i

e '4' %&
i

SSveR
e

P
S

SRt
Rae

GS
Rt




[C e VA

HRE

llml]

S EREZEIRA LD 7= D E R EELET
ICRET 2%

A Study on Structural Design Optimization

for Vibroacoustic Reduction
SRl 43 A
IREHE HE B 3%

B E LR RSB
TR AETFEHEL

/\ ~rs
“H =E
BRETAEWREEE

11160445



R

L OBMEBICBVWT, BEHBRTOERL, XBLEIEELREED1IO>TH 5,
ZRICHT B EBELEE L LT, MEQEES, Wb, Y- FEMCL 2 MtEmlt,
RN OB X A RERMSE0S ST REALEN, BEECI) HVOR
BEEOETHNEEETLILEDPLELEBINTVDS, L2L, REBRTIHEDO
REEE & BTERIEEORAS LTI L o THRIIEELBRTH LD, BEER
TREEHOFMILTLIBEHTIRARV, F070, BN TR %2 BESE
MEERTHIERELL, BACLo TRBCEEEMERSILEH 5, 01K
F, EHBRETCERERRITIEERLEREC, MAEOBRDEL, EIX P OE
KED N L— Fd 7R BRBEOERE VO BLBREOHRICBNT, BEGREET
FTHEEEICR > TETWS,

FITARLTE, DROLZESBESEBIEERT S -0ORERBRETFHEOH
VEBILIREET ). AR 6ELLBEINTVE, F1ETI, HELLT
RRLDTF —<THLEWER BT LIRGBETMEIIONT, RTELRTWVEH
FORMES, BETIHMBEY I 2L —Ya Y FEOBMELZRN, EBBEEFRB(LOZD
DEEROBEAD» SEAHEOEM EBHLHLN,ITT S, £2ETIE, BHLTIHE
BREHE Y I 2L —Ya Vv EEFT A0, RBRF, SEMN, REHT VT X
LEEAEDLETHE - AL LA RBLSTE VAT L 2B L7z ARHEV X7 A
TRFEMBIE /a7 54 L LCHRBMATY 7 0 NASTRAN %#ARATVS 20,
FEMBHICBWIEHLEZCERARMEDIA T )MERATE, EFVIERUTN
BELRGRPHBEMEORENERIITRAAZILETMRICL TS, NXyF3— &
LT, BEBETVENRE L BERERMECAREV AT AR #EA L, &
T, BEMESNAESHREOEEMNMEE ¥ REERE L, FEFEACBIT
BEOBEREELANLVOEBLZENE LARBEFTELYETLLER, SRETIHH
BEELAVEDROICERTEAAMERZROL ZENTER, T, ZORRC
FLTCRIUBRETERD T2, EBREREOREEZTo72, b2 b, BHWETHHE
BRBRE Y I 2L - Y a VIS AR Y AT AOEREROA I £ i, KR
CHREET B2 LATE, HI3WTE, BREBOEE - 72 MEOERRER I,
HRITFONTELY 7TRINMEOHEEBIZ I ABRTERBRPEEICHECR->TETWAS
LB BBREESS, ERFELGELL T FU—F L LCRBEOMERRLIC L S
W RERE R IR K L, BRI EEEORE ST AR ERE L. BINRE L
THSREFVERAY, B—AT54 YAV HERRESHELE 2 ETHRRLE
BlLEHE S 2 7 A fAaR A, BERE T —OERLE BRE L OROBIRRER
fylal—vavhREFLE, TOME, TP BRERIC X ) SBEE ST %
SHEIITERTEXAREELROBLZENTE, BELA-FEIBETERBR A2 HE




ER AR R/, ZOFEICBVTEHRE/ T X — 5 OEEFHNBEROBE IS
ALEBPREVD, EBOBFICBWT/ST A— Y EEOFEI BTSN VWEE,
KB ECTHRABOFHOEIAKE BT ATRESD S, €I THLETIE, Rl
LEIRETHONAFRIG LTSI A— BB ERB L 0N MEORE 21T o 72,
TIT, EVTFAMEELAVAERGNEFMCL ), BMELENEOT T OBRA
P HBNA MEIZDOWTHEMRET 21TV, SOICHKFMEZIBIETAZ LIZL Y RT A -
YEBITT AILEVLEEIND &) hikit e A/, TRRERERICBNT, B0
FHEMEZZ T TR /ST A Y EBIITAI0EOERTEL LR HME LT, &EW
TVT) AL %EH LA MRBRRRFETHICRREL, TOFEZEIET
T2 TARET N OBFERE /ST — B LREICEA L, 2OBMEELRIELL, £5 &
Tk, SNETOMFTDOAELT, T v 27 0BEETHLF v 7ENICEL HEE
BTZDNFEMITARE Lo EABETHWARET VIS, S VBHLZTELRT
Fr T BTV LTCRELALONR MEERERFELEAL, BRAEID D EFOK
BALZ BB E LT v 732 VO lEBRREHRET 21T o070 TOHER, DT LRER
EEIZIDVFEELANVEZHRGIERTE, T3 EHIHTIREDREL
TSR ONI-Z LT, REFEOEMBEAMIAET LI LW TEL, T2, LVERAW
RFERFEELT, BB T2 EEEE DO LOREL, TOELERT A
e MMZA 720N MEBREE T 78E, IV 220 iFiRKETEN LB eHB 52
ENTE, BB, BOEILBVWTEETHEONHEREZI LOTHRET %,

i1




Abstract

In many mechanical structures such as vehicles, vessels and airplanes, structural design for
reducing radiated noise is becoming increasingly important. However, engineers were required
to design quiet structures through experimentation, a costly and time-consuming process until
recently. Moreover in the early stage of a vehicle’s body development, it is necessary to find out
trends for the acoustic behavior of the whole vehicle, since in this period the design is created.
To obtain a viable design inexpensively within a shorter development cycle, computer-aided-
engineering (CAE) methods are being utilized extensively and may soon be replacing the
empirical method of designing quiet structures.

Various structural modifications have been pursued to reduce radiated noise from vibrating
structures by means of passive measures such as use of plate thickness, added masses, damping
materials, and ribs or other stiffeners. Compared to the active noise control, they are still an
attractive alternative for reason of economy, simplicity and stability. However, it is hard to
predict the effectiveness of noise reduction through structural modifications because it often
requires finding the optimal solution of complex multi-dimensional functions. In addition to that,
structural modifications often need to be designed to provide an optimal trade-off between
performance and serious limitations on material cost and weight which are of particular
importance in the automotive industry. Therefore structural design for noise reduction is a trial
and error procedure. If structural design optimization is attempted to reduce noise using the trial
and error technique, it can often lead to unmanageable measures of human intervention and
computation. Consequently it is important to devise an efficient integrated analysis-design
method that will reduce human efforts and maintain a high level of accuracy in optimality
considerations.

