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E1 Two - dimensional coupled vibro — acoustic system

HOWNMEES r(x ,Y) E@?-?Ep A Helmholtz
Ty R

Vip(r) +k’p(r) =0, re (1)
Hk = o/ ¢ BBy B, & L5 STE
ro(%9,y0) I—ZER AR 2R AT 1.

B 3% [ 2 4% w i Kirchhoff Az %5 i 12 5 77 72
gl

d'w(x)

dx*

~K(x) = 58(x ) +
p(x, +x cosa,y, +x sina)
D
SR R R, RO I D
_Ef (1 +jm)

4 tz
plw
k, = D
’ D 77 12(1 =)

A Gl 5 P )RR 10 5 2%
p(r) =p(r), req, (4)

o) gy,
pow On '

(2)

(3)

ref) (5)

Jap(r) _p(r)

., ref), (6)
Pow 0N Z(r)

_J_ap(r)
pow In

Horr p(r) R E T R B, 0, (r) S 8 N ) 2
BRBCR Z (1) g B4 0035 1] BELJE PR
SERIE SRR
dx dx
PR R RS A FUA TSR o3 FEL N 4548 5
PR G RO B I i X Tk Al 0 , 5T U)AE I Fs% 3

re), (7)

=jow(r),

w(0) =w(L) = 0 (8)

BHELE MR 2 il iz 2 b AT DL 20, i DL AT AR H
Kirchhoff #g BEIS AN K H BE— 8119 Mindlin AR EEIS.
1.2 FTERAR

58 U FE B @, MR TELL A1 N R TR
B p () BIEAME p(x,y)

a

p(x,y) =p(x,y) = Y p,@,(x,y) = ®(x,y)p (9)

a=1

Horfi st p(n, x 1) Y p, 278 7 5 R A A A
AR (L xn,) PR R ©, (x,y) #2
i AL 57U Helmholtz 75 % (1) 9 75 5 pR R 5 pRAL
RREREAESCRR 8 | L4245 1.

FSIYNIRS w (o ) IR IEIF () AN

w(x') ~w(x) = lem(x') + le,iiv,xx') +
wp(x) = Pw +wp + 10, (x) (10)
g w (4 x 1) o w, BYFRIS S5 K I PR A R 0
FHL A W1 x4) TP PUAS SR R WL ()
VAR B 12 R (3) B PUAS A T S Ui
W, (x) =exp( —j'kx ), (s=1-4) (11)
BRI W, () ARSI R (2) 78 91 F VERIEE
4R ik PR

i‘}ﬁ<x>

_-F

4Dk,

Jexp( —kylx —x.1)) (12)

HERE w (1 5 n,) H i AR AS BB, () 2AESF

PO RE(2) TE75 3 805 T R A 723X A 23

FIRGIAN T, FCRRAAR B2 8% 1T LA ik R R 7

R , O, (x, +x cosa,y, +x sina)

w0, (x) =D[ (k, .cosa, +ka,},sinoz,)4 -k (13)

WA F T RE AT LAAS 4518 AN 8PS 14 1 i) R B

MERE p, Mlw, (H R 20, SR 1 T (10)
B B I JE AR A R O AR (2).

2 BEEHMEFRE

WEAR 728 B JR I 5 (9) A (10) HIe 5 Tk 1 4 3
AT RE (L) M(3) R 5 o R A i R K
R p, Al w, AU B AR R E. AR (ETH
LR AR AT LB A2

b0 it SRR DS SUR I S LR R 12/ 90Y
AT 2A 5K, TS5 AL 100 5 2% P RS R A PO A2
2.1 AR REH

XTI, AT LU S A A B R AR R

(exp( —jk, |2 —xp1) -




180 B o5

2007 4F55 5 &

SC L AL A B B A U A

s a'“ . ~ 5 . a -

[ ZLG -pyd2+ [pCL -y )do+
Pow On Pow On

2 2

S _ D (9 e -
ip(pow L 2>dﬂ+ip<p0w % _ jwiv)d2 = 0
(14)

EAAE Galerkin AR 1Y 12, AL ek %R

p IR REL @, MR A

P(x,y) = zali)u@m,y) - op (15)
Fe s LR TES (9) 1 (10) R s (15)

AR~ 2 (14) 155

ﬁT[(AH(l+C(l(l>p+C(lSw _f{lJ :0 (16)
Hip TR &,
A, (n,xn,)ELH
. . T
A, = L9y (L 9P pa0 -
ﬂz/+!2:+!25p0w on nﬂpow on
j%qb"'qbdn (17)
o Z
HilE C,, ( n, xn,)E XN
C,= - jjwp%dn (18)
s
HilE C, ( n, x4) XN
C. = - jjwqﬁpdn (19)
s
i f,( n, x1) &SN
f, = j jo®"0,d0 (20)

BESA A S AT B IS R B p AR
MRATiRE(16) T 165 M FRIR AN FE. XIGE] n,
MRBOTEER 4 +n, DARABE PRI w, Fp,.

