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ABSTRACT

In this research, a dual-channel sound-insulation structure with subwavelength size
and dimension is proposed. It can achieve a broadband sound insulation and matain air
circulation due to ventilated an air channel. The structure is farther miniaturized for
developing an in-ear low-frequency reducer. Noise-insulation earplugs can achieve
broadband noise reduction and reduce the sultry feeling caused by traditional earplugs. In
this research, an acoustic transmission line model with acoustic radiation impedance,
radiation effect, and thermal viscosity loss is established by analyzing the transmission of
sound waves in the duct. Compared with finite element method (FEM), this method can
design multiple air-channel structures and optimize their geometry more effectively, and
the model can also calculate the sound absorption rate with transmission loss and the
sound absorption rate of resonant acoustic panels without transmission loss. The
simulation results of both models match well and are in good agreement with the
experimental results. The noise cancellation performance of the in-ear low-frequency
noise-cancelling earplugs is verified by the closed sound field experiment and the finite
element simulations. Finally, the dual-flow channel structure and miniaturized in-ear low-
frequency noise-cancelling earplugs have the performance of low-frequency anti-noise
ventilation, reaching 66% and 100% of the 10 dB proportional bandwidth, and 68% of
the air flow rate, and its structural thickness reaches 0107 4 and 0.11 A. The flow-
through subwavelength structure has potential applications in large ventilated soundproof

walls or in-ear noise-cancelling earplugs in the future.

Keywords: Acoustic transmission line, Low-frequency Anti-noise, ventilated acoustic

sound-insulation structure, in-ear earplug
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4c@ 4-14 > 7 500-1500 Hz #£5 24F 10dB +* in [4g % > I ® 22 ADS Ry B R -
ﬂf"L s ‘F’ﬁ,\-\ F;;Z}ﬁ- ]7, 3.6% o LL b s K2 q\i&—kf{' ﬂ\}m*m? B ,{_».__P{ {:‘; Tmm > 4%

BEE 10em o PRAR BT BT L § i o R B AR RN

25 . —
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Bl 4-14 F 7mm » B0 ST S A B

R * iy WA FHHES N SELREL] KB 8F  RAEST 2
BRgfe BHEf v (T 8 ADS TR ERICHAP T Bk 0 AL < R U
HPER oA A A S5/ 10 cm & 7 mm i BB 0 10 dB i 3 # B 5 (660-
1300 Hz) £ (500-1500 Hz) > ¥ 66%%2 100%:0i) 5 42 % 0 S ] & & @3 & 0.107
A2 0114 > A% 10dB v* b4 52 e MR F 4 2 ik £ o
42 B4

¥R sk e 2 0 A& = fddy i 4 B 5 % #k(Noise Reduction) ~ 46 »
48 % (Insertion Loss)¥? 7 i% 4f % (Transmission Loss) » # ¢ 3 » 354 £ 5 i+ B
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B AR g R g B AN R R AR A R g
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BSWA IMPEDANCE TUBES

Model SW230 lsw260 lSw420  sw470

Sw422 lsw477

Value to be

Measured Sound Absorption Coefficient (c)

Sound Absorption Coefficient
(o)

and Transmission Loss(TL)

GB/T-18696, 2-2002, ISO10534-2, 1998, ASTM

Standard £1050-08

Sound Absorption Standard:

GB/T-18696, 2-2002, ISO10534-
2,
1998; ASTM E1050-08

Frequency Range

(H2) 125 ~ 3150

125 ~ 6300 |63 ~ 1800 800 ~ 6300

63 ~ 1800 800 ~ 6300

Inner Diameter of

Testing Tube 60 & 30 mm {100 mm

60 mm 30 mm

100 mm 30 mm

4

Loud speaker " in diameter, 20 Watts, 8 Ohm

OPTIONAL ITEMS

1/4" ' Microphone MPA416

Data Acquisition Card MC3022+PA50 or MC3522 MC3242

Power Amplifier PAS0

Software VA-Lab2 Basic + VA-Lab2 IMP-A

|VAfLab4 Basic + VA-Lab4 IMP-AT

Bl 5-1 BWSA § = A|5L
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Power amplifier(PA50)

