AP 4R

¥ ALK B, £ EY, ZFAT BES’
(1 FRMERMENEALRE, FRHLEAEHAF, K, 100190;
2 FBIRSRIFE SEARKEAERE, 6 100081
3 REAMRET L, T K 214082)

WE: TR —MHET RGN RESLRIBINFHEK TRAME, AMUTLERS (12kHz-30kHz)
AR AR TERNBRE, FAMEAERIFNHERS. AXHAARTSE BLT=4#RENK
BR, SRR FRAEBNR AR SRR AR, HREREXIRARMN, TLHARRR
FEAREXRETRAR A RREEUREHRENE, TR HASPREER RERALR
WX,

X3 AFYE: TR KTRAE: ARG ZHRE

13 &

JAE AR A F &% (Locally Resonant Phononic Crystal) FLA R ETAahuk st 5 H 11
ZHMENAE R, ETUITRREREER, TTUULBADREERN KEKFRER
B, KB TIRIAESEHENRE, RBEEFSMERBKT AR A, Bk,
VbR, BT B R R AR A A R, B REHRE T8
AT LR TR AR, AR AEHHIETR, BERHEATKTRAEME R AERE
RISV E A EIBHRE, XAREHEEFANA®RR. A THERX—EE, RINEREH
AT REDPFIN—EEFREEN, H& T —FDARERTEBRERKT ERSE—
ATHET), ATHBRE -HETREARKFEKTRAME, AN UERR

(12kHz-30kHz) [ W3 AR AT RN RRE, FNERERFNIUERS. BH=H
HAME R AN EFNELEN, THRFEHRNEZEAE, BUFER, XEFFIREN
SRR AT RMER T REE . BAENHNTIAS, Eid — R
ST F RIS AR R AR REAT TR, BEREE T8, BT HETENRERS HR
FRE. Fit, B — /8RR s THBREIE SR AR FER, R
MR+ BHER.

AL REIRAE MR, BEHAEE MR BRI B ), Rk
RSB T BLST S oA AR R A IR B R AR A R R R B s ), 7
ETEEY, BAR-RERNSHAREILREZEME R T, HER=RASHEE
BRNSLEH, LS RENRTM, EREHEENTR. Sl E Rt
BRI IR 5 B AR P T R R AR RO AR FE R, B S R AE Rt R R A L]
MERL L, ZERRKERMNEFNEEN, BIUHNYHEEY, FRF FRBHREREL
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AL ) 2 H BT AT o

A BRTCH AT LR ES: R T AT B b B, K SR AR B R S BT E R
B, AWML, FliE & RGBT . Bk, ASCRIRAR T, R
YRR I A I SE AR R S = YE RS PR RO, T &7 T BB R BV SR

2 REIE

BOR YRR B PRI B R 1 K 6 W28 S5 40 (1) S By Y , {00y Fob A e 2R i
AR T 7 BORAS, T SERRHE i =2 70 MR L PR GH, BY Z A7
L2 MZESE, KR Y LT CRR S JR PR o REAE — 4kl 00580 SRR S ik
o WPRAR I (A b, ASSOITRE 175 7 BRI = e R A SR 70

YEREDL T 2 AR R AL T AR AR TR b, Bl MLk, &
YRR, T A& SRR LRI, XL AUMELE R R &S0
FRHABY) AL RE . BOAT O A 3D STENEOR AR, Wik £ fLARESCEL i) 4%
Tl BRI AR AL, TGN TR AR L, IIRE R T RIM =42
FUMRHECERRY, AR5 SRR I L 2 FUM BB, AT f & 555E 736, X
A 75 T Bl = e R R R f L T R

B 1 R =FARIM 2 AUMEH, EA15 b i s 1] s B SR SRR AR, i 44 DA fif
ST ARSETT KIS TT o Frb ST AT LUR BLR e A A

f..(x, y,2) = cos(x) +cos(x) +cos(x)—0.5cos(x) cos(y) )
—0.5cos(x)cos(z)—0.5cos(z)cos(y)+t

Bl 1 =4 3005 Aar s RO ALy 2 LB AR G p 7 i
PRLIL 77 AT LA H BAF B BT ik -

517

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



oo %:3,2) = cos(x)cos(y) +cos(x)cos(z) +cos(z) cos(y) +1 @

LT J ] LA E AT B 3O st

fF - (x,v,2) = 4cos(x)cos(y)cos(z) +cos(2x) cos(2y) &)

+c08(2x)cos(2z) +cos(2z)cos(2y) +¢
Hoep ¢ ¥z, w] URSRIRSTALBR RN

a) 3) -

LN

(‘
3.
!
\tv‘
0.
.
2
sl

B2 () ARG ER L (b) Z4efk0sr ) 2 FLIM M S R K

Y BMIEIR RGP, SHREENE 2 () Jrox, L8RS 0y
HICHEEH (k2 (o) Fras) scRREIE, PIRIARRESH a] LR H =ik 0ar 7 240
R AR oA FOE AT A - i1 75 7 BRI T ETLE 1, R EREARRELHA
oMU, HEEH IRRE L e MR N RA T g, UL
LS EL ¢ WEMAR. Bk, ASHEFR B =N # A R T, KAWL
BIAS 2 e ST TS

HF A 2 A N R E, LU LT TR CSE A JE L sE g, A TET
WL EARST =GR, R 2302 2500 ZFA DM S EORAT T L, BIREH
TEHSEEH, BHYHARRFEAL. 2dEX2)G, =455 TR TR e 3
B, A LVE =R A MR R I M 4, S ESERIIIR A HREL. MR T

