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ABSTRACT

The response of test structures and structure elements to sonic
booms produced by XB-70, B-58 and F-104 aircraft was studied., These
aircraft produced sonic booms of different signature durations. They
were flown at several flight track offsets, altitudes and Mach numbers
so as to generate different overpressure levels and signature charac-
teristics. Free field signature data and the effects of free field
signature parameters on structural response were analysed. Studies
were made of the plate response (lateral deformation) and racking re-
sponse (in-plane deformation) of the test structures. Damage complaints
resulting from the test missions were investigated and the results ana-
lysed. The implications of the magnitudes of the responses of the test
structures and the investigation of the damage claims resulting from the

test missions on possible damage caused by supersonic flights were dis-
cussed.
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RESPONSE OF STRUCTURES TO SONIC BOOMS
PRODUCED BY XB-70, B-58 AND F=104 AIRCRAFT
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1. SUMMARY OF MAJOR FINDINGS AND RECOMMENDAT | ONS

This report was prepared as partial fulfiliment of the requirements
of Contract AF 49(638)~1739. The report summarizes the work performed by
John A. Blume & Associates Research Division during the sonic boom experi-
ments at Edwards Alr Force Base. A detailed discussion of findings derived
from analyses of the data measured and recorded is presented.

The general objective of the structure responte portion of the
Edwards Alr Force Base Program, "determine the response of typical struc-
tuéres to sonic booms having different signature characteristics and
evaluate damage resuiting from the program overflights", was accomplished.
The response of test siructures and structure elements to sonic booms
produced by XB-70, B-58 and F-104 aircraft was studied. These aircraft
produced sonic booms of different signature durations. They wers flown
. at several flight track offsets, altitudes and Mach numbers so as to

generate different overpressure levels and signature characteristics. Free
field signature data and the effects of free field signature parameters on
structural response were analysed. Studies were made of the plate response
(lateral deformation) and racking response (Iin-plate deformation) of the
test structures. Damage complaints resulting from the test missions were
Investigated and the results analysed. The implications of ‘the magnitudes
of the responses of the test structures and the results of the investiga-
tions of damage claims resulting from the test missions on possible damage
caused by supersonic flights were evaluated.

f SRLIGWACHTE" VDI AT S Tl 8

This chapter presents a summary of major findings and recommendations,
and Chapter || presents a detailed summary of inis report. Detailed dis-
cussions of the analyses performed are covered in Chapters |ll through XI.

The findings presented in this report are based on detailad analyses
of structure response and free field overpressure data for seventeen com-
parable XB-70, B~-58, and F-{04 missions flown within minutes of each other.
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The measured plate response of three gypsum board/wood stud/wood siding
walls and one large plate glass window, and the measured racking response
of two typical wood frame houses, one one-story and one two-story house,
were analysed In detai! and compared with response predicted using boom
signatures. In addition, the plate and racking response of a long~span
steel frame-metal siding building were analysed.

MAJOR FINDINGS
Free field signsture data and the effects of free field signature
paremeters on structural response were analysed and the following are major
findings:

l. Sonic booms from large alrcraft such as the XB-70 and the future
Supersonic Transport will affect a greater range of structure elements (those
elements with frequencies below approximately 5 cps) than will sonic booms
from smaller alrcraft such as the B-58 and F-104. These results are predict-
able 1f the boom and siructure element characteristics are known. The natural
frequency at which the maximum DAF occurred was primarily a function of the
time from start of boom to negative peak Tz. As T2 Increased, the maximum
DAF occurred at a lower natural frequency. T2 Increased as size of aircraft
increased.

2. The Dynamic Amp’ification Factors (DAF) computed from free field
signatures and peak positive free field overpressures were independent of the
channel on which the signatures were recorded. Therefore, a single free field
microphone would have supplied sufficient data to predict structure element
response.

3. The ratio P2/P' (absolute value of peak negative overpressure to
peak positive overpressure) decreased as the offset of the aircraft increased
for XB-70 missions. The magnitude of the maximum DAF decreased as the ratic
PZIP. decreased.

4. The DAF spectra obtained using a wave model described by free field
signature parameters P', P2' T', and T2 (peak positive ovaerpressure, peak
negative overpressure, rise time, and time from start of boom to negative peak,
respectively) were equal at the 95 percent confidence level to the DAF spectra
obtalned from digitized free fleld signatures. The wave mode! can be used to

1.2
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predict structure response If these parameters and the characteristics of the
structure element are known.

5. In the analysis of the effects of lateral offset of aircraft, the
. ratio PZ/P| in the recorded free field signatures caused the predominant
effect on DAF. The recorded signatures showed !ittle change in rise times
(T|) or In durations (1) for overhead and offset missions for each type of
alrcraft. Therefore the Influence of lateral offset on DAF spectra was |imited
to the eff?cf of the ratio P2/P'.

The plate and racking response of the one-story and two-story test
houses (E-! and E-2, respectively) and of the long span steel frame structure
(E-3) to sonic booms generated by the Edwards AFB test flights were analysed.
The major findings were as follows:

6. Peak plate displacements of three typical walls in the two test
houses were less than 0.034 inches for sonic boom overpressures of approximately
2 psf. Racking displacements at the roof line of the northeast corners of Test
Houses E~| and E-2 were extremely small (less than 0.0018" for E~| and less than
0.005" for E-2) for sonic booms on the order of 2 psf overpressure.

7. Measured displacements of the three typical walls were nearly equal

to predicted displacements based on either free field or net pressure signature
data. Racking displacements predicted from free field peak overpressures and
DAF spectra calculated from free field pressure signatures were in good agree-
ment with measured displacements. The response of the large glass window in
E-| was predictable using free field signature data.

8. Structure responsa couid be adequately predicted by using peak over-
pressures and DAF spectra calculated from free field signatures.

9. The future SST for peak overpressures of about 2 psf should produce
racking displacements of typical houses that will be of similar magnitude, or
possibly smaller, than those caused by the XB-70 missions. These racking dis-

. placements should be negligible and far less than those required to cause damage.

10. No sonic boom damage was observed in the test structures prior to or
after the test flights. There were minor shrinkage cracks in the test structures
prior to start of test flights. However, no discernible extension or widening

of these cracks was observed although observations were made and recorded daily.
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1. Damage +o sronerly dasigned and constructed houses from low

magnitude sonic booms is extremely uniikely. Damage shouid not occur to

stricture elements such as glass windows from racking motions caused by low
magnitude sonic booms.

The supersonic test missions subjected a large number of bulldings
and structures at Edwards AFB and in communities near Edwards To sonic booms.
A survey was made of all glass windows and doors in buildings and structures
at Edwards to provide a basis for determining the extent of glass damage
caused by the test program. An engineering investigator inspected each com-
plaint received from Edwards and the adjacent communities. The major findings
were as follows:

12. As the condition of the glass panes at Edwards AFB was determined
prior to the test program, the number of damaged panes caused by booms from
test missions should be an indicator of glass damage to be expected from
future level supersonic flights gene ng sonic boom peak overpressures of
2 to 3 psf. The rate was one damag. . _ane per 7.9 million boom-pane exposures.
This rate was 27 percent of the rate for buildings in communities adjacent to
Edwards which were not condition surveyed prior to test missions.

13. During Phase |, the 110,390 glass panes in structures at Edwards
were subjected to more booms from test missions than were the 605,000 glass
panes in the adjacent communities; however, the aircraft while over Edwards
were fiying straight courses and then made turns at supersonic speeds over
adjacent communities. Some focusing of the boom overpressure (or super booms)
may therefore have been produced with peak overpressures great!y exceeding
those produced on the Base. As a resui., the valid glass damage rate per
mission during Phase | was 8.8 times the rate during Phase |1 when alrcraft
generally flew straight courses while at supersonic speads.

14, Fifty-eight percent of all incidents of damage for which complaints
were received during Phases | and 1| were listed as possibly caused by sonic
booms generated by test procgram flights. Of these valid incidents, 80 percent
were for glass, 5.5 percent for plaster or stucco, 0.0 percent for structural,
and 14.5 percent for bric-a-brac or other fallen object damage.

1.4
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As stated previously, the general objective of the structure response

AT B

portion of the Edwards Program was accomplished. Measured response of struc-

GO

tures and structure eiements agreed quite closely with response predicted

using free field signature data and computed structure characteristics. The
magnitudes of the measured response to sonic booms with peak overpressures in

the order of 2 psf were very small. Results of these tests and of others have
indicated that damzge to properly designed and constructed houses from low

magnitude sonic booms is unlikely. However, judging from the large number of

damage complaints which have been filed since 1955, some damage must be caused

by low overpressure sonic booms. '

Factors that could explain the apparent discrepancy between results of
tests and actual damage claims received are the possible range of material
properties and environmental conditions and also the variation in boom charac-

“ teristics. Investigations of damage complaints and claims indicate that failure

or damage may occur as a result of a combination of factors. Therefore, the
problem of damage evaluation does not appear to have an absolute solution. The
. evaluation of damage claims could be based, however, on a determination of the

most probable cause of failure when the factors affecting failure such as the
environmental conditions and material properties of the element and the sonic
boom loading on the element are known. The applicaticn of statistical techniques
and engineering procedures to data developed from detailed examinations and.en-

gineering evaluations of damage complaints and claims plus selective laboratory
testing of damaged elements could be used to establish the most probable cause §
and amount of damage.

The ultimate objective of the studies of structure response to sonic
booms is to unders%and the mechanism of failure under sonic boom {oading so
that damage claims can be evaluated and a prediction of future damage can be
made with a good deqree of reliability. The Edwards Air Force Base tests and
others have furnished sufficient data to establish the description of the !ocad-
Ing mechanism of sonic booms on structure elements ard to predict the dynamic
response of structure elements. In order to understand the mechanism of element

fallure and tc determine the most Iikely cause of damage due to sonic boom load-
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ing, data are needed on in situ strengths and modes of fallure of structure
elements.

It is, therefore, recommended that the following studies be implemented
to obtain the data and knowledge necessary to establish most probable or most
likely cause of damage for sonic boom damage claims:

I. Several cities in the United States should be selected that are or
wili be overfiown by numerous supersonic flights. All complaints of glass
damage and major plaster and stucco damage that occur in these selected cities
should be investigated in depth by trained and experienced research-oriented

engineering personnel to determine the most likely cause of damage. Environ-
mental conditions that might affect the strength of the structure element and
thus cause or contribute to the damage should be evaluatet, Samples of damaged
glass, plaster or plasterboard should be taken, as appropriate, and tested for
failure strength.

S . T st

2. Overpressure levels in each of the selected cities should be measured
by Instruments capable of measuring the N-wave in detail. A number of simpler
peak overpressure measuring gages should also be installed. The overpressure

WAYIN 2 oo

measurements are necessary to provide a basis for evaluating damage.

3. Structure element populations, at least glass panes, should be de-

L ¥ WSy

termined in the selected cities.

recorded by NASA during the Edwards tests for XB-70 and B-58 missions at vary-
Ing distances from the measuring-recording systems should be performed to de-

§ 4. Statistical methods should be appiied in analysing the data to

% determine prcbable amounts and types of damage from future supersonic fiights.
;.

3 5.- A program of laboratory testing to determine average strengths and
H

. variations therefrom of in situ glass, plaster, plasterboard and stucco should
. be developed and implemented. The data and knowledge gained would strengthen
g the criteria for determining most likely cause of damage.

i 6. A "Guide for Sonic Boom Damage !nvestigation and Evaluation” should
be prepared.