Signal analyzer(MC3242) O

Input Output O O

Mics.(MPA416)

Anechoic termination
Sound source

Specification

Response Free field

Sensitivity 50 mV/Pa
Equivalent Noise Level 29 dB(A)
Upper Dynamic Limit 127dB

20 Hz ~ 20 kHz (complied with [EC 61672 Class

Frequency Range ; o
requency 9 1 requirements at reference conditions)

Power supplier ICP
T.H.D < 3% at 128 dB SPL
Temperature Coefficient: (at 1000 Hz, at | 15 ~ 35°C: <+0.3dB 0 ~ 40°C: <+1.5dB -10 ~
reference temperature 23°C) 50 °C:<+3.0dB |
20%~90% RH ; Sound Pressure Level Change <
Humidity Coefficient +0.8 dB at 1000Hz at temperature 30°C, and
reference 50% RH
Operating Temperature Range -10°C ~ 50°C
Polarization Voltage oV

B 5-3 &5k (MPA416)* 1
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Specification

Input Channel

4

Input Connector

BNC with ICCP power supply (2mA/21V, can be

turned off)
Self-Generated Noise Level 30dBA (50mV/Pa)
Input Frequency Response 2Hz~20kHz (+0.5dB)
Input Dynamic Range 102dB
Maximum Input Voltage +5Vpeak
Output Channel 2
Output Connector BNC

Output Frequency Response

4Hz~31.5kHz (+0.5dB)

Maximum Output Voltage 1.85Vrms
Maximum Output Current +20mA
A/D Resolution 24Bits

Sampling Rate

Input: 51.2kHz, Output: 8/16/32/44.1/48/96kHz

USB Interface

USB-B interface, USB 2.0 compliant

Power Supply

USB power supply (need to reach 500mA
capacity)

Operating Environment

Temperature: -10°C ~50°C, Humidity: 0~90%RH

Dimension (mm)

W226 x H51 x D188

1.4kg (only data acquisition), 3.1kg (including

Weight packsoe)
Bl 5-4 FHRFEFMC3242)RH
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Specification

Maximum Qutput Power (Continuous)

40 SOWRMS, 802 25WRMS

Maximum Output Voltage

20VPeak

Output Impedance (Typ.)

0.120

Output Noise (Typ.)

200uVRMS (22Hz~22kHz, 80,
Gain=0dB);58uVRMS (A-weighting, 802,
Gain=0dB)

Output Connector 4mm Banana Socket
Maximum Input Voltage (Input Sensitivity) 1.0VRMS
Input Impedance (Typ.) 8.8k0)
Input Connector BNC
Frequency Response 10Hz~20kHz (+0dB ~ -0.5dB, 802, 20WRMS)
SNR 96dB (22Hz~22kHz, TkHz, 8(2);107dB (A-
weighting, 1kHz, 8(2)
THD+N 0.012% (1kHz, 8Q, 25W)
Gain (Input Attenuator) -co~0dB

Overload Indicator

Red LED, cut off output when overload

Level Indicator

6 level LED indicator: -19.5dB ~ -1.5dB

Overload, short-circuit, DC offset, over-

iosil temperature and power on time delay
Cooling Cooling by shell without fan
Power Supply 220VAC 50/60Hz, IEC Type C13 Connector

Operation Environment

-10°C~50°C, 0%RH~95%RH

Dimensions (mm)

W270 x H210 x D70

Weight

4.4kg (only power amplifier)

¥ 5-5
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Specification
Standard
Sound Pressure Level
Frequency
Microphone Diameter
Harmonic Distortion
Equivalent Free-field Level

Equivalent Random Incidence Level

IEC 60942:2003 Class 2, ANSI $1.40-1984, GB/T 15173-1994

94.0dB/114.0 dB 0.3 dB

1000Hz +0.5%

According to IEC 61094-4: 1/2" & 1/4”

<2% Stabilization Time: <10 s

-0.2 dB for 1/2” Microphones

+0.0 dB for 1/27, 1/4

Ambient Temperature: 25°C (77°F) / Ambient Pressure: 101.3 kPa
Reference Conditions
Humidity: 55% RH / Effective Load Volume: 250 mm3

