W36 % W1 h %

004 &£ 1 F

ACTA MECHANICA SINICA

£ 48 Vol. 36, No. 1

Jam., 2004

“HFRGGMESFRSRIER

REFR HFF

(B ¥ %R, R 430074)

TS NP A TR R T T S TR T A A AN PR A . T T TR W A
FREMIRE S R T B O BR, AR T LA B pha R oMb s S R A B B i o S 3 R T
i, ETELE shilf 2 C5Tm W A0, o 0 IO SRR S PR & RO S B B A R

il By REEN B A i PR i S ) B B A .
ZariE b, WeEr M, G, ART, GRT

51 &

S5 H TN R LA R AOIE SR T R P R S 1Y R
N sl A A A M A S X R L
F O A I Ay AR A 8l AP P I 22 ) R [T
24 14 P BELJE P e P LA R D, R
1 e e o - WY i S b 1 R i e
e 2B LA ] REUTOF SR RS R ) I R < -
AR AR S Rk AR AR A, R R
LR R R . TR R T
JUfTHER B A A 1R AR T LRI TS, CRH T IF
£ A A ST R e R S il B, xR
FEAFE WG, o T R i 2 ) 5 e e
= & 71

A SC R s ARG ) Fsh R o H A i T i
ST AT R TR AN R AR T . IR
— AR AR T R R (I 1 R
SRR A R R N T, X B sl
JETC R Ak A B W AR E. AT ERA R ML
e A e Moo e TR . - AT
r(anpE 2 ) ISR I b K D fH8 091X
2 GpIF. FEPCEL O TR RERA R OC T b T
. TERCIEE D, 51 e LA LS Al A A LM
Hes HT AT BRI R e B S R B o e B R
HAEWH AR R, ZFERGHES - oEER
RGBS, I Sh R 2 i 8 o ey S Akt
A1) OB, MORTERS B Y . R
it R, (B ) 5 Sl R R P P g AT T (M
iHEE, 25 R A A R RS RO S e e

WNF-05-15 HEHE S, 20050011 1 #] 4% SR

Bl A

Fig 1 2D cracked structure coupled with souned

Bl 2 AR DR R
Fig 2 The domain [ and £2

FTE
1 ZHaEART

L1 HROCE
SRR B RS, SRR S h 4 T A

(~w'M - iwC+ KW =L (1)

Fobt M, C il K 4RSS H R, R
BERIRIEREE: U AL SRR A R A
Bl w RSB,



102 4

1

004 £ H 36

1.2 lafEEE
FEFEL S 1 SR X B D, R R A F s 13
e s S RENERE D
N

= g ‘i":;:"l'—’g_” [(h + g + {_1}rt) . gg_
; COS (; - 2) H:I

o= ; ?QTGTL [(h — g — {_-l]lrl.) S 3H+

o, fn
9 gin (E - 2) H] )
I e 6 R (P 3 TaR).

> (2)

LTEE

B el SR SR
Fig.d Folar coordinate of plane displacements

in vicinity of crack

FIHH FE 7 (2), A sl f e e it U nrgdshy —
M LHHT a
U=Ta (3
T R EEEEE. R, R (3) AT
A
T'(—*M —iwC + K\ Ta=T"L {4)
BT 2 (2) FLHW 24 D B L 8 0 O RERE,
Ll a 458 U B, Mo R (4)
LR g Re (1) 2irfas.

1.3 AFfa it

FER & W B I, D s ) - 4 T
A, BEWANTAR T ERNEE o FanEA N
DLEE D SRR SRR M AL JEKEL D R4k
—RAEREUNE, - 2EE 8 oo B
] shi s R A 4, B 1o R T L 4 0 R
N ORI ST R IR 2R P R STV 1) [ Wt
2 Feam, HRIEA o, H0R]EERE BEFN AT R
TR A I TR R

K.,=K,,

I KN S A P e ) FEE e B L R R R
B, il BEEA LLEBERE, B i
TE S 1 L ST RH B

Mg = !"I'EM| {5}

By A SR D AT

Fig-4 Mesh configuration of domain 12

ST WO TTBEAT AU T 5. 4
U 1 U, 5P 515 L ST S R e S .

U R S B R AT,
Wﬂ[z i]ﬁﬁﬁﬂﬂﬁﬁﬁmﬁﬂﬁﬁﬁm

.ﬁ‘ - 1 J 1 J
"K', T T'K'

I

(6)

MT Mt

s

[T M T Thﬂm}

T

i PR B
A F MRS, HAW AR MATE. FHR
Fak (5), AT (X HE o =1/2)

(T KT = (T K'T"
. Wn-t (7)
@'MT = (5) @) MT

HA bR " 0 BifE Ao T R 8. 2838 S i W FE
R R R R R G 4T, SN AR
1 n e e
5 = (gmpm) @IK'T } (®)
1 n - -
mi; =2- (m) ("] M'T_Ili

FHF R (5)~(8) ATRLEERCR S D ) F BE R0
TR .

