



KSC-DD-818-TR

peoT SL13S Z 9PLS 1SOM SBUNSSBUJ | [9K 1SNRUXI AJBPUOIIS 1S8M - SU0-34tT 6-S1S  °TET-2 Bdnbly

PIX(I35) IL

,ﬂl
@11 SAT @@T S6 @6 G8 @8 G/ @/ S8 @9 S5 @6 Gk @y GE @€ GZ @2 &1 @l
7R . RERCE
~/ \ =
- T, 3 e
%\ e \3/\ S R - 31—
\. /f\\\ ... o
W o A . \...J.:l,\ | / 3
el N . 1 -
i A RSAYA V| 3 8-
ry-ll...l..l-t/ \\ - ~ ™ M d,/ m
IR P WY PRI SR AT 7Y J_PJZ_/.EZ_J_,HLH\;/ 1
TR T TV
R . Y h —
N0 \MXJA ) o Fpy L
VY < 3 5
| \ 3 M
- | 361 U
] \ 1 g
I / -—3 82
\ ElR:
- — \ e <
o \ 3 9
N/ 3
\ |/ \ 3
» AL 3 55
VI Y] 3
VARV, 3
=y
*NEG BURT+l N3idy 14180 MOHE SMOSNIS 1R "OM3Z-1 ol (3DNFWF43FM 3IHIE IWIL Sﬁw

‘009 g 1i+l Ol B°1+i WON4 “*P@& O3NNBH wld0 14 “ZH @S B ¥3i714 b-d °'ZH 20@c 31dN ONITIdWHS
*INITEWY QL NuML3M ION 0410 HT/B4«4MGN 40 INdLN0 "8 MWOAD MO QT TE

—
1

By B4duE tE JAHND

‘@ AD3U MON3R B8 HIZBAdNSN ¢ FAEOD ‘2 WIAM MOM3E L 602 'dBsR4dued ] IANND

‘NEIW 3UERTHEA SWIL 3IDbMIX3 TEM LSNeHXE L183M A8HONCDI3S J0 3ITIS 183M NO SHOSNIB T—d W

Dblidd Dllidd oacldd 114



KSC-DD-818-TR

peOT DL1BIS € OPLS YIJON “S2dnssadd | 19M asneyxd AJepuodeS 3SSM - 1I0-2ILT 6-SIS

@IX(23S) dWIL

*2ET=2 8JdnbL4

(eBneByisd IANSS

.ﬁl
811 Col @@l G5 @6 S8 @8 G, @, S9 @3 GG @S G @y GE BE G2 @2 G @l .
. . : ! m :
e _—\\\./ H le
A | i
./ N . . — . mH|
_.,_ _
\\ T 1 | e i w2
\ /f i
\. AL M. R l\..a...q\_...is!a.lJ...ﬁ.lqllllll_\. NI.
/ -
_\/a.\... H 3
AN i W
L I1T 1 1311 J I | T L S I TSI RIS
____44__-____{_\\‘..\_____ﬂ__—__
}
I
- ’ SERSAY
/.,_
. - J o
A ~—_ 1~ N_/ JAHND -
*AIIUANT Bibd 2038 G J+1 daidd ‘OMIZ-1 0L UIONIWISIN 3785 IWIL x
‘068 @ 11+l OL B T+l WOM4 "XBBC INNDH ULBT 178 _'ZH @& @ ¥31114 U-B °‘ZH @@g Jlud ONIIdWEE -8l
" 1A0QONT SUR 1NdlN0 UBSAJJNEN % L4Id0 NIHINOD blHI Hpedid

"p AD30_MO3E

\m.ﬁm+¢mm&u&mw¥ L2_3AEND ‘@ HJ30 MoT3d \&.mﬁﬂ
*NUIW IgdIdEA 3WI1 0310W

SY D35 GrZ+l d3ldd

Ugeaddusy 1 3AMND
T—d7iH

IX3 TTI3M IGNUHXI 1S3M AMUONODIS 40 IUAIS HIHON NO SYOSNIS

DB8G14d 208l14d

P3714

ddd

2-145



KSC-DD-818-TR

S,0Sd MEY €3Jed OLWRLAQ ©S3UNSSaJd [ (oM ISNRYXI 1SOM - Nedd JJO-14L17 6-SIS EET-Z SJnbly

A1X(ZH) ADNID S

@
g B8 G§ B § By &E BE G¢
T LT L T T AL L Tl L
e e s NI i B s o i o~
e e gy
k/ N 'y fu..l.w/, e R . \4.. o
N ] /, P L\ﬂ,,/ﬁ =~ T
v %7 /..,, ,/um,.\ N \ﬁﬂ, \
/ LARS N ) \,.,
P TN \ﬂ N )
'~ .1, /,,.‘ \_. S
1 . ! \;. _/ ¥
A AN
,,/\ \- /r _.\\ ~ ; ,__ / .--).- __- %\ u
3 /
/ n
A J\ IRV g
NYIW LN L SRS B o
N A A A AT LA 3
, N Vi -
! i i N
/ { Y }
P - P i H
LI l.\ k { ¥
v i)
—_ T
L _ o1
"IH PBI-@ "(EgR B'841) 3d GEL"=-0ku “¢£me*m+zmm2ikH£HJ "(ER B Fcll {1 3d Gbb " [=SWH NEIK % \
ro@sgtorl 94 @°[+L MIE ONIESIN0¥d dHIMIA0 3AIS HIVON N HBET 'H@BQicdSy 'IAIS 1634 NO Hiri- Bl 2081
Hel- ‘899 H59- "HiO- HEQ@IQNSY *I0IS HLIA0S NO HEe-'BEE-‘Ull- "HEL- ‘UrGR4duGN 5408NIS T—did
. WMWWZ%MJEQG*YMM.&BWWM@ W*M_FJHuUE!m "ZIH 2 ® muFJH@.&.I *ZH EGB° ﬂll._lm.hJWnlW "ZH AR =XBkd “
WOLI0H ® 15: d ST 3AdND (0Sd 1583HDIH ZIHL 3LON FHEHl...._ NETW HBCE4d HE8OId =

Hve0dgd H1¢/DAd €9904d HAP.d mmmauﬂ fo0p iy HEO@4d HUEDAc HCE@Ad B7403d B6704d arogde - HuSH o



KSC-DD-818~TR

{pauueH) 1Jed JLWRUAQ ©SBINSSSJd [ |BM 3SNeyxd 1SSM - Aedd J10-4LT 6-S1S  pET=Z [4nbL4

BIX(ZH) ADN3IND3A

@Al S6 O6 G @8 & @ G8 @Y &L @& gy &£

At T T TTT T 7T | [:1 .1

Gt

g Ct s e o e R S Y
s —, e e S TR T
- — . - - iul:'.l.lhf -1
i \. TN,
. M-
— \ -~ LY
N, el s’ - =
.I'Ulrl-\\ /s.. - — )
- /."\‘l -

s B e N Ju 7
~N p . Nl e “ |
N Ve ' \ / m e

/1 F\A AN %
NYIW T A
™ ,/ -
N, - v
\‘. ) \ \3} V)\ V
/ 5 R A N AN B e B
._u:>__l_ —_— / .,T \ \\\. -~ ”, ﬁ‘_: -- &_ﬂ m_H
..\ /. —1 \k ,MJICL - A,’ %r
! ., Ja/ f./- [ * i
/ & / \M
ﬁ A !E.E-}l,...mm.r.-il ci
/ ¥ ’ -
— e - P1

*ZH BQ-0 (6P 9°B21) 1Sd B/p Z=CWY_UWDISX¥2+NEIW=LIW]] (B8P 6°E¢l) |Sd Beh'[=GWal INB3W @1x
roesgte+l 0% @° [+l MIE ONISSIO0Nd db I¥3A0 "3AIS HIHON NQ "8G U@sgdduby "3I0IS 183M NO Byd—"HIL- oo
‘HE/— 'HE9- 'HC8- 'Hp9- "HESRIJMSH *3IUIS HINOS NO H9E- 'HEE- ‘Pl "HEe— HPGRIJUEH *SHOSNIS -l
Xz 03NN 2.0Sd *zH @25 & ¥3ILNI4 g-g "ZH 2 8 WILNTA a'H "ZH EGE° I=4-diT30 "ZH 00a1-Xubld

"WOLIOHE ® 3IQIS LSAM'UHLBAdASAH ST IANND 0S4 1S3FHDHIH 3IHL 310 ITWIN TNLIR 685844 €E8@ d

Gv204d E1204d 40/04d B99@3d €5904d Ev90id HESDAd G9EQJd ESERAd €.¢03d ESPId @YS@dd LHUSH

2-147



XSC-DD-818-TR

T=dTW 40 ¥ pue Z S3PLS UO SOLISNODY - ¥B3d JJ0-2LLT 6= PUR “/~ ‘G- *p-§IS °GEl-g 2dnbld

83 <5

ﬂﬁﬂ&\.

