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Fig. 1. The model of plane wave transmission through

an underwater acoustic coating.
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Fig. 2. The model of sound radiation from a coated

plate excited by a line force.
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face: (a) calculated by Comsol; (2) calculated by the
method of this work.

MBI T DUR Y, SRR A 7 ot J= N Y
e B ABRE BN T, MUCRE = I o B A s, 3
AF LA, T KR EARIE DL TR R, B
JERKAZ S 1 A B S . AREUR KT 5
i RTLAE ), BOR U5 T R 4 SR A Comsol Y
THEEAE RA- 38, AT TG 207 22 )= (RO
FARRRI M, S5 ROT R ML bRy T PAEE

21

3.2 WEEEAWMLEIE

N DI UETT SRR KT AT 1, B A
Comsol ARSIy T 535 518 o J= AN 2 1Y 78 i
JREAE D FRAEOL, IR x 10712 WAEJXTLE
6. W AR, THEEAREY, BRI R RN
A IR T RE B R &, BB TT T RE S S L AR
SR 2 A (1 A AR A IS DL

90

(a)

80
70
60 4|

50

FIE /dB

40

30| li —— ST

,,,,,,,,,, Zk
20 ComsolZtH

10

0 500 1000 1500 2000 2500 3000

90
(b)
80

Figh /B

0t ¥ —— Ok
rrrrrrrrrr ComsolZt

20

10

0 5(.)0 10.00 15.00 20.00 25.00 3000
K4 BxEGZERENFNER  (a) HEELZ; (b)
s A w5 =

Fig. 4. The radiated sound power by the plate with:
(a) homogeneous coating layer; (b) coating layer con-

taining horizontal cylindrical cavities.

4 EREINESAT
4.1 EIBWR

FABIROR B 7 DR BRI BRI, i 8
17 22 fs 7 i = 45 ) A 75 T R 1 5 Ffeos. MBI AR R]
LA, AR, 7 52 R0 7 DA AR A, B
B AR BOBLIN (75 D R AR — 2 AR s i, 8
O ) 2 ff 7 S I ) P D R B A i 2
JEIS RS Th

PAE 120 5 mm 2 5 (0B 51 280, 7 b s
P78 o R A SRR HLEE. 75 Tl S ONIE T R LR AR
. PRI B AR IR Bh 221 7 2 R A% )
PR BTEL, T RREHLE, B e E T
7 i J2 X AR B A R, HLR TR B ks 1%
i R AR . AU RN AR RIS OLT,
SRR T i A T B AR T AR . SRS
AL LRIV, EEGEMISEA R =30
B

154301-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 154301

an]
o
N
=
18
— WS E
30 e ZEEAARE mm
o ZIEART.5 mm

20 . . . . .
0 500 1000 1500 2000 2500 3000

5 AL
Fig. 5. The comparison of sound radiation from vari-

ous coated and uncoated plate.

4.2 BEEIEERAINIRIIE

A (28) v 5 A 2 A bR 3R T 22 D5 3 R
6 . MBI RT LA RS, A E =
FEARBRE AR 2 AN s, AR BB 2
T i 2 IO DU, OB I R R 2 AR JE 52 3
TSR

—80

— R
] KSR
— R

—90

—95

—100

FiH#E/dB

—105

—110

—115
0

500 1000 1500 2000 2500 3000
R /Hz

K6 T 75 BEx L

Fig. 6. The comparison of dry surface’s mean square

velocity of coated and uncoated plate.

JC7E )7 KRR Bh 715 07 RE v AR IR N
fl”;: iZ0 + 7. (33)
BB &= W AR R s J) % J7 B (13) W] LA
TIRN
fm

— =12 + 2o, (34)
Vim

Hr,

L, 1 mm )t
Zy = 2[Plh1w—wD1<LI> :|7

. ~ a
Z1=1 |:; pOWZm,pa:J )

Ly b
Zy = 17pewa, (35)

V1 AR T IR m RS TR, Zo A0SR T B64A
WE S K. X — AR 5 7 R, ki
WA S HRFIE. Z) T AR, 7O AR AR B
INJIRRTE. Zo A R I, KA o 200 i)
WREISEFIB NIRRT, 21 A0 Zy B RE AR BT 9L,
ST N BN AT B