2 BRTHE

i 5xf SRR 41 B4 BEAD R R,  fEi N Eh 18
F, HoASEd AR A I F Helmholtz A7 [

Vip+Kp=0 (9)



o1

FE RS HIT REEH SR S SR 103

i V7 4 Laplacian #5807, p AAE, k=w/c
A PBER L, e S P AT T R B A O o R
H P EG A AR AR g 200, B s
FE p 5 2 A0 P P A e T 4 e 2 T
P=pt s (10)

Helmholtz F5FE (9) ol {b24 00 F 4 S B A 1 [10]

ﬁ | ;;{:.:}HE;'T') ds — ﬁ ()G =

{pf:n’);“ﬂ - i
plE)-pm, aAfEEW
EE OE FORMEAE G, v BRME = FE
= MR, ¢ ZFE p MEMTHE, G =
— T HA(kr (k) 435 = KT Hanlel W30 4=
4 A =AY Green EHEL

FFH 0 S T N TR (11a) JEATEE L, WIS

@ £S5 L (11a)

(11b)

AP = BQ+ P; (12)

Hepam it P, Q 1 Py 18 4t 45 i 6 B A s
TR Y m S A A S oA R R, B
B A F0 B poc#Ed Tk

1. M ()
-'hrrl.rl. = =thpn — ; 15
2 ﬂ-u in ‘

(13)
Brrl.rl. - - f (;{?'}"]S
S

.|-Itl'['l1 B’li}%?ﬁ Srl. j{j-ﬁﬁﬁijiﬁm Iﬁ.TLL ?‘?% ﬂ-rrl.rl.
A Kronecker $iF5-.

3 SEMRS o

AT ah g ARG B R, (AR b R ]
a5 AT A

L=L.,— RyHP (14)

X L, bR A, Ry A REIBACEREE, H
{1 R AR A P s ' P A 28 ST 0 38 i 7 24 4 4
SRR FREE H AR R M B R AR P Y 4
o FUBE i AR A S R AR P, I RGh
LBy NE 490, WHSEECY 2NE x NE.
ERAGE TP T o8, MRS m 17, Fn
B By, FEL BRI RER0N

'ﬁ'-rrl.rl. = [ Ns-.' - rellS {1'5}
Sn

HH N, 8 E i RO HE R .
2=l (14) fEAL (1), 8§

DU =L,- RHP (16)

D={-w'M - iwC + K) (17)

I P O I L A R, TR (12) {Rh
AP =’ pBU, + P; (18)

Het p AifiRmE s, U, A2ERm S LAk mfr
] i, B gl H R B pa i O R G R
i &

U, =RJU (19)

Eal Ry Sy REiEAE R, AR R R
PR B 21 PR 8 S5 4 Sl Y ik e A

HHZTEE (16), (18) 0 (19) L2 U
Uy, T530A0T P A7t & 50 n e i 75 1

(A+*pBR, D 'R:H P =

G pBR.D 'L, + P; (20)

Ak E R m AR P, BEAA
HEE(6) SFEfr R R U, Emdst (19) i o,
AN AR P AU, &, SRS
{E— . A A 7] H Helmholtz 814 778 (11b) 1)
AEN B R sk

4 HEITHEmMEE

i SRR 1 B 115 0 R 9 [ A ) b S
PO A8 JEAT T o AR T 3, bR A ECY.
BICHL A T.1x10Pa, JAENEA 03, @A
2700 kg/m? . FEECEIFEH, OO0 R B A N
FhEfsr o a=1.0m Ml b=12m ; FHERH S FF
SR T T 0 24 1023 kgy/m® F 1450 my/s. S5
PHIEH A

C = 001450 + 0L012K

HE1 S AR

A AT o] 8, MBS A AT
{ER fESS A I (BOFR “ Tl ) Bz =0,p =
10m fl z = 0,y = —1.0m Lbiyilffnty, HEES



104 il o 4 # 2004 £ 36 4
0.7
107 N. S HFLES AN 5 PR, HiE 5(a) B ol
PIRRAES = = 2.0m, y = 0 AWTFFEEE, [ 5(0) 0
EHTER ¢ =-20m,y =0 &FHEE R, Ed = 04
ASFRA A TR, A4 dB(201og |p/0.1]), BEALER £ naf
oAy G Ak 4 i Y R 0.2
0.1
0
E
= 0.7
0.6
0.5
= 04
007 01 06 08 T 12 14 4 03
Jevn 02
() 01
B0 0
Th
- 70
= 65 B o6 SEE S () R e =20m, w=0; (b) fEMA
= e x= —2.0m, y = 0 Ak B e i
. wr PHCRAES 0.0 my = JEEHASY 005m; —: B
0 Fig i Scattering pressure by aluminum cylinder at poinis: [a:]
_ ) a=20m, y=0; (k) & =—-20m, y =0
Y0002 04 06 0 L0 12 14 #: depth of crack 0.1 m; +: depth of crack 0,05 m;
(b;m — = without crack
B 5 BB () EA e =2.0m, =0 (b) FEL