BIX(ZH) ADNIANTZdA

PG 16 By &b b

BE 9 €& BE <2 ¥Z 1¢ 81 S1 <1 B 8

LI

——TT

‘NOISHIALSIA B18G HDIH Ol 3IN0°S3IANSSHA¥D LSOAUHXT 13310 WOwd a3d1IIHS FiE b 8
1Sd BR6 P=SWd {SE+X)LIWIT "€P 2'891=(X3d8Y0" " 1 3d £Z5°@=0Wy NUIW

X2 NNEH 8P §°681=(SE+X)1dBH0
*ZH 228G ® 114 -0 "ZH EGB'1=30 "ZH 0BBI=-XbWd "(Z) BEL@- % (X) UBEB-'(Z) UgE@-

‘o008 duTIEAD

*IAMND 1IWIT BWOISXZ d3U3N 51 HDIHM 340713ANT 8,084 36N 0L d3ISIATH SI A38MN

o

“(X-) HIE@AdNEN 1B-518 ¥ £2-515 "(Z) HBERIJLNSH IG-8IS T(Z) HZPE- % (X) HBEERAJHEN 'b-GIG ==

NE3W

d@vP4id H6EB4d EBEBAdD

TTWI
H/E@id H@v04d E6EQ4d HB8E@Id H/EDId HBERId HIYBId HEERId

L 2e15%

B

@3

¢’

8

86

SIATS HigunIy o @1

ZHs2v 1S4 (5d

r

2-14%



KSC-DD-818-TR

NAL Pue e1RQ MBY YpT0DdUSH - UOLILUBT g¥S §-S1S

*9¢T-Z 24nbr

P e P
MOl M6 B M B9 N B B R W § ol T N TR S S R N R
BT BT
- 8y . 8-
A |
f
| |
] it A 1 BT
i Ly
* .
v - B wﬂ‘ ' B
:ﬁL N.ﬁn I ﬁ?{a\ m..ﬂ!
" \<> ) dnand. 0 | i ik -
et T LA
A % - g1 } } Bl
d “ \/ cﬁ, ﬁ \ |
P A Y: {? - X
Pt )
- BY By
- B3 0t
S 212 6 g 8 S 2 4 g B
6 = SITHLON KN TS+ 1= HIL IS + 1= HLL NS
S @l = KL W BTN Vrigas 2% 17 = M1 W0l BINWD  VIIESH
BB = VY TIHYS WYX TIEVINVA Fll TH BB8C = 3194 TiYS YIva Ay
Bie - 1S XD E NILLINAI B 8-515 B < 3115 Y00 NOLLIKIL B B-515

2-149



KSC-DD-818-TR

MAL PUP BlRQ MBY yYZ904d¥SH - UOLILUBT g9¥S 6-SIS */E1-Z 24nbLd

B’ ¢ B B’ g 0
B OB e Ml B WS M M M BT B pEl M5 P8 B P9 BS ey BE BR Bl B
8% pt-
8- gy
BT- 1 e B -
;D _ L ) —»P |
v\‘ < W 1% d ‘ \¥ Be-
% Dq A \f 8- ] -._ﬁ 8-
) 3 . g , ! . ] o
) v 7 v
i . ™ r
1 (ﬁ Bl i A i1
B2 _7 B
Bt BT
By B
R Bs
WO K08 VYD TN 0d g H Sk YIOE VIY0 TINIS AW g B
Gl = SINTHLGOKS ORIV B o+ 1= WIS JHR W+ 1= KL LS
I vy - ML WL ¥ IRV V29RO 6 ¥2T = M WL LR N Pt
T4 BEA2 = JiYH JVdVS NY3w TEYISNA M1l B3 = 3LV¥ TS YYD AV

Bl = 3715 X0 MGILINOT 85 £-518 BB = 3715 WK% )11 THIT B 6515

2-150



KSC-DD-818-TR

MAL PUB 1R MBY YO904dNSH - UOLILUBT g¥S 6-S1S  *8ET-Z aJnbL4

B B B g B
Bgel  B@6 3 [} [ s PBF Aec #82 a1 1 AR i . Bp3 85 Ry g g2 g f
M g5 Bi-
— 8- g-
— m.m: e B —— m.\
- z; ) A 92 ] et —
_ M
W v( !
I JJJ..:E? 3 PR— \1 ! ,b = Bol- - ! N
' f _
s ke || i
Y }( A L] i LY I A
i 16 | i .
bl
T i .ﬂpﬂ m.ﬁ [~ T
- - m.m I — S PRSP SR
= - BT g
- S B - o
! - B L - g1
SN SE ¥I018 YYD 3IMIS Nd 3 W S 5p8 Y08 YYD TIIS A
Gl = SINIHLOOHS ONINNYH HE At o+ 1= ML LAVES 5B+ L= NI LHRIS
I ¥Rl = ML WL ¥OOHD)  VRAR ARG TE PR = YLD WIBL ¥R YRR AGS
Ih 8¢ = 3LVH TidKYS W In TIEvIHVA IWIL M BAge = 3L% JdHVS LI (3

g = 315 N0H ROTEINGT G5 6515 Bz = 3718 X0 NOMLINO! 8% 6-515

2-151



KSC-DD-818-TR

21 Il
I

o e

WAL

a3

B

@Ix(035) JdWIL

@

fBADT g UOD SDUNSSAUd Z-dIW pue T-dTW 6~ Pue 8-5i§

"6ET~¢ aJ4nbL4

—— ‘.,41:! -

e B

fm e T
T A
i

b

R

= . r
|
-
{

4
-4

T
1
i
|
H
i
i
'

e

*XEAT O3INNGH B1H0 Mby "848 L1G3M 40 ANITEAUNID @ £1-
*XPES 3NNBH BLHO MU "gd5 163M 40 GNTIMIINID @

7
Bl
{
!
4

ﬁ

S S

.nuum&ﬁ.ln:r& SI.CQOHMM&ZOHPM?GHmmmmoumpmnz..ﬁ.upmmm&Mmmmm ®Mx
"NDT 85 0l OADNINIAFY (B i1+l 0% @1+l J7HOG m_zH,_. "4 @S @ ¥3L1Id4 H-H -'Zh 8082 3ldd DNITdWEE (.-

qP1YHd 20814 2E€814d

-1 M1E Hpi@DdESA ¥OSN3E 2-dW £ FAdND
"XEAS OINNGH Hidd Moy mL.m,DEIxu mmm MLE HB9BANEN MOSNIS 1-c W
-1 MIB'HZ904d85H ¥OSNIS 1~-d7tW '] 3AND

HERNE|

(abneBy sS4 IHNSSTMd

2-152



KSC-DD-818~TR

1JBd JLWRUAQ *cT-9 pue T-[ usamiay
[2A87 g UO SBJUNSSBUd Z-dIW Pue T-d1W 6- UBNoJYl p=S1S °0¥(-2 SJ4ndLd

A1X(ZH) ADNIND3IH

I

B8 <5 5 15 B GF 2¢ 6BE BE EE

A | SUUREURS SV SV S SN

] My
‘.’l’. 2 JA...