1.0
~ 0.8
=
2
R 0.6
0'4 1 1 1 1 1
0 500 1000 1500 2000 2500 3000
1.5
1.0
= 1B !
B 3
= o ) _ _
0 1 1 1 1 1
0 500 1000 1500 2000 2500 3000
(a)
A3
e
B
S
0 500 1000 1500 2000 2500 3000
MR /Hz
15 -
1|§5|\ 3[;/I\ 5k 78
S
3 10 o
B
_R 5 0.5 //
0 0
0

0 500 IOIOO 1500 20.00 25;)0 3000
$iE /Hz
(b)

7 ARESEFEFA T AR RSN (a)
WaEFR; (b) WA kEEEE

Fig. 7. The radio of additional odd-modal mechanical
impedance of the coated plate and that of the uncoated
plate: (a) the case of homogeneous coating layer; (b)
the case of coating layer with horizontal cylindrical

cavities.

(35) 3 @ M by, IR R U (25) KPR, 20
AR S 18] (48 & 1 L, ALAT (35) 20ml BLH I 5

154301-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 154301

B T A 2 R O T 5 3 BB N s b
Im(Zs)/Im(Zy) B0 77 BH EE Re(Z2) /Re(Z1). 5
51 7R B R AR R O B 2R3N, BT AR BOR T
DG RRI BT BN RS, M )2 S RO
AT 5 B AT B A5 1 B n 73 70 e AR B i 7 BHL EE 4n
Kl 7 .

Eﬁfﬁﬁﬁﬂ“,Qamhg ~ 0, ZREASFBIES 2 8] (1) #5
SEF, by ~ f§21,1a1, e AR F A R
W I LE Lo/ Ly ~ 1, S50 K R 2 2
[7) B /7 L 470 A0 7 87 o 366 42 2 7)1 BEL S0 A4
ZAKR, B ZEBERRN. BreAR 25
SRR SR, XWX R R TT
THPE RN AR U 6 JE I AR — 2

TE R A, 355178 35 3 A X R Bs A
AR A2 10 B I a0 AR 2 ek, LB m 7 B
Frisghn. 2B S EMLSAE SR, HEmEs
X I P B0 g BEL D % 25 1 i) 2 s 7 i 2 R e B
03 FEL PR R {2 45 ) 7 s J2 R AR 4B 40 10 15 75 45
F, 256 KE, Bk EE G E G, Fakn i
PULE A L S B O, S A5 T S i A 5 2 I A AR
)5 TR FEAE A A B TR ).

4.3 BEEMIRNMETEREIIE

Bl 8 A A (30) vt B ¥ 50 78 15 2 A2 s
BHREMIRI LB BE. WEHRTTLUE H, KA
I, 35950 7 o5 2 A0 25 i 7 56 2 (1 4IR B0 A% 38 45 2k #0
Ebde /N, fE8UE Bk — %G 5002700 Hz i,
7 78 75 )2 IR B AL B P R R N T I A 15 R
2700 Hz LA BB, 25 1878 5 2 MR A% 1 451 0k
B R K THEERZE.

20

o IR

--- WL R

15

10

STILFUE RPN
ot

0 1000 2000 3000 4000 5000

K8  IRahfEiddik
Fig. 8. Comparison of transmission loss of mean

square velocity.

N T T IRENAL IEBUR KA, & Z b
PR E PSR Z A 5 &L AR (20) 3K, &
g AN RIS Z B RS S VR R, 26 m (AR X R
T HE S TT LA IR A

Ug7m(—h2)
= v2m(0) . (36)