Temperature: -10°C-50°C (14°F -122°F) / Pressure: 65 kPa to 108 kPa
Environmental Conditions
Humidity: 10 to 90%RH (non-condensing)

Batteries: 1.5 VV LR6 (AA battery) x 2

Power Supply
Lifetime: Typically 40 hours with alkaline batteries at 25°C (77°F)
Diameter 48*70*70mm
Weight Weight: =180g, including batteries

B 5-6 it B(CALI5)%4:

511 @Bai

R > AP 3D SIS A RS § 1 4 it (FDM) £ &
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Y (SLS) ~ % B 1 (SLA) ~ 3D *f 5 7| Er(3DP) 11 2 3 % 2 54(PUG) > d 2% & 2 83
;E T\i‘ /nlE'?t’é JJ‘[F'T]? ,,.@mz\mlﬁi‘}i’ N Eﬁﬁb#ﬁ#ﬁ*i#i%’}zjk‘;gﬂ;ﬁj
B ATAS S F S 2 Fed A P AR R £ JRAE o i 5 R o A

o

FHEHT  RMPLRET R @A RLL G AT 2 SLA;A PUG
FLF A G e el AL B fi R ¥ % 1 (SLA)ID 7 gl (7 IR B A
Rt A 55 5 SH-8900H » H F it {4 SR E TR 5-7 0 &7 s 82 COMSOL #-
AL S P AT RIS Tl R U BB R R Y
VEEE FREEE M SR SRR - T T A
Rt SR TSR IE S g~ o ARG EAZ 10em 2 F Bl R R

s @ 5-8 0 ERIHiIE S 100.72mm 0 B R 56.7mm > HEEL 5 0.72% 0 B R GE
A507 % # QiEELRiEF UL FHE A RB S 11 Hze d
WILFLE B LA 5 100mm o § B FLFLE PG UIEE B SR R

P RAR A G B N BT R
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MEASUREMENT g TESTMETHOD @6if7iEk  [VALUE #(E
90-munute UV post-cure 90 $5EhE5EL

Hardness #f &, Shore D ASTM D 2240 7788
Flexural modulus %5 fhi & Mpa [ASTM D 790 2.682-2778
Flexural strength % {72, Mpa |ASTM D 790 70- 74
Tensile modulus fi{fEi# MPa |ASTM D 638 25002715
Tensile strength fa{fi%%, MPa |[ASTM D 638 40-58
Elongation at break Wi iE{cHE |[ASTM D 638 12 -19%
Poisson's Ratio jE ¥ ASTM D 638 0.4-0.44
Impact strength notched Izod, J'm

O IR ASTM D 256 35-45
Heat deflection temperature, °C |ASTM D 648 @66PSI 5568
hAF f i B

Glass transition. Tg

RELETEIRE, °C DMA, E’peak 60~75
Coefficient of thermal expension

i i R ¥, °C TMA(T=Tg) 90~102*E-6
Density &, g/em’ 1.12~1.18
Dielectric Constant 115, % 4 ASTM D 150-98 41~5.0

60 Hz

Dielectric Constant 115, % ASTM D 150-98 32-42

1 kHz

Dielectric Constant 115, % ASTM D 150-98 32-41

1 MHz

Dielectric Strength 2255355 ASTM D 1549-97a 127~162
KV/mm

Bl 5-7 SH-8900H %] it #4257
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STAINLESS

HARDENED

Bl 5-8  E /T 10cm i 3 ST A E
512 HERFES
EERIEARY 1 TR ERT - U TR TEFRSF G- f
fio fL el h (P8 SF ~ M (T Ffrd g 1 (TS > RFAES f, UH 2
dOF Y B LR RN G TR AT R Y B R f R

SRS T RREAET A AE T o Gl L TS M - AL
AR v PR B R o R SRR LA RR &R 0 T
Brh T g RMIRE B ERBEEIRR RS 0 FIL F b RILE T
mok @ A B EPIE AR o B ME U] £ Bt S b enf EEfe e 47 K el

