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The propagation of elastic wave in viscoelastic
structure with slot cavum
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Abstract: With the linear viscoelatic model of Kelvin-Voigt in Descartes Coordinate, the propagation and
attenuation of elastic wave in infinite slot cavum are studied. An adaptive winding number intergral algorithm is
proposed for the determination of roots of dispersion equation, and the phase velocity and attenuation in infinite
slot cavum are obtained. The influence of different order pattern on phase velocity and attenuation is analyzed. By
importing complex viscoelatic quantity, the viscoelastic wave equation has the same form as elastic wave equation,
and the elastic quantity can be replaced with complex viscoelatic quantity in calculation. There is attenuation in all
propagation patterns in slot cavum. The attenuation of high order waves is very high below a certain special
frequency, and will decline above the special frequency. Phase velocity of the lowest pattern is similar to that in
elastic material. The attenuation characteristic of wave propagation in viscoelstic slot cavum not only relate to the
structure parameter, but also to the complex viscoelastic quantity.
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Fig.1 Schematic diagram of infinite viscoelastic aperture
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Fig.2 Frequency variation of non-dimensional phase velocities
for elastic slit structure.

5
4 -

3
O

L \ a,
o™ )

2_

1_ 0

0 0.10203040506070809 1
Jh(MHz-mm)
(a) BRI

0 ——— T
0 01020304050.60.70809 1
fh(MHz-mm)
(b) X
E=4x10*N/m?% v=0.49 5:4k: n=0.2, H%k: 4=0
Pl 3 SR Gf AL RURY SN B 5% A A AR S ST it
Fig.3 Frequency variation of non-dimensional phase velocities
for elastic slit structure and viscoelastic slit structure, solid
line: #=0.2, dot line: #=0.



60 oo

2011 4F

AP HATAE S T = B XS B (s, 8y, 8500 ARORT R
(a,, ay, ay++) Lamb AFAE & IR LA

(2) £ fh—oo I, ap s, B HIAHE B T 31028
5223 () g [ A4 SR 1) Rayeigh P HE g »
R W&/ N T cp o HIFTRIFR (s,, 55, 837+) FHRFR (a, a,,
a, ) Lamb Y FAHE S TR M e o

FLIR TG 52— R 5901 A4 e 5% 45 ) v A 3 52 4
B Rle 1] 3 Tl LU AR T A A e 4 FE 1A
F =0 F1 =0.2 W 4 5 XF TR 95 0K % 82 1170 A0 154 ot
2o RERIRIERRAE S M (n=0) K I AL FE B UAH
THPEAHU e, SELRFR IR B T I NTFEA 1 J5 Rl
PR 5% 25 46 25 I AR R A X AH R B A it 2. AN
ORI LUE H, T RPRHRFER T 5 IN, RSBk
AL P B AL TR PE ARG B B A T DL, AR
AR

(1) RATFRBET ap a, 35 TE T (7=0)3F
W, HeRa. a- AEEBIEIR

(2) XIHRBE R s, 5 ToRE gk R T,
BRI s syn sy ARSI

(3) TEBIE P AE S8 k) AR A A B AR DL |
(1) e YR P A i 5 FLAH T

Bl 4 LEIR T 7=0.2 I B A% R IR AH T 2
AL, AT LUE H

(1) 7EAHFERS, P AR S A7 2k,
MR ERAR SIS DL T, B T/ — bR 2
AEAE R AR R 2 A6 B WA A A ST
Mm%

Q) BT a B, HESIBEAFE MR
(AR AR, R S e AEARUE IR B X, Bl
AR TR I kN FEAFAE — /N 0, T B A A%
(R 358 T i s A 5

(3) AR IE ap s, 1105 U5 BE A A0 1) 384 T
BHARTH NS, E— IR G, B
LRSI

4 4k

ARICAE Kelvin-Voigt 28 P44k 5 PR A5 [ A 22
W, TR, G NSRS Rk
W TR A AR B T REX NI TE . SR A X
ARG 25 1 R U 7041 78 5 )2 BB S ) j, 4
T T HL ARG 8 T A5 ORI B 4 5 ) 1) AR
JrkEe WIETEE, 53T ORI pe A 2 AR i
(PIAHTR BRI Y. N — 2D 1 TR & 25 R sk o
EA PRERS DL N AR TS Dl e AR UNTT

otk
0 0.1 020304 05 0.60.7 0809 1

fh(MHz-mm)
(a) HHIH
10 T
S
8 1 a,
§6ﬂ§ ..............................
.g 44 %
515

fh(MHz-mm)
(b) ETk
E=4x10°N/m’, 7=0.2,v=0.49 SZ£k: ROWFRE, HEZk: ARl
Pl 4 R B % 45 ) e dp P A ek P A S g it 2
Fig4 Frequency variation of non-dimensional phase velocities for

elastic slit structure and viscoelastic slit structure, #=0.2, solid
line: Antisymmetric wave, dot line: Symmetric wave.

