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Abstract

The light-weighted sound absorbing materials, that have low density and good
bending strength of mechanical properties, are applied as sound insulation materials
in practical noise control field. The path of sound propagation could be changed or
isolated between the location of sound source and receiver due to its acoustic
characteristics of sound absorbing material. To increase the transmission loss of sound
absorbing material, it is designed as a composite layer of sandwich structure for
industrial used. The reflected and transmitted sound pressure are calculated by the
impedance method in this paper. The transmission loss is also evaluated for the
multi-layer of composite sound absorbing material. Furthermore, the numerical
simulation of acoustic field is studied by boundary element method (BEM) for a point
source. The results show that the transmission loss is 50 dB for the designed sandwich
structure of sound absorbing material.

Keywords : boundary element method, transmission loss, sound-absorbing
materials

29



dEAREE PS¢ 18 B 2R ® P E
L BRI e B PEARY Lz EL- L
i3

Eleweg 2 o 4E5E e Jh (Source )~ @ iEEL T (Path) 12 2 :}%r»]&:dﬂz ( Receiver)
ZRARMEFAHS AR F P ARV FRFIMBAITELS LA A - AR
w3 f-#41 (Active Noise Control ) > ¥ — &8 4t # ;8 sk 3 ¥4 (Passive Noise Control ) »
ﬁ*iiﬁﬁﬁ{ﬁﬁ—ﬁﬂ4éé# i B2 A8 E (BURIL) F A & kg TR SLEDly

NH o FIHEAIER P e A B AR BRI NRRRTF IR R AR FY
Fe Bl enE R B REL S o B A Pk o

EFRFHRET RN RO Ay e R - g ey RO
B &5 E MATLAB %@Mﬂwu R ARV TN S g A L8 A S N A Ca
AT P % BEASY R A E i BRI 0 v TR S A MR LN 2 ¢ g #
,,él_ °

pui)

A A A PR dp MR 2 e B

2-1 #rejnigyii:

?Eéﬁiﬁﬂ%’wwﬁi
PR BRE Mg A RO T A

SERME LB HENHL A LA BT A3 n-l A2 K BBEAS5E230 o0
deB 1577 e

L— TG - NEE RO N B K W ERHE R
B2 2 kAP 17 B RS 2z0 =7 » d=d, a=a,=k,c086, » 7 11 &
@RI 2L B R ol MR ZD - Fe- HRZDHIZY LA 7, adi a0 d i

S dy 0 RIT I 3R R ol B Z o rrRI R - K T

o _ Zn ) —iZ,tane,d,
"z, -z tane,d, "
IR F bt e A or o

1)

z"n -z,
— in n+. 2
Zi(nn) + Zn+1 ( )

1 * #5355 2 8 (Intensity transmission coefficient ) :

30



PEA R S & I R ® S HHE I
Lo ESFEH B PEARFY Lz EL- 1 L4p

K LR/ zRf
27,

qHe o ,é‘”k’fﬁ‘@ Ptr-“?x’.’zﬁ‘@’ltmﬁ ﬁ‘ﬂﬁ’l,ﬁ)‘}’fﬁ‘ﬁfh"

s
:t_ Z|P| || (3)

% %484 (Transmission loss) = ;¢

TL =10x*log,, (Ti) dB 4)
|

2-2 MATLAB #x %8 #- e R

FEREI Y OB FERTEFAFEPEL S U R R e gt N A
T BT MATLAB #i88%: - 22 M2V EF F b ok § W @ i
BRCHRAE P EEAA D F T ATRARS  AHE SRR o AR T o R
- erda i Bl > P E TR E - AN IR TEIFAR -

Fy@ 4l* MATLAB ® GUI /6 # iy > K3 I enfice 4 6 558 4o B 2 9757 o 0t ficle 4
CE R FERTRIFEAS PR LE IR L PR M R F e e s R
A2 AR o B Y R Sl AR Y B TR S B 0 TN R R EES R B iR
BRRE off 7 24 (75 AREANFFLHFE P ofce* AAHEI BV RS
TRALRFF R

B3 5tef 7 > & MATLAB AALF T MIatiap % 5 B4 2 ek X4rdr ~ ok
KR AR s 2P In Rl B 2R T A -

2-3BEASY # % ~ % fiwH 2

BEASY fi#fer —& ¥ * cng "UA 2t S (ARt 45 > BHEEERE AR
+i,waﬁiﬁa@ﬁzkoBBwYﬁ@iﬂ@%ﬁﬂﬁ¢’%~@~aﬁﬁﬁﬁﬁg