2
cos(amha) — @am sin(a, hg ) —"
Pe Ly

K g 1 F T i, , FE IR T 1 A1
TR FE Z M58 &, (8) 20 Hh {0~ 1 38t 1 BN S
15 L s S 2 11 R 75 5 2 T B 2 () B 28 & AT DA
VS|

Vo = 1 1 V1. (37)

cos(koha) — igke sin(kehg)k—o

AL, 78 52 B G 2R (36) SR FTH R
AL (37) (R B o8 R e T 3 B2 AR, (36) 20
B o, RRTEEE 2 77 FVHIIEEL, Zo WARE T
m RS (K B B  BLBT, Zo i B Ko 11834 KT V6K
JIN. KRR S T 93 S A (261, 77 B R K BRI
PHPT R BBk ™ 5, AR T-RE . s PR AC L
WL, = |20 2| [ |2|. ZoJkimstemasi.
PrRBCLLEOR, AARHPUARC ™ E. B 9 (a) Frx
[ R = i 78 = J2 AN 3 2078 15 J2 AN T K B B BT 2%
Bott, Bo(b) i BB R EMTEERE
IR A B9 (a) ] LR H 2S5 s 7 65 2 1 FH
PURICHH B R TS EEE.

PRI, apnhe — 0, H(36) AT 50, SRR
B v2,m (—he) & va,m (0), FEARH I 55 2 3K M
FERZEA K. IULAEARSR, 78 55 2 b 8 9% 3 1 1
MTaE0R. Nt —2 0Bl & B m B i
AP AL I RN

N, = 10log,, ( Jm > (38)
V2.m
Bl 10 T 5 M & B A S T FE AR i B k. v
2

By, = 4 [K2 — (”2“) | XL (36) 20 (37) R,
Al LU H R E‘J?E%EE‘JB%S‘E?‘?E?’@M?%%E
X NI F 4 arccos <’ [ k2 — <TZT(> /k‘e> RIREN
SRR A T A BEE RIS, ke BT
K, FER NI ARG R IEH I 90°. AN F B4R

FERUIE L, RIS 5 5 R 5 A 20K 6]

Z) cos b — Ze

Zycosf + Z,

154301-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 154301

80
60 (b) . .
- —— IR
®OA0F s
20F e
I ra— - .
0 500 1000 1500 2000 2500 3000
Bk /He
0 ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''
L — T
—10
—15) SR
20 . . . . .
0 500 1000 1500 2000 2500 3000

i /Hz

B9 (a) BHUREELL; (b) SR0kH

Fig. 9. (a) The ratio of impedance’s mismatch; (b) equivalent wave number.

1.5
(@) e
+/J‘:H'J‘:EME
RS R

1.0
A3
Y
=
X
2
=

0.5

0

0 500 1000 1500 2000 2500 3000
14
(a)

12

10
K
= 8
=)
g 6
%
v 4 M
¥ b
2 S

5
0 3k
1By
) R R R . R
0 500 1000 1500 2000 2500 3000

R /Hz

1000 1500 2000 2500 3000
Wi /Hz

0 500

10 MEESEEAABBL  (a) BUEERE; (b) WEEEGEE

Fig. 10. Transmission loss of modal velocity (a) the case of homogeneous coating layer; (b) the case of

coating layer with horizontal cylindrical cavities.

Mceosh = Zo/Zo, iE B F Kk B &K

HERMHES A DUE H, 4% WA 5
2

arccos (Q [ k2 — (r;m) /ke> Bn Z;/Zo i, RS
WAL B BURAIGIE B — A, S Em B8R,
FRE S A 33 1 R AR (RS I R R R . Zo ) Zo R
N, ke HERAT R, [FIB AR AS A% 386 401 S A (B X B 1)
B, BT A7 78 55 )2 (RS TR A s i
AR RS2 LL [RS8 5 R 2R 2. 18
P B A 451 e BRI 5002700 Hz B, 75 s 7
m E RN IR IR EN T E SR, R IR
e 2 PR BCAE R Y S E R K £, 5
HATUH MBS RS AL S R I 7 48, 115
Sof N R R B4 A K. 2700 Hz LLJG, &5 78 &%
JEFRARIL T BB LR AR ES, AR Bh A& 184
KB VE R EA AR SRS, SRR

AR T R S A% A5 R IR, AR e
BRI I LR RCR.