:

E As discussed In Caapters VI and 1X, additional analyses of the data

;

! 1.6
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termine if trends in the ratios PZ/PI (peak positive overpressure to numerical
value of peak negative overpressure) and Tl/t (rise time to boom duration) can
be established and hence determine the effect of these ratios on structure re-
. sponse. These data could help establish the effective width of *he "boom swath"

under an alrcraft flying at supersonic speed and hence the area sub jected to
damaging conditions.

e SRR G5
<«

)
o

gy AT ERe

o
L B NP sy w4 WA R

- sog NP LA ek g = < s - o
W PERTr N A A&a%mmmgﬁwm LR -




TN e ST e e QRN e R & oo S X S AL
’

1. INTRODUCT ION

Sonic boom experiments were conducted at Edwards Alr Force Base from
4 June to 23 June 1966 (Phase !) and from 3i October 1966 to |7 January 1967
(Phase 11), The general objectives of the program were to:

I. Evaluate the judgments by human observers of the relative ac-
ceptability of sonic booms and noise of different intensities from various
types of ailrcraft.

2. Determine the response of typical structures to sonic booms having
different signature characteristics and evaluate damage resulting from the
program overflights.

3. Obtain detailed measursments of sonic boom signatures as functions
of the type of alrcraft and mode of cperation and the atmosphere and ground
through which the waves were propagated.

. 4. OQObserve the response of animals to sonic booms.

Comp letion of objectives |, 3 and 4 was the responsibility of other
participants !n the program and are covered in their reports. The work prr-
formed by John A. Blume & Associates Research Division (JABARD) in fulfilling
general objective 2 including the results of analyses of sitructure respc-se
data measured and recorded during the test program and the evaluation of
damage reported during the test program are presented in this report.

The test program was designed to subject instrumenitad structures to
sonic booms of different signature characteristics. The aircraft utilized
were the XB-70, B-58, and F-104, 2ach of which produce. sonic booms of dif-
erent signature dv ations. These aircraft weis ¢lwn at several flight track
offsets, altitudes and Mach rumbers so as to generate diffsrent overpressure
levels and signature characteristics.

The JABARD effort invoived four major phases of work:

&. Constructiocn of three test structures and ins*aliation of
¢ Instrumentation;

b. Recording and reduction of data from test program alrcraft
missions;
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¢. Analyses of structural response data; and

d. Investigation and evaluation of complaints of damage resulting
from the test program supersonic overflights.

A brief summary Is presented in this chapter of the construction of
the test structures; procedures for instrumentation, data recording and data
reduction; analyses of structure response data; Investigation of complaints
of damage from test program missions; and findings resulting from the analyses
of data concernlﬁg free field signatures, structure response and damage to
structure elements.

TEST STRUCTURES

Two wood frame test house structures were built at Edwards AFB, a
two-story house and a one-story house. They were complete homes with all
services and standard buiit-in items. Both were built in accordance with
pians obtained from a large housing developer and home tuilder and are
representative of typical contem,orary midwestern construction. The houses
vere furnished and equipped with appliances, drapes, rugs and dishes. Both
of the test houses were instrumented to moasure and record the loading on
and the response of the house and certain elaments.

In addition to the two test houses, the fowling Alley on the Base
was selected as a representative structure with a long-span roof. Instruments
were installed to measure and record the respinse of the roof structure and
the buliding frame to sonic booms.

During Phase | of the program, a two-story house identical to the
two~story test structure at Edwards was buiit and leased in Lancaster,
California. Furniskings and Instrumentation were similar to those installed
In the two-story test structure at Edwards AFB. A detailed discussion of
the test structure is presented in Chapter til.

2.2
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v DATA RECORDING AND DATA REDUCTION

Instrumentation was installed in and on the test structures to measure

. acceieralicn ard displacements of the structures and various structure ele-
ments, overpressure levels on the exterior and interior of the structures,
strain of certain structure elements such as window panes and flanges of the
long-span roof girders, acoustical levels at different locations in the test
house structures and free field overpressures near the houses; and tc provide
data on the acoustical and vibrational signals transmitted to the human sub-
Jects (in test houses only). in order to make thece measurements, three basic
types of instruments (transducers) were instailed: microphones, accelerometers,
and strain gages. Each instrument was selected to be compatible with the
characteristics (frequency response and size) of the structural element on
which it was mounted.

The Instrumentation locations were selected to measure as many critical
parameters as possible with the number of channels and types of transducers
avellable. The structural response data recorded during Phase 1! at test
structures E-1, E-2 and E-3 totalled 2160 boom channels for comparable XB-70,
B-58 and F-104 flights, 307 boom channels for SR-7| flights and over 300 boom
channels of free field data. (n addition, 6832 boom channels of acoustic
microphone and high frequency accelerometer data were recorded for use by
others. in order to acquire this iarge amount of data in reliable and useable
form, detailed coordination, high standards of quality control and careful
maintenance of equipment were instituted and followed. The quality of the
recordings and recoverability of data recorded during Phase || were extremsly
high. Practically all data were recoverable with over 90 percent of the
records of excellent quality.

The signals generated by the transducers when subjected to sonic booms
were recorded on analog magnetic tape by precision recorders. in order to

R evaluate and analyse the data, the recorded data on the anaiog tapes were
reproduced on osciliographic photo-sensitive paper. The recordings on paper
provided a visual record of the pressures, accelerations, etc., produced by 9
« the booms and were used to make comparative judgments of the di f{ferent instru-

ment measurements. The analog data was also converted to digital form so that
it could be processed by digitai computers. Several ditferent computer pro-

groms were developed and used in the analyses of the data.




All pertinent data such as aircrafi mission characteristics, instru- ]
ment locations and calibrations, and summaries of free field signature data v :
were logged daily and punched on data cards to faciiitate summarization,

prlnflﬁg and distribution of the dsta. Chapter !V presents a detaliled dis-

cussion of Instrumentation and procedures followed iIn recording and reducing ]
data.

ANALYSES OF STRUCTURE RESPONSE DATA

The primary purposes of the analyses of the structure response data
were to determine and compare the response of test and other structures to
sonic booms produced by XB-70, B-58, and F-104 aircraft; *o compare predicted
response with actual or measured response as determined from the Ins’rumented
test siructures; and to develop a means of predicting structure response due
to sonic booms generated by the future SST based on data from presently avail-
able afrcraft.

A comprehensive analysis of the response of a structure or structure
element to sonic boom overpressure ioading involves consideration of the free
field pressure wave as it envelopes the structure so as to determine the actual
loading on the structure. This procedure is quite complex and time consuming.
I+ was recognized that a method of approximating structure response that was
based on free field signature data, thereby efiminating the fabrication of the
loading waveform on the structure, would be extremely valuable.

Examination of the pressure signature data showed that the free field
pressure signatures were quite similar to the exterior and interior loading
pressure signatures. Preliminary analyses of the datva indicated that a direct
relation between predicted response based on free field data and predicted
response based on exterior loading data should exist. As the actual or net
loading pressure on a wall or window is the exterior pressure minus the in-
terior pressure it seemed reasonable that a direct relationship between free
field and net pressure loading existed. Further analyses showed that the .
response spectra or Dynamic Amplification Factors (DAF) computed from free
{leld, exterior and net pressure siganfures were similar. ODAF represents the
influence on structure response of the change in the magnitude of the load with *
respect to time. A DAF spectrum covers |) the natural frequencies for which the
response is impulse sensitive (low frequencies), 2) the natural frequencies for

2.4
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¢ which the response is pressure and duration sensitive (middle frequencies) and

3) the natural frequencies for which the response is only pressure sensitive
(high frequenclies). Therefore the DAF concept was used in the analyses of the
. data.

Since the advantages of being able to predict response using free fleld
data were readily apparent, an analysis plan was developed to determine if

structural response calculated using free fleld data was a good approximation
of the actual or measured response of eiements of the test structures. The
comparison of predicted response based on net loading with measured response
was al!so Included.

Concurrently with the analyses of structure response, the free field
data was studied to determine if the data from the five microphone channels a
were consistent and to determine the effects on structural response of varia- H
tions in free field signature parameters. The study included a determi{nation
of the relative effects of the different parameters on structural response.
If one or two parameters were predominant, a simpie gage measuring thesa
parameters could supply adequate information to predict response. |t was

apparent that a wave mode! described by free field signature parametsrs L
. (peak positive overpressure, P', peak negative overpressure, PZ' rise time,
T', and time from start of boom to peak negative overpressure, Tz) would be
necessary to evaluate the effects of variations in the parameters on DAF
spectra. However, DAF spectra calculated from the wave model would have to
be equal to spectra obtained from actual digitized free field signatures.
The mode| would make it possible to predict the resporse of a structure ele~
ment knowing the free field siganture parameters Pl’ P2’ Tl’ Tz, and the
structural properties of the element. The wave mode! was also used to study
the effect on structure response of variations in free field siganture pa-
rameters bsyond those in the recorded data and, therefore, provide a basis

for prediction of structure response to sonic booms produced by iarger air-
. craft such as the SST.

A ST S i ol AT

A generalized DAF spectrum was alsc developed, with which it Is
possible to approximate response knowing only peak positive overpressure
and signature duration and the structural properties of the element. This
spectrum Is useful when preliminary results are required. For more de?illed
answers the wave mode! with values of the required parameters may be used.




In summary, a direct relationship between structura! response and
free field signatures is extremely valuable because free field signatures
are easier and less costly to obtain than structural response data; free
field signature parameters such as peak overpressures, rise time and dura-
tion can be predicted using available procedures; and the effect of the
variations of the free field signature parameters have been investigated
and the results known.

In the analysis of the response data, Phase || data were used for the
msjor portion of the structural analysis, with Phase | data used where appro-
priate. Phase | missions were analysed only where the data could be used to
validate findings from Phase |l missions. This procedure was followed because
the Phase |1 data contained measurements of -~omparable overhead and offset
missions of XB-70, B-58, and F-104 aircraft ciown within minutes of each other,
while Phase | data contained measurements of only three X8~70 missions, two
of which were test program missions.

INVESTIGATION OF COMPLAINTS OF DAMAGE

During the planning phases of the Edwards Test Program i+ became
evident that many of the supersonic missions would subject a large number
of bulldings and structures at Edwards AFB and in communities near Edwards
to sonic boois. Based on past experience, some damage was expected to occur.
Therefore, to piovide a fairly reliable basis for determining the extent of
giass damage caused by the test program, a survey was made of all glass win-
dows and doors In buildings and structures at Edwards. Provisions were also
made to have an engineering investigator inspect each complaint recelved
from Edwards and the adjacent communities. The findings of the engineering
Investigator were evaluated and then compared with the missions flown.

SUMMARY OF FINDINGS
RESULTING FROM THE ANALYSES OF EDWARDS AFB DATA

The findings resulting from the analyses of free field signature

data, effects of free field signature parameters on dynamic ampiification
factors, test structure plate response, test structure racking response,

2.6
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structure damage, generallzed DAF spectrum, and damage complaint investiga-
tions are presented below. Detailed discussions can be found in the re-
spective chapters. Analyses were based on data that was recorded at Edwards
AFB and obtained from seventeen comparable XB-70, B-58, and F-104 missions
that were flown within minutes of each other.

Analyses of Free Field Signature Parameters (Chapter V)

The free field signature parameters were analysed to determine if the
channels were statistically equal or If the measured values of a parameter
were independent of the channel on which it was recorded; to determine which
parameters most infiuenced the Dynamic Amplitication Factor (DAF); and to
determine the number of samples necessary for studies of structure response
data. The analytical techniques were such that the findings are stated with
a 95 percent confidence level; that is, there is a 95 percent probability

that the findings are correct. Following are the findings resulting from
these analyses:

I. For the XB-70 missions the peak negative overpressure, P2, and the
ratio of the absolute value of peak negative overpressure to peak positive
overpressure, PZ/Pl’ were not independent of the channel on which they were
recorded. All other parameters studied (positive overpressure, P‘, rise time,

TI’ and time from start of boom to negative peak, Tz) were independent of the
channels.

2. For the B~58 missions P2 was not Independent of the channel on

which it was recorded. Al! other parameters studied (Pl, Tl’ T2’ and PZ/PI)
were independent of the channels.

3. For the F~104 missions all parameters (Pl’ P2' Tl' TZ' and Pz/P|)
were independent of the channels on which they were recorded. A single channel
would have been adeguate to measure free field signatures.