®=—20m, y= 0 4k S H A ERE
w2 PATEIAEN 0.0 m; 4+ JHTHAEEY 0.05 m; — B
Fig.5 Radiation pressure by alumimim cylinder at points:
ja)e=20m, y=0; (b) # = —2.0m, y=10
# depth of erade 0.1 m; +: depth of eradk 0.05m;

—: without crack

B2 HEEEEEE

f T O o S, (GBS SR A . i e B
0,77 1] 54 4 - A R AR e b e (R ik
7). H 6 S HMMRBET AR ERREeRA T
BRI ko, TN RS |po/m|- Ko
6(a) ATEMS r=20m, y=0 FIHEHFIER, E6(b)
AER x = —20m, y=0 L r+5{H.

ME 5 FIE 6 B FEE T3 EE S RT LU -
TEES AR Raeh, SE AR, MR
S U AR T, RERGE, JHREE TS
WA, XA TR A RS ERE.
FelE 5, B 6 HHINE (a),(b) PEE TR F SR aT L
Tt Toiit W P L e TR A o A X
SRl 5 ) i e R A b

& % X W

I Ohayon R, Soize O, Structure Acoustics and Vibration.
London: Academic Press, 19698

2 Fan J. The forced response of an acousticstructural cou-
pled system. J Amust Soe Am, 1992, 91(2): 34T~361

3 Chen 5H, Lin YI. A umified boundary element method for
the analysis of souned and shell-like structure interactions.
J Amust Soe Am, 1990 T06[5): 12471254

4 Slepyan LI, Sorokin SV, Analysis of structural-acoustic con-

pling problems by a two-level boundary integral metheod,

part 1: A general formulation and test problems. Jowmmal

af Sovmvd and Vibmtion, 1995, 1842 195~211

Agsaad I, Decarpigny JM, Brimesl C. Application of the

finite element method to two-dimensional radiation prob-

lems. J Acoust Soc Am, 1993, 94(2): 562573

6 Everstine GC. Finite element formulations of structural
acoustics problems.  Compuders and  Structores, 1997,
G5 B0T~521

T Chen 75, Hofstetter G, Mang HA. A Galerkin-ty pe BE-FE
formulation for elasto-acoustic coupling. Compiet Metfuods
Appl Mech Engrg, 1998, 52(1): 147~155

8 Leung AY'T, Su RKI. Mixed mode 2D crack problem by
fractal two level finite element method. Engineering Froc-
trere Mechandcs, 1995, 51(6): B50-.805

i



o1 FE RS HIT REEH SR S SR 106

9 Skudreyvk E. The Foundations of Acoustics.  Wien-MNew 10 Brebbia CA. The Boundary Element Method for Enginesrs.

York: Springer-Verlag, 1971 London: Billing & Sons Lid, 19584

ANALYSIS ON 2D CRACKED STRUCTURE-ACOUSTIC COUPLING
PROBLEMS

Wu Guorong Zhong Weifang
([ Department of Meachanics, Hunshong University of Sciencee and Tedinodogy, Wishan 430074, China)

Abstract The effective control of noise and vibration in a structural acoustic system depends largely on the
accurate evaluation of the sound-structure interaction which is characterized by the energy fransferring bhack
and forth between the acoustic field and the structure. When the fluid is hessy enough, both of the responses of
the sound field and the structure can be significantly affected by this sound-structure interaction. Applications
of interest inchide acoustic radiation and scattering from a subinerged elastic structure, acoustic cavity analysis,
and dynamics of fluid-filled elastic pipe systems.

In this paper, the cracled 21 elastic structure sound inferaction problems are studied by amploving fractal
two level finite element method combined with boundary element method. The crackesd elastic structure is
discretized by fractal two lesel finite element method, which is divided into two parts by an artificial boundary.
The crack neighbouring domain is discretized by the fractal finite dement method, which ean reduced the
frevdom degrees greatly through transforming the nodal displacements to a set of gmeralized coordinates, the
another domain is discretized by the conventional finite element method. The exterior acoustic field is calculated
by boundary dement method, which satisfies automatically Sommerfeld’s radiation condition .

In the mumerical simulation procedure, the radiation and scattering acoustical pressure by an infinite long
cracked aluminum evlinder immersed in Huid are ealeulated, the results show that the resonate frequencies of
the structural-acoustic coupled system become lower with the depth of the crack increase, and that the effect

on the acoustical field by the crack is particularly pronounced in vicinity of the crack tip.
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