The objective of this paper is to develop effective, general CAE methods for structural design
optimization of vibroacoustic problems. This paper consists of 6 chapters. The contents of each
chapter are as follows;

Chapter 1 gives an introduction to the subject of vibroacoustic problems of mechanical
structures pointing out conventional engineering approaches and CAE methods for them. And
the design goal of this paper is discussed. Chapter 2 presents a method for applying optimization
technique using genetic algorithms (GA) in conjunction with vibration analysis and acoustic
radiation analysis to solve acoustic radiation optimization problems. The presented method
makes it possible to easily utilize a wide variety of numerical results since the commercial finite
element code NASTRAN is coupled with the optimization procedure. This method is applied for
the reduction of sound radiation from a vibrating plate coupled to an acoustic cavity with

positions of masses on the plate as design variables. This problem can serve as benchmarks for




further study. The design program has yielded designs that were effective in reducing the sound
pressure in the frequency range of interest as measured at the receiver point. The numerical
prediction was in good agreement with the experimental result. Thus, the presented method has
been shown to be both effective and accurate in the numerical and experimental study of this
design example. Chapter 3 demonstrates the effectiveness of noise control by improving acoustic
characteristic by the curvature design approach. Very little work has been done on effects of
curvature design on acoustic reduction. The method that couples the shape representation
technique using B-splines with the integrated program developed in Chapter 2 is applied for
optimizing plate geometry with respect to reduction of the sound power in a given frequency
band. It has been demonstrated that relatively small changes in the geometry of the plate can
result in significant reductions in radiated sound power. They highlight the advantages of using
the underlying curved geometry to achieve improved acoustic performance of a structure.
However, they also indicate the great sensitivity of the objective function with respect to the
given design parameter set. Therefore, the performance of the optimized design may still be poor
because of the scatter in the system which can never be avoided in the real world. In Chapter 4,
the robustness of optimized design candidates obtained is analyzed by using stochastic
simulations, so that designs that are statistically less likely to be sensitive to parameter scatter
are determined. The resulting statistical distribution of perturbed performance helped in the
choice of the best optimized candidate. And the stochastic improvement method using the
stepping technique was successfully implemented for improving the perturbed performance.
Moreover this chapter presents a new method that applies the nature of GA for finding robust
design candidates. It has been shown that this robust design method is successfully implemented
for the optimal design discussed in Chapter 3. In Chapter 5, the method presented in Chapter 3
and 4 is applied for reducing booming noise in a truck cab which is caused by resonance of the
engine compartment by the curvature design of the cab panel. This method has yielded designs
that are robust and effective in reducing the sound pressure at the receiver points. Furthermore, it
has been shown that specifying a target value in advance is more practical due to fewer function

evaluations. Finally, Chapter 6 summarizes conclusions of all preceding chapters.
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I(Bx ax dy ay 0z 0z ke -[ d5=0 (1-13)

ZIT, SWEEFHEM, 9/0n BERUIBINMEIERFEOMS EET,
ELRBEARERSEL, BEEAOBTEREZROEEH & ﬁkLtiF#%ﬁW%ﬁ%
HWTHET LD ETAIE, FRENOEEORIBILELE p 2 AR TEMUT S Z
EWRTE 5,

p=N"{p}* (1-14)

ZEL, {p} REZOEHISLXIBILERE, fF T, e 3FNFRART FPIVOEE, 1200
BRERT, I, N BEZNOEFEELZHNHETL2MHABHRT, EECHT2EAXLZERA D
b7 h,

IT, EAMBRUCYEZROBBEMBLALYOERA VS (Fy—-F k) L LT
(1-13) R, C-1DARTA-1)XERATNIE, 120BFRXH L TR~ b Y
v AFBRPBELN, RPTLEIBEFORIMEORAEBKCENHBEGLRA LMY v 7
AFBRAERD, 2720, BRERIEMTZL, BEETH %,

[M, 1P} +[K, I (P} =/} (1-15)

=jnNNTd(26 (1-16)




ON ONT ON oN” 9N oN'
K=| NN  ONIN NN 45
[K.] j;e ox ox " dy oy " oz 9z °© (1-17)

. . (1-18)
(£} = jpo] v,Nds,
FEFCHTIXNOBEBREEERIIOVWTRD, ThbotERAgHLELI EIZLD, X
KDL HI% N XL (NEHAH OBRFELIXRFEXVEONE, 28, EX0&~
P 7 AR TNANY FIRTHEDT, ZTOBEZFHATHIEHRIIHENTR S,

(M, ]{B}+[K,{p} =1/} (1-19)

FEMTIE VY Y FERLIBEFNMEDPLELRLLDETVILPEELZSRE D H 52,
AH—HOBTHBTET, FLEEFEBITILERNES THAL, ZHEBRLERICTEL
THBEESHER R T 220, EAMICEEEAN L CAEBEHRICL BT
WWHEBSNTWS,

EXEBRES P ETLTRESHTH S p KOVWTOREBFTRERZELONFEMT
HHDIZxL, BN LEBETAVCEREINOBRTE2THLTICRERLOEST DR THL
LTWLCOFBEMTH 2, Thbh, Aok )iokspunus,

(1-12) X267 - OEHREZAVTC2HEFTSBEFZITIE, ROLITEEERTZ
ENTE D,

* * a iy #a
[ p(V?¢"+k*¢7)d 2 - L(p%—«p = s =0 (1-20)

ZT, EAMEHBELT
Vo +k*¢"+6=0 (1-21)

PWMETAEKBERB T S, 272 L, 61X Dirac DTFNVIBEETH S, EHREZIR

ETHE, SRETH T (1-21) ROEFBIAXNCIRTEEAES ) - HRL%
% 4D,

. e—]kr

¢ 47y

i

(1-22)

ZEL, r 3ER S LOREBEORLERANNOEENOR | LOHEBTH L, Z O,
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(1-11) XZ2ZB L TROFERABSHTRANBLN 5,

3G, . *
¢ =L[p a’; + jpaw,G, ]dS

::T, Ci ey

c=l B ER S ALEEATWS L X
=12 . J i FER S Lichsr L

Thhb, (1-23) Ri: Helmholz A HFERXELELN T3,

Fig.1-4 BEREZSH

(1-23)

(1-23) XEEBEL2RRE2FOHEBICEAT 2720, ERHsEREOERICHEL,
ERABOFRRAZERERIIG T2 BB FBRNICESRT S, Fig.l-4 DLHICHER
S NEAOERERTHEL, KEFX S (=1.2,...N) ATEE p;, REEE v, T—F
ThrERUTZ, B i xEE S, LICELE, (1-23) RERDIIHICEZEOR/RTD

MIEREIN D,
1 N aG; .
5P —éj.s‘, [p"‘-anj +jpav,G, ]’de

ZIT, #E~MN) v I A%

9G;
a; = 5:‘/_2]5]5;'% ds,
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(1-24)

(1-25)




b =stjjprii'de (1-26)

B, B iP2b NIETIKEO2VWTOERT:2FTLOTT M) v 7 ADETHRT L, &
KHICERBOERE p 2 RABET 2 kDI BT —XkFREAX L LTERILENS,

[4l{p} =[B]{v} (1-27)

CORBEABRBEIIERTELYN, ChEEEBCILICINER S LOETOER
toFEEFHALIRD LN, EHIT (1-23) RPLEEOROTENETE 5,

DL HIIBEMTIREZBOERTMEBERSE T AL T THL7-0ETVALPLENE
5T, FEMIZERINDZVWEHETHTP WL 25, FEMTHZR S RICLZ
BEESHOBRMT A TA2BACEMFAEHMEOLONEREZSENFLEL RS, BEM
TREZOLEFELS ZIDTANT - ERFHOKRBERBEFTELE 25, BEOHMET
BRHICHEROFSZHANOTERSMEI S, COBEICEFEMI)BEMDOEA
BEHMOFEILREN DD, 7272 L, BEMTREH~ M) v 7 AFFEFHTTIIL< b
Vw7 ALRBDT, RAEXBOBHROBBOFIZEIFTERBOAH LI AZVE W)
X5, BEDORBBIMIFEMTIT A2, ZORBRETLITHOMINICBEM%
w20 —BHREVWFTIZR o TWABENEL WV,

S5, BEBITOABR»L AL L, EEMBITEFEERBIHIEZLON D, FEERFAT
X, BERLEFEROBMO T4 - FNy I PERTELIRICHEDLASL, LEMHEEKISEY
SOFBEH LT, BHZBHIIELZRBLTVIELZ2ETHE, ZOBIE, BEAOREHD
LENOEWIID LN, BlLo THERPEHTLIORERTEL, 2F), —FHOD
ZETH S (Fig.1-5). FEBRMEN T, HWERKT L FERTIEINADAT Yy 7 TIire b
n, —HOBTHERISMEFOBEREGH L LTERSINDL, 28, KETHHAL 2R - &
BRFAOERMIFEERLRDOGFETH 5,