4. The magnitude of P| and of the absolute value of P2 decreased as the
lateral offset and/or altitude of the alrcraft Increased.

5. The ratio PZ/Pl decreased as the offset of the alrcraft increased
for XB-70 missions.

ARATTR
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6. There was |ittie 4ifference between rise times (T|) of overhead 4

and offset missions for each ityre of alrcraft.

7. There was little d’ "sience between times from start of boom to
negative peak (T2) of overhead an: offset missions for each type of aircraft.

8. The Dynamic Amplification Factors (DAF) computed from free fielid
signatLres were independent of the channel the signatures were recorded on.
Therefore, a single microphone would have been sufficient to evaluate DAFs.

9. The magnitude of the maximum DAF decreased as the ratio P2/Pl
decreased.

10. The natural frequency at which the maximum DAF occuired was a
function of the time from start of boom to negative peak T2' As T2 increased,
the meximum DAF occurred at a lower natural frequency.

il. Sonic booms from large aircraft such as the XB-70 and the future
SST will affect a greater range of structure elements than will sonic booms
from smaller alrcraft such as the B-58 and the F-104.

I2. The number of missions needed in the study of the response of
structure elements varied depending on the degree of preciston in the results
and on the confidence level. ’

Effects of Free Field Signature Parameters on Dynamic Amplification Factors
(Chapter Vi)

The effects of free fleld signature parameters on DAF were studied in
order to develo; a wave model from free fleld signature parameters (over-
pressures, rise time, duration) that could be used to make an accurate evalua-
tion of DAF, and to analyse the effects on DAF of values of free field signa-
ture parameters beyond the range of the recorded data. The findings of thls
study are presentec below:

I. The DAF spectra obtained using a wave model described by free field
signature parameters P|. P2, T|, and T2 were equal at the 95 percent confidence
leve! to the DAF spectra obtained from digitized free field signatures.

2. Using the derived wave model it was found that:

2.8
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a. the magnitu.e of the maximum DAF decreased as the ratio

.

PZ/PI decreased,

b. the magnitude of the maximum DAF increased as the ratio

Tl/r increased, and

c. the magnitude of the maximum DAF decreased as the damping

coefficlent increased.

3. In the anaiysis of the effects of lateral offset of aircraft, the
LI P2/Pl ‘n the recorded free field signatures caused the predominant
:+ on DAF. The recorded signatures showed little change in rise times
,lor in durations (t) for overhead and offset missions for each type of
aircraft. Therefore, the influence of lateral offset on DAF spectra was
limited to the effect of the ratio PZ/PE’

Analysis of Structural Response Data - Plate Response (Chapter Vi1)

The aralysis of structural response data was divided into two sections:
plate response and racking response. Plate response was defined as the normal
deformation of individual structure elements and was primaril!y of a bending
mode. Racking response was defined as the deformation of the structure as a
whole and was primarily of a shearing mode. The findings from the analyses

of plate response are presented under three headings: A. Wall Plate Response
in Test Houses E-1 and E-2; B. Window Plate Response in Test House E-|; ard
C. Response of Roof Frame of the Bowling Alley, E-3.

A. Wal! Plate Response in Test Houses E-l and E-2:

Predicted displacements were computed and compared with measured dis-
placements foi* three walls. The effects of flight track offset, Mach number
and aircraft vector on plate response were investigated. In addition, the
results of Phase || tests were compared with those from previous tests. The
findings of these ar.lyses were as follows:

I. Peak plate displacements of three typical walls in the two test
houses were less than 0.034 inches for sonic boom overpressures of approxi-
mately 2 psf. Results from Phace | were of similar magnituca.

2.9




2. The DAF spectra curves determined from the free field, exterior
and net prassure loading signatures were In significant agreement for struc-
ture element natural frequencies from |0 to 40 cps.

: . ' 3, There was an indication that plate response may decrease with an
| ¥ ,f_f ' B Increase In offset for flights of the same altitude and Mach number.

! : 2 % 4, Plate response decreased slightly with an increase in Mach number

‘ ‘~ ? for flights of the same altitude and offset. An increase in Mach number ficm
‘ﬁ*éﬁéf f 1.8 to 2.5 for overhead flights of the XB-70 caused a decrease in p'!ate re-
sponse of spproximately 10 percent.

: 5. Peak displacements of a wall subjected to nearly side-on vectors
\ ; (filght track nearly parallei to the wall surface) were 50 percent of the
; displacements of an equivalent wall subjected to nearly head-on vectors
(f1ight track nearly perpendicular to the wall surface). Similar resuits
were also found at White Sands.3

6. Measured displacements of three typical walls comparel very well

f.gf ’ . with predicted displacements based on either free field or net pressure
signature data. For predicted displacements computed using free field data,
; the average ratios of predicted to measured displacements were equal to .03,

1.05, and 1.00 at the 95 percent confidence level for the BRi-l, DR-2, and
BR!-2 walls respectively. For predicted displacements computed using net
pressure data, the average ratios of predicted to measured displacements were
equal to 1.00 at the 95 percent confidence level for both thg BRI-1 and DR-2

3 walls. These findings applied to comparable overhead missions of XB~70, B-58,
and F-104 aircraft (flights flown within a few minutes of each other), and to
XB-70 missions with different offset and Mach number.

Berg?

7. Plate response could be adequately predicted using peak over-
pressures and DAF spectra calculated from free field signatures.

YES A St it >y T

5 ‘ B. Window Plate Response in Test House E-1:

Predicted displacements based on peak overpressures and DAF spectra
calculated from free fleld signatures were corputed and compared with the
measured displacements. The findings are as follows:

2,10
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. Measured displacements compared wel! with predicted displacements
computed firom free field data whaen the free field overpressure data were re-
duced by an appropriate factor to account for transmissibility, geometry, and
ortentation of the structure. For the E-| window it was determined that the

average ratio of the predicted to measured displacement was equal to 1.05 at
the 95 percent confidence level for XB-70, B-58, and F-104 missions.

2. large glass windows such as the one in E~| garage respond to o
sonic boom loading primarily in the funjamental mode of vibration. A minor
excitation of the second symmetrical mode aiso occurs.

3. For the E-1 garage window, the maximum stress determined from the
strain data for the missions investigated was 790 psi. The corresponding
theoretical predicted stress was 980 psi.

4. Greater response of the E-1 window was measured for B-58 missions
than for XB-70 and F-104 missions. This was expected, since the DAF spectra
curves obtained from B-58 signature data peaked at about 5 cps and the fre-
quency of the fundamental mode of vibration of this window was approxi~ately
5.7 cps.

5. MWindow plate response could be adequately predicted using veak
. overpressure and DAF spectra calculated from free field signatures. For
windows located on the trailing vector side of the structure, the free field
data was reduced by an appropriate factor to account for orientation and
geometry of the structure,

C. Response of the Roof Frame of the Bowling Alley, £-3:

One of the main steel rooti girders (118 foot span) was instrumented
to record strain in the bottom flange, vertical acceleration of the girder
and roof structure and overpressures on the roof. These records were ana-

lysed and the foliowing findings resulted:

I. The maximum stress due to sonic boom loading in the bottom flange 1
of the building {rame at midspan was approximately 450 psi.

2. Peak vertical displacements of the center of the building frame

for XB-70 mission {2-Z and B-58 mission 12-1 were 0.19" and 0.'1" respectively.

Free field peak overpressures near E-2 for these missions were 2.19 psf and
2.39 psf respectively.

2.11
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3. The shape of ret overpressure signatures on the root of the
Bowling Alley measurably differed from those for typical free fieid N-waves.

4. DAF spectra determined from net overprassure signatures differed
frcm spactra determined from typical free field N-waves.

Analys!s of Structui-al Response Data - Racking Response (Chaptsr Vill)

Racking response was defined as the deformation of the structure =s
a whole and was primarily of a shearing mode. The findings resulting from
the analyses of racking response data are presenyed under A. Test Houses
E-| and €E~2, and 8. Bowling Alley E-3.

A. Test Houses E-~! and E-2:

Predicted response using free field peak overpressures a . OAF
spectra computed from f-ee field signatures was compared with measured
racking response. The results of the Phase || tests were aiso compared
with those from Phase |'2*?% and White Sands? tests. The following find-
ings resulted from these analyses:

I. Racking displacements at the roof fine of the northeast corners
of Test Houses E~1 and E-2 were extremely small (less than 0.0018" for E-|
and less than 0.005" for E-2) for sonic booms on the order of 2 pst over-
pressure.

2. Racking displacements of E-| and E-2 recorded during Phases |
and |1 were of similar magnitudes for simiiar overpressures.

3. The racking displacements of E-1 and E-2 ;ecorded during Phase ||
wera of magnitude similar t» displacements obtained at White Sand52 for
structures of similar construction and for similar overpressures.

4. Racking displacoments predicted from free field peak overpressures
and DAF spectra calculated from free field pressure signatures were in good
agreement with measured displacements. For both the east-west and north-
s~uth racking of House E-| the average ratio of the predicted to measured
displace.yent was equal to .0 at the 95 percent confidence level for com-
perable XB~70, B-58, and F-104 missions. These findings applied to both
head-on and side-on vectors.

2.12
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5. Racking response could be adequately predicted by using peak
overpressures and DAF spectra calculated from free fleld signatures.
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6. The future SST, for peak overpressures of about 2 puf, should
. produce racking displacements of typical houses that will he of similar
magnitude, or possibly smaller, than those caused by the XB-70 missions.
These racking displacements should be negligible and far below those re-
quired to cause damage.

B. Bowling Altey E-3:

As free field signatures were not measured near the Bowling Alley,
a comparison could not be macle of displacements predicted from iree field
data versus measured displacements. The magnitude of the racking dis-
placements were iess than the maximum measured for E-2.

s ey e £ L b e ek s

Structure Damage (Chapter |X)

At e o & 3

A review of the results of the tests at Edwards and tests by others
as applied to damage from sonic boom of low magnitudes {in order of 2 pst)
. was made. The findings resulting therefrom are presented below:

|. Damage to properly designed and constructed houses from low
magnitude sonic booms is extremely unlikely.

2. Damage should not occur to structure elements such as glass
windows from racking motions caused by low magnitude sonic booms.

3. Further data is needed on in situ strengths and modes of failure
of structure elements in order to determine the most likely cause of damage.

Generalized DAF Spectrum (Chapter X)

. A generalized DAF spectrum was derived for use in predicting the
response of a structure alement when onty the nominal overpressure and the
type of alrcraft arc known. The findings are as follows:
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i. A generalized DAF spectrum was obtained by studying the asymptotic
behavior of DAF spectra computsd from digitized free fleld signature data.

2. When the nominal pressure signature of a sonic boom is known, the
generallzed DAF spectrum can be used to predict the nominal response of a
known structure element.

3. The magnitudes of the guneralized DAF spectrum for different dura-
tions (Figure 10-1) were:

Duration of Boom Range of Natura! Frequencies Generalized DAF
in _Seconds in cps Magnitude
0.5 0.8 to 50 2.0
0.4 t.i to 50 2.0
0.3 1.5 to 50 2.0
0.2 2.1 0 50 2.0
0.1 4.4 to 50 2.15

4. 1f a DAF spectrum is desired that is more detailed than the general-
ized DAF spectrum, and if the free field signature parameters (Pl, P2’ T Tz)
have been measured, a DAF spectrum can be computed from the wave mode! as de-
scribed in Chapter VI.