I N

21

BT

e e =
T 11Tt

ke

I

s e

- | — USRI S -

=

ae

8€

SRS S

14

‘Hibd WAL J35 53d4NGEs3ud noupmpm, ¥04 *SIONHY ZH @@

.uwzmm ZH @@9-8 404 uibf "Xg dENNHH S, (0Sd 778

m
‘(HP B #L13 19d £BBS” I=BWM ! (HWDISXS+NUIW) %
L

'(174°d"H ZH 2) ¢- m%m COILOEMIXI WAL w\mkm (HLL &0
T ZH mmm € % ESE"T=4-U1T30 "ZH PBBI=XUW3 "2-diW NO Hb1@DdMS

— gy — SE—

1IWITT  NU3IW

val %
IWIT _°
LT .&.I H
14°d H

XO ~N

H2994d Ori090 B29@idd Ob1@Dd D28B4d DZse4d ‘J 113

- ¥03 SI0d Flduldlds 335
"ge 18 BEZT " IwBidd ENHEK
Sl mm%ummpxu WAL) B-E1S
~Sl8 B +—5l5 1J0ud dHIdING
~d W NO BZ2904d0SH tGHOSNIS

s T

8y

. aix

ZH2v138d 0S4

2-153



KSC-DD-818-TR

ZH 00T 03 0 ‘€I-9 pue [-1 udamjag
|9AST g UO S24NnSsadd Z-dTd pue T-dTi 6= YBnouyl v=S1S  °TpT1-2 a4nbid

BIX(ZH) ADN3INO34

@s &+ B8+ GE

T T T e

— e

|

qE

NN NaN

44

I

S NSRS AU S ..,.Ttt.is,.#,.m R SR . .r
|

_ L 1 1 | I N L P

"ZH o2 MOTEHE SININOJWOD'DIYA4 SNIHINOD WAL *Hlb0 MuM WO QILOUNIXZ SHM WAL B¥3HM S36HD NI t4LION arx
*(HP 87141} 13d £bP]° I=SWa # (HWDIS*E+NEIW) _L1IHT “(EP 5°681) 154 E198°@=5Wd ENHAW g
"IONHN ZH @B1-0 H04 HlbBd “Xg (INNHH 3.05d 1H (14 dH zZH ¢ 6-518" (031J58lX3 WAl) B-818
LA G H ZH ) 2-818°' (0IIuNIXT WALY 8-8I8°(HOL ¥O 1i3°d'H ON) &-5i§ 2 ¥-5l5 I1D0dd db TH3AD

“If 826°Q % EGE'Ted~H1TH0 “ZH BBBT=XHWA “Z-d W NO HrI@DdisSy ¥ [-dW NO dEdlddusA tGHOBN3S

— - —— f———— it Ab e e

TS NUSW 2904d Opidod ®eSedd Opighe Desdid oesddd ‘3114

ZHseviSd d5d

2-154



KSC-DD-818-TR

ZH 009 031 Q001 °€1-9H pue -1 usaMjsg
|9A97] g U0 S9JNSSadd Z-dTW Pue T-dTW 6= 4BNOJGYl ¢-SIS *2yT-z Qunbi4

BIX(ZH) AIN3IND3a A
19 8G S5 [ b¥ g% gy  @¥ LE bE 1€ B2 G¢ 4 61 ] £l ai

e
=
5~
i
L

'
i

L . 1ye

‘(@R 8°121) $Sd 8BEA’ I=GWY ! (BWDIS*Z+NUZW) LIWIT (P 1) 19d ZpB.1@=SWY INGIW 4o B1F
“IONHY ZH BB9-9@1 §04 Wbl *Xg GINNWH 9.05d, 114 “C(1Ti°dH ZH 2) §* (O31HA1X3 WAL) B-818
(174°d"H ZH 2) 2-§15° (H3LDWNIXT WAL) 9-SIS*(HAL ¥0 i714°d'H ON) g % p-518 1ooNd ddTHIA0
“zi] 8¢6°0 % EGE" I=d-H1130 *ZH DBAT=XHWI '2-cf IW NO Bri@Ddisy ¥ T-d W NO uZ904dusy *5H0SN3S

ITHTS TNUSW | 629044 0p1@9¢ #2994d OvI@Dd D28@dd 0e9udq 3

2-155

ZH/dvisd U5



KSC-DD-818-TR

1484 2tweukg Ssisneuxd gyS uoamiag
19AS] @ UO SUNSSBUd 2-dTW Pue T-dW 6- ubnodyl 9- pue

A1x(ZH) ADNINOIA

-S1S  *€H1-2 adnbl4

I
w3 (& ¥5 1S 8y & 2 HKE Q¢ €& @BE Z2 v 1 81 &1 @l 3 9 £ &&
o ; . — R — - " FoSiTE s [ T
z -
J.\...__v -1
nf f _4, £
ﬂj_
N /,. __
i {
=" B S 1 . ‘Lﬁ.;.i:ﬁ y./IT; 9
h _‘ AW

e AR JUERRIS Uy UPRIIpS GEPIPENUIY NEDIU -

NVIW —

i\
LA r

|
J
l

SR S R R -

| | |
|
i

i

i
ZH/gv t 8d (Sd

jip]
—

o
-

Ie

AR WAL 335 S3HNSS5ud
134 508 "B=5Ka {BWOIS*kS+NUIWY LIWIT "(dP £°'88

: 3ONH

*(EP B7881)
ZH QU9-¢ HOd

f(14°d"H ZH g) Z-818

|

Ha

ATIHIG, N04 ‘GIONUN ZH PR9-08] % ZH @@1-@ 04 SL107d 3idyHd3s 138

*Xg OINNHH F.08d 7

(O0310841Xd WAL 8-515

<

=

(174 °dH ZH €) 6-815

i

3 1Sd Z@9°@~SWa NH3W po
(OILOUMIXT WALY B-515

(HOL &0 174°d"H ON) $—-515 TONIS53T0Hd 4HTIAD

*ZH B26°B %2 EGE'I=4-BlITA0 "ZH BOB31=XuW4 "Z-dW NO HETBEDGHUSH 2 [-d W NO HBBBIdHSH SHOGNIS

i e —

LIWIT

NUSW  60S24d DE1@Dd 60994d DE1@De oesgid 3114



KSC-DD-818-TR

ZH 00T 0% ZM 0 °S1Sneyx3 gus
USaMIDY |9ABT § UO SBUNSSBU Z-dTW PUR T~dTW 6= uybnosul $-S1S “tp1-Z aJnbij

PBIX(ZH) ADNINDHA
pAT GF P 8 @8 &/ B2 €9 P9 KLy B Eb &.v GE @ &2 B2 &l &1 S ]
|WWMWUM|¢HFEE\- #_ nh.n..ml ] 1 _.”._la.,wﬁ .J-(h!.\..._.j.l T T \_. .“Jm.s._h 4 :_ \_\L..l LIL\TJi T

- - e
ijV L e T e T g e

S
Rvalisnts l.l'...,.r.r...r

~

!
P

e e e

H,
| | _4
_ ,
! _ b -
A B R A e e . ”
i ! ;
i ! | ;
u h B
H S I S T T g :W!i T
{ “ ! i i
! ! , !
w ; i !
L e e B e e e R
| w ! ;
! m i | s
SRS USSR NI ISR DU SRR T WSS SN NSNS S
o M
| - |
b [RUREURUSS I N, r!l..l._.lul. 4 T ST SR - >m S m e
T b -
H i
| | | L
H i { : {
- _ . +[ S TIPS S L_ —_ MY =M - B AUV ISR
| { ] u ! W |
! ! ) : i i | ! h : ! !
I L T w :
S R A N U N S T e b
*ZH @2 MOTIE SININQDWOD "DId4 SNIWINOD WAL‘HIWO MUY WOMA ILDHMIXT SHM WAL IW3HM S3ISHO NI !ILON i
“(HP 1°891) T34 6YEL B=EWY ! (UWDISe+NE3IW) LIWI ] _"(HP §'$91) 15d vEBY B=SWd INYIN g
., TJONH" ZH B@1-Q ¥04 BlHd ‘xT O3NNBH 3.08q¢ T4 “(1T4°dH ZH 23 §-815° (T31J68IX3 WAL) B8-516
(174 °d°H _ZH 2) Z-S15° (TILOWIXT WAL) $-515'(HOL ¥0 I73°d"H ON) G-G1§ % $-51S 10Qd¥d dH &=AQ
"SIMUA=A0 ' (E-GUiS) ZH BEZ % ZH QPEBT=XOWi 'e—did NO HEI@DHSH % I-d1W NO HEIB4dNSH SHOSNIS