IR LT, EHOBHIHEEYIRLELESR, POBEYOEHIETH IEELS
AL ELEERBTHHA, BERBNICEL, ERBRN TREERLEEROMEEMEH®E
TIN5 (Flg.1—6)o FzIE, B TCAE - —%2BL L, A¥—-—Hh—a—
VORBTERAFES LT LLR22, FLXEFETAE—FI—a—-YIRPSELN DB,
WMRIZEDPAEEPICBVTHEEER»LETINRH SN EHEICE, FERXRTBEMTE
BERLBTELZILNFEEZ WV, L2L, RETAHML-BEARTHERINLIER L EERL

ERPZELTHBATLIHAICE, BEALZ I TLIELRZEZHMOFEMTR®R L, 5E
BRHCHERBEOBRREINAMENEL LTHHEDSTTEDLNTE L,
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(B

Fig.1-5 IR & B fiE AT

Y EENC X 2 EDRE

e
% 3 1 7))
(FIf)
—
(%Kl%%ﬁmmﬁi

Fig.1-6 &R

AV 2—FDON—=FI=2TH, V7 I T7z2T7THTOEELEEICEY, BE>I 2V
—VIVEMRELIESL, PRYVORENTELLINZoTETVD, TLT, &
M2BEYOoRBEMECITLTIBRIBEIMLEL, CAERHGOBBEMLASLETER
HEOHMAERHEREFOSTF TRECEML TS, BEEEYIaLb—-Ya v IZXER
HERBRYREOFHUET 2o ELLTRILOLOHMELES-CORH L, LrL, #
DEL I REKOBFALHAEATT2VHELHEZBLTEVIERIBVWTIEHTH S
bOD, BEEFETARNEFEHANFNEZIFLOLVEVIBREND D, T, BITHHKFC
SN REMFT BRI HEEL T LB, R BRXEELEMOHARZ LT IR 55, »
ZYOBHEEBVONLEI LIIR B,

1.6 REILBENOVERLBRHBEESTFICBITIHMER

FHIFME L TOCAERRERMEBEOHAERESCKFIONPH THEASNALZZEFEEL
TBERTH D), R TEBRBLCLELZOE, BAKIVFHIA-EELALVEEEDCHE
FTCEBMEELEELRDLIETHE, 20201, HlAIE, EROKEMLEZ I, B
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EO—HZzRELTEMBRNZRIETILEEBRYETHTHEBIESLL, RFFLCEOBHE
FRRINTWVE, 2L, RETHEHEMERLTWIFATHY, LHELDERFHNT
A=) T MAEDLETRIERLEHHNTERT L2 EFMCETNI L) TR
TETW5h, 22T, REBHFICHTAIERICHLTCAEY I 2V —Y 3 Yy FiELEEE
WHERAT A AERRDOLND LR D, RELEFEEHBEA TS, BENDY I 2 L —
VavidHILTEANLTCHEBEER DT A LD mmenaﬁ,un'a Bz lAED
FHIEWKXY, WO LHEMTICLARERETVTERICRD, YI2b—-—Yayildio
Tﬁ%%®52ﬁ%ﬁ®$fﬁﬁ&%m#L%%mﬁ%hw,EA&%%KTdéﬁaw
ST EBEHIILTAND, SHLIERRORTHERN2MTTEME BT L 2 LATE,
it%t&%@%&ﬁﬁ«wﬁﬁ:%O&ﬁb,%%%mﬁﬁ%%ﬁTé:aﬁﬁzéo
—fR IR EEE” (Optimal Design) EIBIEh TWwWB DX, Ftoxd&+HBEFTVILL,
ZORMRERELTHOEHCENEEKE LT, BENEEFNRAESCKRELND L H 05
FONTRA— S ERETIMETH D, RETEEE X=(x1,x5,) TETEHRDIERN L
B HMERRO LD IUHEENICERTE 2,

BB % | AX) — min or max | (1-28)
HBHEHF . gX) = 0G=1,2,) (1-29)

HHRFTMEICH LTLERLD X ) A, B zeEE T IERERFHELZ LR DL ) %
BILELZLEDNTE, DAL LRECTNT) XL 2BRHTLETTH A, RETHE
PRTHEBERAISTLTLIBLERBENTVEILERZL, S27-BEER X <xLTH
ERHE 2 Lo THBEFFEMTCENIET+STH S,

BEBHNF BT 2RERFMEORFERICI, BERMORKESLHELEORME
TER2 CRFOBECEENH SN ST AP RIETN D, BB, BE, BA
e S, BmiEd, EAFRHFE-FR2ECHEELBEEFBEINS, FREOTE LR
HEHRICLARELMEC T IEN 2T 7 —FR3#HERAALRTBY, BF, &
BEREELRBRENIBRBENMFEEZTDHTAI LI o THFEN S V-G H|{IE T,
HESTHELEBIZLT, CAEV 7 MNP 2T7%EV2a— Ve LTHALELBOREL
TUZ T AN ERNRBRFTY - VELTHEERENTE), Tho e RPBEFERRD
ODRERFCHEALAHERE DS -0,

L2L, BEBREOS T CRBHAERICBVWTENBEEFEERZILELRRTIEND Y,
ZOBACBEEOFETCRIREALEELTH TAILRIAELSTEIZ W, IREHMEAICEEL
Th, EBORFH CTIBRBOEARBBLARICKRELTLIZLEVLBELRLT AN D
A8, BROBAFRSDHELHH T o HMERIEREBEFBS, BEMRZFRETRICLZRE
TOEFICHBELRMEI RV E S, Fig.1-7T 1, »2FREO 1 A2 HEMMIEL KD
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BEHEREOEM R FHHELFELZATH L, O)OBBEHICEHESE2 S, 600 Hz
FCORBERTHIBVWIROBEREE—- FOEEBICL2]1 2O -7 PHRATES,
FROMEE ZNEN 64 DE L7z AXADEMBEICHL, WOELED 30 % ICHLT
PHEBENMLASEORDEEO HEBFHEF ) XREATWE, TIT, x-y
EEEIAEEXIMTI2EREOMNE, z BEEBREMEBICN T H2EHEEDE K
FHETH D, ()X, BELZBEURE IR >oTWI I EFNbL b, ZOFTIREAND

L2 A2MNEBRRETRINZIMBEAMEE R o724, FRAPIBHICODLL2WEEA, I
B EHETRRFAEHOOVHAREB LIV ZOBOBITOBERUCEREI I KRELREL T
TLEID, TOBEMLZLEORPOR/MEL ZDNEBELRMFITAILEHETR 2V,
T, BEPOLREETLIFLER T OAHAETSILICHELVWHEL LRI LY TFREINS,

1.7 &0
Doz b 23 0B ERkDIHIC 5,

CHELOBBEBICBNT, REBEOEREBL, XBLIEELZREDN1I2TH S,
-EBEEANRELE LT, SESELBELEIHBITENATVED, BLVAREROH T,
HEROBEBRPLHATHRICE LRI CIEIBREND 5,
, BERBEH I V-V a VERPLEICZoTETVEY, REEETMAE
BHILTLIES TR RV,

CHE3, BRMEBOREDBEERLICIHLEE SELMESTLrbRTRE 00,
%ET%E%&(&%%&)ﬁ%%&diﬁﬁwméhfw&wt%xé&%?%é z
1T, AFECHNEN A EDREERL A ER T 0 OMARBRI Y 12— s
VEBEOMT A B LR ETL D,