(€, A,+C,] (:) -f,

2.2 EMihREH

DR (8) B VU b £ 44 320 5 2% 1 2 SCAE B AL
B (9) F(10) RO A A& AF1 3] T 51 25
e300 5 2 AR R R AR X

A, C,] (:) -f

Tl A, (4 x4) ha5 I R R P RO AT
YEISS A PR BSOS W, 1551,
dw (0) d¥.(L)

A, =7 (0) ¥ (L) & m

(21)

(22)

1" (23)

MV EHFE C, (4 x n,) B S50 55510 1 rY ik
TR R pREL (1 xn, ) 155
dw,(0) dw,(L)_,

dx’ dx’ a4

Ml f, (4 x 1) A5 A0 h i 3+

Y FHAE i R 015 3

C,=[w,(0) w,(L)

dw,(0)
dx’

dw, (L)
dx’

f.s-:% _&’F(O) _;'UF(L) - %T
(25)
2.3 BEEMEFRE
WK Sl M 100 R 25 A (22) RS 1 57 2R A R AR
At (21) 15 BG4 5 R

A’ SS CS(I, w f;
C. A, + C] (,, ) B (f)

SRAf B AR AP PR K w, M p,  SRIGTOA R
FF(9) F(10) RIFSEIRE G 25K 5 75 R G R T

3 &fl

WE 2 Jros Wa5H 5 RG Rge. SRR R
L, =1.5m, L, = 1. Om. 75 6 b il s <3, 51
p, =1 225kg/m3,fj5ﬁ c =340m/s. . fE x =0m
A L e Z A8, 55— h4a
B IR v =0. 3, iR £ =90 x 10°N/m? | %%
J¥ p, =2790kg/m’ , M RHBFERH F 0 =0, JEE 1 =2
x 10 *m, K L =0. 75m. HAx 00 B4 g Wit BE
v=0m/s. /5 x'0 =0. 5m {EFHAL S F.

(26)

|._XJ F w(x)
— -
| =
| = E
| 2 7
~ pxy) 0.
Y&
~ Y é s
s E
X [
- < /7/'/7/'/7/77/'/7/'/7/77/77/;
Ly { |
K2 s5iSREE RS
Fig.2  Coupled structural acoustic system
T TR .

# RBGERBLE Z JJog5 K (RINIPERE) >R
4 SRR 150 AR B R R (n, =44, n, =
29) , 1B A 200Hz.

« RIEMILE Z =p,c(1 -2)) kg/m’s, R



w2

AR WB IELE S RS 2087 A L 181

4 ASEEHIT 300 AW AR (ny =89, n,y =59) i
% 1000 Hz.

FEl 3 1 4 5 RO R B T 3 AR
3 o S R 2 SR AT - DA E 8 1 R 0 S0
FEl 4 75 T S0 4. B s e
L Dk A VAT BELE.

X10¢

1.5

1

0.5
g
H |
0.5

-1

-1.5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

T ¥m
K3 200Hz AR BT AL RS (- )
FIR A S ERAR R AL+ )
Fig.3 Real part of the normal plate displacement ( — ) and the

normal fluid displacement ( + ) along the coupling interface at 200 Hz

TI O

\

4 200Hz M 75 11 4 s ) SERR IR A
Fig.4 Contour plot of the real part of the cavity pressure at 200 Hz
A=-0.3,B=-0.2,C=-0.1,D=0.0,E=0.1,F=0.2,G=0.3)

X107
1.5

-1.5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
¥/ /m

5 1000Hz BFAREHAS ( - ) FORS& S Bk m Ak ( +)
Fig.5 Real part of the normal plate displacement ( — ) and the

normal fluid displacement ( + ) along the coupling interface at 1000 Hz

P 3l LA HG T H A0 2R T B A 1] 5230 0 4%
PFLA R RS G S vk i (A S 2 1. [ 4 n)
VAT Hh ) A v 43 1 T 7 M O PR BE 3R 2, o ik

JEAEIX L B 1 WAk ) s AR L, BRIV R 3 1) 3
JE R 0 3 5 2

S 6 S RS AL ISR ]S R
AR 1) (SRS S 5 1] 6 S fls e 7 B Sl ) A

F€1 6 1000Hz I} 75 I i T J SR B 43 A1

Fig. 6  Contour plot of the real part of the cavity pressure
at 1000 Hz (A= -0.12,B=-0.06,C=0,D=0.06,E=0.12)

