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Fig. 1 Display of structural acoustic radiation

B ICTTRUT

aMmmnzﬂﬂN>

S

IGM,N)

on +

ipawn(;<A4,PJ>)dS(rJ> 5

¥ o %51 %
A
1; MeV
C(M) = @; Me&e S
4w
0; M&V,S

Horp a0 /&Y 8 M fEZ5 R S b 2 1 A
"= =10 BWMENTRMEE; p(M) REHEM
R p(ND AREEFRR S N LR,
fRAFELEA L A N 1Y% m 3 s Helmholtz J7
TR0 SEAS A B ply 2 ) 4 bR R 2K

ei/vR

4nR
HP R=|M—N |, Y8 MR AN
HIRE S sk = w/co JE U o R WA 7 £ 16

IERSUR vtz U (1B 3575 VAR REw g 1 B T
WO IE B T 9 e 7 R T Y v 1) R Y

2 .

G(M,N) = (5

Hp, = Gv, (6)
K H MG &5 DL R 458 W RA
R P 3K T 1 B 2 S o PR S 280G Rk B 5 R A AR
PRESCRR 3 LA B b o i ) S OB A 45 3.
ps = 2Zv, (7
H Z = H' G, 245 By BH P FE.
FE O HV S5 K0 2 T 75 He 0k ) o B2 A I 0 F
H A5 K S P 3 1 37 255 TR
pe = h.p. + g, (8)
h. F1 g. 72 WX (4) A7 1R AT B9 52 me) 3 %8, HoS
153 MR IE A

P = 20logy, be 9
b
Hrp, =2X107° Pa, BT WSHFHIE.
E XN SR R
N,
pazzlokx;o(Ejpf/prf) (10)
ji=1

Horh N RN 558 p; R Se RN ER ) s 5 TR
R

1.2.2 FhHHgry i FHEHFREEHERmME
3R AL A R R
WE:%R4}WdS an

S, (RIS, S S B N A
SR TR I 5



% 31

AELE., EFRITREE 2NN EAETFEH7® 1L 315

N

W:%ReZJpv*dS (12)

=g
7

AETA2D WFENRITREC L% E T I
ARG PRI 2 5 50 RS e/ e, T LA
BASPITE— A H T, N A2) AT

N,
W= TRe D pjo;” S
i=1

Hrh p; = NTp; BHIGH K BURE)S 1 o0
DR PR oy = Ny JE BT B[R4 S A
JE FRIC RO R L N AR (R PR K p; AT vy S
JCj BRSO R R 5 S, 2 50T 7 R AR
i 3ot 47 ] R Kb B L 7 A S D 3T SRR

w’::%w“Bv (13)

K. B S Hermitian 5 B 5 3 {5 58 50 L 3800 45 %
DL R 250 1) TR AR A 56, 7 5 G ) 43 DUJE
H

w

W,
Herw, = 10" W JES %R R,

2 PRAE B K SRR Iy Tk

25 K A Al BT IR SR S R Y — B
Eovp

WdB — 1010g10 (14)

min  f(x)
st g, (x) <03/ =1.2,0m (15
T) L KL Xy 1= 1,2,

Hor fGo S8 HARBR B n B R « D 8m
NPT RE g ; o) DB 20, By 5390 B A2 B
a; B B FVRITR B AR SO A SR A RS R 2
AR AL B AR e R AR Bt A i 2R R
BOh B I8 T 450 B $8 AR — o R R, %
BT AR S B W 3 L HOR
fifg 75 12 WL SCHRL 19 .

3 RELE 5By

8 g i 7 2R R 235 4 3 1T ik o oo P R AR
Sy HT L SCER19 . 76 5 76 D) R AR /A i
3.1 K E R R Y

Xt 3 (7) 3R 3 A5 25 0 2 TP R 6 TR AR

1 R A A

dp. _ IZ +Z(7V"
(’]Clk - aak " aak

Horba, 55 R AT & Z R B0 A R R 25 4
FHIE AR I E WA 302 vh of 2 e 1 5 R
AR TE G, BRI X R AR a0 (16) A7 5 —
TR 0,30 (16) W] fajfk

ap. 2
P _ IV
da, da,

3.2 YrosERBE

Xif 2 (8) 2R 3 45 4 i A X T AR A R
R S HT

dp. _ k.