TITWTG T NH3W  62924d JEI@Dd €08504d DJEI@Dd J@904d oespad 3114

2-157

ZHrs vt Sd (I5d



KSC-DD-818-TR

ZK 009 ©1 zH Q0T ‘sisneyxy gyS usamiag
[3AT] g UO SBUNSSBJY Z-dTW pue T-dTW 6~ UBNOJUL 9= pue $=S1S  °GpyT-g Sdnbiy

ﬂ BIX(ZH) AONINTIdA

19  BG  &5  2& By 8% By By <€ bE
AT \uk\TTMﬁ\m ey

ZH/evisd (8d

e
|
|

{_ ] |hmﬁ
@aix

“(HP 6 ¥B812 “un_ BAS "A=5WM  (HWHIE*Z+NEIW) ._.HXHJ "(gP 2 191y 13d ZEE'B~CWH INHIW -
3N NI PES-9@1 ¥O4 Yibd "XE O3NNHH 8,064 4 "(l74°d’H ZH4 22 6-615 (Q3LOHULX3 WAL) B-Gl&
(1H4°d"H ZH 2) ¢-S185" (QILoHUIXT WAL) 9-SLG° (HOL ¥0 171d4°d"H ozw P-518 1ONISSAIONd dUTEAAD
“7H B/B°D % EGE'T=d-BL130 *ZH 2BB1=XUWd4 “2—dW NO HETE@DHNEN % 1-d7TW NO H@S@iduSA 1SHOBNIS

— g, o —

TIWIT  NU3W  B@9Ydd DEIPDd €@994d JEI@9< o@9r4d ‘3114

2-158



KSC-DD-818~TR

2.8 WEST SIDE DEFLECTOR PRESSURES

This summary of pressures on the west side deflector is based on data from
sensors KRFPAQDEA, -07A, and -08A, recorded during the taunch of STS-8 and
STS-9.

Figures 2-146 and 2-147 present raw data time histories for a short interval
(T + 0.15s to T+ 0.35 s) when the highest pressure pulses occur. Figures
2-148 through 2-150 compare outputs of the same sensors for two launches. Of
interest are the highest pressure peaks on these Tigures. All three sensors
recorded these peaks for S7S-9, while oniy KFDPAOOBA recorded such a peak for
STS-8. The timing of these peaks (KFDPAOOG6A with 27 psi at T + 0.269 s,
KFDPAOO7A with 100 psi at 7 + 0.272 s, and KFDPADOSA with 106 psi at T + 0,293
s) indicates their propagation to occur from the middle of the side deflector
downward with a velocity that is substantially less than the speed of sound.
Thus, the source of these peaks is the main SRB plume at ignition and not the
deflected plume, as supposed.

Figure 2-151 presents a summary of slow varying “static" pressures for time
interval T+ 0.5s to T+ 5.6 s. At each sensor location, these pressures are
repeatable between launches. A high pressure gradient exists along the height
of the deflector from T + 0.5 s until T + 3.5 s, with increasing pressures
toward the base of the deflector.

The summary of dynamic pressures is shown on figure 2-152 in terms of PSD's,
A 2-Hz high-pass filter was used to separate dynamic components from the
static components shown on figure 2-151. PSD's show a similar dispersion
along the height of the deflector as do the slow varying pressure comporents.
Highest dynamic pressures occur at the base of the deflector.
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2.9 MLP INTERIOR ACOUSTICS

The summary of MLP (1 and 2) interior acoustics includes STS-4 through S$TS-11
measurements, All measured acoustic pressures are substantialiy below pre-
dicted OBSPL's. This summary inciudes only pressure PSD's; because presenta-
tion in terms of 0BSPL's does not provide necessary resolution, while pressure
PSD's contain distinct, repeatable narrow band peaks.

Figures 2-153 through 2-157 contain acoustic pressure summaries for rooms on A
and B levels. The right frame on these figures presents separate plots of
mean and Yimit (1imit = mean + 2 sigma) curves. Processing parameters and
other pertinent information are contained on the plot headings.

Because of substantial dispersion of acoustic pressures between different MLP
rooms and rather Yow, noncritical acoustic levels in these room, all available
measurements were lumped together. Figures 2-158 through 2-161 provide corre-
sponding plots in high-resolution scales. Since the 2-sigma limit curve is
below two to three actual measurements, the summary curves on figure 2-162
present both 2- and 3-sigma limits. The dispersion between mean and 3-sigma
1imit of all MLP measurements is 6.9 dB, and 3-sigma limit OASPL = 147.2 dB,
substantially below all predictions which were in the range from 150dB to 164
dB. Figures 2-163 through 2-165 present OBSPL's from STS-1 through STS-4 com-
pared with predictions. Ftor application, curves on figure 2-162 are recom-
mended.
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OCTAVE BAND CENTER FREQUENCY, Hz

Lift-0ff Peak - Actual OBSPL's Compared With Predictions,
MLP Compartments Around Exhaust Wells
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MLP Compartments 36AB, 37A, and 37B
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SECTION ITI

STRAINS

3.1 SRB HOLDDOWN POST (HDP) PEDESTAL STRAINS ON MLP (STS-6 THROUGH -9)

This summary presents results of strain measurements on the HDP pedestals.
Previous publicationzinclude similar strain time histories for STS-1 through
STS-8. QOsciliatory strain components that occur between T - 0.01 s to T + 0.3
s are presented in terms of their PSD's, using STS-6 through STS$-9 data after
some of these components were related to dilatational waves generated within
SRB's at ignition. The last part of this summary presents text previously
published with STS-5 data (KSC-DD-688-TR) pertinent to pedestal loads before
SRB ignition and to strain oscillations at SRB ignition,

Each SRB HDP pedestal was instrumented with two sets of strain gages, further
designated as either type 1 or type 2. Each set consisted of eight strain
gages, wired in a manner ensuring temperature compensation and recording of
only axial load-induced strains while eliminating voltage output caused by the
bending of the pedestal. Each set, further referred to as a strain gage,
represents an uncalibrated Toad celd.

Figures 3-1 and 3-2 present raw strain time histories sampled at a 200-Hz rate
for time interval T - 4.6 s to T + 0.5 s for STS-9. Each figure contains four
time histories corresponding to either type 1 or type 2 gages on east pedes-
tals (nos. 1, 2, 3, and 4) or on west pedestals (nos. 5, 6, 7, and 8). Simi-
lar and repeatable time histories were recorded during STS-1 through STS-8.
Figure 3-3 presents time histories of type 1 gages sampied at a 5-kHz rate for
a short time interval of 256 ms (T - 0.15 s to T + 0.01 s). This interval
includes shocks generated by the activation of explosive boits. Figure 3-4
presents the four (type 1 gage) time histories for time interval T - 0.1 s to
T+ 0.31 s, which show decay of pedestal loads at Vift-off to no-load con-
dition beginning at approximately T + 0.28 s.

Figures 3-5 through 3-8 present strain time histories from each gage shown on
figure 3-4 and extracted TVM (see explanation in figure headings). The dynam-
ic strain components, which are defined as the difference between raw strain
data and TVM, were used in subsequent computations of PSD's from STS-6 through
STS-9 measurements presented on figures 3-9 through 3-11. It should be noted
that the effect of dynamic sirain components on the HDP pedestals is insignif-
icant. They may have a significance as dynamic loads on the vehicle, because
these strains are a result of longitudinal oscillations of SRB's recorded at
the interface between the SRB's and the MLP., High PSD peak, around 70 Hz, may
be explained considering propagation of dilatational waves through SRB cas-
ings. Measured PSD's on pedestals under either the east SRB (figure 3-9) or
the west SRB (figure 3-10) show relatively Tow dispersion; the limit curves
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are essentially envelopes of all data. When both east and west pedestal mea-
surements are combined {(figure 3-11, sheets 1 and 2}, the Timit (mean + 2
sigma) curve is exceeded by two to three measurements. Therefore, a new limit
(mean + 3 sigma) curve is calculated and presented on figure 3-11 (sheet 3).
Included in this section is the text portion of appendix B of KSC-DD-688-TR,
which discusses a method of calibrating strain gage outputs to represent
dynamic loads. The appendix B text contains assumptions about the distribu-
tion of dead load on HDP pedestals critical for the calculation of calibration
factors to convert recorded strains into loads. Peak ioad estimates from
measured strains cannot be improved without knowledge of actual dead load on
each pedestal, If Orbiter weight eccentricity with respect to HDP pedestals
were used, it would result in a nonuniform distribution of HDP pedestal dead
Toads and calibration factors different from those calculated. Tnis informa-
tion was not availabie at the time of publication., Information from appendix
8, SRB HDP Strains and Loads During the Holddown Period (KSC-DD-688-TR) fol-
Tows (3.2 through 3.3).