7 1000Hz i 74 I 1 J J HE b 1) 0 A
Fig.7  Contour plot of the imaginary part of the cavity pressure
at 1000 Hz (A= -0.12,B=-0.06,C=0,D=0.06,E=0.12)

102
10 0\\6\6
10*
N \\S\
10?
DOF

&8 200Hz FHARAIES (O) M (O) Ayilesiih 28
Fig.8 Structural (O) and acoustic ( )

convergence curves at 200 Hz
PNDN S i a s R A S S RS U R S U
K18 2y x' =0.30m AR M 2% 5 (0. 75m,
0.25m) ZbJ& Jy gyl St 2. R Y WB 2 A
A BGF S

4 #R

ARICTHE T — BB 9 25 T Trefftz @A77 1% (19
WB 3. BN A8 i (ZE AR B )



182 B oo 5o #H ¥ M 2007 455 5 &

EE ﬂ%ﬁﬁ{ﬁﬁ/@ﬁjjj ﬁ%I;?U\iB/\ 4] {BZ ﬁﬂ]i”ﬁ?? 2 Von Estorff O. Boundary elements in acoustics; Advances

WREN 12507 TR B R A A . X R S s i A and Applications. WITpress,2000

AN BB AV B o U eR B A 1 S ) S 3 Astley R J. Infinite elements for wave problems:a review of cur-

IR 53 TR R e 4t 3 1 22 R L Uk R rent formulations and an assessment of accuracy. International
S 2 ,

1 (AL i 75 R b 0 SR P T L Journal for Numerical Methods in Engineering ,2000,49.951 ~976

IR 5wl fe /N — ek 3. WB 3& LIRS LA Tref-
fz TR T 1 B R 5 4 Fe 5 PR AT, oA D 5 22

4 Deraemaeker,Babuska I, Ph. Bouillard. Dispersion and pol-
lution of the FEM solutionfor the helmholtz equation in one,

two and three dimensions. International Journal for Numeri-

I BUEL A AN 252 W B 2 R ST R i e cal Methods in Engineering ,1999 ,46:471 ~499
ASCRERL T AR A PR3 RGO Y 5 Kita E,Kamiya N. Trefftz method: an overview. Advances in
AMES. T T A SRR s R A R B, R A% Engineering Software 1995 ,24 .3 ~ 12

1#%[’5(?/%['—]1_}# FIBHJE IS M. R iZ T iR 22 6 Masson P,Redon E,Priou J P et al. The application of the
FEFR A B, DTSSR AT IS A Trefftz method to acoustics. In: Crocker M, editor. Proceed-

FIF5 720 E SRA A T IE B s R Rl ings of the Third International Congress on Air- and Struc-

SRy, X R TR AR Nk R , ture-borne Sound and Vibration, Montreal ,1994 /1809 ~ 1816

WA Sy IR B A A T — g T L. 7 Desmet W. A wave based prediction technique for coupled vi-
y N E /N - iy M AN

bro-acoustic analysis. Ph. D. dissertation, K. U. Leuven 1998
5 = ¥ o 8 WA AR WBIETEZ WS 27 M h . 3l 27

5¥ i 2, 2006,4 (3) : 278 ~ 283 ( Peng Weicai, He
Zeng. Wave based method for multi-domain acoustic analy-

sis. Journal of Dynamics and Control ,2006,4 (3) .278 ~
283 (in Chinese) )

1 Zienkiewicz O C,Taylor R L,Zhu J Z et al. The finite ele-
ment method - the three volume set (6th ed. ). Butterworth-
Heinemann ,2005

APPLICATION OF WAVE BASED METHOD TO COUPLED
STRUCTURAL -ACOUSTIC ANALYSIS

Peng Weicai He Zeng Huang Fei
( Department of Mechanics ,Huazhong University of Science & Technology ,Wuhan 430074 ,China )

Abstract This paper described the basic concept of the technique for the modeling of coupled vibro-acoustic
system. According to the principle of WB method , the structural and acoustic domains were approximated in terms
of wave functions and particular solutions. The acoustical and structural boundary conditions,and the continuity of
the normal fluid and structural displacements along the coupling interface , were transformed into a weighted residual
formulation ,which resulted in a set of algebraic equations represented by the wave model. Solving the model for the
unknown wave function contributions and back-substituting the results into the expansions yielded the prediction of
the dynamic response of the coupled vibro-acoustic system. It was illustrated through a two dimensional validation
example that the new prediction technique yielded a high accuracy with a substantially smaller computational effort ,so

that the new prediction technique could be applied to mid-frequency analysis.

Key words mid-frequency analysis, coupled vibro-acoustic, Trefftz method, numerical prediction tech-

nique
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