1.8 AFIL DR

KHAXLBEFZELZ2EDTCO6ELLBRENTEY, FEOHNFRROBEYTH 5,
EI1ETIE, HELLTARGLD T -~V THLIBMEBIBTLIRGEFTHEIION
T, RGT2bhTVEHFEOMES, METIHMEY I 2V a YFEORELEN
EHBESERILO-DOOEERFTOBRAPLAFROBWEERLTHL2IIT S, F2E
T, B T ARERER I IaL—Ya v R ETT LD, REMEF, FTEMEFT,
BIEHTVT) AL 2MAEbERBLFEIATL2ERL, TEHEETVENRLE
LR SR HME~NO#ER R A2, COMBREAY AT 20N L EREZ BE
BMECEBWICHIETA2-OCHRALTBY, BOFKHERFTVI2b—-2a yokHoN
VI - HEE LTCOBEREELE TS, RELFERREICGL, ARLERETITo%
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EFREDHBIITY, BMWET2BEREZF L I 2L -V a Vil TA2E VAT LOE
AHERCESEZBEN, ERWICKRIET 2, E3ETIE, TEBRMEBOEE - A b
EOBRBERICEY, BEITOATELY 7HMEOEELEICL 2BERENEFICE
B2 TETVARLEV)IERERE,L, RRFELBRL2A27 S u—FThHIERHHRO
MEHRREIC L 2 BERBERIFTRET S, BAWHRELTHERETTVERY, TEK
FAT—OBEBALZENE ST E2HREBEROBREERTF L I 2L -2 a v EFTLTEDR
HERFRUEOUBLCHTIRRFEOYHREMFT T2, RBELEFETIEK, B-A751 %
AW -HEERRET A E s E 2ECHRBLAGFE VAT AICHARALHELETT S,
BABTIE, B3ETRELABRHFELCBVT, RFNSTA -V 0EHIFEHBEHOIG
BUSRD2EEPREL, EBOBRFICBVINRTIA— S EHOEEI RTINS
CRELHETHLBOFMEN KRS (BRI I2TEREISL4-0, BoNHRIIHL
TRONZA MEORFPEETHL L L, BEGNFMCLIVHEEEECEORFT OB
EROBENA MNEORF 24TV, RS A —SEHEEEL-RF2RATVSE, &5
W, FFEEZ T TR O NRA M EDER LA REREZOLES.,S, BEHWTVITY X
AFRIGHLAZENA MREBEREFEEIHZICREL, PO0FELEIETHEALKE
FVDOEERE ST — KRBT CER L TCEFOEDNE LR TS, £5ZTIE, ThE
TORMOLHELT, P Vv Z70EBEETHAF Y 7ERCELLEARIDVS M@
ML T2, ECTRELAFELZHEF Y 7EFVICHEAL, BAKZD ) FOERE
fEEEMELTHF Yy 7R NMIC L NA MEEERBLAHERREERT 2TV, BE
FEOFDHHEERT T S, £/, LVEANLRFELLT, BWBEKRINTIEEELY
LhLOBEL, ZOMYEBRTLIBEZMAZONA MRERERDIIT I, HEIC, $
BEIBWVWTEETEHELNLERZILOTHREL TS,

3

BE W

(DHBEHER, KRBEFASM, SMER, 1993,

(2)Maidanik, G., Response of Ribbed Panels to Reverberant Acoustic Fields, J.
Acoust. Soc. Am., Vol.34, No.6, 1962, pp.809-826.
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Am., Vol.51, No.3, 1972, pp.946-952.

(4)Fahy, F., Sound and Structural Vibration, Academic Press, 1987.
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(6)Heckl, M., Vibration of Point-Driven Cylindrical Shells, J. Acoust. Soc. Am.,
Vol.34, No.10, 1962, pp.1553-1557.
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$2% HREBHEEBRAZRFOL-OORBIEES AT 4 LEBEEFV~OHEH

2.1 ¥E

REHESTE BRI B & T2BEREHRET T I 2 L—v a3 ViBWT, BB, BUTSmm,
BB 24772 ) 2Ll 50, ENO OB ESBER Y ETUB LT bk 5%V
&, NEPFT =27 VTEFT LT O TIRIERICEME R RATEE I b, 20750, BBEILOBRR
THE>Y I 2= a Y TERTABIT 7O S 62 AL, E5IC—EQMEZETHENLT S
VEFH D, ZL DENE BB - A LT 2BRRIBEICLoTIERTH Y, 2—F—A ¥ —
72— ADBENERIIBVWTEREE R,

FEOHNE, REBEME G ToBERERTLENE L, DROTHOEAMEOEHE
LEHEV AT LADER TS 50 1.4 BiTH72 & 912, REBFMETRERFHERICBWTIERIC
BRZICEZRTIEDH ), BEFBEIMETLE AL TV AEEFEETEHET S DIZRE
BhbLBbNb, —7, BFEMLEFHREICESSFEYUIIC, FrERPTRECO—FETH LR
B 7 VT XL (Genetic Algorithm : GA) PEEFEEXEDTHY, ERBHROMER VL
HRZICAW T2 TEY, ThETUEL OMERESRE SN TWS, GA B LRIE I
TOMERMELRET, TN TREFPEEL SN TWZBEDOBVEIBEIIY LT A 2Tk L
AWM D L, £IT, GAZL2RELFEICIRE - TEMTLHEE I REHEI R T
LEERL, IREBEEMEITT2BERBARET I 2L —2arviiTh), BBIraR#E{LE
DN E Fig.2-1 IZFRT,

Initial input file

v

Analytical model §——— Modified
input file

+ Remodeling T

Vibration analysis

+ Optimizer
(GA)

Acoustic analysis

Function evaluation

Convergence?
NO

YES
END

Fig.2-1 Flow of numerical analysis.

FEMBCTIXLAF EMBATY 7 F @ MSC/NASTRAN # ¥ 5, REVBEMEIIBITSGA
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BV EEREHREHIETAMAETIE, GALFEMBR IO 7S 4L0KE - BBILEEZES IS

Th57z0, FEMBIH7a7 5L LTHRABITY 7 b Th{FEOMEZNRL LI-ERO YOS
FLEFIHT BT —AWE v, LL, FOX)IIERENLFEY AT L 054, B2 BT
WMEPFEFICRESNTLE ). £NITHL, FIFEICBIT 2 RELETE S A5 4 Tld NASTRAN %
HMARATYEIZD, FEMBIRICBWTERLEERRPERLBEDIA 7T VIMERTE, EFV
LR OMESGRIFEMEORENERIITRAAZEXWRICLTWS, ZOHIR#HEELY I 2
L—=2a v ilBU GBI EEROL S LBITBENBE L W) BTRELFEEETHLEE L5,
AWFETIIERREEY 2 ORET DR BE T AR E LT, BEERICL 2RBMOBERE
e RAa b, MEKREOEAERTHOIMREEW IREBFTORELBEBER L 25E0EL,

BESLEZENE LBERERINICHETL S F ST RHENMTOR TV S, RETIIEM 2 HEH
LLT, EEMESNIEER EORBLVBICEENMT 24 2E x5, RETERIEEMNMT
AfiEE L, ERFIINLTEEMIRICBIA2BEOFE LV \NVORRBLE BN & Lz RE{LEHE
RETTHo CORBEIHMBETIIHBRNBELBRELEEL TV, 2ORERL RO L Z 3L
FTLAESHTIE RV, ZORBIIEME TR L REFE Y X T ADERME L ERE BUERN K
UCEBRIICKRFET 2 20IRALTEB Y, BOMROLDDORY F3—HEL L TOERZFHLHE
Twh,

2.2 BBfLEI R FIH

METERI LS 1, RFETHERT 2 REHE Y X7 210, IREVFT, BOTEMRNT, RE(LR
WEFETT B0 OBBORMERET O YT LA EbeRENLTUS T 2 TH B, RBILEE
TRENLDOBHERVBELITZ) 2Lk b, FRNOPFIZOVTIRUTOLBY TH %,

