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Outline

* Sonic Boom Basics
* Research Problem and Approach

* Field Tests
« Laboratory Study



Sonic boom




Historic sonic boom highlights @’

« 1947 Chuck Yeager first flies supersonically

« 1964 Sonic boom tests in OK end prematurely due to negative
public reaction

« 1976 — 2003 Concorde flies supersonically over Atlantic Ocean
« 1990s NASA High Speed Research Program
« 2003 Shaped sonic boom demonstration
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pagated on
et, they have begun to
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Within ousand feet, the shocks
have ely coalesced into an “N
wave” and retain that shape as it travels
toward the ground ...

... resulting in a loud
Sonic Boom at the ground
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» Sigﬁtains its shape all
the way to the ground ...
... resulting in a significantly

guieter Sonic Boom
/\—\\\M/w:t the ground



Research goal: dose-response relationship

Data from field tests

ﬁ’l

Range of exposure (extrapolated from results of
propagation studies and structural investigations)

% of population highly annoyed

Level of cumulative annoyance model

(based on single-event model from lab studies and energy addition theory)



Research approach

Shock flow
field from
airplane
"~ ATMOSPHERIC | STRUCTURAL | . ARCHITECTURAL | PSYCHO- |
ACOUSTICS ACOUSTICS ACOUSTICS | AcousTICS :
atmospheric exterior structural interior sound E human i
——P> phe P»| pressureon [—®»| response & > : : > i
propagation [ T and vibration |1 3| response I
| structure transmission ' : i
| L :
______________________ |.--____________________________________________L____________________L_.:_____________________:
|

» Goal: develop validated models for each block
» Methods: theory, lab experiments, field experiments



Field Test 1 (May 2011)
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Pressure (psf)

— Case C, FIt 1264, Pass 4, mic 72
——Lossy NTE Prediction @ zbar=1.0
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Field Test 2 (Nov 2011)

atmospheric
propagation

exterior
pressure on
structure

structural
response &
transmission

interior sound
and vibration

human
response

15



Partners

PENNSTATE
Noise exposure design
Statistical data analysis Fidell

Associates

Sonic boom monitors
Smartphone study

wyle

NRA leadership & integration
Sonic boom data analysis

Recruitment

E TETRATECH coordination

Subject Recruitment
Coordination with EAFB
Subjective data collection

Gulfstream

A GENERAL DYNAMICS COMPANY

Sonic boom monitors
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Field Test 2

 Research Goal: a pilot test to develop community sonic boom test methods
— objective data acquisition
— subjective data collection
— analysis methods

SMARTPHONE

PAP E R il Carrier & 2:38 PM =3

* Waieforms and Sonichoom Perccption and Response

How much did the sonic boom
bother, disturb, or annoy you? (Use
a scale from 0 to 10 where 0 means
not at all, and 10 means extremely).

Nooe Agroat deal

Vibaion is & motion The motion may be seen of fek. How

home?

Current Value =3

a type of noise thal can occur when obyects move due
10 wbration How much rattie from the somic boom did you
experience in your home?

[Back | Met |




Field Test 2: Video
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Field Test 2: Results

Preliminary Data from Two-Week Study
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Laboratory:
Interior Effects Room (IER)

atmospheric exterior structural interior sound human
: —»| pressure on »| response & [P L —>
propagation . and vibration response
structure transmission
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IER animation




Characteristics of the IER

Indoor vs. Outdoor Level
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* |IER response similar to field data

 Indoor reverberation can be manipulated
above 200 Hz

IER Reverberation Time

1.2f

= Furniture, carpet and foam

= Furniture only
Foam and carpet only
—— Empty Room

o
00
T

T60 time, seconds
o
()]

0.4

0.2

One-Third-Octave Center Frequency, Hz

10°

10° 10
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Uncertainty analysis @/

« Uncertainty = range of measured values attributable to quantity being measured
* Not whether there is uncertainty, but how much

» Uncertainty necessary for data comparison
— within a single lab
— among labs
— between lab data and field data

Microphone locations inside IER 23



Uncertainty procedure (ISO GUM)
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Uncertainty components

Ksound reproduction

/ \ Klatching

/T1T\\

Kposition + incidence angle

Kpreampliﬁer Ksig cond. Kanalog."digital Kacquisition software
Kpistonphone /‘\

Kattaching pistonphone

(DO

Khumidity Ktemperature Kpressure

!
Lp =L p Kmet o Kbackg. o Kmic-i—preamp o Ksig. cond. KA/D o Kacquisition software —
Ksound reproduction Klatching T Kpositioancidence angle [dB]
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Uncertainty budget

Correction Component

Distribution

Analysis
Type

Uncertainty (1o)
For Type 4193 MicrophoneA

Environmental Factors

Temperature

Pressure

Sound Radiation

Humidity

Background

Door

Frequency Response
actuator calibration,

including preamplifier

Temperature

Microphone

Pressure

Humidity

Signal Conditioning Amp
Analog/Digital Converter
Attaching Pistonphone
Pistonphone (and Acquisition
Software)

Sound Reproduction

Latching

Position and Incidence Angle
(interior only)

Uniform

X=22°C B

0 =5.8 °C, estimated

Normal

% =1013.25 hPa B

0=8.07 hPa®

Uniform

X =50% B

g =29%, estimated

Normal, varies

with frequency

Normal A
Measurement Equipment

A

Normal, varies

. A
with frequency

(see above) B

(see above) B

(see above)
Uniform
Uniform
Normal
Normal
Uniform

W I = m m m

Measurement Setup
Normal, varies

. A
with frequency
Normal, varies
with frequency
N | ie
ormal, varies A

with frequency

0.09dB "

0.08ds ™

0.015dB ™

depends on signal to noise ratio

(Not applicable)

0-0.185dB’
hefore interpolation

(Sensitivity coefficient
0.002 dB/°c ™)

0.012 dB

(Sensitivity coefficient
-0.005 dB/kPa )

0.004 dB

Negligible

0.050dB°

0.0035dB °

0.01dB

Random error ~ 0.007 dB
Systematic error ~ 0.15 dB 1o

< 0.045 dB

<0.03 dB (interior)
<0.08 dB (exterior)

< 0.69 dB (envelope)

26



Combined uncertainty of sound levels (10)
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Uncertainty propagated to noise metric

12X 10 -
B VICMV

10- | sy |- Ideal Normal -
——95% CI

Frequency [counts]
(@)

% 66 7 68
PL [dB]
* Uncertainty (20) based on Monte Carlo Method (MCM) procedure
— interior (boom alone): 0.6 [dB PL]
— interior (boom + rattle): 0.5 [dB PL]

— exterior: 0.2 [dB PL]
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Summary

 Field Test 1: Focus boom model validation

+ Field Test 2: Community response pilot test § .

« Lab Study: Uncertainty analysis
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Sonic Boom Simulator
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