(1) ELRMER MR T, TRz,
W 5INPT, KRB gl oy R A e
P ARG B A, T mT U &AL sk
AL A QA Y. () B P ARE £

(2) AEDEATS R, BRI 2544 IR B RE DA
TR O I, RERE SR T SRR Ak A S £ R (1)
T, A ek B Stk g5 A R e, 3
N 0o

(3) HTMEHRFER T HI5IN, RhsibEatss
P H (R AL 3% S v B 4 4 4 b IR AL 4R A L,
R R AT AR T AL IR I Ar e ks
AR AR AN AE T2 3 S R A, HE
B8t 26 AN TR LR B AE R OR, B AR DL
BN s AR A 2R AH S 5 R B (5
DR BT

(4) Kl P e B &5 h8) v (1 30 A 1 B AT R ek R
PE, [\ HERA8) (19)E 2, XA 5k
B LI SECH R, ISR EARIA 5 1 &
PR . K, AHM T S50
Z BB RL 0 3 S 24 RE, nT LA Th



St

CH]

m A P A5 ARG A S (DR B A o SRR AR SRR VE AT 61

WP P FE L (VW 7 7 i J 2 K

(4]

(8]

[10]

2 % X B

Oberst H. Resonant sound absorbers[J]. Technical Aspects of
Sound. E.G.Richard-son (Ed). Vol I, Elsevier, Amsterdam, 1957.
Meyer E. Pulsation oscillations of cavities in rubber[]]. Journal
of Acoustical Society of America, 1958, 30(12): 1116-1124.
Gaunaurd G. One-dimensional model for acoustic absorption in
a viscoelastic medium containing short cylindrical cavities[J].
Journal of Acoustical Society of America, 1977, 62(2): 298-307.
Hennion A C. Analysis of the scattering of a plane acoustic
wave by a doubly periodic structure using the finite element
method: Application to Alberich anechoic coatings[J]. Journal of
Acoustical Society of America, 1991, 90(6): 3356-3367.
Greenspon ] F. Vibrations of thick cylindrical shells[]]. Journal
of Acoustical Society of America, 1959, 31(12): 1682-1683.
Greenspon ] F. Axially symmetric vibrations of a thick shell in
an acoustic medium[J]. Journal of Acoustical Society of
America, 1960, 32(8): 1017-1025.

Doak P E, Vaidya P G. Attenuation of plane wave and higher
order mode sound propagation in lined ducts[J]. Journal of
sound and vibration, 1970, 12(2): 201-224.

Rubinow S I, Joseph B Keller. Wave propagation in a fluid-filled
tube[J]. Journal of Acoustical Society of America, 1971, 50(1):
198-223.

Hudde H. The propagation constant in lossy circular tubes near
the cutoff frequencies of higher-order modes[J]. Journal of
Acoustical Society of America, 1988, 83(4): 1311-1318,.

Han Zhao, Gerard Gary. A three dimensional analytical
solution of the longitudinal wave propagation in an infinite
linear viscoelastic cylindrical bar[J]. Journal of the Mechanics

[11

[12

[13]

[14

(15

[16]

and Physics of Solids J. Mech. Phys. Solids, 1995, 43(8):
1335-1348.

KRG, AETCH]. SRS RS ST 0 T AR B A 75 22 1 e
D] F#EASE K2 254R, 1997, 37(7): 20-25.

ZHU Beili, REN Keming. Acoustic properties analysis of
elastomer with cylindrical bores using equivalent parametric
method[]]. The Journal of Shanghai Jioatong University. 1997,
37(7): 20-25.

AATTEESY-. oAl S8R 1 5 A 8 ) A% R I 5 S R 7 2 i S 7 2 R PR
HF[D]. bzl ks b 240 i 32, 2004,

HE Shiping. Research of wave propagation in viscoelastic tube
and analysis of acoustic characteristics of anechoic coating[D].
PHD thesis of Shanghai Jiaotong University, 2004.

L. AT IRICIT IR T M SR S AR 75 BL I P RO A [D].
rh B A e 7R 2 T 8 5, 2002,

TAN Hongbo, The finite elements method approach for
scattering from elastic shells and anechoic tiles with internal
structures[D]. PHD thesis of Institute of Acoustical China
Academic Science, 2002.

G R SRR ) A HE A M. B BB R A K R A, 1989:
126-128.

CAI E. Viswelastic foundation[M]. Beijing University of
Aeronautics and Astronautics Press, 1989: 126-128.

ABVE RS | M. (H A2 0 R M. R 22 R,
1960(8 1 i), 47-57.

Brekhovskikh ] M. Waves in Layered Media[M]. Academic
Press, 1960(First Edition), 47-57

5] 7. L. 20 WEAReR Bl M. B AR, 2004(5 1),
82-91.

Rose J L. Ultrasonic waves in solid media[M]. Academic Press,
2004 (First Edition), 82-91.