2.2.1 B¥rEFTN

REIZBIIAHEERER VI 2V -7 a vy TR, HRHEOZ VYV UV V—LRRARTHEL 25
BBRBREOVOREEEAWNRET L, BBETE, NHOFTEIPLEFEN2ZELZITTNRE L
B OIRENDS, SHEEABET SN D BEREHT (2 RE4FE) TH 5705, BoBMEMEICETT
WEtE ST b N BBEF L WO, FRICHTAERES(xIRE LT, V 7#HE - REERLZ L
wmﬁmiﬁiﬁfﬁéﬁ,¢ﬂ-%§ﬁﬁﬁﬁ@ﬁ?%%% BRTHEAREDEBAKE 28
WRED—D LB o TWVE, ZD720, FIHRTEE TOEEISFEOUEN RO LN TVE T,
FEIBEOERFZEREL2TNERLRVEEN L o TETWED, KEFRFOERN
Lo TETWVES,

BT S L LT, Fig.2-2 IZRT &) R BFEBHETVERVWE, TOETFIVIE Guy bOBREST
FRHENEBBEOERENETNESE I Lz, HEBEYL ORET ARG EZ T T VLT
B4, BELIEMTROERTEREZ BV TEMTE 2EIFZWY, BITEF VI, LEORERO A
DHEE, MO IIMBETHSICZREATAALETHALEL, KEEIF 0.2 n X 0.2 m X0.2
meTh, T/, BEZTNVIFEELTEY, E&X 1.5X10°% m, BEI 2.69X10° keg/n?,
YU rEIT 7.03X1010Pa, K7V I 0.345, BERE 0.02 T—HE L, ALZIEZHEMIFIHL
TwhbET b, $72, ZROFEIR 1.18 kg/m’, HFHIE 340 /s & L7z, IREMRZ HEBIMIKRT 2
OOEEEYRES (KEHG) 12, T2, RO L TRBENE LR 2LEL 25 (0.0,
0.0, 0.4) CEFEFHUAICHELZ (B m)o COFENRAIBIT ABHFTELE XL TR
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WEHERA L. BHEREERD LI, T THET 2 RERAT & BUTERIT T2 b2 nid
b7\,

Receiver point
OA/ (0.0, 0.0, 0.4)
Vibrating plate
(0.2X0.2X%0.0015m)
A

i Z

Cavity Sound source
(0.2%X0.2%0.2m) (0.0, 0.0, 0.0)

Fig.2-2 Description of the coupled acoustic-structural system considered in the present

application.

2.2.2 iREhFEIT

RER D ORET AR TE RO LI, FTRBSADHELT LR ILEFDH L, —RICHEEYD
25U ZHNICEESD ), FOTEMRCL > THEDPBHIRI NGB E, HBELTHOE
FErOERMELL2L7-0, TOFEICIEFEMIZL A ETEERMBEN (coupled structural-
acoustic analysis) #ETT 5, HE—TEERRLE) FREZAERXNIEELERT 2 &£ kK

NEHIT%DBO,
[Ms 0 ]{w}+[K KMHW}={°} (2-1)
M, M,||p 0 K,|lp) /s

ST, s EEER, o BEERFRTHRFETHH, 2-1) KRBT sLMA, THOERHRENE
FNEN, BER, BEREFELTWVS, ZI7T, {w ZBEOEMNT MV, {p} EEFENRZ b
M, 4 IR by, (M) ZEETR, (K] REIEATE, (M) 3EESLFHE~NNES R
ZEBMT M) v A, K] BEED»OBE~NNEGXZBERT M) v 7 XA THE, (2-1) ROEK
FRATICIE NASTRAN DERERBICEMTEZERT 5, FEMETF VORI, REMRIZIX 64 BO
WA% = VEFE (CQUAD4), PIERZefiici 512 EoFE Y ) v FEFE (CHEXA) W, T/,
AT 10 Hz AT 10 Hz~1100 Hz O E S & Uiz, IREVEN TH O N7 IREN DA 1,
RICHBAT AR ERITOBREMAL LTE L2, BEREFTUSICBIIARFTFEZFET 4o
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Fig.2-3 System having simple near-planar geometry in a rigid plane.

2.2.3 HHHEMEST (Acoustic radiation analysis)
WREBOFICBEIN-WEOREFEH L TVLE, 2220 ENIBTROTELRD
WiBE, REBSAFEMTHNIE (1-23) XD Helmholz A FEANI Y, TTEHEIREBELICE
Wk EOETMEE L RABE T 5 HERPLRALENRD bW, ZORTEEIN LRH A
PORRCL N ZHOEERICBITLEFENFFHETE 2,

d
on(r’)

p(r>=JS[p(r') G(r,r'>+pw"(r')G(r,r')]dSv') (2-2)

ZZT, p WEE, S IIREE, r ITFHROMEXNI MV, r’ i3 S EONENXZ PV, nid
S BT AHE EER T EOEMESD, Gr))=exp(-iklr-r)4xr-r’| ZBHESR ) —VHE, pld
ERBE, w & S T 2ERFEORBMEE T %,

1.3 i Cak~_7z & 512, —f%IC Helmholz F&AF AL, BEHREFRE (BEM) X D ETZ—XK
FRERXELTERMELTHEL 2 L2505, FRREEY > 5 DREBS T OFEI12E (2-2) X
LIRE &N D Rayleigh AR (2-3) FRVWEBEEX LI ENTEHOD,

p(r)=2p| ¥,(r' )G(r,r)dS (2-3)

REHEASER Sy 7V EIZH B L & (2-3) REHEHLS 25 (Fig.2-3 BH), (2-3) K, (2-
2) ROAEDE1E (FEE) NHEESNEMBESBIIZoTBY, REHMH I L THREEICB T
PREGSEREFTAZFTIVAY, (1-23) R0 L) ZRSAERADPLOFEZ RO L DICENTEHE
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B2 KIRICIERB T A2 & TE 5,

BETEMITCRIRBE L EZSE L, EEZI LRSS M ARSI UKD, 22
TOEZRGENIIREFEN TH VIR BER IS D L T4, ZOBIMEITOREICL 2HIRE~
DEBIINSERTELEERBINTHL L L, FAHKNTEIETRBICLVBETLER
EHREOALTBREL TS, COBAEIRFEEORLEREL, B LEEFMFOMEREZRT VA
5 L D{5ER ¥ (VSTF : Vibration-Sound Pressure Transformation Function) &, IRENEEEHEFR
&L OBITEDLEOBRIIGETRETH ), FRERICBVWTHEDOEE L (W), 5EHH
BUBIBEESME (P} L LT, EEFYE H] 2XXTRTLICERTEILNTE 2,

[H(@)]){W (@)} = {P(w)} (2-4)

72720, [JE~bU v Z A, | 1EFIRZ P VERT, [H] JIRBEOEZTIR & RSO AK
FET20T, —BEROTLFZESESERIRBAMICT L TEREBFL LTHITEDELETT
EEAMAEETH I LA TED, ThIE, BEEHEICECHREHLER R HME )& LE
BEEATRIBEE, FTEHREZRIBICHMEISAZI LN TELZ LV ATEF AN THL L
Wz b,

2.2.4 BEBITRR

PLESB L7 &9 23RV BAT & IS MAT 2 5247 L ¢, FEFHIAICB T 2 BB RO BRI
& (100 Hz~1100 Hz) %#5tET 5, 28, E@BFL2EZ 556, RERKICAHTLIERORLETD
EEOW - L, WOMITIREGOW - B—HTAEHICBNTEERIEMTL2IA TV A
MBEOEBIZEETLILEND L, 24 VIV FUAHEFE L A REEAEKTHLIAL Y F VA
BRBBEKIIRATRENE®,

_gi_pzpa—oz) ]
Je= 2t E 2-3)

727, ¢ BERHPOETE, t IWE, p3BE, EBYYIE, cB3FT7TVYHTHL, 2-5)
FIy, TOMETIIIL VYT ARREREKIEH 7800 Hz L 20, BT RERROHHE IO
WTRIA VYV FUARBRORE L ERET HLEITEY,