3.2 SRB HDP STRAINS AND LOADS DURING THE HOLDOOWN PERIOD {STS-! THROUGH -%;

This paragraph presents Shuttie HDP Tloads obtained from strain measurements
KSRGFO13A through -028A during STS-2, S$TS-3, and STS-5 launches. Each SRB HDP
pedestal was instrumented with two sets of strain gages and represents an un-
calibrated load cell. E£ach set consisted of eight strain gages, wired in a
manner ensuring temperature compensation and recording of axial Toad-induced
strains while eliminating voltage output caused by the bending. Each set,
further referred to as a strain gage, provided an independent measurement of
an average axial strain in HDP's. The knowledge of static loac carried by
each HDP before SSME ignition and recorded strain time histories provide
necessary information for the calibration of improvised load cells. Then,
recalibrated strain time histories represent dynamic load time histories for
each HDP for the period from SSME ignition until the separation of tie-down
explosive bolts and lift-off. Required calibration procedure is as follows:

CF = GLOW + A Kips/ (gin/in)

S(EDL - eL/O)

P(t) = CFie(t) - EL/U] kKips

CF = load cell calibration factor that converts recorded strain (uin/in)
into Toad (kips). The expression for CF contains an assumption that
the total vehicle weight (before SSME ignition) is equally distri-
buted among all eight HDOP's. This assumption neglects the eccen-
tricity of Orbiter weight with respect to SRB support.
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GLOW = Gross 1ift-off weight of Shuttie vehicle at nominal Tift-off
(approximately 0.21 s after SRB ignition), For STS-2, GLOW =
4,030.4 kips. For STS-3, GLOW = 4,016.6 kips. Estimated numbers
account for a decrease in the total Shuttlie weight by the amount of
fuel burned by the SSME's during holddown period and by SRB's until

development of lift-off thrust.

A = weight of fuel (LHp, + L0, + about 0.21 s of SRB propellant) burned
during the holddown period and until SRB's thrust develops, esti-
mated to be 441.6 kips for S15-2 and 456.1 kips for STS-3,

GLOW + A= 4,472,0 kips for STS-2 and 4,472.7 kips for STS-3 (gross
Shuttle vehicie weights before SSME ignition)

€L = strain gage output before SSME ignition. For STS-2 and STS-5,
this output was zeroed (ep = 0).

€ /0= strain gage output after 1ift-off. This is a no-load condition
on HDP's and represents a zero reference line for dynamic load
time histories,

P{t) = dynamic load on HOP at time t. Using the sign of recorded

strains in expression for P(t), a positive value of P(t)
represents a downward load on the HDP, A negative P(t)
represents an upward (tensile) load on the HDP.

“(t) = strain gage output at time t. For extreme values of dynamic
Toads, €(t) corresponds to either a maximum {(€max) or a minimum
( min) of a recorded strain time history.

Figure 3-12 (right side } illustrates strain values required to obtain cali-
bratton factors from a typical strain time history. Table 3-1 and figure 3-13
present calibration factors (CF), dead load strain differences (€p - EL/O)’

of peak strain differences {€max/min - EL/O)’ and peak dynamic loads {and

locations of HOP's) for all strain measurements on SRB HDP pedestals. 1In
computations, the total dead load on each HDP (GLOW + A)/8 = 559.0 kips. For
5TS-3 measurements, some roundings and extrapolations were necessary in arder
to obtain €p - € ;, since €p was not zeroed and processed data began at T -
4,60 s, while first SSME ignition occurred at approximately T - 6.0 s. For
convenience and reference, STS-2 and STS-3 SRB HDP strain time histories, pre-

viously published in KSC-DD-593-TR and KSC-DD-651-TR, are presented, Strain
time histories for STS5-5 can bhe found elsewhere in this document.

The peak load values presented in table 3-1 show significant differences be-
tween ‘ioads obtained by two independent measurements on each HDP pedestal, as
well as differences between loads on different pedestals, The only emerging
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pattern is that the second measurement (gage 2) in most cases shows higher
loads than gage 1. The output of gage 2 is also more susceptible to bending
strains in the pedestals. It appears that the effect of HDP pedestal bending
has not been entirely eliminated from sensor outputs. Consequentiy, peak
downward loads appear to be overestimated, and peak upward loads are under-
estimated. Some differences between the two measurements on the same HDP
pedestal may be caused by details in strain gage installations or in their
locations with respect to possible asymmetries in the HDP's. Because the
pedestal is very short, the assumption about the plane section containing
strain gages and remaining plane after the deformation takes place may not be
sufficiently accurate, and some warping of the plane cross section may be
responsibie for differences in the gage 1 and gage 2 outputs.

The assumption of equal dead load distribution {before SSME ignition) on each
HOP may be responsible for generally higher loads on HDP's 3 and /. Because
of MLP flexibility, HDP's 3 and 7 are points of lower MLP stiffness than the
opposite HDP's 4 and 8, It is possible that, in the statically indeterminate
Shuttle support structure, HDP's 3 and 7 carry a lower-than-assumed dead load
(559 kips). If so, then the calibration factors (CF) and the peak dynamic
Toads on these HDP's will be proportionally lower than the values presented in
table 3-1, while HDP's 4 and 8 would attain higher-than-presented dynamic
Toads. Unfortunately, these questions cannot be answered based on available
test data. An analysis of HDP dead load, which would consider Shuttle erec-
tion procedure, eccentricity of Orbiter weight, and fueling of ET tank, would
eliminate the assumption made in this report about equal distribution of
Shuttie weight among all HDP's.

3.3 A PLAUSIBLE EXPLANATION OF STRAIN OSCILLATIONS AT SRB IGNITION

Figure 3-12 (left side) shows an enlarged piot of raw data beginning at T -
0.1 s {nominal) for a duration of 0.41 s. Although the sampling rate of ana-
log signal was 5 kHz, the DAS limits the frequency content of data to maximum
2 kHz. Of principal interest is the strain time history from the instant of
explosive bolt actuation (T - 0,01 s) until the separation of the SRB from the
HDP (approximately T + 0.21 s). Two distinct peaks, a maximum and a minimum,
separated by approximately 10 ms, occur in the time history of each HDP ped-
estal strain. These peaks are followed by a shift of the average strain line
(see figure 3-12, left side) about which a few oscillations occur at a fre-
quency of about 82 Hz. Because this is a relatively nigh frequency, sub-
stantially higher than the first longitudinal SRB mode (below 15 to 16 Hz), a
few initial and highest oscillations may be caused by propagating waves rather
than by a "standard" standing wave-type vibration. If this hypothesis is
true, then a strong argument can be made that the stiffness and mass of SRB
HDP supporting structure, in this case the MLP, has no significant effect on
Shuttle dynamics for the period of about 70 ms, beginning at about T + 0.07 s
when large oscillations in the recorded HDP strains occur. For this period, a
plausible explanation of the strain time history, presented further, is based
on known concepts of wave propagation developed in mechanics of continuum,

The explanation is prompted by an unexpected coincidence of three minima peak
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{(figure 3-1, Teft side) with the calcuiated results obtained considering prop-
agation and reflection of dilatational waves within the SRB's solid propellant
casing structure, First, we 1ist necessary data:

d.