5 %

ASCHETE T — b A 1 2 s 0 75 2 e R Y
FARPERE, AR DU R 2 S RO 5 0 S
AN S I8 (A 75 T 5 R PR AL, A P T30 L R A
PSSP s 2R o5 )2 S RO I S R 5L
TR o) IR R R PR R A T SR RS
AR b A 1) 2 s P 7 7 R R AR 45 2R
R, FEARMINS, AR 508 o /2 34 /& 2
Bz, HANIRAE S MBIk e 71 # R fas, BEI
7 i 2 A LURS B LA AE AL rh s, Andd 50
ot S AR B R 1) 22 s ) 78 i = AT R 1 RSk 1
BB INEADT, BESELF B30 AR IR B0, R,

154301-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64,

No. 15 (2015) 154301

FE5 1A o SR AR Z (B BT RE, PRAIE T IR 3hiE
L R R A AR IR R, BRI, A
TS E IR, S N b R AR P R R I
HY B AP LR VERE. ASCIR Y ROM A S I 2 R
R TR, REVS Oy HERf 3 e B TR L 25
PR, IR AN S 3 SR A AR S A UM PEL AT 253 P A 3
Bk, UM A e R B E ML AT iR At T —
T A LA 75 2.

S Mk

(1]

Zhao H G, Liu Y Z, Wen J H, Yu D L, Wen X S 2007
Acta Phys. Sin. 56 4700 (in Chinese) [BX 7, XIHEZS,
O, B, EERAR 2007 MR 56 4700)

Ivansson S M 2012 J. Acoust. Soc. Am. 131 2622

Zhao H G, Liu Y Z, Wen J H, Yu D L, Wang G, Wen X
S 2006 Chin. Phys. Lett. 23 2132

Liu Z Y, Zhang X X, Mao Y W, Zhu Y Y, Yang Z Y,
Chan C T, Sheng P 2000 Science 289 1734

Yang H B, Li Y, Zhao H G, Wen J, Wen X S 2014 Chin.
Phs. B 23 104301

L L, Wen J H, Zhao H G, Meng H, Wen X S 2012 Acta
Phys. Sin. 61 214301 (in Chinese) [B MM, IR, &%
Wi, Fik, HERAR 2012 MFE AR 61 214301)

House J R C 1991 Proc. 1. O. A 13 166

Foin O, Berry A 2000 J. Acoust. Soc. Am. 107 2501
Berry A, Foin O 2001 J. Acoust. Soc. Am. 109 2704
Tao M, Fan J, Tang W 2008 Acta Acoust. 33 220 (in
Chinese) [Fh, 8%, #IEF 2008 75 %54% 33 220]

Tao M, Tang W L, Hua H X 2010 J. Vib. Acoust. 132
61001

(12]

(13]

[14]

154301-9

Wang X Z, Zhang A M, Pang F Z, Yao X L 2014 J.
Sound Vib. 333 228

Zhu D W, Huang X C, Wang Y, Xiao F, Hua H 2014 J.
Mechanical Engineering Science (in press)

He S, He Y A, Zhang W Q 2014 Acta Acoust. 39 177
(in Chinese) [fTHF, 1725, KICHE 2014 222K 39
177)

Yang H B, Li Y, Zhao H G, Wen J H, Wen X S 2013
Acta Phys. Sin. 62 154301 (in Chinese) [Mif#i5E, 24,
BRI, R RELAR 2013 B 2ER 62 154301
Ivansson S M 2014 J. Acoust. Soc. Am. 135 3338

Qiu C Y, Liu Z Y, Mei J, Ke M Z 2005 Solid State
Commun. 134 765

Mei J, LiuZ Y, Qiu CY 2005 J. Phys. :Condens. Matter
17 3735

Auld B A 1973 Acoustic Fields and Waves in Solids(Vol.
2) (New York:John Wiley & Sons) pp25-27

Arfken G B, Weber H J 2005 Mathematical Methods for
Physicists (California:Elsevier Academic Press) pp687
Mei J, Liu Z Y, Shi J, Tian D C 2003 Phys. Rev. B 67
245107

Liu Z, Chan C T, Sheng P 2000 Phys. Rev. B 62 2446
Shen H J, Wen J H, Michael P P, Yu D L, Cai L, Wen
X S 2013 Modelling Simul. Mater. Sci. Eng 21 65011
Shen H J, Michael P P, Wen J H, Yu D L, Cai L, Wen
X S 2012 J. Phys. D:Appl. Phys. 45 285401