EZEEITFCIIMTEFNVOBEZORE EEFTREOEED 1/6 UTHEFILVEFTLRTWVDLH,
KEFNVOBE, BIARAKBERD 1712 HEUTTH 570, BITBER TS THLLELNR L,
Fig.2-4 IHETEMATICBWT BEM & Rayleigh AR EFAVZFERKRERL TV 225, M
ZEHRVW—FHERLTWAZ Db, B, BEMIZL2BTITNAEERITY 7 by 27
SYSNOISE % fEM L7z,
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200 400 600 800 1000
Frequency [Hz]

Fig.2-4 Comparison between Rayleigh integral and BEM predicted sound pressure response

at the receiver point.
B, FFETEEELAVIZETS B EEUTOIIICED S,
Sound pressure level : 10 log (p/pe)* dB  (po = 2.0X 107 Pa) (2-6)

FRLIIBWT, FEVARIVOEEEIZFEIC pp = 2.0X10° Pa &5, Fig.2-4 DEFEERELD,
190 Hz, 850 Hz, 900 Hz fHiEICBVWTE -7 2 HERTE D, ZhHbDH B, 190 Hz & 900 Hz 1+
EOE = 7 I3ARF LI LB L 2 2BBIERFE— F((1,1) & (1,3/3,1)) Th b, 80 Hz fHiED
Ve 7 3B EHETHOXBRATHITEE- FORBILI > THEREEALTVE, EAEKNZXK
THAZEMICBT 5 FEEA T — FRAEKI, EHAOE— FREYE (, m, n) XOBE, EREZR
L2WTETOBHEIFEEE LT, kARXI VKROS5 BO,

2 ANEANE G 0,1,2,3....) @0
== ||l = — — mn=0,1,273....
f;mn 2 [lx)+{le+(lzJ
TIT, ¢ IEHE, L, L, L SEHEOTETHL, BIWEFNVTIEIRNE L 221HEE 02 m TH
B7:0, ZOBHAE2REEE— FIOWHILT ALBERKEKD 850 Hz L2 b, %5, 0 Hz 31 REE
E—FIIh B, THEEEF—HE22RGE—FThd, BERAI I 2OTRIEE—FIZ1
D2Th b,
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Fig.2-5 Acoustic mode shape of the cavity.

TEHENEZEMICBITS 850 Hz OFEE— NiX Fig.2-5 IORT LI, z AMIIHFESTAIH
o 2B, TORMIFELVARVORNEBEERLTBY, BB 25 HVWEE B RZLEHE
ERLTWS, ML), zAMICEEE-FPERSINTWELEI L LD D, EHETHEIEED
BWE— FOME, RREFHICR->TBY, FLERIBVWTHRMFENDFELVALMPEL 22T
WAEH, TRIRIWORE L FEHOFRELOEROEELEZONS, 72, ZOBRBERIIBIT LK
OREE— FIERKZE Fig.2-6 IR T,

Fig.2-6 Vibration shape of the plate at the acoustic mode.

ZOREE— FRRIEFOLICRERENFD ), FEFAMOFEANORFMEEHFOTRZLER
bbb, T, EEFHA*EARBECEESE (x=y ) &, FT2HE (z=04m) I
B AHMETEESH % Fig.2-7 \URT, K& ), FEFHHATEANOKEHEREA K S VAT 95

BTED,
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Receiver point

High

Low

Fig.2-7 Sound pressure distribution at the acoustic mode.

AEBCTHKALEBILETETE, A ETORNSTEREIIBNT, ZOTEE—-FIERT LY
—JEREABRRTAIELZEBET S,

2.2.5 BELXE

RIZ, BETEEOEBICH LT, HNOBEEEIIOVWTER S, 2 KEKEEZHIET 5123,
MERSEREICL o TRBLAVE S LT RITE VWb ITT, EXNICIZEEOK S ZHEFLE
b, FITHEETRRIHTAIBELEFL LT, RELREEMNMET 2 2 LIT 5, EEM
MX2WBELEOHRIE, BESHEREFIAOMEOELEERLZTNELL WY THD
FEICESRTHEBENG2 )T, ERICIDIMAEDEFELTH S, BERERZ B E L 22BERE
BEHCBWT, BEMMEFHVAEFER COPHE SN TV EH00D BEINEIC L 5 1 KEXK
BEEWNELELTVBE T —ANE 0, ZOBAETEMETH ), MESERESEIIHTHTSH0T,
RS AT —ERICER 5 W B MR & LR TC, REBFEORERRIIS DL D EBo72D D% S,
RO, BELRTS—2AAFF4 - L LTHMEEN 1 O2OBEEZELD, 1ADEENEZ D
0.03kg 525, THIZHEED 18% ITHL TS, T72, EEMIMIWOF EMEF NV EBEKT
58X HNERIIH LTI %R EL, TOREBLHERFTCBITLIREERET S, ¥R, 20
BECEZLNAEENIMEENHREIZ6 480 L%, FEREMNMEE IS L TEHI A TORS
FEBEIZBIT S 830Hz—870Hz HHBOB/AFEL ANV BRI L LCRIELERT Fig. 2-
8 IZiRT,
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Sound pressure level [dB]
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Fig.2-8 Sound pressure level peaking in 830-870 Hz band at the receiver point for all

the possible positions of a single mass on the plate.

IT, x— yEEREEHNEGLS 8X8 BOERORE, 2 EEEENERERELTY,
WEETAEERER CEEELASEE—- FINETATEY - 70Ax & 0720, BHEEE
BEFOE—7 LRV ERLTWS,

BERMETICB VT, 830 Hz—870 Hz #MB DIRE)E — FIIRIZ Fig.2-6 L ZIZFALTH B 7%
W, FOE— FOEMECEENMERT 2 A K BTELRSIERTEEI THLLEEHICTFET
X2, La»L, TOEBRYETEIT Fig.2-8 2BV THBEEMEL RS EVFMEE & 3L i
BhoTnb Il blmbrsb,

IDYXI R —ART T4 =%, HBELTVARBEHMEOMEZTFIMICHBETLL W) AT
R CTHD, 12720, ZOFX—ATRETHOMNMEE K L TLELRD, ZORERKRZ 3 KT
ETTAIEDNTEETH 7275, —BIINEOEEMNMEZZ 2HEIICERMA (2N+1) X
FTrhl, FOL)BREEERISEDOr —ALITESTEH TR LR 2B, Thbb, FRTE
B A EERIESTFEENLOICIMA, ZXONIEENMEEORBEIBRIZENFS I L
B, TorELVWRBELMELZoTLIE ),

2.2.6 EB{LFEE

BTl X, BRECERNMEERT 254 XEEL S RTHREIIE T 5 REFRE
BEE 2 0B, 20X MBI LT, BULRFRESLH O LORETE 20iGe, KHE
HEED L D CERHRESAOB Yo — AV EMUEHCTHLVBERERT 5 L) HiRkERIIK
BACFEZBEATLI LIEE LY, 205 2RELOEE SO LT, KRB TIEIRRERITF
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FIEITCRENLREMNIFL SN TVARENT VI XL (GA) DEA AL, GAIEK
BILME T HHERIEURETH ), SHORER, fHse, BNBERTERINET
ZERICBWTRROFETEIHBRFEETH 2 L) 2 RELME YL, EHEOREREZER
(BBELODI2ODFNZFHELELT, ZOTRESHFINTVESE, ZOHERTLVITY X L3H#
FEFEV) EYDEE - ELOBRIERELBT, FOATALEFHEMBLIZEFTNVIIEITNT
RSN TS, 1970 FEMIC Holland™® X o TGAMREE RN, Goldberg®™ 12Xk o TIEETS
YIONRL TOEBROFREHBEICEE SN TR L TR, ZoFHHILBEINE LHI
hollo TOR, TFMENLRVHEBETIOFENHAEINTVE, 28, GADERNEERT,
B, FECOVWTRAHFARBBET S,