Distance from the top of the SRB casing dome
(base of igniter) in the forward segment to
the strain gage on HDP's is estimated to be ~117.8 ft

For SRB steel casing, using standard steel
properties, data are:

Modulus of elasticity E= 29 X 10% 1b/in2
Poisson's ratio v = 0,3

Elastic (Lame') constants

A= Ev /{1 +2)(1 - 2v )] = 16.73 % 10 1b/1n?
po= E/T2(1 + )] = 11.15 X 105 1b/in?2
Steel specific density p= 7.324 % 1074
{mass per unit volume) ib/s 2/1‘n

Velocity of dilatational wave

]

V= Dn+ 2p)/p10/2 = 23084 X 105 in/s = 19,237 ft/s,

Wave travels with the velocity of propagation of dilatation, Dis-
placement is parallel but opposite in direction to wave normal. When
reaching a free plane boundary, wave will reflect on itself when wave
normal and boundary normal are parallel. Otherwise, a dilatational
wave will reflect as two kinds of waves: a dilatational wave with
the angle of reflection equal to the angle of incidence, and as a
rotational (shear) wave with the angle of reflection smaller than the
angle of incidence.

Velocity of rotational (shear) wave
Vo = (u/p)1/2 = 1.2338 X 105 in/s = 10,282 ft/s

Wave travels with the velocity of propagation of rotation. Displace-
ment is perpendicular to wave normal. When reaching a free plane
boundary, wave will reflect on itself when wave normal and boundary
normal are paraliel. Otherwise, a shear wave will reflect as two
kinds of waves: a shear wave with the angle of reflection equal to
the angle of incidence, and a dilatational wave with the angle of
reflection greater than the angle of incidence. Under certain condi-
tions, shear waves are responsible for bending in plates and shells.

3-5
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The time required for a dilatational wave to travel the distance from
the top of the SRB casing to the strain gage location on the HDP's
is:

At = 117.0/19,237 = 0,00608 s

This is one-half of the period of oscillations recorded by the HDP
strain gage. The frequency of these oscillations (minima peaks on
figure 3-1, left side) is:

f = 1/(2 % 0.00608) = 82.2 Hz

The coincidence of this frequency with the test data is astonishing,
and it prompted this analysis.

Wave propagation and reflection solutions developed in mechanics of
continuum, while very rigorous, are also limited in most cases to
examples with a single plane boundary. 1In cases involving multiple
boundaries, conditions on these boundaries usually cannot be satis-
fied and solutions do not exist. A less rigorous solution derived
for a prismatical bar states that the wave velocity propagating
longitudinally in the bar is:

V= (E/p Y1/2 = 1.9899 x 105 in/s = 16,582 ft/s

Formaliy, this solution can be obtained from the expression for ¥ by
assuming Poisson's ratio equal to zero. For steei, the most often
cited value of V in the elastic range is 17,000 ft/s., Then, the
values of AT and f corresponding to those derived under e above are:

i

At = 117.0/16,582 = 0.0071 s

f‘

1/(2 x 0.0071) = 70.4 Hz

Some of the strain time histories show peak oscillations (after the
first peak) occurring at a freguency of about 70 Hz, We are not
attempting to provide an explanation why variations in the frequency
of osciliations occur. The phenomena of wave reflection are too com-
plex and defy a simplistic explanation. 1t is worth noting, however,
that any exceeding of the elastic range by strains inside the SRB
casing should result in a lower velocity of dilatational waves.
Frequency domain analysis made with data measured after STS-5 con-
firms existence of a high peak in PSD's at 70.4 Hz.

Once generated, dilatational wave is reflected from the free boundary of the
SRB skirt and from the curved boundary of the dome (forward SRB seament) where
it should produce some rotational waves and bending. Because there is very
little decay in recorded strain amplitudes (measured about the average strain
Tine) for at Teast three cycles, one may conclude that a very small amount of
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strain energy is transmitted to the gages on HDP's, A1l wave refiections at

the base of SRB occur mainly from the free boundary of the SRB skirt. There-
fore, neither stiffness nor mass of HDP supporting structure can have a sig-

nificant effect on these oscillations,

The appearance of the first and most dominant peak on the strain time history
at T + 0.08 s requires a different explanation. The time interval between
this peak and the first distinct minimum of the incident dilatational wave is
about 10 ms. The duration of the peak, the half period, is about:

t = 2(10 - 6.08) = 7.84 ms

which is greater than the half period of dilataticonal wave. A plausible
explanation is that this peak is a result of a pressure shock on the base of
the SRB from a rapid ignition. Pressure shock displaces the base of SRB down-
ward by the amount depending (among other factors) on the support stiffness.
The peak load on the HDP certainly is proportional to the support stiffness.
However, at this instant, the load on the SRE above the skirt joint with the
casing should be inversely proportional to the support stiffness because this
load is caused by the SRB base displacement. Pressure shock cn the SRB base
may also generate a dilatational wave traveiing up the SRB. The amplitude of
this wave is proportional tc the downward displacement of the SRB base, and
thus, inversely proportional to the stiffness of the support (the MLP). The
stiffer the support is, the lower will be the amplitude of upward traveling
dilatational wave. The same wave may be responsible for high-frequency oscil-
Tations appearing on the HDP strain time history immediately {within 1 to 2
ms) after the first dominant peak. These oscillations and, probably the
entire effect of fhe base-generated dilatational wave, appear to be insignifi-
cant.

By far, the major effect on the SRB's, and probably on the entire Shuttle
structure, is due to the pressure shock on the SRB dome in forward segment.
This shock displaces the dome upward, and this rapid displacement generates a
ditatational wave traveling down the SRB. When part of the wave reaches
HDOP's, the displacement associated with this wave is upward, the lgad on the
post drops, and the first minimum peak appears on the strain time history.

The major part of the wave reflects back from the free boundary of the SRB
skirt, while a small amount may be reflected from the joint between the skirt
and aft segment casing because of boundary direction change at the joint.
Also, some shear waves will be generated at both ends of the SRB where reflec-
tions take place. Certainly, ithe amplitude of this dilatational wave does not
depend on the stiffness of SRB supports. Because these strain oscillations
are cadsed by a dilatational wave propagating through the steel casing, they
are very little (if any) affected by the mass of attached SRB propellant and/
or by the attachment of ET. Thus, the standard type of finite element model -
ing may not be able to explain this phenomenon; or, if forced to do so, it may
result in incorrect loads on ET, Orbiter, etc.
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In summary, pressure shock at SRB ignition, on the base of SRB, is responsible
for the first dominant peak in HDP post strain time history. This peak de-
penas on the stiffpess of the SRR supporting structure. The strained part of
the SRB is that between its base and supporting structure. The upper part

of the SRB, above tie joint between the skirt and casing, may be strained,
though insignificantly, by the generated dilatational wave at the base.

Peaks in the strain time history, following the first, are caused by a dilata-
tional wave generated at the top of the SRB by the pressure shock on the

dome., This wave 1s bouncing back and forth along the SRB casing, reflecting
mainly from the free boundary of the SRB skirt and from the dome; and corre-
sponding base displacements are recorded by the HDP pedestal strain gages.

The stiffness and/or mass of the SRB supporting structure has no effect on
this wave.
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LOCATION OF MLP HOLDDOWN POSTS

Figure 3-13. location of MLP HDP's
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SECTION 1v

THERMAL DATA SUMMARY

4.1 MLP

MLP-1 was instrumented with eight thermocoupies during the launches of STS-1,

-3, -4, -5, -7, and -9. For STS-5 launch, two sets of 6- by 6-in steel plates
of varying thicknesses, backed with thermal indicator coating, were exposed to
direct flame impingement. Figure 4-1 shows the sensor locations and recorded

measurements.,

During the Taunches of STS-1 and -3, MLP-1 was instrumented with six calorim-
eters to detect ad record heat rate data. Figure 4-2 shows the calorimeter
locations and recorded heat rate.

4.2 FSS

The FSS was instrumented with one calorimeter located at the haunch pivot fix-

ture of the ET vent arm., Figure 4-3 shows the measurements of this calorim-
eter recorded during the Taunches of STS-3, -6, and -8.