Feoo i REER < S & - B EFHEOR % -

Li<f<1., (-1
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RO Bt > FERe BE 2 BB skl o R E

AEES b e BE ERERDRE o AR RS S h P LRF
QNI R S EHWE S ET S & 559 L NP S ET S A

FrMg e 4p mehiE g it ;,grsggzégzgﬁ S B R BTN > AT T o BRAR T
B BRI R i 5o
1. ¥ &1 (P4 & ez et (SNR) A+ 10dB -
2. BEHEF LR EF BEIEORD o

SAEERE - R FRELETT F bk BR A2 KIDEE LR E B
BAFA Y PR BT S A Bt 10dBo N AL REEBE AR A

RIED BEY G RAF DS b KEFF H O JE0 35 5 h B4 fein

MAT o 5 BB R o MR % A b LAREEHSHH - 1§ b 125
SR 2 ARG AR 52 F AR 1 AAE KD FAR2 N RAEEER- xF

TS S RH,, B BE LR TR TS S H,

H, =|H'|e” (5-2)
HY, =|H" | (5-3)
Hj, =(H"-H" )5 (5-4)
H = 5 (5-5)

He Hadn s RERZ @8 IH H S RIES I8 FRERE v 1
WHOEFRE 0 F b 1 G AREEE Y EHI T I BES SEH

C C
H3,1 N H4,1
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514 ERl%H 2
LERE S

1. d-F i b %Kk BY - REEF N HT 1000Hz - 114dB h#ik - ki 8
E b NFAR o 4ol 59

2. ZRERIRE  BRBRLE A F R 10dB 1 o deB] 5100 4ok iz
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3. MEFTBERSOELR AR RE RN E R 2 Bl Sl e bldeiE R
Tk lird ik 2PRE Sk AENREEER - LFA BELR
BRI R BRI SR IR S R e B R R

RIS RTES o H, 0 Hy o H, SH#SSd - 2RSS Bl

Fo xR Botas S kB ok o
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P ORF S AARS B
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Signal-to-Noise Ratio

Channel Calibration

[ ome ]

@ 120
z_ Neise |~ Signal-to-Meise Ratio test is used to judge whether the sound source
-] 100 Signal [205 has sufficient signal at every microphone locations. The measured
T a0 signal in each test frequency band should be at least the limit value
E greater than the background noise. When the signal is enough, the
- &0 indicator light wil turn green
Hmilil O
E 20 e
10 100 1000 10000 30000 | Limit Value(dB)| 10 = Indicator
Freguency, Hz
%7 120 Hoise  |-=
L 100
E] Signal 150~
E— &0
4
o 60
Fmiii 1o o =
g 20 A
10 100 1000 10000 30000
Freguency, Hz
' | S | | SNRZ(dB) | SNR3(dB) | SNR 4(dB)
5 120 Noise o] fiHz} | SNR1(dB} | SNR2(dB} | SNR3(dB) | SNR 4(dB)
§ 100 signal |20 200 38.48 40.55 4591 47 509988
E m 250 38.86 41.30 29.63 39.636472
E 50 315 41.55 41.38 41.33 38.000423
% 400 3779 38.02 3836 38.032915
S 40 I:H:”:lﬂ |:||:”_H:||:| D S0o 34.41 34.39 33.87 34.453308
£ 2 =P 520 36.86 36.26 36.33 32638958
10 100 1000 10000 30000 300 3417 35.57 3164 35.580137
Freqency, Hz 1000 32.37 35.15 3269 34.283243
2 120 - 1250 3221 3264 3246 | 32.869576
b Noise |20 1600 35.52 36.05 36.02 36.053718
g0 signal |50 2000 36.14 36.24 3507 | 3518723
E— &0
a4
- 60
PR LA e
5 20 Hem
10 100 1000 10000 30000
Freguency, Hz

Bl 5-10 &= B %5k 2
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Signal-to-Moise Ratio Channel Calibration | H21C Step 2 Test

Close

Input channel
2 3 4

Place the microphones in the configuration of left figure
and measure twice for each transfer functien H te provide
a means of correcting the measured transfer function data
for mismatch in both the amplitude and phase responses of
the two sets of measurement channels. A highly
absorptive termination must be in place for this procedure
for maximum accuracy. There ig no order of the two steps.
Place the 4 micrephenes in the loctions frem left to right
after calibration to measure the actual specimen

