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ABSTRACT

Though multi-panel structures lined with a poroelastic material have been widely used to
reduce sound transmission in various fields, most of the previous works to design them were
conducted by repeated analyses or experiments based on initially given configurations or
sequences. Therefore, it was difficult to obtain the optimal sequence of multi-panel
structures lined with a poroelastic material yielding superior sound isolation capability. In this
work, we propose a new design method to sequence a multi-panel structure lined with a
poroelastic material having maximized sound transmission loss. Being formulated as a one-
dimensional topology optimization problem for a given target frequency, the optimal
sequencing of panel-poroelastic layers is systematically carried out in an iterative manner.
In this method, a panel layer is expressed as a limiting case of a poroelastic layer to facilitate
the optimization process. This means that main material properties of a poroelastic material
are treated as interpolated functions of design variables. The designed sequences of panel-
poroelastic layers were shown to be significantly affected by the target frequencies; more
panel layers were used at higher target frequencies. The sound transmission loss of the
system was calculated by the transfer matrix derived from Biot's theory.
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Fig. 1 Transmission loss of a poroelastic material
layer for various values of the design variable y, .

3.2 HiEHHSE Bt HAIEZN Y48
B d7oME dedd Husts A4¢ 84l
He #d HAHA) AS 144 WdHHg 2R
2 ARt HHAE A 2P P42
AL ofeigt Z
min|T(x,; ;)
N, (7
subject to Z x.2V,
e=l1

ADAA [T(z:/) & 4ARE 2, o e 24
Br2A AYeds Aume 2AE ALAS
79 Auge Aoz A Agss AL
@ golth 23 Fsig £ ool dw AYASE
AA N2ge AT WY AQ)2RH FT A

- 730 -



A Bl 7 £ o NoE dAESY &
ME2A AA99e olitatg 9 st o
AAESE 4 7 000012 o, P & g3psty
HEdg el 19 % 71 de dego] £
A Foll AFEEz AAAE AMFzAL AH) AHA
BHAN FSAT AA s Fol A FFE ¥, ©]
golojol & onjEtt & MHAYHA L
£ #de o] 4 5F ol A}

HAH3 dmEFo] HAMSE 87 YA
£ AAdre g EAT Agzae s
(sensitivity) & Alitate]or gch B 2a9) 3¢,
EAgo] Eole AGAF T o AAMS o
 93=E fddom frdE o] u¢ B
oz, 482 Y(finite different method)& ©]-&
gt 2 RZZE T HHY dnydze
HAHHEAANA EE] AMESE MMA(method of
moving asymptotes) ¥12Z"9& A48}

4. EEX-I'E Wi HA oA

AAE HAgo] wet FSAE £ Fae
FA9 12k 9Fud 72& g HAY
9& Fig. 200A 9 Zo] x WFo2E 38T
TE 2 Y¥gozE F¥Eda ARE dA9Y
FAE 4 cmol¥ 3 807 $o2 ol £
A QAlehe Sotoll did] MdAGY uldlM FHEH
€ g9 o2 HA REulel 10% ol&= A
o olefdt FAYYE uigoz AN A dug
& F3td 8071 HAMsE vtEH o2 sfXE
o 807 B& A4 F4A F Ev Hds 53
AozA A2 Aol gudr £ oo
A2 E2A gy Axye G ETsdg
E3 ¢Rvlwoltt. Elfegk o AAE BEAA
= Table 19 #AA18H%ich

Alr Al

dem

Fig. 2 Design domain

Tablel Material Parameters of polyurethane foam

Material parameter Value
Density of solid phase (p,) 552.5 kg/m®
In vacuo bulk Young's modulus (E,,) 2.2x10° Pa
In vacuoloss factor (1) 0.98
Bulk Poisson’s ratio (v) 0.01
Flow resistivity (o) 67670 MKS Rayls/m
Porosity () 0.819
Structure factor (') 257
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(a (b) (c) (d
Fig. 3 Comparison of three optimized configuration
and a nominal configuration. (a) A nominal
configuration with a panel of 10% design domain,
(b-d) Optimized multi-panel structure lined with a
poroelastic material at 1.0 kHz, 3.0 kHz and 5.0 kHz,

respectively.
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Fig. 4 Comparison of the sound transmission loss
curve of nominal configuration and transmission
loss curve of configuration which is optimized for
the target frequency of (a) 1.0 kHz (b) 3.0 kHz (c)
5.0 kHz.
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