4-1
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STS-3 LAUNCH TI-INS 3/22/828
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Figure 4-3. FSS Heat Rate Data Recorded During STS-3, -6, and -8 Launches
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5.1

MLP

SECTION Vv

VIBRATION

KSC-DD-818-TR

MLP-1 was instrumented with approximately 182 vibration sensors during the

Yaunches of S$TS-1,

-2, and -3,

Data that appeared to be valid were processed
and published in the documents listed in the bibliography herein.

Worst-case

samplings of the following elements of the MLP have been selected for this
summary and are shown in the applicable figures (figures 5-1 through 5-14}.
Included are raw data, PD's, PSD's, and rms time histories for the following
measurements:

Designation

KSRDFOL16A
KSRDFOL17A

KSRDFOZ21A

KSRDFO047A

KSRDFO78A

KSRDFO79A

KSRDF119A
KSRDF120A
KSRDFO37A
KSRDFO38A
KSRDFOB0A
KSRDFO81A

KSRDF159A

KSRDF160A

Location
Girder Web Stiffener
Girder Web Stiffener

& ft Above Deck B Floor
{on wail)

11 ft Above Deck B Floor
{on wall)

Centerline Bottom Flange
Deck 0 Ceiling Beam

Centerline Bottom Flange
Deck O Ceiling Beam

{enter Floor Beam
Center Floor Beam
Truss T, Vertical
Truss Ty Vertical
Truss T, Top Chord

Truss T; Top Chord

Floor Framing Stringer (E)

{spring-isolated floor)

Floor Framing Stringer (W)

(spring-isolated floor)

Room No. Direction
43A Y
434 7
36AB z
4048 X

74 z
EL JA
418 X
41B Y
8A 7
7A Z
104 Z
10A Z
9B z
98 z

- B-1
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A comparative summary of the vibration inside MLP-2, previously pubiished as
appendix £ in KSC-DD-712-TR, follows (5.1.1 and 5.1.2). Not included but
recommended for additional information is appendix A of KSC-DD-677-TR, which
contains data validation criteria, calcuiated rms displacements, and zoom
nlots of significant PSD's.

5.1.1 VIBRATION INSIDE MLP-2. This summary of vibration measurements inside
MLP-2 during S5TS-6 launch presents data acquired for the 1ift-off peak

period. Six sensors installed on three structurally different MLP-Z2 compo-
nents were used in the analysis. Measurements estabiished that a fundamental
vertical MLP-2 vibration mode {(after vehicle Tift-off) has a natural frequency
near 4.4 Hz,

Since STS-6 was the first Shuttle Jaunched from MLP-2, a comparison is made
with similar vibration data obtained on MLP-1 during STS-2 and STS-3
launches. This comparison is used to evaluate the new digital Data Acquisi-
tion System (DAS) installed in MLP-Z.

Six vibration sensors {(KSRDGOOLA through -006A) were installed for STS-6 on
MLP-2 deck O beams (two), T-2 truss top chord (two), and on deck B floor beams
{two). Chosen Jocations correspond to MLP-1 sensors KSRDFO7/8BA and -079A on
deck O beams, KSRDFO80A and -082A on T-2 truss top chord, and KSRDF128A and
-129A on deck B floor beams. All MLP-2 sensors were oriented in vertical (Z)
direction. It was established that on the MLP-1, sensor KSRDFO82A was mis-
takenly oriented in Y direction; thus, only five sensors were available for
data comparison between MLP-1 and MLP-2 vibration environments,

Output of each MLP-2 sensor was processed three times. Each time, a different
set of processing parameters was used in order to define the entire frequency
range of data and to obtain an optimal resolution from a relatively short
record. Governing parameters, such as Fpayx = Nyguist frequency and Delta-F =
resclution frequency, are shown on corresponding data plots. In order to dis-
tinguish between various computer files containing processed PSD's, the last
character in measurement designation (A) has been made variabie (A, B, C,
etc,), and these new designations appear in figure 5-15 and on ail plots that
follow in 5.1, Most meaningful comparisons are obtained between similar mea-
surements processed using the same set of parameters. However, in a few cases
of STS5-2 and STS-3 data processed earlier, different processing parameters
were used, mainly in resolution frequencies, which should be considered when
making comparisons,

Figure 5-15 presents data processing parameters and calculated rms displace-
ments for all MLP-2 vibration measurements. Figure 5-15 does not include
KSRDGOO1A through -004A processing case for Fpax = 5,000 Hz because low data
resolution (Delta-F = 4,88 Hz) makes this case unsuitable for displacement
calculations. The user is referred to the KSC~DD-677-TR (February 1983) con-
taining a description of the technique used to calculate rms displacements
from measured acceleration PSD's and for validation criteria. Displacement
data from table E-1, KSC-DD-677-TR appendix A, and some STS-2 data (not pre-
viously published) are included into comparisons of MLP-1 and MLP-2 vibration
environments presented on figures 5-16 through 5-23,
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Figures 5-24 through 5-26 present STS-6 vibration environment on MLP-2 deck 0
beams recorded by KSRDGOO1A and -002A sensors. Both sensors recorded essen-
tially the same and a very severe vibration environment in spite of their
different locations. RMS accelerations are 23.5 and 27.7 g (0 to 2 kHz), and
rms displacements (0.77 and 0.72 in) indicate that peak displacements (at 99%
CL) approach 1,5~in amplitude.

Figures 5-27 through 5-29 present STS-6 vibration environment on two adjacent
members of T-2 truss top chord, recorded by KSRDGOO3A and -004A. These truss
members also serve as deck 0 beam supports. Vibration recorded by KSRDGOO3A
Tocated in line with west SRB is slightly more severe than in the midspan of
the truss. Also, rms displacement (0.42 in) is greater than that at midspan
(0.35 in), indicating that some asymmetric truss modes were excited. The
vehicle roll maneuver could be inducing an asymmetric lcad on the T-2 truss.

Figures 5-30 and 5-31 present STS-6 vibration environment on two deck B floor
beams recorded by KSRDGOO5A and -006A, Both sensors recorded essentially the
same vibration environment on floor beams spaced 24 ft apart. These beams
have a distinct resonance at 15.6 Hz and about 0.2 in rms displacements asso-
ciated with Tocal bending of the beams. The total rms displacements are be-
tween 0,49 and 0.62 in,

Figure 5-32, left frame, presents PSD's obtained from all MLP-Z vibration sen-
sors when data were processed at the same resolution of 0.781 Hz. All data
have a peak at 4.69 Hz, indicating that a fundamental MLP-2 resonance is near
this frequency. The right frame on figure 5-24, where data from two measure-
ments have a resolution of 0.39 Hz, shows that a more accurate figure for the
MLP-2 resonance is 4.4 Hz.

h.1,2 MLP-1 AND MLP-2 VIBRATION DATA COMPARISON., In an effort to evaluate
the new permanent measurement system (PMS), vibration measurements on MLP-2
(STS-6) recorded with the new system were compared to corresponding data re-
corded on MLP-1 (STS-2 and -3). These comparisons and pertinent comments are
presented on figures 5-16 through 5-23.

Comparison of deck 0 beam and T-2 truss top chord vibration measurements,
figures 5-16 and 5-18, shows that the effect of baseline drift (ST7S-3,
KSRDFO79A and KSRDFOBOA) extends up to 25 to 30 Hz, New PMS measurements do
not show any effect of baseline drift. Perhaps this could be attributed to
different sensors (piezo-resistive versus piezo-electric type) and to differ-
ent cables used with these sensors.

Figure b-17 shows that above 30 Hz, STS-6 data on deck 0 are higher than that
of $TS-3, while rms displacements, governed by the very Tow frequency compaon-
ents, remain about the same,

The best data correlation is obtained for measurements on deck B floor beams

shown on figures 5-19 through 5-22 and figure 5-23, teft frame. Here, good
correlation exists within the entire examined range, 0 to 250 Hz, figqures 5-20
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through 5-22. The fundamental beam resonance frequency of MLP-2 is slightly
higher {15.6 Hz) than that of MLP-2 (14.8 Hz}, possibly because of different
local dead loads on these heams.