Bulit-in signal generator
Auto Stop | 25 |

Save transfer function data

‘ Start

00:00:24

Hn,ref Ampltude

300 400 500 600 700 200 500 1000 1100

Fregquency, Hz

1200 1300 1400

1500 1600 1700 1800 1900 2000

5-11 ## e
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52 B >IF4
AT AR A DA FRELD O A PRER T RERTRE A1 A0
BRHE» A BW AU AR N R A1 R T4 - F R R AR

BS

WEFARNOEE S AEORA B ERE P b K P RSB NZE
£ * g oriE * 03508 GRAS 43AG-9 Hi-Res Ear Simulator > 4@ 5-13 #7577 »
HwmAfLd Sl BPERERT 1L R € IEC60318-4 R - 33 R B
(G.R.A.S. 42AG Multifunction Sound Calibrator, Class 1) » 4@ 5-14 » i 12 B =
# 94dB ~ B 475 1000Hz 5 ABH 27T - 27 EFL 1B F %R
BRI AE A B A R P A BF RS N BB i e 52245230

B %7 % Bl4eE 5-15 fo Bl 5-16 -

Bl 5-13 4 1 B (GRAS 43AG-9 Hi-Res Ear Simulator)
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GRAS 43AG-9 Hi-Res Ear Simulator

Sensitivity 1.6(mv/Pa)
Dynamic range lower limit 44(dB)
Dynamic range upper limit 169(dB)

Frequency range

100-50000(Hz)

G.R.AS. 42AG ®

Bl 5-14 #-3 »cE B(G.RA.S. 42AG)
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Sound source

N

spe€imen
Ear with
pinna mic.

Reflecting boundary

Bl 5-15 F 543 359 %7 4 B

Sound source

N
—~

Wave guide

speiimen

> )
Ear mic.

Bl 5-16 37§ 3FF %1 & B
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P2 RORFMERE RS L B HAoW 51T BHEAR  Haed 320
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B 5-17 7mm i} § S5 8 E
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Bl 5-18 7mm Z < FlsHEF WE

522 FHEFFR&HKD

T RRIEPFLFY B RABVECHERE M EJYHPEER
FWALA LS 20em e RHERF W HGRE > B Az R bl o 1Y
B Acl 5-19 FH g DERERE  HREL I E LA RE TR
.3-—;—#% 4@ 5-20 f-@/ 5-21 tt,%%;f]%‘:f’? [ I SRR VA - B ﬁia?] » 500 Hz-
1500 Hz 57 1/24 ~ 3 3 ~0.13 KEFT B2 05 > S5~ 183 ofo H fdnd 4
3o MRS UL il € 2 (FFDRT o8 PR AR P A
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B 520 & 6+3 59 % 27 mm i 3 )
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B 522 Fag 82 SRR E
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523 HBPEFFRERD

%‘

Fi 522 P % E G I RBTIE B IET hF PR HEE 0 T
PHEIFSFH I AT RFEML AP AL TR Ta kR E
R R L Rl o e el R L el o O VRO stk AR
FASRGETT 2 §F TEFaop e § AR 230G L1 38N 5
bt 4o 5230 R BRIRB A - BHPFH - FHRESET L ENE S
HEe: 2o Raxl 2l 4oB 524 2B 5-25 5~ 0.13 REFTR
HEL > 12 500-1500 Hz 60 1/24 ~ 5 F A BB F4F4E - B-F ko2 g e § plohi
JRAR 5 s S(SPL)Ap Rt » P EFAF L HF R AHE A B % 0 BESLT
B R RF SRECAI R Y A U & $i8(COMSOL) M 37 B % R Woid B0 o™ 350

BREPMBESEE I RF 2D EPET A

B 5-23 #F % 57 %R
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(a)

B 5-24 #HPFFHFFHRe

]

(b)

Bl 5-25 #HPFH HHE ()7 < FEHEb)E %L TP S
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Chapter 6 2 5%23i1#H
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