Damage Complaint Investigations (Chapter XI)

To provide a fairly reliable basis for determining the extent of glass
damage caused by the test program, a survey was made of all glass windows and
doors In buildings and structures at Edwards. Provisions were also made to
have ar engineering investigator inspect each complaint received from Edwards
and the adjacent comwnities. The findings resulting from analyses made of
the survey ¢ata, complaint investigaticns and test flight data are presented
below:

I. The rate of vaild glass damage in Edwards AFB buildings, all of
which had been condition surveyed prior to the test program, was 0.!27 panes
dumaged per mililon boom~pane exposures or 27 percent of the rate for build-




ings In communities adjacent to Edwards which were not condition surveyed

prior to test missions.,

2. During Phase |, the 110,390 glass panes in structures at Edwards
were subjected to more booms from test missions than were the 605,000 glass
panes in the adjacent communities; however, the aircraft while over Edwards
were flying straight courses and then made turns at supersonic speeds over
adjacent communities. Some focusing of the boom oveirpressure (or super booms)
may therefore have been produced with peak overpressures greatly exceeding
those produced on the Base.

3. During Phase I, 90 percent of the incidents of valid glass damage
(engineering investigator determined damage could have been caused by sonic
toom) were attributable to B-58 missions. The ramaining 10 percent were
apparently due to F-104 missions.

4. The valid glass damage rate per mission during Phase | was 8.8
times the rate during Phase |l when aircraft gensrally flew straight courses
while at supersonic speeds.

5. The number of complaints received decreased from 6! during Phase |
to eleven during Phase |l. This large decrease in number of compiaints can
be attributed to two factors: a) the B-58 aircraft made furns and other
maneuvers at supersonic speeds over several communities adjacent to Edwards
AFB during Phase |, and b) during Phase Il the XB-70 flew supersonically on
a relatively straight course over a few of the cities adjacent to Edwards.

6. For all incidents of damage recorded during Phases | and I, 60.5
percent were for glass damage.

7. Fifty-eight percent of al! incidents of damage received during
Phases | and || were listed as valid. Of these valid incidents, 80 percent
were for glass, 5.5 percent for plaster or stucco, 0.0 percent for structural,
and 4.5 percent for bric-a-brac or other fallen object damage.

8. Glass damage was repaired or the broken glass removed for 55 per-
cent of the giass damage incidents before the engineering investigator could

investigate the alleged damage and hence, the validity of all glass damage
could not be definitely established.
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9. Osmaged glass panes ranged In size from (.3 squa.e feet to 82.5 v
square feet, 2.7, 43.2, 43.2, and 10.9 percent of the incidents of damage
occurred in the 0-2, 2-9, 9-40 and over 40 square feet size groups respec-
tively. ]

10. No sonic boom damage was observed in the test structures prior to
or after the test flights. There were minor shrinkage cracks in the test
structures prior to start of test flights. However, no discernible extension
or widening of these cracks was observed although observations were made and
recorded dally.

li. As the condition of the glass panes at Edwards AFB was determined
prior to the Test Program, the number of damaged panes caused by booms from
test missions should be 2 reliable indicator of valid glass damage to be
expected from future level supersonic flights generating sonic boom peak
overpressures of 2 to 3 psf. The rate was one damaged pane per 7.9 million
boom~pane exposures.

12. A large percentage (from 51 to 84 percent) of future valid incidents .
of damage from sonic boom should be for glass.

PROJECT ORGANIZATION

The work descrited in this report was performed under the general
direction of the National Sonic Boom Evaluation Office, United States Air
Force. The JABARD project group was composed of R, L. Sharpe, Project
Menager; Dr. J. A. Blume, Senior Technical Consultant to the group; L. A.
Lee, Project Field Manager; G. Kost, Senior Research Engineer; J. Proulx,
Statistical-Research Engineer; K. F. Schopp, Head, Computer Support Services;
R. E. Monroe, Research Engineer; R. F. Runge, Research Engineer ~ Damage
Investigations; and W. W. Powers, Liaison and Photography.

Msjor subcontractors suppliea the following services:
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AETRON Division of Aerojet General Corporation - irstrumentation

engineers and techniclans for operating instrumsntation during
Phase I,

The Boeing Company, Alrplane Division - furnished pressure micro-
phone systems on exteriors cf E~l and E-2, and personnel to
install and operate Instrumentation - Phase |i.

Lockheed California Company - furnished pressure microphone systems
for measuring and recording boom signatures under NASA supervision,
and personnel to install and operate equipment - Phase |I.

Datucraft, Inc. ~ furnished instrumentation for House L-2, and
personne! to install and operate systems - Phase |. Furnished high-
frequency accelerometer systems for Houses E-| and E-2 - Phases |

and 11. Dr. J. H. Wiggins was a technical consultant during Phase |.

PRESENTAT ION OF REPORT

A summary of the major findings was presented in Chapter I. This
chapter oresented a brief description of the test program and test struc-
tures, the methods of analysis used, and @ summary of all findings resulting
from the work. The foliowing chapters will present, in order, construction
cf the test structures, description of instrumentation and procedures followed
in recording and reducing data, analysis of free field signatures, effects of
fise field signature parameters on response spectra or Dynamic Amplification
Factors (DAF), test structure plate - .ponse, test structure racking re-
sponse, structt~e damage, generalized DAF spectrum, and damage compiaint
investigations. A bibliography and giossary of terms then follow. The
report tsiminates with appendices containing details of the structural and !
stotistical principles utilized, instrumzntation details, calibration pro-
cedures, aircraft mission logs for Phases | and 11, typical instrumentation
log, summary of free field signature data, a typical analog tape log and
derivations of certain formulae.

2.17
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H11,  TEST STRUCTURES

The test faci!ities at Edwards Air Force Base consisted of two test
house structures located south of the main runway and a bowling alley
located about two miles northwest of the test house area. |a additirn,

a feéf house in Lancaster was leased for Phase | testing. The types of
test house structures to be constructed and instrumented were selected
after review of many different house plans. Two houses were selected to
be built on the Base, a two-story house (National Homes Model 8603), and
a one-story house (Model 9855). These two models have been mass produced

and constructed In the midwest, and a survey of the midwest area indicated
that these homes were typical of contemporary midwestern construction.

Mode!l 8603 is a two-story home with four bedrooms, two and one-half
baths, living room, dining room, kitchen and family room with a total
living area of 1,905 square feet. Model 9855 is a one-story home with
three bedrooms, two baths, living room and kitchen-dining-family room with
a total living area of 1,205 square feet.

The structures were built on an expedited schedule. Authorization to
proceed with procurement was received on 18 April 1966. Contract documents
were then prepared, competitive bids taken, and notice to proceed with con-
struction of two houses, one Model 8603 and one Model 9855 at Edwards AFB
was issued on 24 April 1966. Figure 3-la shows the Plot Plan for the two
structures at Edwards.

A two-story house, identical to the iwo-story house at Edwards, was
built and leased in Lancaster, California. Authorization to proceed was
issued on 18 April 1966, a lease was signed on 30 April, and construction
started | May 1966. Figure 3-1b shows the location of the test structure
in Lancaster,

Blume representatives monitored and inspected the construction of test
structures at Edwards Air Force Base and Lancaster. The basic construction
materials are listed in Table 3-1. The construction of the houses at Edwards
AFB included the required extensions of sewer, water and butane gas services,
construction of concrete driveways and sidewalks, and other minor work nec-
essary for installation and operation of test equipment. All test house con-
struction was completed on | June 1965. Construction schedules for the three
structures are listed in Table 3-2. Photographs of the one-story house, E-I,
and the two-story house, E-2 a! various stages of construction are shown in

3“
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Figures 3-2 through 3-4. Figure 3-5 shows the completed house at Lancaster,
L-2. Ail houses were furnished and equipped with appliances, furniture,
drapes, rugs, dishes, etc. The test houses were constructed in accordance
with the drawings in Figures 3~7 through 3-15.

In addition to the three test houses, the Bowling Alley on the Base
was selected as a structure with a representative long-span roof. Instru-
ments were installed to measure and record the response of the roof struc-
ture and the building frame to sonic boom. The Bowling Alley (E-3) is
shown In Figure 3-6. The structural frame is composed of three stee! rigid
frames plus column-beam framing for the north wall. The roof and exterior
walls are fluted steel decking. Details of the framing are shown in Figure
3-16.

The instrumentation of the test structures is discussed in the follow-
ing chapter.

3.2
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Mud Sills

Floor Joists
Sub Floor
Trusses
Wal | boara
Studding

Roof Sheathing

Glass

Insulation

» Roof Shingles

All Concrete

Siding
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TABLE 3-1

CONSTRUCT ICN MATERIALS
HOUSES E-|, E~2, and L-2

Pressure Treated Foundation Grade
Redwood

Douglas Fir Construction Grade

5/8" Plyscore Plywood

2" x 4" "Gangnail" Wood Trusses

1/2" U.S. Gypsum

Standard and Better Douglas Fir

I" x 6" Standard and Better Douglas Fir

Double Strength Libby-Owens-Ford and
Pittsburg Plate Glass

3-1/2" Owens~Corning Fiberglass with
Aluminum Foll One Face

Asphalt 235#, U.S. Gypsum

Local Aggregate 5 Sacks of Cement per
Yard

Ship-lap Redwood

3.3
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TABLE 3-2

ACTUAL COMSTRI!CTION SCHEDULES

House E-| House E-2 House L-2

1966 1966 1966
Notice to Proceed 24 April 24 April | May
Foundation Concrete Placed April 26 April 3 May
Floor Framing Started o | 27 April 7 May
Rough Plumbing Started 27 April 28 April 7 May
Brick Work Completed 2 May 3 May 10 May
Windows Installed 3 May 3 May i3 May
Completed Roofing 5 May 6 May i3 May
Siding Completed 6 May 6 May 14 May
Wall Board Completed 8 May 9 May {5 May
Cabinets Installed Il May It May 16 May
Doors, Trim, Finish Hardware 12 May 12 May 16 May
Tile Work Completed 15 May 15 May 22 May
Utitities Connected 17 May 17 May 23 May
Finished Plumbing 18 May 18 May 25 May
Concrete Drive, Walks 20 May 21 May 21 May
Preliminary Final Inspection 26 May 26 May Z28 May
Final Acceptance | June 1 June | June

3.4

P o

[rrrr 12T SN RL s S it aliia il N




o

L A L e PRE PR X AR A gyl Ko SR TURIOT \Mmi‘@

»

- MODEL 9855, E-!
MODEL 8603,E-2

1’} #—-ﬁ cE
FAA g
RADAR

D/ OT PLAN FOR STRUCTURES E-/£E2
SCALE: M_—NQO

FIGURE 3-/a

AVENUE J
Y
R
YIS .\
@ u -
NN o
[ N
3 -
.|
Q
J-5
MODEL 8603, L-2

PLOT PLAN FOR STRUCTURE L-2
ANO SCALE

FIGURE _3-1b

l'-'tﬁ‘jJ

PLOT PLANS FOR STRUCTURES E-1,E-24L2

8-

P JV-M.WW

3.5




RFTI

(Y ar

WG TATVPRTREINENIC! CANDNL S ETUEL [0 VT 7+ ah (I G A MM N By

wtippr

-

S A AR e >

-

AR ST YRR AR

P R T O

-nl»- l.’ ‘--.

e

FIGURE 3-2

FIGURE 3-3

iW0-STOn? HOUSE E-2 START OF ROOFING

3.6

P S wmn e e aa——

e




* Ch o RFEEI A e s - RPN 2 0 18 TR S AR AR IR A SRR IR *%
p 8
L]
{
.
1
5
. B
.
S T
=
%]
g 7
" S
o
g
=~
3
* i
L
3.7




