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ABSTRACT

In this paper, the author proposes a new method for acoustic radiation optimum design to minimize
noise from a vibrating panel-like structure using a collaborative population-based search method called the
particle swarm optimization algorithm(PSOA). The PSOA is a parallel evolutionary computation technique
initially developed by Kennedy and Eberhart. The acoustic radiation optimization method based on the

PSOA consists of two processes.

p-version FEM/BEM, which was developed by using MATLAB,

In the first process, the acoustic radiation analysis by an integrated

is performed to evaluate the exterior

acoustic radiation field of the panel. The second process is to search the optimum design variables: 1)
Shape of Bezier curves and 2) Shape and position of ribs, to minimize noise from the panel using the
PSOA. The optimization method based on the PSOA is compared to that based on the steady state genetic
algorithm(SSGA) in order to verify the effectiveness and validity of the optimal solution by PSOA.
Finally, it is shown that the optimal designs of the panel obtained by using the PSOA can achieve

effective reductions in radiated sound power.

FRBOA PATE 2 Tz
23 A& oY AdRopIA FaF ATR
G ER

Aol Aug wYs AFEY BF
MAZABANA T A

FaE AYS BHOR @

b AR 439, AbdA STRRRh A
E-mail : jinyoungls.jeon@samsung.com
Tel : (031)200-4096, Fax : (031)200-5016

482/t= g5 ==d

[/14119 9 A5 %, 20091

o= HAFAARY] A3 T ATEAE A F
7?*1 Wao]l de] g8 oR o]gEo| gt &
W, o) Aol ASI BAE AlEEA
& & F-7ER(quasi-Newton method), ﬂéi}(i_‘?j’)
22} 7Al&H(sequential quadratic programming) -]
Aom, AdA AFE Bidte] A oR KHY
3 fA2p Qare]F(genetic algorithm)®, wo] Z¥
(simulated annealing)® <118]& 5 ofe] whio] T
253 A5 EA A5A T2 A7EH] gk
Ak o 25 HAH st LAt o] HAdY
do] 7 EAlOll= GA, SASH 22 datElFe]
S84 g i dugFo] dg A

HA s} FANA HA e AAW



T Abole] WER A WA Ee HAHE B
sb7] sl 549 2714 A Ml R SA gl
gk el AR o] Fadhx| k] wio|th

°of drelde =fFu olf s wHAE WA
o] AAAAANS FEAor ndHd A2 g

() =
o duEFd TR T %‘131%(4)(part|cle swarm
optimization algorithm)£-
WALE = WAt e FHAske] SR %ﬁgi T
258 HAHAA S ARSI
PSOAR 2 Kennedy & Eberhartel] ©J3] & L
Qom WY AAgHe AARTLHIS 9
A®, F4 Ral A FARAGAAEAC, S
TE2ES AFHAEAA T oA woklA
Oi A7F A=Ak AR GA, SA 53
okl A S-8A77F HaE A=

2], PSOAH> oA S74itoe] disixnt H4
AN Bk QJow, 725 HA3 fofel
M= ATEAE A9 %it —’F% It

upebs], o] i AE FdT R “*/‘}QL
TS HAaste) ﬁfi Exow
curve@A 9 rib A AE AAES
o] PSOAH S 7IRto® & £
& stk

PSOAH S ©

o[o
oo
ot
Q2
r&’p
—E
N
é
>

oo [m & O
oo M m

T Hﬂ

i
o
bote)
r1o

%28k 4]

OFO
o)
-
EN
dlo
ofk

=

ot
oZ
it

N o
rlr

-

N

il

ﬁ

—LJ

BN

dlo

o

ol

=

&

N

)

(LA
30 =

I
"

et

o
.
T
[N
e}
)
=

n

=
%0
rir
HE oL
> 2 an F b oo

T e A, kA

(weakly coupled problem)i 7H4 o}o% TZA 0l
SR JFgs wso]? MATLABO] <)
W p-version FEM/BEME o] 43+ %58k
e Fsksith 2844 = PSOARS 7]t
sto] g Z=olA WALEE WAeS HAssE
7] flate], HA AAWsE S 722

43 EAZ Fasich

0

a
&

T3 o] Aol PSOARS 7|22 3 tx
=& HHAA I f834 2 g HEe
7] 9JaA AR Lare]Z(steady state genetic

algorithm)oll &J3ll e HAAMA el Avje}
HWEHE TS sl

2. FEM/BEME 0|88t T S&dl4

M1} + [Cliw + [K]iw }={F} (1)

o714, [M], [C], [K]= T2 384, 1349
% AAHEE ek, {wie weHEe L, {F}

= gxEd B7he 7R EENHE e 349
Eé [Cl= vEA= 7} .

