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A study on the sound transmission through double plates installed
inside an impedance tube
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ABSTRACT: In this paper, derivation of the STL (Sound Transmission Loss) of the double plates installed in an
impedance tube is discussed using an analytic method, where an air cavity exists between the plates. Vibration of
the plates and sound pressure field inside the tube are expressed in terms of infinite series of modal functions.
Under the plane wave assumption, it is shown that consideration of the first few modes yields sufficiently accurate
results, and locations of peaks and dips are investigated. It is determined that the peak frequencies of the double
plates coincide with those of each single plate. When the two plates are identical, the STL of the double plates as
well as that of the single plate become zero at the natural frequencies of the single plate. The location and amplitude
of the dips are investigated using an approximation solution when the cavity depth is very small.
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Fig. 1. Incidence of a plane wave onto the double
plates in a rigid duct.
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Table 1. Values of the coefficient «,,

Reference [6].

in Eq.(14) from

Mode 1 Mode 2 Mode 3

a,; = 1.0000 = 1.0000 ay, = 1.0000

5= 0.0142 4= 0.0101 ay, = 0.0326
a,; = 0.0020 a5 = 0.0020 ays = 0.0073
ay, = 0.0142 a, = 0.0406 45 = 0.0326
ay, = -0.0031 a, = -0.0022 a,, = -0.0019
ay; = -0.0009 a6 = -0.0007 a,s = -0.0010
as, = 0.0020 as, = 0.0070 ag, = 0.0073
az, = -0.0009 as, = -0.0011 ag, = -0.0010
ass = -0.0004 a,s = -0.0005 age = -0.0006

Table 2. Simplified expression of the mode shape &,
for a clamped square and parameter A
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Fig. 2. Convergence of the STL of a clamped single
plate (» =3 mm) vs. number of the modes.

H =Boj| A REEESTLY] Aehe A5317] 9
off S A X ¥ o] F¥he] tis FEM 2112} Fig. 3
of Bl st & AA TS & 4= ek FEM 28
S YEWY S e 40 A4 gtsh s A
A3} FA3Ie) Fig 3014 £y f1) = 2 19] ] 2 13}
TL]ELZ%, 2L y129] 1) 3 18 Ureb T Fig. 3 0|8}
wE Aol A o] mE 4] S mefsl ot

100

Double plate
h1 =2 mm,h2=3 mm, q=500 mm
1)

90 4

80
©o FEM

704 —— Analytic

60

50
3

STL (dB)

40 H

30

20

T T T T T
0 100 200 300 400 500 600
Hz

Fig. 3. Comparison of the STL of clamped double plates
(h, =2 mm, h, =3 mm, ¢ =500 mm) by Eq.(37) and
FEM.

A1 75200 o sl el
#40] 215 STL 2418 Thx) ) of H] 3]
oo o] 53t

o] % ol 4] 5 7
3} o] Hrk

oF me
e
o
o
o
v
)
g
3
>

Ot S FelRX] H35® M4 (2016)

140 4 Double plate
h‘=h2=3 mm, =50 mm

120 o

————— Simply supported
100 4 —— Clamped

STL (dB)

N
; T : | . T . { . T :

0 100 200 300 400 500 600

Hz

Fig. 4. Comparison of the STL of double plates for
clamped and simply supported boundary condition.

T = 1/|(1+1/af)eik’q—67i"q/af‘2. 42)

Eq(42)= 1/a, = 0°]|A] o]F 2] STLo| Al=7} 3
<& Hoj=t| Eq.(41)oll 4] & 2] STLo| A&7}
Bt 203} A5G o - ek Fig 5tz A8 el
SA7F 25 3mm¢Q) 0]% 9o STLY} el fﬂriﬂ STL
2 H| W3} =1 Table 29] = 13} 59] 18- A=
o B 1, 17,0 5540 2 STL—0
Y= HolEth Fig 5914 fi= Eq(5)2FY f,=
w,/2m B F=0 A =] o 7] of A &= Eq.(43)f] &] 3ff STL

——Double plates (q =30 mm)
1204 single plate

STL (dB)

T T T
200 fb 300 400 500 T 600
Hz f5

Fig. 5. Comparison of the STL of a single plate (» =
3 mm) and double plates (h, = h, = 3 mm, ¢ = 30
mm). The boundaries are clamped.

Eq.(37)0l| &J3lH o] 79| STL2 o, = 0, =
a, = 004 52L& Hol=d| o] 2712 Eq.@é1)°llA]
T o) w3 YR AT 23S L 4= Q)] Fig. 6



90

80 & Pl

70
Double plates
60 h1= 2 mm,h2 =3 mm,q=30 mm

50

STL (dB)

Single plate: h=3 mm
401 gle p

30 Single plate: h=2 mm

T . T
0 7004 £2 200 300
FCEN

: :
500 f(52) 600
a fo Hz

T T
1) 400
s

Fig. 6. Comparison of the STL of the double plates
(h, =2 mm, h, =3 mm, ¢ =30 mm) and the STLs of each
plate with » =2 mm, and » =3 mm). The boundaries
are clamped.

MR THE o5 HO| STLO| T&
Eq(37)& A4 0.2 s Asfo
o) 7B DA OR AW & 5= 9l Eqg (37)o1w
kg <191 73-- STL2: Th&-at gho] F=of .