RS BT TR O] R T

2

FEEERIR RS PG

it

gt

idiicss

s AR A SR

L

FIGURE 3-~5

TWG--STORY HOUSE L-2

-ag o D Bt <
s

BOWLING ALLEY E-3, EDWARDS AFB

3.8

KRt o 4 e 4 g A MMM e T ST £ NS ik e S s e T wammes cemes o

Al J



7
WA - %
: L-g o -
, N0 /-3) 659 E o
: ‘o14 _
0% : IN2E W
; T rm !
P8Psoil0 :
4 : , [ S S, i
H = 1 4 - — |.~ '
[ Peivromr/ e A il _
W ‘ A, N ' Tv | . :
% .uﬁ_, ] . _ c\ll w E
< q _ _ . _ n* 4 A“.
: . .__ e 0:/
I - e __ "l w
| _ QQQNQ\.*\T = ¥ ,
: =k = b
% H X I THIE :
| i . ol 11—
_ _ — ] 1
r r ! ,
W _ i 88— - _ I l__ T __ " _ '
g i woors 3ok || |1, HE K A .
i HLIM I3A77 e .&E Q “\% T _
: i | Y0077 ¥740/ 1] “ L_ " * v | | | o
I Y _ = | -
< N nlvl__r. {
1) N At ]
") ri® _ . N _ J
; S 8 — — [ \nlo.m - ) Qo _. !
& S IAL 0L YIS 1% LT =e 5l _ ,
i ~ | U}&. vn x
% (& “ _ i ) AN il S
. R ' i "\
m _ | L8 Wil onewsemazarmon | i R
& _ ™ . _ _ OrO/m QYIS INOD, P | | u
: » ELTR T 2] i
3 ! ~ I i | |
4 18l S NS _ i |
: i 3 % “ L 41 |_*
B4 gr—— N P 35 G,
— < | T T T TR T W
~ #ﬂ -.Lj 42 l." _ ".ll o
-4 z ! e oox 7L £ % _9
< .u,_L\ XL DTS i -2 ﬂ i
% _ N I 1l
= | L « | RSE _ N34 _
e e e e , |
- b*N X 2 J 2O, 5/ ;
i 8 2E%44

~yre
El o' 3a




PRt

e AR apTe IR

PN 3

s

~ v . .
~ o
e-c NVId J007F (I-7) 5596 1700W 2
‘14
2055y ¥% 2 WIS
1T 3 e e L o - . S |
25?8210 20 _ RS -3/ _ 214 4_
HES:
I o o e K T30 |
. I,
5 v . B ided v
- 1538/
) W. WooATTT % i
=1 H
o |l s g8/
' WooS ONTATT 8.
Q
- Y '
% 5 ? i
_He
-8 S-0f
Vo TR e,
e wooao3e
1S
.- W vak
ot | '
- 'u ~3
! N
el
i !
It
I... M)
&

= -XKe-2/

3.10




‘Otd

o]

m
W
:
:
13
g
:
¢

NIV ENIRI R S IB0 3 g ¢+ TEotos TR A DO IR KA T RS T AL

.- “~_,-,\X¢»f;,;'~

OW= 2 2IV0s
T r T
PSTFLI O
1072\ 2 3FoS
T ey
2O ® P2 0

vty vocrs”

IVINOZIYOH 1YINOZI¥ON =

.©:l: 8 31028

NOILVYATTI HLYON

-0/ 83108
NOIIVAF 7T LSVI

_— ONIaIS VL ~Nozlyow
TFINOZIYOH

-

— ONIOIS IWINOZIYON -~

[0 M anEn

-

NIW 9ol

2 ON/QIS TVINOZIYON .

gy

3.11

b

ONIQIS TVINOZIYOH




O
— — — — SR — 9 =
ol-¢ NOI1ID3S 85033 IVIIdAL (I-7) 6596 TI0ON -
"Ot14 ”)
051 u%: 376
€21 o
V-V NOILDIS
ONILOOS N . Alwyp weime )
‘DO BISION H*E )
7 ol 4
ONI0rve (7 ANTWAVTYZOND N /M \
V007S-9NS OMAN W ~
~d
O/ 7V QI ™ !
ON/OIS IVINOZINON,®

WIS SSral 379

o0, 8 @ *
SISSNYL 978

QMAN SO0

2R,

HihRie




A
Fal

;
: !
|
3 - é = _
4 N NO/ “ . k
W. ‘914 " _
; ,
m sO5l%,% : TIWIE i
e i
% LERE-ENN :
3
W
¥
.mw Q*Qia b 13! ni .
t
“, | _ | D |
I |_ﬂ - | h
: Tuml.”“l.mllllﬂn!ilﬂ.l- .lu..ll-l.llWH.L, |
g N ocoraug%sl |
a | ! Ry 257 ||l — awnos gsnow 3
: » | [ . 1 _ MOTIT P 1TVM G
5 Ht=— T T _ “ONNOS FOVAYSD J7LON N ,
g — e e e T e T e e e o e — 3
: | _ =000 70 B 0l 98552 i il 1 n_u SR o §
; z )
“ _ e i S~ s & -
L o | X ||| 7% 22200 0m25 wonr |~ |S ) ™
. S T S CYIS 3oVIrD »
.». < ! ~ _ _
i it ¢
m Baign T 10 RE-47
b I 3 il |1 o
§ . L I e [
. - 2
M o ..ZTEITM.II.II ||||||||| y— — R —— IO o
Ly e oniloos
A, SR g 90077 K Sl
.HU ~ _ “ INJW o ¢
: S | BT > > S
: s 3 s B
_W. — _ 0 00/ (]
3 _ e 0
il A .
:
, L
o N | _— T T =
“ e e e e e e e e i e e e e e e e e . — — ——— —— — —— ——— — —— —
_ = 3
; < 47 N7 92 /82 &
i ANTA FOPIS MY YD %
M L0895 M
P ‘,.
3
1
» a - - . kS

3
¥
i




L ) -
™~
N_ n.” .u.w -
NV7d Y0074 1ISo/7 (2-7F) €092 T7I00W M
‘Ot
20315%; 2 3IV0S
T T
P24 PE2! O
e S S
t@n% ~Nua
T e o o _
Re:F N-5¥ 4 =0/ 42 R
Y000 F9rorC TH\u.Q(
_ | 3 L A P B EEEE———
. s ' T
hwux&. WY E @ L.@\ J0 2= uw _ "4 o~0k _ o W.
. N H [}
. ' W O
(0015510 39V4) S04 _ WQ _ | ._ S \%ﬁkin& towu _, I fa
4|.||H — S - — , 09X2019TUN $IOVeS QLS ! :
——] ——— ~ - 7S OML ‘TION TVETAIS _ mr
-
- - e _ . - 7
< OF TIINT 96/ %3
R & Y .: N ~ Wh. “ I ’r » “n
TR - T : o
nY 4 | & ’ W of
o T R 1 [ P 5
< - - FEVYTD o _
w.b/ :8 2\\- - 1 a. .
A = | :
) SNOILILY VS ~ )
2ITINYVS FIONT SLSIOL TIP 2209 | _f '
_ ’ 979700 - 710N TPIINTD bt I .
D <
MM o T t m;. . 5
173 N S
« e b i} Tk = 1
1 i
—_—— e = . {
) B gy | vt J\.ﬁ
309 %o/ § % g .
* P N
e g - - et 2 f
[ : N WOO¥ ATINVS ol b '
- ' y S| Sroibe o !
. * N = . -
woo¥ SNINIGT | .
| v
R f "
0 .\\
P I O B
r
W.QWN m\r... L4

F RS2 W) AN R N R

3.14




oy

BN T E S S I

-
e

C e m

e R L T e N e N e s ":W:ﬁifw'gﬁmﬁm&;%§%§

8%
%" __

’

30
/8%

8-G°

nto”
(o]

2L0%"°
TH 2

i ¥ 21! P
| 3
-~
h :
YKL
—{ ez o507 -
3 ' [ \?'
3% iad . N
¥ Lot »! )
Ke =5 3 N
X X
” o' .*l
< A o; Oy .
-==Z ‘.‘_:4'” i
Al AR 3

7-92 1

U

"FIG.

3-13

O/l 1345
| S S P S S )

SCALL  Yg'tlof

SECOIJ ELOOR PLAN

ODEL 8603 (£-2)

FiG.
3-13

3.15

- -




~ s

Raiaihd b skl it il

|
|
|

b AT

J A L it

P T PSP

RS YN

fip 705 r, Eiad Gt o R e MR PO

& - 13 [ 4 9 o
v1-¢ g
. SNOTIVAF 13 (2-7) €099 71300W .
‘Old
- g}% » ﬂl—‘lJ..J'dJIJ i amm b [ ioten gt sl s unin S A |
950y WI-137 TVNOONI AOS99 Y20 J<UNERD PO \Yc\o%vuu
70 351 310N WHINID ——— _sorlnoes OSR 772L /5 &) - - 0:/1.%
NOILVAITS HLYON NOILVAIT?F LSIM NOILVYAIIF
YOOU SSYTO
ONIOIIS, 03D — R e oy
Y7 o— DNIQIS TVLNOZIYON ’ ) PR
y Y T -~ ONIOIS i ONIOIS ||
Vi m m ges t8e IVINOZIYON _ ; T1yom _
/ ne | o A
T S _ . . 4 e
ONIAIS TVINOZIYON ONIQIS TWINOZ YO L
s e |
2381 ] , ‘ »
/\\N\Ln
..w crEzlo !
I & kir)
NOILVA
! FO0T NTYOINL
NIW B 20 ONICIS TYINOZIIONH  ‘SSOUIV GVT7SY MWOVOA ONQD 4504 2D
Y 7 7 ” {
T V7 — 7z T _J1= - ¥
L d5Ulo ==u ] ) - - e
1= = g - B =
IS = Tlr o= — 0] . = - - - - 1
3 . T = I B
e, - -E - At + ~ -] -
i L = =i | - =]
T anr
1 w2 ON/GIS TWANOZIVON 2
N —
- IR | S T T
N o TTIT m [
—

ING 9T

S Kl 1Lt TR0 (R ATEN AL N AR AR SR

Vet nitd GRS

3.16

f e v e o

SRS AR AR o




Si-¢

‘O\d

NOILDIS SSO¥D TrOId AL (2-3

FIG
3-15

7) €099 7300W

)03/ 4% > 37755
e

P € & 1 ©

govas -~ TV

< -<
Fr

A

NOILOIS

CrL iNaO
SIVG #Pp -2~

dAL Appr 200 F ONON/L
Fred M 3usemMed rez

ONICIS
MWINOZIZOWN

T0m ONIFIS Pr2 A

t SavOo
7O

3.17

. 209/ PSISI070/M 2 ' INSXHAL
: > — e - e ———————
—— fa!olwutn!nv .m; e e = \ﬁ il TR A
ININACTHFON? Di/% ONIDOIYF €7/
. YO0S9 OMATS B = g/ Tody Q1315
i VIUNI .77 357 NO
ONIQISIONG Toom
y NOILLY 125N/
n
)
&I—
WNISaAD A4 SO5 QWA SO LT S
INGD LNM OINTFFIS 2
~LNCO P10 M 0¥ 9
‘ VIONIS SSIAL T2~ 2°2 rs r ided
¥ — 0 -
L. \\ e SQUS NOILWINSNI 4WOD 2*Z
X2 ~
- ONINLYINS
e T DEISSNUL Y3 - COOMATS WOIWTLXT
T YIPO 1777 o878 MO
as & 700 STIONINS oiOD LIVHISY
T~ NOILOFVT
oL YNNI TILLINGIS 7§ THUM
SNOILIPINZIID # NOISFD “STSSITHL
oY T2 SININOIWOD 7PN ONUD
- Y > » [4 .

bttt

Bl ey

s wB Lt s e s

S sV HA 5 4 B e

e S i ade,

And.

o

Fotaidadas




A A e

T s TR

e PrE—- _
AR ang e T

B s vt
R B S

- -~

-7 AFTIIV ON/IMOY

NV 7d

52 B 2//

[+
n
H
H

* SRR X
@ suipls 1oty

V- NOI/LD3IS

O #O g sUl [0 4O
SO LY prbis [BPYS [OINL OIS




Y R Nt AL T i rain Sl

e e e A O I AL TR S QDT o s A T = R e W

..‘,7;%“

-3

iv. DATA RECORDING AND DATA REQULTION ke
The *=25t taclilities at Edwards Air force Base were comprised of two ;
test house structures; a one-story house, E-1, and a two-story house, E-2; E
v

and a third test structure, a Bowling Alley, E-3, which was 1ocated about

.

two miles northwest of the test house area (Figure 4-1). In addition a
test house structure, L-2, was leased in Lancasier for Phase | testing.
The construction of the test houses has been covered in the previous chap-~
ter, Free field sonic boom signatures were recorded by six micrcphones

located in a cruciform array 100 feet north of house E-2 (Figure 4-2).

