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Introduction

e Collaborated with Dr. George Swenson and Dr. Michael
White (Construction Engineering Research Lab) to
improve research hardware used in previous
experiments.

e Hardware: Pressure 4-Microphone Array

e Purpose: To measure the specific acoustic impedance of
surfaces.
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What is Specific Acoustic Impedance?

e Specific acoustic impedance
(Z) characterizes the pressure
produced due to a particle - ;
velocity incident on a surface. %{’ :
e Zdetermines the amplitude = imees.. |
and phase of the reflected \

= L ER
Wave. -\\' reflected wawve
Fa

e Important for:
— noise control “— barrier

— acoustic characterization p(r,w)

of materials, etc. Z(r,w) = i{r, W)

ariginal wave
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The P-P Method

Euler's Equation for Inviscid Flow

ot (7,1 | R
(1) L G570
ot o,

In 1-D (approximating pressure gradient)

ot p, 0z

ou (7,r) 1 op(7.r) o A_p(7.1)
p, Az

e Eliminates the need to measure v directly.
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Failings of Previous Setup

e Mechanically unstable
e Speaker output untested

e Microphone/preamp
phase responses
uncharacterized

e System not adaptable
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Data collected on March 13, 2012 with orientation: mic1top and speaker distance: 3.5 m
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Data Acquired by Previous Setup

Estimates of the Normal Specific Acoustic Impedance
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Design Objectives

e More appropriate microphones

e Build and fully characterize preamplifiers
e Reduce signal noise

e Stable, fixed-spacing probes and stand

e Test and verify speaker output
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Design Overview
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Module 1: Microphones

e Objectives:
— Small profile

— Good low-frequency
response

— (Relatively) flat phase
response Previous: GRAS 40AE 0.5” Mic

— High sensitivity
— Omni-directional

Current: Knowles Electronics
WP-23502
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Microphones: Sensitivity and
Frequency Response
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Microphones: Omnidirectionality

e |Lacked the anechoic
chamber necessary to
N R perform test.

e Instead, tested by
William Ballad at

31

"~z Knowles for WP-
1 :E 23502 upon request.

21 ! ) 17
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Module 1: Requirements and
Verifications
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Module 2: Probe Body

e QObjectives:
— Stable against vibrations
— Modular
— Minimal profile
— Able to be dissembled for storage/repairs
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Module 2: Probe Holder




ECE |LL|N0|S DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING

Module 2: Requirements and
Verifications

The probe body should Import CAD files of Inconclusive- Simulations could not
be stable against probe body into Test not preformed. be preformed reliably
vibrations induced by COMSOL. Run in COMSOL. Lowest
incident sound waves eigenfrequency eigenmode found
(lowest eigenfrequeny  simulation and export corresponded to a
at no less than results. wavelength much
500Hz+=100Hz). greater than L/2

(lowest expected mode
for simple beam of
length L).

[
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Module 3: Preamplifers

. o Dedicated preamplifier for each
microphone

e Simulated in National
Instruments Multisim

! o Tested with NI myDAQ




ECE |LL|N0|S DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING ][

Preamplifiers: Circuit
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Preamplifiers: AC Simulation

KA FET Mic Preamp
AC Analysis
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Preamplifiers: Calculated Gain

Freamplifier RMS Gains
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Preamplifiers: Measured Phase
Response

Freamplifier Phase Responses
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Module 3: Requirements and
Verifications

Mean gain of Simultaneously Pass -
preamplifer circuit measure input
should be 11 [V/V] and output of
with a tolerance of 3% each preamp and
calculate gain
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Module 3: Requirements and
Verifications
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Module 4: Loudspeaker

e Commercial-grade
Definitive Technologies
'SuperCube IT'
subwoofer

o 8" woofer pressure-
coupled to two 8"
radiators




ECE |LL|N0|S DEPARTMENT OF ELECTRICAL AND COMPUTER ENGINEERING ][

Loudspeaker: Measured Lower
Limit

15 [Hz] 14 [Hz]

[V] [V]
1510 1510

1.505¢ 1505}
1.500 1.500¢}

1.495¢ 1495+

13 [Hz] 12 [Hz]
[V] [V
1510 1510
1.505 | 1505}
1.500 1.500

1.495¢ 1495+




Future Work

e Calibration: of microphones, of frequency
response of probe.

e Modify microphones to lower low-
frequency cut-off.

e Re-run simulations of probe body

e Characterize loudspeaker directivity and
field
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Preamplifiers: Microphone Simulation
Subcircuit
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How is Z Measured?
e Two values: complex pressure and particle velocity.

e Problem: particle velocity is terribly unfeasible to measure.
— Microflown MEMS device? Awful, expensive.

e For this reason, need a method that avoids direct
measurement of v.
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