ABFFE TR BB LB LTGAZEATAICBL, 20EMICOWTEHBETL L, UTo
BEREHIToN5b,

(1) BOFMICIIENBEEELEEAY, RFREOELSATETH L0, 20454, BEEEH
EREERBRLTTO I AERAFLEL, 32— FFEICEMWTWVS,

(2) BEEEH, TEERBERLHAADLERBEMEICDIFETS S,

(3) ZFO—NVBRERE{TEoTWVALD, O—H NV RBEBRIZHED 2 v,

(4) B LTHHMBEORENFTRMOBETD, TNICETIMBEL L LEEETIC, FEEL
KEBRERED L ZFRIEWERER 2 EHEAHEE 5,

ZDIL, (1) — (3) K2V TRELDXMTERINTWVEA, TNZTTRERL RTREM
AT T v LERFELHBRLTIDEWI IZBREICRE RV, LA, BV AT L &
By AT LAZMDLY, FEREBCB I ZLEPEEICEMET, TRERDFHATEZV I ) RME
¥RIRELT, (4) OBHIRIKEVERDLDNL, BICRFBIEZFET HL5EEDOEVTE
DHFEX, BBELABRERLTEBRTLI2ILEHEIATIORPLEZNETHENEIEIERT, B
LRZFHERBTELMMIIRD 5N REOREMREMEEL, ERNICI TN ZERERZVE
o £, CATRRFEOHMERE BV TREIIRICHE SN, KERERD 90 % <HVETO
WRBERBIZIZZ DO THECEETE %,
GADFEBETOERRDFEIIELA TH A, ROIDERNLHLVIIHANZ G A THEMRE
B97 V1) X 2 (Simple Genetic Algorithm : SGA) ¢ IRITHTWw5h, SGATIRT ¥ ¥ LIZHHA
fbEN-EEAEREICT LT, SFREEEFML, TOFMICE STV THEE L W) BAENTLZD
NDo FWTRN, EREREVIRESTLbR, Uk 0N, #H, XX, ERERELVD
W FIARR, FRE—BORTEAELHATITRIETILCLIVRIMELTHN T2,
SCADEHO—DIZ, HHTE/INT X =5 DN —RIIHLIZ, FR5 2 MEIZE L TEYIC
RETAEONAN L FEREEELZVENETFON S, BEY, BRERELLEDNITA S
IZoWnTIX, COREMEEZAVNERFLERPITL2ON TV EPFREBEMICHAONTWES,
BEOBETIIEE, ZVHIPLVEBEAL) IREFRTEIRFIRTVE SR, £ ORE1L
MEEIZBWT 50 LEISBRESATWS, #0720, BREICEOBRFEE L 2% 6T,
FNBSCADRAD1IDEE N5,
CHNEIZSCATIIEEENEL SAHEE DDA, « GA (Micro Genetic Algorithm)
PRV, LOMENAREREEYITR o HRERENEN TS, GATITebh b &
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RIBEIERMICIIS GA LA TH 5745, HHTLAEEMFFEE L2 GBE 5 IRE) =
EDNRBTHE, SGADKEE, BARELL 2 VwE BIRERATIHIGE LT W LM 6RT
Wbhe # GAIZBWT, 2L WEABTHERCIFERRITRAAOOERYLBIEIIOVWTUTIC
FHHET S,

(1) vy 5acmipfEgkzgEIRT 5,

(2) BREAORRFEL LT, SFMEFSRD BEVWEAZLTBIRL, BhofEicgdLTh—F
AV MRFREOEMTICI YV REEZRET 5,

(3) ESINLBERIIFL, BXEETT S, KXDFRE—REELEH 5,

(4) €y MEOAR R IEL, FMEIRS BBEEOEY, BOBEEOTHEL DEF 5% L
TiCks L) “BEEFDOIK” OFEEFHIZENEFTT, BE (2) & (3) OHfEE:
D ET,

(5) (4) THZEL/EEEROIRIE LA, FMEEIKD BVWEKRIZOFIRL, &Y
OEEITBUT v ¥ LIBIRTAET 5,

(6) #fE (2) WREY, UTRMZBEZEDET,

p GADBRIEDHTIIERERIThb v, TOEMIE, BAEFANIKLTY ¥ 542 EE
EHLCEBRLETITOMTREARERDHRNTOELZVDPLTHD, £oT, p GATIEZE
RERBFIZRTILEN 2V, SGATIX, HEMERMNIT D70 0BRFRIEVERRERIE
CEHFL TR I RETRBIR TS I EAMAMONTVED, 4 GADEE, LELOBEICEK
DEREINGR % BT 2450 L ) BOFHiEZ b oBEEEZE I LTS L TE 5, ¢ GADEAL
Tt 2 ZBWTIE, EAEADD OFMEDFHORFBIIFVEETCER L, L) BVEFHEE
LOMEET VIR BMNT 20V ZLICEROEAFE LN TV 5, Krishnakumar®® &
Carrol 190 2 EAE % 5 ICRE L x GA%Z, W O»DRELHBEICEAL, RFERENSG
AL LB L CTHRFDERLRKBEERE RATTAENIBN Ty GAPBNEERL L W) ERE
REFEL TS, p GARZKREORBELHMBECH L THEAL, ZOEHUEHRIET 2,

2.2.7 EBILEIEOE&M

Iz, 2.2.5 @iTHRA 30g DEEMNMEEELTLL, FEET—-FORBILIIFEE-7 L
NVEBREHE LTEOERERRT AREELZRAA L. WETVEBET L& Y VEFR I
BT, BELEEICBII AR EROBE64ET5, 6 4BOBERIIN L TLEUTOEESR
MzEELLEE, MAGbEHETICED XML AMEE ORI ZFTE T 679,121 @D L)
RELEITR B,

GAFEIIBIT A2 —F 1 v 7T, FRETEHOMEEL “0“ 2> “1“ D1 E Y D 2EHTRART
BPEIZLoTERT S, 22T, “1“ WEHEMNMTHER, “0“ FHEENMLEZVWERL TSI Lde
HEMNEBZRET S, flHEMLD, 6 40BN TA—FIDEFF4LUTELRDLXDIZT 5,
DX AMERBEBICAN LTS, FET— FEKERIT 830 Hz — 870 Hz MiZH 5720, £0H
EHEBICBIABRATIELALVYHWEH#HE L2, $E05L, ZoRBE{LHMERARNTSGZON
%,
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minimize  Sound pressure level peaking in the 830 —870 Hz band
design variables m,=0orl (i=1,2,...,64) (2-8)
64
subject to Z <
n, <4

i=l

B, GAFIEIBVW T —F 2 Y FRREZERAL TS0, BHEBESCAr—) ¥ 72 ERE
THLEIEN,

DEFHBALTEALMITARTICLY, NASTRAN % V7o E—FEERE, RE—FEmEREZ
RO SR, GAZRVW/ICRELEN 28 S ERELELT2) 2 8ICL), HRETE
FEVAVEZRBILT 5720 0REBIFELERT 5, STEOHNE Fig.2-9 IZ7RT,

Initial input file

v

Analytical model §———  Modified

input file
+ Remodeling L
Coupled analysis
(NSTRAN)
+ Optimizer
Acoustic radiation (2 GA)
analysis (VSTF)

Function evaluation

Convergence?

NO
YES
END

Fig.2-9 Analysis program flow for the optimization iteration process.