Three basic types of measuring instruments (transducers) were in-
stalled; microphones, accelerometers, and strain gages. Microphones vere

used to measure overpressures at ground leve! near the instrumented struc-

AN L ud el ¢RI ED B e Bt € L
4 S v

tures (free field signatures) and to measure exterior and interior over-

pressures on structure elements (loading signatures). Accelerometers

Wes o B T,

and strain gages were used to measure the response of the structures and
selected structure elements. Each instrument was selected to be com-
. patible with the characteristics (frequency response and size) of the

structure element on which it was mounted.

The signals generated by these transducers when subjected to sonic
booms were recorded on analog magnetic tape by precision tape recorders.
The recordings wers reviewed shortly after each mission and minor modifi-
cations were made in the instrumentation when required. The quality of
recordings and recoverabiiity of data recorded during Phase || were ex-
tremely high. Practicalily alil datawere recoverable and over S0 percent

of the records were of excellent quality.
DATA RECORDING :

During Phase |, structural datawsre recorded in the fnur test struc-
tures, E~i, E-2, E-3 and L-2. All instrumentation except high frequency

Cs accelerometers was turnished, installed and operated in E-|, E~2 and E-3
o] § by NASA. High frequency accelerometers in E-! and E-2, and all instru-
,;;‘, 2 ments in L-2 ware furnished, installed and operated by Datacraft, Inc.,
: é . under subcontract to John A. Blume and Associates Research Division
- § (JABARD) .
. g
: " 4.1
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The arrancement of the instrumentation was modifiad for Phase |i of
the program to increase the effectiveness of the information obtained.
The most important changes were the addition of loading microphores on
the outside of houses E-1 and E-2 and additlonal audio microphones in-
side £-1 and E-2. During Phase i, the boom intensi*ies and structural
reactions at the lLancaster house, L-2, were oftenmasked by natural phe-~
nomena due to the larrge lateral displacement of the aircraft and generally
prevailing windy conditions. Therefore, measurements were not recorded at

L-2 after Phase | bscause of the minimal information obtained.

AETRON Division, Aeroiet-General Corporation, under subcontract to
JABARD, operated instrumentation during Phase 1l in test structures E-I,
E-2 and E-3. Equipment was checked out and necessary adjustments were
made for Phase 1| operation during the last two weeks in October. Some
of the transducers were rearranged in E-1 and E-2 to meet Phase || re-
quiremants of other participants. Four additional microphone systems and
two displacement transducers In E-2 and two additional microphone systems
in E-1 were furnished and installed. AETRON installed recording and sig-
nal conditioning equipment in a designated room at the Bowling Alley,
connected it to transducers previously installied by NASA and then checked

out and operated the ten transducer systems.

The Boeing Company, Airpl!ane Division, under ~ubcontract to JABARD,
furnished, installed and operated twelve microphone systems located on
the exteriors of E~1 and E-2 to measure boom pressure loadings on these
two structures during Phase i1l. Recording, signal conditioning, and
direct write equipment were installed in the garage of E-2. Power for
equipment was available In E-1 and E-2 from power panels separate from
those used for supplying power for lights, receptacles, and air condition-
ing in the two structures.

tockheed California Comgany, under subcontract to JABARD, furnished,
installed, and operated 18 free field pressure microphone systems that
were located on the dry lake bed east of the test houses, Figure 4-|.
These instiuments were instalied to meet the requirements of NASA and
ESSA.

Final reports describing work done by AETRON and Boeing are on file
with the National Sonic Boom Evaluation Office. AETRON's report is en-
titied "Final Report, Subcontract BR-AFSBR-11(", and Boeing's report Is

4,2
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entitled "Test Support to Sonic Boom Program, (Sub) Contract BR-AFSBR-i10".

o Tabies B-1 to 8-4 in Appendix B present {istings of the loczilions cf
the instrumentation with their specifications, and Figures B-l to B-7 pre-
sent plan and elevation sketches of the test structures showing locations

. of transducers for Phase ||, Table B-5 iists the equipment used in the
various instrumentation systems, and Table B-6 |ists the transducer fre-
quency response and accuracy.

A number of precautions were taken to minimize thermal drift in equip-
ment subject to temperature changes. In test structures E-i, €E-2 and E-3,
power to all equipment was kept on continually so that temperature gra-
diente in the equipment could stabilize. Racks were generally enclosed so
that the temperature of the air immediately surrounding the equipment did
not change too rapidly in case of a sudden change In ambier - temperature.
Power was also left on to minimize thermal shocks which tend to shorten
component |life. Instruments were calibrated according to the procedures
outlined under Instrument Calibration Procedures, Appendix C.

CEC Mode! No. VR-3300 magnetic tape recorders were used for all in-
strumantation except the Boelng microphone system. This system utilized
an Ampex CP-100 machine. Fourteen-track machines were used .. and near the
. structures and seven-track machines on the large microphone arrays. Tape
speed v>s 30 Ips with FM recording. Center frequency was 54.0 kcps with an
informa,ion frequency of 0-10 kcps t 0.5 dB. The full-scaie signal to noise
ratio (RMS signal/RMS noise) was 43 dB. Harmonic distortion was |.5a.

A time code was recorded on one channel of each analog magnetic tape.

During Phase | and up to November 2!, 1967 of Phase |1, the time code was
standard iRIG Format "B", Figure 4-3, During Phase || on November 21, 1967,
a mission Identification system was incorporated into the time code to pro-
vide positive mission identification on each analog tape. With this identi-
fication - ystem, it was possible to insert mission numbers and aircraft
designations into the IRIG "B" time code. The resultant time code (Figure

. 4-4) consisted of a normal time code for seconds, minutes, hours, and days;
4ol lowed by the number after the dash «f the mission n. ber; then units,
tens, and hundreds of the portion of the mission number before the dash;

. followed by a blank; then units, tens, and hundreds of the aircraft desig-
nation; and the remaining three positions not assigned.

4.3
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Start and stop times for accurately digitizing analog data were based
on manual reading of direct-write osciliograph records. Nominal boom times
were recorded from a time code transl!atoi located in test structure E-2 ac
a check on the values read from the oscllilographs. Manual readout to the
nearest second was required for booms. Nolse recordings of a typical air-
i craft fiyby iﬁcludeo three minutes of uninterrupted aircraft noise with
; 75 seconds recorded before and after o aircraft passed overhead. Nota-

‘ tion of start and stop times for boc -ecords was provided by JABARD per-
sonnel. “Recorders On" signals were the responsibifity of NASA and Edwards
AF8 control.

when "Recorders On" signals wsre heard at the test structures, the
tape recorders were turned on by hand; and as previously mentioned, the
digitizing start and stop times were based on manual reading of the oscli-
lograph records. |t was felt that these two hand operations could be elimi-
nated if a signal were automatically generated a short +ime before the boom
occurred at the test structures. This signal could then be used to start
the tzpe recorders and digitizing automstically, {In order to generate this
signal, 2 microphone was iocated along the flight track about "00 feet north-
east of £-2. This microphone functioned we!l and generated the signal as
expected.

DATA REDUCTION AND T1SSEMiNATION

The JABARD Data Reduction and Dissemination Group (DR&D) during Phase ||
were responsible for performing certain preliminary data reduction; assembling,
card punching and processing free field cruciform microphone data; card punch-
ing and processing mission logs and instrument location logs; digitizing freo
field and structure response data; duplicating certain analog tape records;
and disseminating summaries of the data as directed to appropriate participants.

NASA was responsibie for providing values of positive overpressures, rise
time, boom duration and waveform as shown by the sample waveforms in Figure 4-5.
These values were measured from oscillographic records of the tree field cruci-
form array microphones. The data were supplied for [nclusion Into the data
printout scheme setup and implemented by DR and D as soon as possible after
missions were flown. NASA also reduced data from the radar plots for all mis-
sions and furnished DR and D a summary together with copies of the radar plots.

4.4
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The data ‘urnished to DR and U was logged daily and all information
was punched on a series of six data cards so that they couid be processed
by computer and printed cutput furnished tc participants. The Information
contained on each card and the arrangement of the data for Phase |1 is as

folliows:

I. Mission Log

a. Date

b. Mission

c. Alrcraft

d. Aititude, 1000 f+., MSL*

&. Mach number (or speed kph for subsonic alrcraft)*
f. EPR (take-off or landing)¥ i
g. Heading* s
h. Offset from track, left or right*

i. Observed boom time, or time overhead for subsonic aircraft, ZULU*
J+ Remarks

k. Card type identification number (1)

e N s

*¥QOver test structure E-2

2. Digltization Log - Data

y a. Data
b. Misslon
c. Aircraft
d., Digitizing start time
e. Digitizing stop time
N f. Location
g. Card type identification number (2)

s e hem r miterumodma e R e e o

3, Instrument Location Log

a. Date .

b. Channel ‘

c¢. House number and Instrument designation

d. Instrument type

e. Location

f. Location number (0 = inoperative, | = Ist position, 2 = 2nd position,
etc.

g. Card type identification number (3)

——— 2 ot
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4, Channe.! Calibration lLog

a. Mission

b. fChannel

¢. House number and instrument designation
d. Jre-calibrations

e. Post-calibrations

f. Ru- attenuaiion and gain setting

g. hemarks

h. Digitization sample rate, sps

i. Digitization filter cutoff

J. Card type identification number (4)

5 Digitization Log - Calibrations

a. Date

b. Channel

¢. House number and instrument designation
d. Calibration type (pre or post)

e. Digitizing start and stop times

f. Digitization sample rate, sps

g. Digitization filter cutoff, cps

h. Card type identificatior umber (5)

6. Summary of Cruciform Data

a. Mission

b. Channe’
¢c. House number and instrument designation

d. Wave form type code number for pressure mikes, ses Figure 4-5

e, Peazk ampiitudes in psf

f. Rise time, seconds

g. Perlod or duration of N-wave in seconds

h. Wave angle, degrees
Wave angle is the angle between the pressure wave front and
the ground as determined from the cruclform ai: ay

wave ground speed, ft/sec

Card identification number (6)

The Mission Log in chronological order fcr Phase | is given as Table D-I,
Appendix D. The Phase || Mission Log in order of mission numbers is given in
Table D-2. The Instrument Location Log for a typical day, 15 November 1966,
Is given a5 Appendix E. A ccpy of the summary of Cruciform Data is presented
in Appendix F, Table F-1 is the data for Phase |, EAFB; F-2 is for Phase !,
Lancaster; and F-3 is for Phase |1, EAFB., The data are arranged in order by
mission number to facilitate their use with the Mission Log. A Jescription
of the N-wave and its characteristicsare given in Figure 4-5, Cards 2,  nnd
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5wereprimarily for use during digitizing of the analog data.

In addition to the data punched on the series of six data cards, an
Analog Tape Log ard a Digital Tape Log were prepared containing the follow~

ing Information:

i. Analog Tape Log

The purpose of this log was to record the information contained on
each analog tape. There is one master copy of each iog plus one
copy of the appropriate iog is filed with each analog tape. The
log for each tape is as follows: (Numbers in parenthesis refer

to data carc .:nbers.)

3. Heading card, containing analog tape number, date, tape
recorder number, and total number of missions

b. Channel locations (Card 3) )

c. Pre~calibration digitization start-stop times (Card 5)

d. Mission identification (Card 1)

e. Mission digitization start-stop times (lard 2)

v f. Channz! calibrations (Card 4)
g. Pos! _ulibration digitization start-stop times (Card 5)

A sample of the Analog Tape Log for a typical day and tape re-
corder is given in Appendix G.

i 2, Digital Tape Log

The analog tape records all channel data, whereas the digital tape
contains only selectad channels, The digital tape log is similar
to the anelog tape log, but contains the necessary identification
for only those channels that ha~a been digitized.

