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Acoustic insulation properties of radial phononic crystals
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Abstract A cylindrical shell radical phononic crystal model arranged alternately between two homogenous
materials is constructed in this paper. First, the theoretical analysis was based on the axial symmetry prop-
agation in the model. The sound pressure transmission coefficient and the sound insulation expression were
derived based on the establishment of acoustic wave propagating transfer matrix from the inside out. The
sound insulation properties of cylindrical shell of radial phononic crystals were systematically discussed by
means of numerical analysis method, and compared with the propagation law of a single material cylindrical
shell. Then, the numerical results were verified by means of finite element simulation analysis. Finally, the
effect of characteristic impedance of internal and external on the acoustic characteristic of radical phononic
crystal was analyzed. So the corresponding parameter influence law was obtained. The results show that the
band gap exists in the cylindrical shell of radial phononic crystals, which results in a better sound insulation
effect than the single material cylindrical shell in the band gap range, and the inherent characteristics of the
structure break through the limitations of the mass law. The surface localized modes phenomenon of the
acoustic band gap is determined by the internal and external sound field and structure field.
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Fig. 1 Schematic diagram of the line source and

cylindrical shell of radial phononic crystals
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Table 1 Linear elastic material parameters

MEL #Ep/(kgm™3) MRMEE E/Pa BIYBE 1/Pa
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iR 2799 7.21 x 1010 2.68 x 1010
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Fig. 2 The sound insulation frequency response curve when acoustic waves propagate in steel shells

with different thicknesses

it 2615 s RIAR R, AR B T — R R
il FHEC, 24 NS 7 IO e 30 SR W o) S A R I
LA AR I A BRI A R . thAk, T A
W 22 B RO BAH T, DU S it 22 R0 H — e 1 ]
P, HBEE AT SR d B3N, JE I H 38 %, 5
AR/

P A, hBE S SR S, B B3,
TL #h 28 i (8 IR % B35 4k, 7E A Bl N
(0.1 kHz~2 kHz)TL ()5 A W& G386 I, 1 75 = i ib
TL () RAE A2 ELE 30 dB 247, S SR BA 4 i 388 ik
70 5 FE R A o I AR RS Y itk — 20 77 A — s R FE B 4
HIEF o

2.1.2 FEERT (ro)

WAL RS — W E N 0.16 m, 43 Jilx 7 i R
~F40.2 my 0.5 m. 1.0 m A12.0 m %) V0 FH4M 5 A 52
BEAT BB VT, FHSLIR B 75 AT i 2% 4 B 3 BT
i L 3 AT LR B, Bl 75 i RST BT B S EA
M (Y 28 1) B2 28 ) BB B R AR I, (B3R IE B 5 H
W% . X RIS R I 25 R B DL i 2 R

FEE, T o s JE R 4 i A 4 2R O B H

X R i ROST ( H R R E FE T K, S
Wk [7) SRR B 1 98 T AT 37 PR R B I X2
028 7 98 PR S MR 8L /N, BT DA B O 58 22 R T
B 75 s RS AR 384 DK, ARG 7S U8k P S DRl R /) , T
FE IS R R LT AR — LA
2.1.3 R

FH 5 7 o A P T R TR 5 MR P BT
IANTR], K 3 A [ B 5T 57 4% 1 B 75 128 e R AN A
Ao B4 T R—EE (d = 0.16 m) Al )]~
(ro = 0.2 m) T, AN[FAF 5T 52 B 75 & ) 4500 il 2
o B AT DUR I, BRs o> JLAR AT B AL, BB 5
TP FFIERE TR, B 75 e TR .
2.2 REBEFRAETZNREETFESH

BEXT A (A) BEAR K (B) 9 A4 R R 1 4%
Ivi) 7 T AR AT ST HEAT R P R AT, 2 70 B Y
SRS SR 2 BioR . T BRI ) [
T MR FURE 78 R 75 RE T IEAT X EL, b Ak, FRAT TR
VU JE SR A2 1) 75 il PR e R B R AT 20 4



124

2019 1 A

40

20

TL/dB
o

—20

—40
0

40

20

TL/dB

TL/dB

TL/dB

—20

40

20

—20

—40

40

20

—20

—40
0

10 20 30 40 50 60

B [kHz
(a) ro=0.2 m

70

10 20 30 40 50 60
B [kHz
(c) ro=1.0m

3 AN RS AR IR

70

40 T T T T T T
20
as)
e
~
=
I
0 J
_90 . . . . . .
0 10 20 30 40 50 60 70
%/FJF':%Z/kHz
(b) 7o =0.5 m
40 T T T T T T
as)
e
~
=
I
_90 . . . . . .
0 10 20 30 40 50 60 70
%/FJF':%Z/kHz
(d) ro=2.0m
o P 2

Fig. 3 The sound insulation curve of the shells with different acoustic cavities
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Fig. 5 Transmission coefficient and sound insulation frequency response curve of cylindrical shell of radial

phononic crystal
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