(16)

an

v,

Ip. | 98.
da, 9akp'“ + h. Ja, + 3akv" +g. Ja, (18)

LR S A i bR B

(’)Pe — (’)p\ (7vn

da, h. da, * Ja, (19
HU IR IR (0) R F 1

Ipws _ 1 dp. 1

da, 20 In 10 94, p. (20)

17 P9 3751 25 7 T SR80 AT LA 5 0 =X (10) SR &

i

N, )
Ip d p?
£ =10 g !
=1 Ja

da,
3.3 HIRRABE
e S T RO B AR Y R AEORE 23 e 5

N,
/(ln 10 - ;pf) 21)

K (13K
W _ updv | 1, OB
7a, y 2a, + 5 v %a, (22)
X R AR, b SRR AT LR 16k
W U 9V
=v'B 2
%4, v Ja, (23)
Ha N FRRIE N
Jwe 1 Jdw 1

g5 L PTIR AR 58 BT S5 K R ) AR o3 B
Z e BIVAT AR 2 10 A5 TR L 37 75 T L N R 3 A
- 7 T LA KR e G D A T B R SR RO iR
AR Y R A

4 RO Rk

B B AL SR S5 R s 2 s, HO L s 1



316 A # # I X

KB L=3.0 m.H4%& D=1.0 m; Bl t . 5k
it E=6.9X10" Pa,JAM L £=0. 3, % & p=
2. 7X10° kg/m* ; il S50 W FRIEL ) F AT
2 FrR B, K/ R 100 NG HR Jy 120 Hzs i 7
S b W NG o8 A 3 A SR S REBE p =
1. 21 kg/m’ , &= LA ¢, =343 m/s. S5 A R
JCHE AL R S A9 200 AN PO 3 B SG FNN T AY
1 600/~ DU /1 1% B0 50 41 W, 7€ 32 5 76 43 A o s I 4%
ROF 5 2206 /2 1/6 WA ZR. A o, 254 (4 A BR
JC PO A% [a] B A 2 75 2 10 550 R A, il X — K.
AR RS Q18] 3 ffv 7, 7 AR S5 A M w1 600 A
BATT R B A Ry R T AR A RS BE 43 AT I I 20
A1) J5E B VT AR B VR IR 1 3 5 40 A 20 A
EINCIPESERH 7 el =R E <t N B K B FIN A Sy 2 N
JEE t=2X10"" m, 250K Ar=2X10"" m. [
FESEAR N AR I E 53 09 3% )5 0 A A B0 an 18 4 i 7
AT 40 N RIRAFIE 43 A . HAE d=0. 6 m.

lF F

| fr

I L

| y F y
| -z Lﬁ
B2 HEEAETEEN

Fig. 2 Closed cylindrical structure
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Fig. 5 Comparison of sensitivity of acoustic radiation power
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Fig. 8 Optimized thickness (Example 1)
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Acoustic radiation optimization of cylinder shell

based on design sensitivity analysis

LIU Bao-shan'?, ZHAO Guo-zhong™', WANG Jian’

( 1.State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology,
Dalian 116024, China;
2.College of Storage & Transportation and Architectural Engineering, China University of Petroleum, Qingdao 266555, China;

3. Traffic & Transportation School, Dalian Jiaotong University, Dalian 116028, China )

Abstract: Finite element method (FEM) is used to calculate the vibration of the structure, and
boundary element method (BEM) is used to solve the acoustic radiation problem. On this basis,
optimization model of cylinder shell structure is presented and calculation formula of acoustic radiation
sensitivity analysis of structural vibration is deduced with emphasis. Acoustic radiation power is
considered as objective function. Not only acoustic indexes but also structural indexes are considered
as constraints, such as average pressure of internal field, structural mass and natural vibration
frequency. Thicknesses of the cylinder shell are considered as design variables. The sensitivities of
acoustic radiation power and average pressure of internal field with respect to shell thickness variables
are validated compared with finite difference sensitivities. Numerical results show that the reduction

of acoustic radiation power can be achieved by optimizing the distributions of shell thicknesses.

Key words: acoustic radiation power; finite element method (FEM); boundary element method

(BEM) ; optimization; sensitivity