The free field cruciform array analog tapes were digitized using the
facilities available at Edwards AFB, The analog to digital conversion (A/D)
equipment at Edwards AFB was capable of digitizing six channels of data at
- a sampiing rate of 5000 samples per second per channel. The computer faciii-
ties consisted of an IBM 7094/44 direct coupled system. The raw digital cru-
clform tapes were in multiplexed form and a computer program was developed in
g order to provide a check of the digital data and to arrange the data in a

readiiy usable form. This program de-multiplexed and arranged the data seri-
ally by mission and channei, evalua+ the sinusoidal calibrations by a curve

4.7
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fitting and averaging process, edited the digital data so that the final
cutput was one second of data, converted the pressure data to pounds per

square foot, located positive and negative peaks and computed the time
Interval botween them, and stored identification information on the tape.
A brief description of the format of the cruciform digital tapes is given

below:

H Wy -
)

Number of words per record - 920
Number of bits per word - 24
. Bit density - 556 B.P.I.

. Sampling rate - 5000 samples/second/channel

Structural analog data for the test flights were converted to digltal

form to facilitate processing on a digital computer,

the structural data are given in the following table:

DIGITIZATION  UIREMENTS

Digitizing rates for

Instrumernt Tape Recorder Digitization Filter
Number Rate SPS Cutoff CPS

Low Frequency Accelerometers TR-2 8000
Low Frequency Accelerometers TR-4 8000
Low Frequency Accelerometers TR=5 8000
Loading Microphones TR-2 8000
Loading Microphones TR-4 1600
Loading Microphones TR-5 8000
Loading Microphones

Channels 80i-8C7 TR-8 8000
Loading Microphones

Channels 808-812 TR-8 1600
Strain Gages TR-2 1600
Strain Gages TR-5 1600
Displacement Gages TR-4 1600
Cruci form Array
Loading Microphones TR-6 5000 1350

NOTES:

t) For tape recorders 2, 4, 5 and 8, the time code (tape channel 14) is
digitized as a data channel and the sampling rate is 8000 sps.

4.8
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Data Retrieval

All analog digital tapes have been numbered and cataloged and will be
stored under cor*rolied temperature and humidity conditions., Through the
use of analog yital tape logs described in the previous section, a
detailed record has been kept of the data recorded on each tape, This rec-
ord includes instrument locations, calibrations, mission logs, and digitiza-
tion start and stop times. Data cards for all logs, mission log, cruciform

summary, etc., are also readily avaiiable.

Phase | tapes have been indexed and are presently being stored in a

controlled temperature and humidity atmosphere.

The foliowing is a summary of the location of data taken during the

Edwards AFB Phase |1 test program:

John A. Blume & Associates Research Uivision
612 Howard Street
San Francisco, California 94105

i. For tape recorders 2, 4, 5, and 8:

a. Analog tapes,

b. oscillegraphic recordings,

c. analog tape logs,

d. original calibration data sh:- d

e. digital tapes and accompanyir Jmentation,

PN

e

2. For tape recorder 6:

a. Copies of analog tapes, 1
b. oscillographic recordings for XB-70 missions, j

c. raw digital tapes, and B
d. final digital tapes and accompanying documentation.

3. Master copies of:

a. Mission Log,

b. Summary of Cruciform Data,

¢, Instrument Location Log, and

d. Analog Tape Logs for tape recorders 1, 2, 3, 4, 5, 6, and 8.

v
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4, Data card decks for:

a.
b.
c.
d.
3.
f.

Ge

Mission Log,

Digitization Log ~ Data,

Instrument Location Log,

Channei Calibration Log,

Oigitization Loy ~ Callibrations,

Summa~y of Cruciform Data, and

Analog Tape Logs for tape recorders |, 2, 3, 4, 5, 6, and 8.

5. Coples of Radar Plots.

Stanford Research Institute
333 Ravenswood Avenue
Menlo Park, California

i. Fer tape recorders | and 3:

a.
b.
Co
d.

Analog tapes,

oscillographic recordings,

analog tape logs, and

original callibration Jata sheets.

2, For tape recorder 6:

Copies of original digital tapes and accompanying documentation.

NASA, Langley Research Center
Langley Station
Hampton, Virginia

I. For tape recorder 6:

a.
b.
c.
d.

M&»ﬁ“m\«m R

Original analog tapes,

original calibration data sheets,
oscillographic recordings, and

original cruciform summary data sheets.
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V. ANALYSIS OF FREE FIEI.D SIGNATURE PARAMETERS

There were three objectives in the analysis of free fieid signature
parameters. First, it was of interest to find if the channe'!s were sta-
tisticaliy equzl or if the measured values of a parameter were independent
¢ of the channe!l on which it was measured and recorded. The immediate con-
sequence of this study was fto answer the question: 1Is it possible to use

only one channe!l instead of five channels in recording free field signa-

tures? Secondly, tests of equality of means were performed on free field

£
i
M
i
+

signature ﬁaramefers and on the Dynamic Amplification Factors (DAF) computed
from free field signatures in order to determine which parameters most in-
fluenced the DAF., The resuvits of thase tests were needed in establishing a

criterion for random sampling of miscions in .urther studies. Thirdly, to
determine the number of samples for structure response studies, a complete
statistical description (mean, standard deviation and coefficient of varia-
tion) of the parameters was reeded.

In the statistical analysis of free field signatures, each sonic boom :

~ mission was defined as a random phenomenon. The parameters of the free
field signature (overpressures, duration and rise time) were defined as
random variables. The measured values obtained from oscillographic prints

A of the signatures were defined as observations cf random variables. The
data used in the analyses were measured by five microphones arranged in a
cruci form array located near structure E-2 for comparable missions of
XB-70/B-58/F-104 aircraft (fiights flown within a few minutes of each
other). A channel as defined for the study of free field signature param-
eters, consisted of a measuring instrument (microphone), the signal con-
ditioning and recording system, an oscillographic print of the record and
the manual measurement of the parameter from this print.

An analysis of variance was the statistical tast from which it was
possible to obtain simultaneously the results for the equality of channels
and the equality of means for each parameter and a complete statistical

. description of each parameter. With this test it was assumed that the
channels and the missions were chosern at random. Random sampling meant

that each item had an equal probability of being chosen. It was reasonable
’ to assume that the channels in the E-2 cruciform array were selected at

random from a number of channels used to measure and record free field sig~
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natures in this experiment., [t was also reasonable to assume That the
missions were selected from a large number of possible missions with
different combinations of altitude, otfset, speed and weight of the air-
craft which would create similar signatures. In he analysis of variance
the hypothesis that the effects (channel and mission) were not present
was tested against the alternate hypothesis that the effects were present.
When the result of a'test showed that an effect was present, a factor was
calculated to determine which mis«ions or channels were different. The
hypoctheses were tested at different confidence levels to make sure that
the results were not influenced by lower decimal vaiues of the data. The
hypotheses were tested in this chapter at the 95 percent confidence level.

14,15

The free field signature parameters studied were: Peak positive
overpressure (P ), the absolute value of peak negative overpressu-e (Pz),
the rise time (T'), the time from start of boom to the negative peak (Tz),
and the ratio of the absolute value of peak negative overpressure to peak

positive overpressure (PZ/P').

The tests for channel effects of free field signature parameters pro-
duced the following results. There is a channel effect in P2 for the
XB-70 and B~58 missions and in the ratio PZ/PI for the XB~70 missions.

Similar results have been found using a different fesfzg. The difference

in channels In each case was found between channels 605 and 607. This did
not mean that the data from those channels should have been rejected, but
that the coefficient of variation within each mission was composed of a

coafficient of variation due to the boom and of a coefficient of variation

due fo the instruments. 1t was observed that, in most cases, the coeffi-

cient of variation of the data was primarily infiuenced by the coefficient
of variation of the bocm. The channei effect could be explained. As noted
previousiy, a channel as used for the free field signature parameter study
consisted of a measuring instrument (microphone), a signal conditioning and

recording system, an oscillographic print of the record and a manual mea-

surement from tha print., The microphones used for free field signature
measurement were modified to extend the low frequency respense to 0.02 cps.
The channel effect in P2 for the XB-70 missions was large enough to affect
the ratio PZIP., but was not farge enough for the B-58 missions to affect

the same ratio. Also the channel effect in P2 was not present for the F-104

missions. As the average frequency (I/Tz) of,Pz for XB-70 missions was

5.2
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3.64 cps, for B-58 missions 6.1 cps, and for F-104 missions 12.8 cps, It
could be inferred that the channel effect increased as the frequency re-
sponse decreased below the normal lower iimit of the microphone. It could
also be inferred that one channel! would have been sufficient to measure
free flield signature parametsrs when the measured response frequency was
within the normal range of the microphone., Based on “icrophones used and
data recorded, It was concluded that to adequately measure the free field
signature parareters more than one microphone was needed for XB-70 and B-58
missions, but only one was reeded for F-104 missions.

The tests of equality of free field signature parameters for different
missions produced the following results, The magnitude of peak positive
overpressursa (PI) and of the absolute value of peak negative overpressure
(PZ) decreased as the altitude and/or lateral offset of the aircraft in-
creased, as can be determined from Tables 5-1, 5-z, and 5-3. The averages
~% the parameters were iu.pui vs usiiy ihe factors at tne potrom of the
table. These factors indicated when two averages were different at the 95%
confidence level. For example, in Table 5-1, the average positive over-
pressure (Pi) of mission 5-2 was equal to 1.20 psf and of mission 10-] to
2.41 psf. The difference between the two averages was !.2| and was greater
than 0.3, the factor at the bcttom of the table. Therefore, the average PI
of mission 10-1 was greater than the average Pl of mission 5-2 at the 95%
confidence level. The ratio of the absolute value of negative overpressure
to positive overpressure (PZ/Pl) decreased as tha offset of the alrcraft
increased. This result was evident only for the XB~70 missions as illus-
trated in Figure 5-I. There was only a small difference in the averages of
rise time (Tl) and time from start of boom to negative peak (T2) recorded
for overhead and offset missions for each tvpe of aircraft. This result
can be determined from Tables 5-1, 5-2, and 5-3.

The coefficients of variation of the free field signature parameters
calculated for all missions listed in Tables 5-1, 5-2, and 5-3 were:

Coefflicient of Variation of

Alrcraft Py Py T T2 PP
XB-70 20% 31% 54% 10% 17%
B-58 35% 25% 64% 6% 14%
F-104 20% 18% 45% 10% 10%

5.3
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The number of missions needed for a comparative study of predicted

e s asama ad eda o mmma cian - Lesemmd I mm
Qanlu 1roagHul oy FOUDPVIIDG WaO G 1unu 1w

the data. From the above table It was evident that the number of missions
needed would be different depending on which coefficient of variation was
used. |t was therefore necessary to know which of the free fleld signa-
ture parameters studied most influenced the DAF computed from free field
signatures. Thus an analysis of the variance test was performed on maxi-
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mum DAF's computed from free field signatures to study again the channei
effect and the mission effect, The natural frequencies of the DAFS
studied were, for the XB-70 missions 2,66, 3.23 and 3.93 cps, and for the
B-58 missions 3.93, 4.78 and 5.81 cps. These natural frequencies were

chosen as they were in the range of maximum DAF values.

There were no channei effects found in computed DAFs ., Even 1f P2
and the ratio PZ/PI affected the forcing function used to determine the

R R P AL R

DAF, the impulse response function and the damping (2%) were sufficient
to eliminate the channel effect found in P2 and PZ/PI‘ Therefore, the

data from a single channe! would have been adequate to evaluate the DAF
computed from free field signatures.