MR AT WG S 2 2 R AL B - HReRATE A Z e E v LT LR £
BEAFTU S LR EE R !r“ﬁ“ri B f S LR B TRB R LR
LT R & A ERRE R & ST g e AR U LPAS i SR &

,ﬂ?t‘@ﬁ_iﬁm—&’;Liﬁxés;é;{aé_i:%%ﬁ%\ﬁg‘l&w%gﬁ e sk R PR &
% B -

BSZtmE - kP2 FREma s f AR ¢ 22 255 % B 647 Fredit
L 47T MPars/m B > FlE B dafe s § 7 TRk B BT B KL 0 3 P B

31



PEARG FFE LA BARE B EHER
- B Ewm & PEARL &L -0 4

Wk

i * MATLAB 88 B 3 firie iv A2 5% » g g # ﬁ NI D e 25N cndmiE R
?%ﬂ#mu?@w’vﬁu MATLAB * cnGUI A > k33— B rip s X cnfifie o p o i
BPZAFNTEHLPE IR TEHAR P AF P EE R FENT S
SRR ZEFEEZSNTEFLE -

3P g e BEASY it K %FE AT P TR B e IR EF o

B o2k

AFEFTARBAPFNRY LPFFETRFIETAHE S F P RBFE R
( XW93166P094P00 ) -

&~$%6%

=

PR BEEHRE Y AR ET A 2EPBERL 7 0 £447 > 1999 -

2. Harold Lord, William S. Gatley, and H.A. Evensen, Noise Control For engineers, Sy
dURAr > & A5 > 1985 o

3. B ES REE Al AKE R A, 5 1099 -

4. Randall F. Barron, Industrial Noise Control and Acoustics, Marcel Dekker, New York,
2003.

5, M- FlespfFr kAP is 2Ry O REZP LAEFRRI/TT TR LA
Bz > 2000 o

6. E. Haaren, P. H. Tol, “Validation of Acoustic Applied For The Modelling of Noise
Barriers,” J. Sound Vib. Vol. 231, pp. 681-688, 2000.

7. J. S. Bolton, N. M. Shiau and Y. J. Kang, “Sound Transmission Through Multi-Panel
Structures Lined With Elastic Porous Materials, ” J. Sound Vib.Vol.191, pp.317-347,
1996.

8. P.M. Morse and K.U. Ingard, Theoretical Acoustics, Princeton University Press, New
Jersey, 1986.

32



™
o
M

@ é LA
Pt g b !

ek
€1

% fﬁﬁ“’% [~
Lo L4

I
nE

«-N}'z iy

>
>

i

\H

9. L. Brekhovskikh and Yu. Lysanov, Fundamentals of Ocean Acoustics,
Springer-Verlag, Berlin Heidelberg, 1982.

4
4 5 o
9 5 Fil: Edit Yiew Inedt Tools Window Help
N ¥+
z{ n+1
B
kdn mn=l)
¥ Zin n 1
L
Onor | 5172
y £ n-=1t 08
]I. U B
n=3) 06
rd“'2 Zin n-2
] 04
i B
] 3
122
) 02
z.r'n
I
d th 2 % 0z 04 06 0B 1
2 |2
>\ 1 K-_ BR 1B iR 2B RS
78,
Z R & o — 2 5 -
Bll 8 AFAPT LR B2 MATLAB ## ™ “r3k e i w
File Fiew [mert Took Window Help
BRI
70
) Command Window
Fie Edit ¥iew Web Window Help g
Using Toolbox Path Cache. Type "help toolbox_path_cache" for moze info. = B2
Warning: Mirectory yermission denied: £, E 55
& o
To get started, select "MATLAE Help" from the Help menuw. E
2 & BiR3
»> composite =40
SEEN * =
jﬁmﬂﬁﬁlﬁﬁﬂﬁﬁﬁ (Pa*sin) = d7e6 35D i 3 T o
SEHMBHIFEE (n) = 0.0 fraquency (Hz)
S BHLIAEEE (kefmh3) = 700 BR 1B 2B
s
) > s s , X P R RN
B3 MATLAB 1ALE ™ MRt & £ ¥ Bl 4 484~ RiR A S g 2 = P ie iR

FH KA L S AT B AE

|| ) u|v|-u|uud

Bl 58 - K4 #redus 415 Pars/m & o o # Rl 6 H - &= Fredii 47 MPar‘s/m > B354
BAETHERG 2TERAEL # el

33



kS
o

I

n3E
4 e

o

M
ey

R

Tl

=

N

picl

™
My
Uid
X

LR
(\.ﬂ .
o &
e
-
n
JP"‘\

3
[

s braTaloet s oudut mard.

T man o oasais
TOLE BT GUENTTCS ATC 0 MRl T
TreRIG - OETNT =

i