W= FRIE og WA A
< SPFHEdo] gﬂr ol W7t #& Aol
= TRAS} FAY dAddge] A dd xR
gk A A (fully coupled fluid-structure interaction

problem)@} &}e] FZ-SEFA Alole] obileF 914
AL asior O,
ARk, o] Aol A= wjdo] 7|9} o] WE

1

- ~—

&

LSS ZES| =28 /A 19 ¥ #1535, 200913/483



TFERANA FIARS] & B JIs 1283l
o oA, A (1) FRHeARDS o] &ate] g
2= AR IEEEE AALA
H(boundary element method)S ©]-83t AL A
mdle] FAXHOR Foste] MARAHAE =
#Hoz 34aa”,

BEM< Fig. 20 Roli= ¥} o] F3ls] & 9
F5FF (S,)8 2ty Tzl AAEY (S)2
sato] WAME = SRS (el we] BEEZ
(Helmholtz) A&AAS FAALISHE Ao,
2 (2)¢F o] vekd o itk

C(P)IO(F’)=—J‘ {jpwvn (Q¥(Q.P)
s
ov @
+p(Q—(Q. P)} ds(Q)
on
o]714, C(P)= YAZk(solid angle), P.Vy,N = 7t

Zt BAEHAA Y] FHSY, MASREe} AN
(AF5elA FojA= o, Q, P= A7 &
ZH(field point)¥} 2Z~F(source point)S 2|13}t
M, P WEEE, o AT, ve AEE
GreendrrolH, j=v-1& <ju]git},

A (2)E ol8&atod BAXMA folAe] THSHE
{pa} 74 T3, A )l 2lalA gl 919

[e)

A mollAe] SetiE {pa S Fa S Qlrk

:ZN: [ {Vn}—ZN:[Hm P} ®

=1 i=1

[Hsil, [Gral &

714,

A28

A5~ 4 (global

Y [m]

-1 05 0 05 1
X [m]

X [m]

Fig. 3 Observation points

484/ A2 STSSE =2 8/A 194 A5 5, 2009

complex frequency dependent system matrices)®]
o, N2 SA4(element) & ovw]ghct Fgt 544
GuUiFoll A9l 5% (observation point)<> Fig. 3¢
A o] Tz ENA r=1.0m g
oﬂ 137<4_0_ A],Q.o]_oﬂdr

Hl(sound power level, PWL)2 BEM
f %IH Aozl o F-FgUel FEd mle &
ool o5 olgste] 4 (4)s} o] 72 = 3l

W(w) =10log,, (W, (w) /W) [dB]

2 18 A2 4
W, ( ):ZLI’ Py (w) @)
pc" &= 13
A71M, Wy 7% (0w <vls
o, 2n? WEEWEA, o= @] Rl

3. PSOAZ O|8%t #=35T 2HEA

o] Hold= T3 HAEAE 9 HHshy
HeowA Ao 2l e
3 TH3E  dal]FH(particle swarm optimization
algorithm)&- o]-&3lo] #ullx5o] T8 4
3 e AT,

PSOAHS 7FE9] HEe] 2 AHy&mel e

49 £314 QAz FYH} lov], T
1 $40m e 5 9
THAES FEHoR wd@s, )
zv= A (particle : Ay 279} 2ol
£ el P el ool ¥
(particle swarm: q 7] /WAEZ 4
= )9 45 a2 & i, PS(particle

re Ao

swarm)e] 912 x¢ = oga 2 ofal 744l

sEH 0w wuY

N

do N My riz
dim >
- oX, [
it o o

(

hinay
o
2 o

N
=
N

q

Moo M

e )
o
=

d 4,
Xip1 = Xy + Vi ®)

0:17]/\1 {d}:{l,Z, "'lq}o]tqy él:E Vd'E‘ é}(G)Oﬂ
eal AN % sk

d d d_od d
Vi = Vi + Gl (P —Xi) + ol (PR —X4) (6)



T dE o

K

g 5S o] 83 3

q714, k& o5 FIre HHE 34 (time),
[0,11899 FEHSE (r=1), .0 7]zt
o] AsiAm AAZE F JbFse HAd ~® %

(step size)yS =4 7hFssHA s 7HEE

o
L1, <

|<~(ac-
celeration coefficients)o|™, py = A 9
(the best ever position: k ¥HA|<] A2 1A o
A BASEE H22 sk AAANA x(FAM F
S MALAD, pie H$F A A (the global
best ever position: k¥A7IA|9] H A3} 2}AFo
A BATEE Har ste RE YA FollA
7V Fsgk H9-F AAHAD)E e

ol9f 2 PSOAVNES A&dto] R JHAE
- e S A AN By U 53
of A= s 7iH, Aw HA 9 fAE Fo}
7l ® Y}, Eberhart= 2 (6)°o] #HA 71ASF A
& Fogte] Amd £x9 JidS e A3 2

o AgtATt.

