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Underwater acoustic power should be measured in a free field, but it is not easy to implement, In practice, the measurement could
be performed in a reverberant field such as a waterfilled steel tank and concrete tank, In this case, the structure and the acoustic
field are strongly or weakly coupled according to material properties of the steel and water, So, characteristics of the water tank
must be investigated in order to get the accurate underwater acoustic power, In detail, modal frequencies, mode shapes of the

structure and frequency response functions of the acoustic field could represent the characteristics of the reverberant water tank,
In this paper, the structure—acoustic coupling has been investigated on a reverberant water tank numerically and experimentally,
The finite element analysis has been carried out to estimate the structural and acoustical modal parameters under the dry and
waterfilled conditions, respectively. In order to investigate the structure—acoustic coupling effect, the numerical analysis has been
performed according to the structure stiffness change of the water tank, The acoustic frequency response functions were compared
with the numerical analysis and acoustic exciting test. From the results, the structural modal frequencies of the waterfilled condition
have been decreased compared to those of the dry condition in the low frequency range, The acoustic frequency response functions
under the coupled boundary conditions showed different patterns from those under the ideal boundary conditions such as the pressure

release and rigid boundary condition, respectively,

Keywords : Structure—acoustic coupling effect(x—S8F HMS ), Reverberant water tank(ZFek~=), Finite element method(&-ot
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Fig. 1 Reverberant water tank

Table 1 Dimensions of reverberant water tank

Dimension Value (m)
Length 5.00
Breadth 3.50
Height 1.95

Design water depth 1.47
Support leg length 0.31
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(a) Structure model

(b) Acoustic field model

Fig. 2 Finite element models for numerical analysis

Dt ORjojE] AY(Case 1), HIMM A| S8 22 Ti2j0(E{R}t &
SFEto| Ful-3E AH(Case 2 & 3), UMA| x=2| =E 1t
2lo[Eet SeFEte| Fulr-SEE MH(Case 4) S22 &5t
o 3o, A7| L2 Table 301 LIELHRACE ofmlf =X]
Al BlEAM(Lanczos method) 7[Ele| 24 DF%| Azt

=4
= Y 7[He| ZHZISsH 1M e &SIt

ol

T”

Table 2 Material properties for numerical analysis

Material ltem Value
Young’s modulus (GPa) 193.05
Density (kg/m®) 7,940
Steel
Poisson ratio 0.30
Plate thickness (m) 0.01/0.05/0.10/1.00
Young’s modulus (GPa) 70.00
Glass Density (kg/m?) 2,600
Poisson ratio 0.22
Resilient)  giittness (kN/m) 3,800
mount
Density (kg/m®) 1,000
Water
Sound speed (m/s) 1,430

Table 3 Numerical analysis cases

Uncoupled
Case - Coupled
Structure Acoustic
1 0 - -
2 - O (rigid wall) -
3 - O (pressure release) -
4 0 0 0
4 N
Rgpze| PE-S8 oY BN AP 95 AEe &
AR A SEREIMES TR0 I SHUX|A
2 HipiM g b A

4 El ¥Q 0 J
pa |
_OT'_'_

r o

S Ml TS FESI RIS, SHURIME0
Chsh 71RIEDL =85S Fig. 30l LIERAQUCE ARSEl Rl 3
ol BEA7|(B&K pulse), ZZA2X|(Dytran 5802), 7RSTA|

(Dytran 3148F) 50|08, I 7ML Fig. 49t Zcl. 3HH, 89}
TAEe o 83 FuSHE: £F Y SUEH mols ¢
of TASIACEL 582 Trekex W7o 274 X1y, S &
skemel Esg S0 BT 1 AEE MEsRC S8 sk
AeE doied Folsoll chof 7Ixlo| Solgh Falut AR A

(sine sweep signal)E ARSSIQICE olmf, ARSEl ZH|= FIks
2MTI(B&K pulse), S&7EI7|(Neptune sonar D17), FA17|
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Fig. 3 Location of the structure excitations and receiver
points (O : receiver point, @ : excitation point)

PC

Frequency analyzer
(B&K pulse)

Impact hammer
(Dytran 5802)

Accelerator
(Dytran 3148E)

Fig. 4 Configuration for structure impact test

PC

Frequency analyzer

” (B&K pulse) —‘

Monitoring signal

- Conditioning
Power amplifier amplifier
(B&K 2713) (B&K nexus amp.)
[ [
Transmitter Hydrophone
(Neptune sonar D17) (B&K 8103)

Fig. 5 Configuration for acoustic excitation test
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Table 4 Comparison of structural modal frequencies
obtained by numerical analysis and experiment

Mode order 1 2 3 4
Numerical | g 5 | 106 | 16.9 | 22.7
(Hz)
Uncoupled | ZPEMMeNt | g9 | 109 | 16.4 | 24.0
(Hz)
Difference 0.1 0.3 0.5 1.3
(Relative %) | (1.1) | (2.8) | (3.0) | (5.4)
Numerical | 5 5 | 76 | 12.9 | 14.2
(Hz)
Experiment
Coupled (H2) 5.5 7.5 113.0| 155
Difference 0.5 0.1 0.1 1.3
(Relative %) | (9.1) | (1.3) | (0.8) | (8.4)
Relative (%) = | experiment-numerical | /experiment:-100
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<Mode 1>