Fokin V, Ambati M, Sun C, Zhang X 2007 Phys. Rev.
B 76 144302

Brekhovskikh L M 1980 Wave in layered media (New
York:Acadamic Press) pp7-9

John B, Fahnline, Gary H K 1991 J. Acoust. Soc. Am.
90 2808

Auld B A 1973 Acoustic Fields and Waves in Solids(Vol.
1) (New York:John Wiley & Sons) ppl154-155


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/EN/abstract/abstract13225.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract13225.shtml
http://dx.doi.org/10.1121/1.3689852
http://dx.doi.org/10.1088/0256-307X/23/8/047
http://dx.doi.org/10.1126/science.289.5485.1734
http://dx.doi.org/10.1088/1674-1056/23/10/104301
http://dx.doi.org/10.1088/1674-1056/23/10/104301
http://wulixb.iphy.ac.cn/CN/abstract/abstract50870.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract50870.shtml
http://www.ncbi.nlm.nih.gov/pubmed/11425113
http://dx.doi.org/10.1121/1.428638
http://dx.doi.org/10.1121/1.1372224
http://dx.doi.org/10.1115/1.4001497
http://dx.doi.org/10.1115/1.4001497
http://dx.doi.org/10.1016/j.jsv.2013.08.043
http://dx.doi.org/10.1016/j.jsv.2013.08.043
http://wulixb.iphy.ac.cn/CN/abstract/abstract54861.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract54861.shtml
http://dx.doi.org/10.1121/1.4876185
http://dx.doi.org/10.1016/j.ssc.2005.02.034
http://dx.doi.org/10.1016/j.ssc.2005.02.034
http://dx.doi.org/10.1088/0953-8984/17/25/003
http://dx.doi.org/10.1088/0953-8984/17/25/003
http://dx.doi.org/10.1103/PhysRevB.67.245107
http://dx.doi.org/10.1103/PhysRevB.67.245107
http://dx.doi.org/10.1103/PhysRevB.62.2446
http://dx.doi.org/10.1088/0965-0393/21/6/065011
http://dx.doi.org/10.1088/0022-3727/45/28/285401
http://dx.doi.org/10.1103/PhysRevB.76.144302
http://dx.doi.org/10.1103/PhysRevB.76.144302
http://dx.doi.org/10.1121/1.401878
http://dx.doi.org/10.1121/1.401878

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 15 (2015) 154301

Analysis of decoupling mechanism of an acoustic coating
layer with horizontal cylindrical cavities”

Huang Ling-Zhi Xiao Yong Wen Ji-Hong' Yang Hai-Bin Wen Xi-Sen

(Vibration and Acoustics Research Group, Laboratory of Science and Technology on Integrated Logistics Support, and College of

Mechatronic Engineering and Automation, National University of Defense Technology, Changsha 410073, China)

( Received 28 January 2015; revised manuscript received 17 February 2015 )

Abstract

Introducing the decoupling coating is an effective way to reduce sound radiation from underwater structures. In
order to investigate the decoupling mechanism of a viscoelastic coating layer with horizontal cylindrical cavities, such
a coating layer is approximated to a homogeneous layer with equivalent material properties, and a theoretical model is
also developed to predict the sound radiation from a finite plate with such a decoupling coating layer.

The validity of the theoretical model is confirmed by comparison with the finite element method; and the decoupling
mechanism of the coating layer is discussed. Numerical analysis shows that: (1) The energy flow across the interface
between the plate and coating layer is mainly conveyed by longitudinal waves. (2) At a low frequency, the coating layer
has nearly no decoupling effect. (3) In contrast with a homogeneous coating layer, the coating layer with horizontal
cavities can greatly enhance the mechanical impedance in the mid- and high-frequency areas; hence the mean square
velocity is effectively suppressed in the same area. (4) Compared with the homogeneous coating layer, the coating layer
with horizontal cavities has a larger impedance mismatch with water, thus it exhibits great vibration transmission loss.
Therefore, in general, the coating layer with horizontal cylindrical cavities has a better decoupling performance than the

homogeneous coating layer in the mid- and high-frequency areas.

Keywords: horizontal cavity, effective medium method, decoupling mechanism, underwater sound

radiation
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