Via =Avi +en(pr —x) + en i -x) ()

714, A+ 0.8<i<l4olH, kA NAE9
£hg 25| S8 ol gdth =& WA T
T BU Ha A2 A (global exploration)=

Fophe s s hn), vhuo] wo 3t
A2l A BTt 244l S
Fol it

HEEATE 3
H(local) B THE zH &5,
93ll(optimal solution)E HrT} -
o ZhoZteE wmolrh A (7)2
AR} FHAAL] FFAA T
tol Tddl dA9A B oojddAe] &%
ARE 72k= A N2$ £EARE Holdly)

As) ARgEATE A=, PSSO AAAE A (5)0l 2l

2,
)
ol
2,
3
i
r_gg
2
Lo
of o

IN
2
o i
R
2}
o
NS
o\ o
R0
fo

ol
=
_Tﬁ-ﬂ—?(—] [©) i prd

prc]
2 b
<2

ot

PSOAMS ol 88 T25% AGHA EA: 7]
ATz WAHE SRINE Haw e 2
VS

=3
2l 0~300 Hze ¥AFIF F9ow dAsta,
o i ulolx AT F SFTeI HAHgoR

AT,

N, T ®)

o7)M, Nit= paFETe] Arjgtels], A% ¥4
Fog AUl PALEE 5 SS9 B ©

g},
PSOARS ©]§8 HASHEANA AW A
okl thest o] vk

z(s)< z(s)<z(s) (s=1~n) ©)
A7IA, z(s)= SFEHA| z(s)9F A Z(s) & LHERA
= AASReH s AAMSG] RS oJu]dit

o] AFtellxA Mgt HAsHEAS AAWMFEA]
Bezier= Ao A9 AofH =ol/F F ribo] =ol/F
7 A Toz ATt

4.1 sfMciy 2 =I|x=A

o] AT 2vAR TAHY 5T p-FEM/
BEMS o]&3% T35
2 3l FEREY HAs mdo A 9 a8
S AFs] A &

Fig. 13} o] Wi p2E2L8 0.45x0.4me] =17]
F7 0001 mE Ze A e v &
TEEOI HiTEES 3799 4T
Ald AER F9e] wjduErt v o

CPN-L |

2gANS AT SPud FARAR AHg

gk RlEge BaTERe AFY 1Ne] 3
I

Fig. 13} o] fdeswds 98 xWFow
10719] lineo2 Ftala yid
o 2, T 8age 80710/ A= 90
Az aaRshse}
TE2EF HASHEAY WAlFH 9
= tiedel 0~300 Hz2 AabH, B3
oA WAEE LFHEFE Fig 40 Hole= A

< H

ZASNNSBSEI=E8/A 193 A 535, 200943/485



R
o9 L& Fo FPY} wEg A wE A

StA1717] §3lM, Bh Aol A= PSOAHS 7|%t
=2 3l Bezier curve, rib attachment 59| F4

Table 1 Component values for the panel

Properties Values
Young’s modulus 73 GPa
Poisson ratio 0.34

Density 2690 kg/m3
Density of air 1.2 kg/m3
Sound velocity in air 343 m/s

1™ mode shape 50.7 Hz 2" mode shape 95.2 Hz

9™ mode shape 263.3 Hz 10™ mode shape 289.3 Hz

Fig. 4 Mode shapes of the original panel
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* Inertia weight 2 :0.95

* Acceleration coefficients (€1:C2): 1.0
e Maximum Iteration number : 300

(B) SSGAH

+ Population : 200

 Crossover probability : 0.77

» Mutation probability : 0.0077

* Maximum number of generation : 300
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Table 2 Comparison of PWL for Bezier curve design
by using SSGA & PSOA

0~300 Hz | 0~450 Hz

Original PWL 127.95dB | 128.93dB
Optimized PWL(by SSGA) 88.33dB | 123.29dB
Optimized PWL(by PSOA) 88.23dB | 118.78dB
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Table 3 Comparison of PWL for rib attachment
design by using SSGA & PSOA

0~300Hz | 0~450 Hz

Original PWL 127.95dB | 128.93dB
Optimized PWL(by SSGA) | 88.63dB | 117.27dB
Optimized PWL(by PSOA) | 88.63dB | 117.27dB
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