<Mode 2>

<Mode 3>

<Mode 4>
(b) Experiment

-

Numerical

(a

Fig. 6 Uncoupled mode shapes of the structure (Case 1)
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22} 242 8 Hz8l 546.2 Hz2AM, 2 RO|E EQls =olgt =
C ol= 7x2 28| Hot= HrHoll thst ZA=A xlo
oI5t Atz AIZEICE Shd, $RA[EHME S8k A Al(Case 4)
SEEL| 1~34} DRSSt AZnRl 0.0%0AM 1.7%2] A
Ol XjolE Holod, H|oid Zulel H|WSINS I Case 2ECH

Case 39| S& EMu} RAleS =olg 4= lct
M A|(Case 4) 1AHRE]

Fig. 82 H|24M Al(Case 2 & 3)2t
ARIR|S| SEEEES Aj=HZ H|wsto] LIEfH Ziolch 1
SRS v W Ane} olr [X|Z Case 42| SSAZE2 Case
22Che Case 39| SEHZED FARRES &olgt 4= Ut Case

X

H IRtsTel SYYRES Sofl 2 ATl ek

<Mode 1>

<Mode 2>

©

<Mode 3> <Mode 3>
<Mode 4> <Mode 4>

(a) Numerical (b) Experiment

Fig. 7 Coupled mode shapes of the structure part (Case 4)

Table 5 Comparison of acoustic field modal frequencies
obtained by numerical analysis and experiment

Mode order 1 2 3
Case 2 2428 | 281.9|317.5
(Rigid wall, Hz)
Uncoupled c 3
ase 546.2 | 599.9 | 651.2
(Pressure release, Hz)
Case 4
(Numerical, Hz) 528.9 | 578.7 | 626.8
Case 4
Coupled (Experiment, Hz) 520.0| 578.5 | 628.0
Difference 8.9 0.2 1.2
(Relative %) (1.7) | (0.0) | (0.2)

ol thst ZA =242 rigid wall condition” 2Ck= “pressure
release condition’2} FAFERS folst 4= QUct
Ol Sall 72l Rrekezxo| SR M Al F=RIiA o
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a
oidl Hrtol| cheh g1z ohel
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“pressure release 71" Ag5h (0N SEE 2Hof| Chsl
xsiAls sdlsks Zo| 2ot A8 4 QUotd ALRECE
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<Mode 1> <Mode 1> <Mode 1>
_— ’L ~_
; Ei J QJ
<Mode 2> <Mode 2> <Mode 2>
I

<Mode 3>
(b) Case 3

Fig. 8 Mode shapes of the acoustic field (Case 2~4)
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<Mode 3>
(c) Case 4
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Fig. 102 Case 2, Case 3, Case 40l CHsl xlsiAle S5t
SExlO x—l—/F— fe==8 TA|SH Zd0|Ct Table 501 Hol HiR}
FEls4= Case 2, Case 4, Case 3 T2 =
Al LD glon|, oM IRAIEs U DRRC v|m Ane}
OFZDIX|Z Case 401 it Foe-SEES= Case 2(rigid wall
condition)2C} Case 3(pressure release condition) 2t FAFSH A
&g LIERL QUCL

— Experiment
----- Numerical

5 3 83

FRF (dB re 1Pa/Pa @ 1m)
N
[=]

0 il
20
_40 L
0 200 400 600 800 1000
Frequency (Hz)

Fig. 9 Acoustic field frequency response functions obtained
by experiment and numerical analysis

77“E 7|x 0.01 mO{IH 0.05 m,
.00 mz H42P\I9'ID1 FRSIM S FRSIICE olof| Ci
Sixto| 1~4X} DREESE H|wSl0{ Table 601 LIERAA

S FOl-SEEEE Fig. 112} Fig. 1201 242t LIERK
QAT M AHHZ B2} Z0| "I FHIE0.01 m(Case 4)2!

I—Coupledv
----- Uncoupled (rigid wall)
<<<<<<<<< Uncoupled (pressure release)

s 8 &

FRF (dB re 1Pa/Pa @ 1m)
N
(=]

oyl

20

_40_

0 200 400 600 800 1000
Frequency (Hz)

Fig. 10 Acoustic field frequency response functions obtained
by numerical analysis (Case 2~4)

Table 6 Acoustic field modal frequencies in cases of
variations of the plate thickness

Mode order 1 2 3 4
Case 2 242.8|281.9(317.5(348.2
(Rigid wall, Hz) : : : :

Case 3

546.21599.9|651.2(680.0
(Pressure release, Hz)

0.01 m |528.9|578.7|626.8 | 665.6

Case 4 0.05 m | 429.8|477.2[533.2|559.7
(Wall thickness,

o) 0.10 m | 354.7 | 433.4| 4662|5132

1.00 m | 250.6|292.3]323.7]358.7

—Pressure release

----- Wall thickness, t=0.01m
---------- Wall thickness, t=0.05m
~-Rigid wall

5 8 &

FRF (dB re 1Pa/Pa @ 1m)
N
[=]

0

204}

_40_

0 200 400 600 800 1000
Frequency (Hz)

Fig. 11 Acoustic field frequency response functions obtained
by numerical analysis (t=0.01 m, t=0.05 m)
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—Pressure release

E e | Wall thickness, t=0.1m
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@ 407
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«
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40t |

0 200 400 600 800 1000
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Fig. 12 Acoustic field frequency response function obtained
by numerical analysis (t=0.10 m, t=1.0 m)
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