‘l"‘l"'—

T,
m&
>t
2

=

o
[=)

A

—

STL =~ 10log[1 + (r, +rykq)? +r?K*¢]. 43)
o171 4
- [%W(wf—wZ)Jerﬁ(ﬂf—w?)], )
2pcw;
= DAV~ ) (2= A)] @)

’ 2pzcz<u2.]18

r,= /12 —2r,. (46)
Eq.(43)0] A Th& A1 TH5E off STL2 & HQIch

r, +rkqg=0. 47

5 o] 478 0|3 Buke] Sukratel 259

Eq.(47)9] & ke < 1 ff A O 2t 32
o] ot}
, (Mt +00R) MG YW} — (%)°
W, =~ - q 9(48)
(M, + M) pey (M, + M,)?

o, 1 M+ 2h)pes! (MR + M) 49)
wy = —

"a o MY (24, +245)

749 22 g7k Ao w4t v 0. o]

R

L}EMJE}. Thd = 7He] o] Fd3h Eqs(48)3t
(49)= a1k o] Hrh
W, =Wy, (50)
2p '2Jl4
o :% AZYQ +ub, 1)
141
Fig, 70]1%= o1 2] 71 712 g oo} 0% 7] STLS:

H|maglet] T8 Uehhs 2k 7,0} £/, =
4/ 20) g7} A 7ol whe} Eqs.(48)7} (49)of ute} 21
202 o|F5}n] 20| ol = A AL Holzrt,

70

STL (dB)

Fig. 7. Effect of increasing ¢ on the STL of the double
plates: »,=3 mm, h, =5 mm.

V. 8 E

[

vtk 7 o] A she ATk o ololAl &

The Journal of the Acoustical Society of Korea V0l.35, No.4 (2016)



260 A8, 187

_l_4

A aL2Rl oA 9] B9 A 472 B s
Hololw STLS 223 Juw e o 23
o] Ho] |7 Z171o] T =}
o ol M, 2] T
TLE b gl ubi b = whe] 31
oA Zﬂ?ﬂ} k. 3715 1 2o] AL A%

o] Aol AT Fi4E ST
|22 B-g7)5-we) FAFsE e
715 717 0] A d5s Aol g 0 2 o)
oIk

h &

=)
ki

(o
(0]

[

o, 1
‘10 b
r{o pats
J,‘L

E 3

hs
e

g
LT

© B 41 2 oot lo Ay

filo ol

PE
%

ZtAte| 2

B R 974 A7) AT IR A Sk
B/ale-8 I35 B4 A AH §37) 4 e 28

/\]-0414-11] “—’-Eﬂlﬂ]—;{ /\] /\Eﬂ_,] —rxkz]r)r ol Oﬂxlix“
7| el At At 5 Yol

References

1. R. Piscoya and M. Ochmann, “Calculation of the transmission
loss of thin plates in Kundt’s tube,”
560-565 (2012).

2. H.S.Kim, B.K. Kim, S. R. Kim, and S. H. Lee, “An analysis
of the sound transmission through a plate installed inside an
impedance tube” (in Korean), J. Acoust. Soc. Kr. 34, 219-226
(2015).

3. A. Osipov, P. Mees and G. Vermeir, “Low-frequency airborne
sound transmission through single partitions in buildings,”
Appl. Acoust. 52, 273-288 (1997).

4. S. Varanasi, J. S. Bolton, T. H. Siegmund and R. J. Cipra,
“The low frequency performance of metamaterial barriers
based on cellular structures,” Appl. Acoust. 74, 485-495
(2013).

5. F. Fay, Sound and Vibration (Academic Press, San Diego,
1985). Chap. 4.

6. A. W. Leissa, Vibration of Plates (Acoustical Society of
America, New York, 1993), Chap. 4.

7. L. Meirovitch, Analytical Methods in Vibrations, (The
MacMillan Company, New York, 1967), Chapter 6-3.

8. R. D. Blevins, Formulas for Natural Frequency and Mode
Shape, (Van Nostrand Reinhold Company, New York, 1979),
pp. 261.

in Proc. Euronoise,

TS TX] Hi35¢ M4 (2016)

| xx} o2

» 21 &

@

—

Al (Hyun-Sil Kim)

1980: A2 THS 7|72 5tat
19824: KAIST 7 || Zstat AMA}
19894: Georgia Tech 7 |7{| &2 &t} Ht
19913 ~ SAXN: =27 | A| 1 & ZHQIH

—u:l

» 2 2 7] (Bong-Ki Kim)

LA
o

I-E=1

> 21 =

[=]

M2

199031 22: KAIST 7| |25t} BHA}

199243 221: KAIST 7| A2 5ta} AA}

199743 224: KAIST 7| A/ 25t} BIA}

199743 32 ~ 200013 2: ALMKIE X}

20001 38 ~ BHXY: Bt 7 | AHATLLY &
79l

(Sang-Ryul Kim)

199313 2.8 HAMCHStw 7| A|lSStat StAL

19955 221: KAIST 7| A= 8t} A}

20061 22: KAIST 7| A28t a} tiA}

1995\ 39 ~ XY BT | A KT
Pt

zZHol
aul=!

€ 5 (Yun-Ho Seo)

200314 2

20094 2!

201246 &

201213 78 ~ SIXY: BH27 | A G Mo
et

<BAROP AS/TISHO], MEAZIA o

TRFIE, ASH2 L 2

AMIcist 7| A S
KAIST 7|A|Sstof 5hAL
[HK_TI_O-I

_,_

StAb

» O ™ Al (Pyung-Sik Ma)

2008 2€: MECHstm
0

20101 28 M et 7 |AE a2 ss
MAt

201413 22 MrHEtm 7| A\ SRS
HEAL

20143 3 ~ 20154 3E: ArM
Ilae

2015 42 ~ SXY: St
ol