The results of the tests of equality of maximum DAFs for different
ml;slons indicated the fol'owing. The magnitudes of the maximum DAFs
for each aircraft were different and occurred at different natural fre-
quencies. In comparing the difference In DAF magnitude with the differ-
ence in free fleld signature parameters, it was found that the magnitude
of the DAF decreased as the ratio P2/P| decreased for XB-~70 missions;
Figure 5-2. |t was found that the natural frequency at which the maximum
DAF occurred decreased as T2 increased for the XB-70 missions, as shown in
Figure 5-3. The effect of Tz was also evident in a visual comparison be-
tween DAF envelopes for eight XB-70 missions, eight B-58 missions and five
F~104 missions in Figure 5-4, From this figure it was evident that dura-
tion of sonic boom affected the range of structure natural frequencies
over which maximum dynamic amplification occurred. Since boom duration
Increased with aircraft slie, soni¢c booms from large alrcraft such as the

XB-70 and the future SST will affect a greater range of structure elements -
than sonic booms from smaller alrcraft such as the B-58 and the F-i04.

Previous sfudles18 have indicated that rise time also affects the magnitude

of the DAF. However, with the data recorded, this effect could not be veri- )

fled. It was therefore concluded that the ratio P2/Pl caused the major effect
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on the magnitude of the DAF and that the number of missions needed in further
studies of structure response should be determined from the statist’cal de-
scription of the ratio PZ/PI'

The number of missions needed to study the response of structure elements
was obtained from statistical sampling fechniques.’6 The sample size varied
according to the degree of precision desired in the results and the confidence

level of the conclusions about the results. The following table demonstrates
this process.

Degree of
Precision Confidence Number of Missions Needed
in Results Level
in% ing XB8-70 B-58 F-104
10 95 l 8 4
15 95 5 4 2
20 95 3 2 |
10 90 8 6 3
15 90 4 2
20 90 2 2 !

The degree of precision in the results meant that the results obtained
from the analyses of the sampled missions would be within (0% (or 15% or
20%) of the results which would have been obtained if all missions had been
analysed. The probability that the results were within such a percentage
was given bv the confidence level. The degree of precision in the results

and the confidence level were chosen according to the pertinence of the
study.

SUMMARY OF FINDINGS

The free field signature parameters were analysed to determine if the
channels were statistically equal or if the measured values of a parameter
were !ndependent of the channel on which it was recorded; to determine which
parameters most influenced the Dynamic Amplification Factor (DAF); and to
determine the number of samples necessary for studies of s*ructure response
data. The analytical techniques were such that the findings are stated with
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a 95 percent confidence ievel; that is, there Is a 95 percent probabllity
that the findings are correci. Following are the findings resulting from
these analyses:

I. For the XB-70 missions the peak negative overpressure, P2' and the
retio of the absolute value of peak negative o’erpressure to peak positive
overpressure, PZ/PI' were not independent of the channel on which they were
recorded. All other parameters studied (positive overpressure, P|, rise
tirs, TI’ and the time from start of boom To negative peak, Tz) were inde-
pendent of the channels.

2. For the B-58 missions P2 was not Independent of the channel on which
it was recorded. Al! other parameters studied (P|, TI’ TZ’ and P2/P') were
Independent of the channels.

3. For the F-104 missions all parameters (Pl, P2' T‘, Tz, and P2/P|)
were independent of the channels on which they were recorded. A single
channe! would have been adequate to measure free field signatures.

4., The magnitude of P, and of the absolute value of P2 decreased as the
lateral offset and/or aititude of the alrcraft increased.

5. The ratio PZ/P| decreased as the offse* of the alrcraft increased
for XB-70 missions.

6. There was llttle difference between rise times (T') of overhead and
offset missions for each type of aircraft.

7. There was little difference between times fron start of boom to
negative peak (Tz) of overhead and offset missions for each type of aircraft.

8. The Dynamic Amplification Factors (DAF) computed from free field
signatures were Independent of the channe! the signatures were recorded on.
Therefore, a single microphone would have besn sufficient to evaluate DAFs.

9. The magnitude of the maximum DAF decreased as the ratio P,/P, de-
creased.

10. The natura! frequency at which the maximum DAF occurred was a function
of the time from start of boom to negative peak Tz. As T2 Increased, the maxi-
mum DAF occurred at a lower natural frequency.
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ti. Sonic booms from large aricraft such as the XB-70 and the future

SST will affect a greater range of structure e.ements than will sonic booms
from smaller alrcraft such as the B-58 and the F-104.
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The number of missions needed in the study of the response of

structure elements varied depending on the degree of precision in the results
and on the confidence level.
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There were two objectives in making the study of the effects of free
field signature parameters on DAF spectra. First, it was of interest to
derive a wave model from free field signature parameters (over-pressures,
rise time, duration) that could be used to make an accurate evaluation of
the DAF and thereby eliminate the lengthy and costly process of digitizing
vree field signatures that is presently needed to compute the DAF. Secondly,
to gain a greater insight on the probable magnitude of the DAF for large
lateral offsets of an aircraft, the effects of values of frec field signa-
ture parameters beyond the range of the data recorded by the E-2 cruciform
microphone array on the DAF were analysed using the wave model.

To fulfill the first objective, the derivation of a wave mode!, it was
assumed that for purposes of calculating DAF a free field signature could be
completely described by the parameters; peak positive overpressure (P'), rise
Time (Tl)’ peak negative overpressure (Pz), and time from start of boom to
negative peak (T2). The total duration of the signature (1) was assumed to

be equal to T2 plus TI‘ Linearity was assumed between peak overpressure

points, as illustrated in Figure 6-1. The averages of PZ;PI’ Ti and T2 were

computed for eight XB-70 missions, eight 8-58 missions and five F-104 missions.

They were:

»*
Alrcraft P2/F T x 10 sec T2 % 107 sec
XB~-70 0.773 5.15 2.88
B8-58 0.852 5.63 1,67
F=-104 0.966 4,66 0.75

*absolute value

These average values were used !n computing DAF spectra from the wavs model.
Two different methods of comparison were used to see I|f the DAF spectra calcu-
lated from the wave mode! were representative of the spectra computed from
digitized fres field signatures. A visual comparison of the spectra in Fig-
ures 6-2, 6-3, and 6-4 showed that the DAF spectra of the wave model were
generally within the envelopes of the DAF spectra obtained from dig!“ized

free field signatures of the same missions. Then to mathematically substan-

14

tiate the visual comparisons, a "goodness of fit" (chi-square) =~ test was per-
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formed. In This statistical test the average values of the DAF spectra com-
puted from digitized free field signatures were compared with the values of
the wave model DAF spectra at twenty-one different natural frequencies be-
tween | and 50 cps. The resuits of the test chowed ths fit is good at the
95¢ confidence level! for all three types of alrcraft. These results are

Il . ustrated in the following tabulation of values of the test ststistic com=
puied from the data and the chi-square value. The test statistic must be
smal ler than chi-square value to conclude that the fit Is good at the 95%
confidence level.

Chi-Square Value

Aircraft Test Statistic @95 C, L,
XB-70 0.07 31.4
B-58 0.05 3.4
F-104 0.57 31.4

The small values of the test statistic were due to the smail difference be-
tween the average values of the DAF spectra computed from digitized free field
signatures and the values of the DAF spectra computed from the wave model. A
value graater than 31.4 would have indicated that there was no fit at ali. |+
wes therefore concluded that a free field signature wave mode! described by
PI’ P2' T' and T2 could be used to accurately evaluate the DAF computed from
digitized free tield signatures. |t was further concluded that, for future

|* P2’ Tl and T2
would be sufficient for obtaining DAF spectra that would be representative of
those obtained directiy from free field signatures. The digitization of free
tield signatures couls therefore be eliminated.

work with free fieid signatures, knowledge of the values of P

The wave mode! was then used to fuifill the second objective of this study
which was to investigate the effects of values of free field signature param-
eters beyond the ranv: ~f the data recorded by the E~2 cruciform array on the
DAF spectra. First, different values of P', P2' Tl' T2 woere used to confirm
that the ratio of the absolute value of peak negarive overpressure to peak
positive overpressure (PZ/PI) influenced the magnitude of maximum DAF, The
same Input valuss were then used to study the influence of T! on the magnitude
of the DAF and finally to obtain DAF spectra for values of TZ larger than those
meascred and recorded by the E-2 cruciform microphone array.

It was found that as the ratio P2/P' increased the magnitude of the maximum
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DAF Increased. This result was derived for natural frequencies of 4 to 7 cps,
and & wave duration of 0.2 sec. as Iindicated In Figure 6~5. Similar resultc
were found i~ Chapter V for the XB-70 missions. |t was also found that, for
the XB-70 mi.. ions, the ratio PZ/P' decreased with increasing lateral offset
of the alrcraft. |t was therefore evident that one effect of increasing
lateral offset was to cause a corresponding decrease in the magnitude of the
maximum DAF,

In previous sfudles32

it was found that TI increased with increasing
lateral offset, and that the two |imiting shapes of a free fleld signature
could be an N wave with zero rise time and a sinusoidal pulse, Figure 6-6.
The effect of T‘ on the DAF was therefore studied within these limits, To
general’ze the findings the ratio of rise time to duration (T'/t) was used
In the study instead of the value of Tl. The resuits were plotted in Figure
6-7. 1t was found that as the ratio T|/t Increased, the magnltude of the
maximum DAF increased. For this study a wave duration of 0.2 sec. and a
ratio P2/P| equal to | were used and the valuves of maximum DAF were computed
for natural frequencies of 4 to 7 cps. Therefore it was concliuded that in-
creasing the lateral oifset of an aircraft incraased the maximum DAF vzlues.

The total influence of latera! offset on the magn:tude of the DAF could not

be determined. There were insufficient recorded data to definitely Indicate
which of the two ratlos, P2/P| or T'/T, was predominant, Analyses of more
data recorded at large lateral distances from the flight track are needed.

Throughout this study the CAF spectra were computed with a damping c-.-
efficient of 28. The effect of d!fferent damping coefficlents was studied
for different wave durations. The results piotted in Figure 6-8 were com-
puted for a wave duration of 0.3 sec. with a rise time equal to 2% of the
wave duration and a ratio P2/Pl equal To 1. The DAF values plotted were
calculated for a natural frequency of 3 cps. |t was fov 4 that the magni-
tude of the DAF decreased as the damping coafficient increased.

It was assumed that free fleld signatures for aircraft larger than the
XB-70 would be similur in shape. By using the wave mode! DAF spectra were
then computed for durations of 0.4 and 0.5 sec. and different combinations
of ratio T'/r and PZ/PI as illustrated in Figures 6-9 and 6-{0. As found
in Chapter V¥, durations of 0.4 and 0.5 sec. increased the range of structure
natural frequencies over which maximum dynamic wmpiification occurred.
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SUMMARY OF FINDINGS

The objectives of this chapter were first, to derive a wave model in
order to eliminate the digitization of free field signatures presently
needed to compute DAF spectra and second, to study the change in magnitude
of the maximum DAF for different large lateral offsets of an aircraft. The
data used In the analyses were measured during Phase || by five microphones
arranged In a cruciform array located near structure E~2 for the comparable
missions of XB-70/B-58/F-104 aircraft (flights flown within a few minutes of
each other). The foilowing findings resulted from these studies:

I. The DAF spectra obtained using a wave model described by free field
signature parameters PI’ PZ' TI and T2 were equal at the 95 percent confidence
level to the DAF spectra cbtained from digitized free field signatures.

2. Using the derived wave model it was found that:

a. the magnitude of the maximum DAF decreased as the ratio r’-’z/P| -
decreased,

b. the magnitude of the maximum DAF increased as the ratio T|/'r
Increased, and

c. the magnitude of the maximum DAF decreased as the damgirg
coefficient Increased.

3. In the analysis of the effects of lateral offset of aircraft, the
ratio PZ/PI in the recorded free field signatures caused the predominent
effect on DAF. The recorded signatures showed !ittie change in rise times
(Tl) or In durations (1) for overhead and offset missiuns for each type of
aircraft. Therefore tha influence of lateral offset on DAF spectra was |imited
{o the effect of the ratio Pz/Pl'
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