Figure 5-23, right frame, presents data on deck B fioor beams pertinent to
comparison on MLP-1 and MLP-2 fundamental resonances. Both MLP's have a
fundamental resonance near 4.4 to 4.6 Hz. However, on deck B, MLP-1 has also
a peak around 7.3 Hz, which on MLP-2 1is observed only in deck 0 to T-2 truss
data. This indicates another MLP mode, possibly local, which is different on
each MLP (see figure 5-16 for comparison).

In summary, vaiid vibration data recorded by fm DAS on MLP-1 and pcm DAS on
MLP-2 correlate well in most examined cases. Data recorded by fm DAS often
exhibited a baseline drift, which results in too high and invalid PSD ampli-
tudes within 0 to 25 Hz range. MLP-Z data recorded by pcm DAS has a better
quality than MLP-1 data, and it is not subject to a malfunction resulting in
baseline drift. STS-6 MLP-2 vibration levels are slightly higher than those
of MLP-1 (STS-2 and STS-3), but rms displacements governed by PSD components
below 5 Hz are lower than on MLP-1.
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KSC-DD-818-TR

| | T i
MEAS.KSRDG # | 001c | 002¢ | 003C 004C 0054
Fmax(Hz) | 100160 . 100 100 | 500
% |BLOCK SIZE | 256 | 256 25 | 266 | 1024 |
SDELTAE 78l L el s 81 | e7s |
o HOTAL TIME o 7.65 7.69  © 7.69 | 7.69 | 8.20 |
r__gggmm TIME Tot1.80  To+1.80 To+1.80 | To+1.80 To
PERICD L/0 PEAK ' L/0 PEAK 5L/O PEAK | L/0 PEAK ! L/Q PEAK
LOCATION L&V 0 LEV 0 -2 T-2 { FL BEAM
DIR/ZFREQ.RANGE 1 z/0-2K  7/0-2K ;1 Z/0-2K Z/0-2K  17/0-2K
T fﬁ . }
@B * U 2980 5.940 8970 ! _ .7500 | 1.618
- A = i ]
= 2=y 7706 L7162 4204 o .3504 0 .707
¥ 3 . 7z Les3s L3960 ¢ 3314 1 590
S04 IGl 5650 5393 3205 om0z | 514
SLETTIAET e e [ aen [ s [ e |
{MEHS.KSRDG % 006A 0058 0068 005C 006C
|
|5 Fmax(Hz) 500 | 300 100 | 100 _ . 100
| &z BLOCK SIZE | 1024 256 256 512 i 512
o DELTH F 9770 7813 | 7813 399 | .390
L9 TOTHL TIME_‘_, 8.20 | 8.97 | 8,97 | 7.69 7.69
& START TIME To L To To jTo+1.20 To+1.20
DERIOD L/0 PEAK TL/0 PEAK |L/0 PEAK L/C PEAK | L/0 PEAK
LOCATION FL BEAM | FL BEAM  FL BEAM |FL BEAM | FL BEAM
DIR/EREQ. RANGE | Z/0-2K 7/0-2K 7/0-2K ' 7/0-2K 7/0-2K
L B* 17 163 1539 | 258 4155 .84
) = 7340 4365 6250 3471 .4000
o C o B R I
b3 3. 6390 4307 .5590 2904 1 .3514 ]
T4 gy 5890 L3865 5005 | 2750 .3290
5 ;. 4233 | 3040 . .3872 2325 . o716
*Note: RMS d1sp1acements calculated w1th0ut a filter (filter at 0 Hz) are
not valid. Refer to KSC-DD-677-TR, page 6, for validation criteria.

Figure 5-15,

RMS Displacements (Sheet 1 of 2)

STS-6 MLP-? Vibration Data Processing Parameters and Calculated
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KSC-DD-818-TR

LNE' KSRIG # . o0l 0028 0038 | 0048 |
8 Fmax{Hz) | 000 | 1000 looo ; to00 ]
5 BLOCK SIZE | lo2 | 1024 | loza | loz4 _
SpeTAF 195 | 1.5 . 195 195
SIOTAL TIME | 667 687 687 | 667 |
% START TINME |Tor2.00 | Tor2.00 To+2.00 [To+2.00 |

PERTOD /0 PEAK |L/0 PEAK ' L/0 PEAK |L/O PEAK |

L OCATION LEV 0 LEV 0 T-2 LTy
DIR/FREQ.RANGE [2/0-2K  '2/0-2¢  7/0-2K  |7/0-2K |
o L*j[ 8316 . nae2 8973 | 7203
o | ¢ . cBI63 9657 | 8000 | 6488 |
LS. 5. 4750 5617 5278 4546 -
T4 B 4208 L4965 4780 L4173
L s @ .enas | 3192 | 3582 T—_._éé_ét)’*"i’mm"’7 .

*Note RMS d1spiacements calculated without a filter (filter at 0 Hz) are
not valid. Refer to KSC-DD-677-TR, page 6, for validation criteria.

Figure 5-15. STS~6 MLP-2 Vibration Data Processing Parameters and Calculated
RMS Displacements (Sheet 2 of 2)
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5.2 FSS

The FSS was instrumented with approximately 50 vibration sensors during the
Taunches of STS-1, -2, and -3. All sensors were located on floor beams and at
75-, 115-, 145-, 215-, and 265-ft levels except for a triaxial sensor that was
mounted on the ET arm vertical member at the 215-ft level. During STS-4 and
-5 Jaunches, the LH, and L0, Dewar gage panels were instrumented with 18
vibration sensors located on the 155-ft level. The resulting data were
processed and published in the documents listed in the bibliography herein.
Worst-case samplings of the following elements of the FSS have been selected
for this summary and are shown in the applicable figures (figures 5-33 through

5-42), Included are raw data, PD's, PSD's, and rms time histories for the
following measurements:
Level
Designation Location (ft) Direction
KSADBOOZA Floor Beam - Side 2 (between supports) 75 JA
KSADBO13A Floor Beam - Side 4 (between supports) 115 7
KSADBO14A Floor Beam Center - Side 1 (near main 115 Z
structural support)
KSADBO33A Floor Beam - Side 1 (between supports) 195 JA
KSADBO35A Floor Beam Center - Side 1 (near main 195 z
structural support)
KSADBO4GA Fioor Beam - Side 1 (between supports) 255 z
KSADBGATA Floor Beam Center - Side 1 255 7z
(near main structural support)
KSADBOS0A ET Arm (vertical member) 215 z
KFHDBOOT7A LH, Dewar {(gage panel center) 155 X
KFODBOO7 A L0y Dewar (gage panel center) 155 A

STS-3 FSS multiple plot summary PSD's for various levels and directions, pre-
viously published as appendix C in KSC-DD-651-TR, are included in this summary
(figures 5-43 through 5-61). Not included, but recommended for additional in-
formation 1s appendix C of XSC-DD-677-TR, which contains data validation cri-
teria, calculated rms displacements, and zoom plots of significant PSD's.
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5.3 RSS

The RSS was instrumented with approximately 50 vibration sensors during the
launches of STS-1, -2, and -3. Sensors were installed at various levels on
floor beams, bottom flanges, and outside flanges. The resulting data were
processed and published in documents listed in the bibliography herein. This
summary contains sampling data from various levels, recorded during the 1ift-
off peak of STS-3 (figures 5-62 through 5-68). Included are raw data, PD's,
PSD's, and rms time histories for the following measurements:

Designation Location Level Direction
KSRDCO11A Main Floor Beam 107-ft z
KSRDCO15A Floor Beam, Side 4 158-ft, 5-in /A
KSRDCO16A Platform 2-In Floor Beam, 131-ft Z

Side 3
KSRDCO19A Qutside Flange, Side 4 135-ft Y
KSRDCOZ5A Platform Floor Beam 107-ft X
KSRDCO32A Platform Floor Beam 107-ft X
KSRDCO41A Ptatform Floor beam, Middle 120-ft X

Multiple plot summary PSD's for various levels and directions, published as
appendix B in KSC-DD-651-TR, are included {figures 5-69 through 5-93). Not
included but recommended for additional information is appendix B of KSC-DD-
677-TR, containing data validation criteria, zoom plots of significant PSD's,
and calculated rms displacements,

5-CZ
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