Bl 3 =47 BOEi R R A
VAT, A =4E7 T BB R SR B R R S R EOEAT T, TSR 4 PR

518

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



3 HR5WE

1.0

2 064 —

e 0 T RER

W

g 041

Z

/5]

02

0.0 e p——————————————
8 10 13 20 23 30

Frequency’kHz

Bl 4 FLBREE N 65% =4k Re R BB AL H 5 S0 45 on HE
B 4 25T R = 4ER R B R LR A 65% I 75 B MR = RS EE R, ]
DA, MG R SR04 RA RN —8uE, A ISR MEBIEAR—3, 7E 6kHz-30kHz
SR TG A E REE 0.6 LLE, SEILT XIS SEARL . RN R E], #F 10kHz-
[SkHz 1 B4R 5 LR FIREBN, GRS RE T RER: £ =4k BB g

(b)

1
w3130 x10

1]
A 7.5169x107°

R 10 0 T otd
vooszaa ™ TG S A ssaane? vosssact BT T " a s 20t
[T T T

K 5 =4eka ek BRI 4EF B 0#E (a) SkHz, (b) 7kHz, (c)18kHz, (d)24kHz &b
PR R 7S e v, P
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R T RSt R & 2R T SR TP RS RETRIEW, HIMETHE RN I RFE B
Rt IR R M, X EERERAAHR. BRERIESE, oTURA = 4R R EER T
B THHER AR AR R AR .

B 5 (a) (b) (c) (d) ARIAH T FFEIELE SkHz, TkHz, 18kHz K 24kHz SRFRALRY
HARNE. AEMIRLHOEASWNTTEY: SkHz BEFERETCKERERED, K
HEBEREELBESY, WRFERYAR; TkHz REEBEREARKRERT, MRHRE
EEREFT, M skHz MERL, REBER/D, WRFEREHE —ERE: 18kHz 4L,
AERARSRARFRD, REEFEANMRREL, FERREEERLT: 24kHz #H5
W5 18kHz KA, #MiZAbTR s BB BB . HIMA 18kHz K 24kHz (1525w 7 ] = AT LA
EH, FRESATRBEMERREG RS KB TR, Ko ARSI RE, R
EEIEHRE, WRERBEEK.

44 it

ACFIRERTT &, BREOLTZAMBOEE R T H TR =N ¥R
B, ZEARSHES TRENREIES BB AR, tHEEREXRG RN, W
PARISRBF AN B RN 5 T B s P R R LUK e MR R HLER, w7 LUS SER A A
iE# KRR AL IR S .

2 £ x M

[11 Z. Liy, X. Zhang, Y. Mao, Y. Y. Zhu, Z. Yang, C. T. Chan, P. Shen. Locally resonant sonic materials[J].
Science, 2000, 289(5485): 1734-1736.

[2] Y. Liu, X. Zhang. Metamaterials: a new frontier of science and technology[J]. Chemical Society Reviews,
2011, 40(5): 2494-2507.

[3] H. G Zhao, Y. Z. Liu, J. H. Wen, D. Yu, G. Wang, X. Wem. Sound absorption of locally resonant sonic
materials. Chinese Physics Letters, 2006, 23(8): 2132-2134.

(4] J. H. Oh, Y. J. Kim, Y. Y. Kim. Wave attenuation and dissipation mechanisms in viscoelastic phononic
crystals. Journal of Applied Physics, 2013, 113(10): 106101 1-3.

[51 H. Zhao, Y. Liu, D.Yu, J. Wen, X. Wen. Absorptive properties of three-dimensional phononic crystal[J].
Journal of sound and vibration, 2007, 303(1): 185-194.

[6] H. Zhao, Y Liu, J. Wen, D. Yu, X. Wen. Tri-component phononic crystals for underwater anechoic

coatings[J]. Physics Letters A, 2007, 367(3): 224-232.

[7]1 H. Jiang, M. Zhang, Y. Wang, Y. Hu, D. Lan, B. Wei. A wide band strong acoustic absorption in a locally
network anechoic coating[J]. Chinese Physics Letters, 2009, 26(10): 106202 1-4.

[8] H. Jiang., Y. Wang, M. Zhang, Y. Hu, D. Lan, Q. Wu, H. Lu. Wide-band underwater acoustic absorption
based on locally resonant unit and interpenetrating network structure[J]. Chinese Physics B, 2010, 19(2):
026202 1-6.

[9] H. Jiang, Y. Wang. Phononic glass: a robust acoustic-absorption material[J]. The Journal of the Acoustical
Society of America 2012, 132(2): 694-699.

[10] Z. Liu, C. T. Chan, P. Sheng. Analytic model of phononic crystals with local resonances[J]. Physical Review

520



B, 2005, 71(1): 014103 1-8.

(111 Y. Liw, D. Yu, H. Zhao, J. Wen, X. Wen. Theoretical study of two-dimensional phononic crystals with

viscoelasticity based on fractional derivative models[J]. Journal of Physics D: Applied Physics, 2008, 41(6):
065503 1-7.

[12] J. Wen, H. Zhao, L. Lv, B. Yuan, G. Wang, X. Wen. Effects of locally resonant modes on underwater sound
absorption in viscoelastic materials[J]. The Journal of the Acoustical Society of America, 2011, 130(3):
1201-1208.

[13] M. Maldovan, C. K. Ullal, J. H. Jang, E. L. Thomas. Sub-Micrometer Scale Periodic Porous Cellular
Structures: Microframes Prepared by Holographic Interference Lithography[J]. Advanced Materials, 2007,
19(22): 3809-3813.

521