INL—EOMBIZLETIOrSI VI VEEEIN TS, SRITCEETLIARA7 74
NVIBEHICEFSNTETELMT2DNE L)l o Twh, FFIZ, GAFTEIIBWTERIN
DK OTE TS LT NASTRAN EFF 77 A VA HEIREL, BRAFAELIEDTEHFEIN/LF
EMEFVOBKEFTTEEE LTWAI LD, TORBIFEIATACBIIZ2EELREHTH 5,
BEEMUCHTNE L7 NASTRAN EAT 7 7 A VOFREL, BIWETROER T 7 4 Vi b ROENTIZL
B2 & eI FORTRAN TERL72A Y5 — 72— A0 705V TWE, ZOMEIE
¥ 2 NASTRAN E4T7 7 4 ViREDH % Fig.2-10 I2RTo TITEROETRT L9 %, BRFEH
ZRERTL264MO 1Yy ME (0 or 1) 1R EET, MOTIZ/RLZ NASTRAN Ef77 71 4 Vv 7
F—vv MIBIAWEFTNVEEBRT 2 2 VER (CQUADY) DREEBIES (PID) (1 or 2) &
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XWX CRERDEERETRETAILT, EEMMTAEZLEEFMLZVWERLRHALTW
%o

B, &fnoar buo—) ik INIX @ Shellscript TT% vy, HMEEFMONIRHEL L2d°
LREFEZET TS, GATIRENERICE LRI EROMAALE L BEFM T 2560
B, EHEKRIIT— I R—2L LTRL, UBROHECENBTAECERITERL X, FHERE
A RS A

6
Design variables ( EQE,, 0,1,0,...,0)

; ﬂ NASTRAN input file
$-———— EID.  \ PID,[ Gl G2, G3, G4,
CQUAD4 1 NPT 5 33 19
CQUAD4 2 19 33 34 20
CQUAD4 3 1 20 34 35 21
CQUAD4 4 2 21 35 36 22
COUAD4 5 1 22 36 37 23
CQUAD4 64 1 24 38 39 25

Fig.2-10 Example of design variables and NASTRAN input file.

140 - .

ju—
(U8

Best-so-far fitness [dB]

1 T00 ' 300
Number of function evaluations

Fig.2-11 Best-so-far fitness vs. function evaluations.

2.3 EBEIGIERR
ME TR~ REIC b LT, RBIEHEERET 2o/, SHERROBIL LT, &2 0HEICH
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LCEE TR oL O BMBEROER L Fig. 2-11 1277,

Z 2T, M EWBOFME, HEEEMmEEN TER ESNFEOF TR S Bh o 7-FHE{E
RRL TV A5, B+ EEEOMEE KN TR EESKE CEE SN TITCBRFFD2r 5, 200 [
DFMEHRFTROILEEN7r— AL LT, Fig.2-12 IZRT L) L EEMNNEE 21T 2 o 125 &
2, BELVSVORERIGEE Fig.2-13 0L ) 2RIk o7,

Fig.2-12 Optimal positions of 4 masses on the plate after 200 function evaluations.
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Fig.2-13 Sound pressure response without and with 4 optimally added masses after 200

function evaluations.
COBORIIERERN 1DLEL LD, TBE-FOEBIILILZBEEY -7 LVOER, BE

BT % 16 dB L KEERIETETVS, ZOXHITEBRTELERICOWTEET S
728, WEAT AT O EMTHRBIERE L~V O BEBIEE # EHE LR E Fig. 2-14 KR
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No masses ------

4 masses

200 600 800 1000
Frequency [Hz]

300

Mean squre acceleration [dB]
un

Fig.2-14 Surface mean square acceleration of the plate without and with 4 optimally

added masses.
ZIC, ZHTHREMEELAVO B EEUTOL) CED TV 5,

Mean acceleration : 10log < w, >dB (2-9)

WELETAMBEELANVOE— ZEIX, EBEMMETE ENEBRILENTH S, TOEEEI 8dB
BETHH, EELARLVTOY—-7EORKEE 16 B L1 dhv, —i&IC, IREHEGTE OERIC
OWT XY OB & BERIEEORFOREEFER LR TRELEL 2V, £2T, RILHE
BRSSO BE Y ZEET 5720, 2.2.4 HIORLATEHEATER B AEEE-F, BT
LAWK TORDIERE — FRRE B EESFICOVWT, BEFMEOREL LTHUTRTAS,

Fig.2-15 Acoustic mode shape of the cavity with 4 optimally added masses.
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Fig.2-16 Vibration shape of the plate at the acoustic mode with 4 optimally added masses.

Receiver point

Fig.2-17 Sound pressure distribution at the acoustic mode with 4 optimally added masses.

Fig.2-15 &V, HEEx— FIEEMNMATE BE L2 FEICER SN, £RICHE L TERINS
ROIRENE — FiE Fig.2-16 ZRT L) WCIFERHARTBKRE 2D, HFHRELT Fig.2-17 IZRE N5
E9i, BEFESAMANOBEEAFESEETMIT I VETLTWARTFILI S, ZDX) %
HR» O, FEFHIAFEANOEEBEPHE o TnE I EHFTFHRINL,

TIT, HEE LT Fig.2-18 IIRT LI A EOEEEZETHMBIOIREE— FK (Fig. 2-
6) OREFEICERE LB E0RE - FEFEORLEZE L FRICRTHS,
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Fig.2-18 Positions that 4 masses are placed around the plate center.

i

Fig.2-19 Acoustic mode shape of the cavity with 4 added masses placed around the plate center.

Fig.2-20 Vibration shape of the plate at the acoustic mode with 4 added masses placed

around the plate center.
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Receiver point

e it

s SO S 1

I

Fig.2-21 Sound pressure distribution at the acoustic mode with 4 added masses placed
around the plate center.

No masses

80- \
4 masses
60—50— 400 600 800 1000
Frequency [Hz]

Fig.2-22 Sound pressure response without and with 4 added masses placed around the plate

center.

DA R L DI, Fig. 2-20 IR SN BB LIS TRE R %2 & TIRE)E — FEIR
THY, Fig.2-21 AT &) ICEEFHH R FAN OB HEEFEEIRKE 2o TV 2ERFHHERT
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55o ZORR, Fig.2-22 IURENZ L) CHFBT- FORBIILHEEY -7 LAOVIEEEMN
WL VHMLTLE > TV 5,

PEOEES S, REEEIC L VIRE - BRRHORFOMRICL ) B LT 2 EE L VIR
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Fig.2-23 Comparison of the performance of xGA and SGA for the evolution of the ensemble

average of the best-so-far fitness
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Sound Level Meter /VC
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\ Spectrum Analyser
Wood " \\ (Ono Sokki CF-5210)

i i
(0.02m thick) '*ISwept sine wave
Speaker Power Amplifier
(Fostex FE87)

Fig.2-24 Schematic layout of the experimental layout.
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Fig.2-25 Acoustic frequency Response Ratio Functions without and with 4 optimally added

masses.
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%38 REWOMERREERETIC L 2 FBES /7 — BRI O#RE

3.1 ¥8

AETE, BHEBOEAEETHIMREEYENRE LT, Z0RPEFTLERLT L7200
HEFETDDDIIOVTRET LI EEFHME LTV 5, BREEY P EERR L 2 2 RBBEEF
MBI 225813, S{DOERBE- FPRFFSLTALD, TOMBIZINETRNTEE
D, EECHETHLIENTFETEL, 2RICHT HEBEGEL LT, WEOEER, #iaH,
V- P X 2 AL, IHEMOBRIC L 2BERMNSE0 S F ST 2EEEESERER
ENTHED, TIVoLFREIIIBEFEBDEICELTELOMREENLZ SN TS, L2L,
RROBEEHFETCRBONFEHTHRENZBEESRBRZERTAILRELL, EERIA LMD
BB SN, BEEBEORNCBIZEELREETHS [EE - a2 M OERBILER]
IKHRLTLE ).

RROBELEEIC L ABRBET N EFELEIRELIFEL LT, WERERDOEENEILN L,
BANOBREE L, ZOBRICE > THENOHZNBRE S EET LB I LN TELLD
MEM R REERE A ERT L2008 R HEL 25 H @#%6#,&%H%$&kbfu%@
HEHRLTHREINTELT, $F TR IALHEID 2, £ TERETE, REED O
ERREENCER L, RENOTEBUGHFE T 2R 2 HEY I 2V -2 a VXV RET 2,

HiEL 4 A RE bt T, WR L% 2 EEMEBICE T 2 FHEFERS YT -2 EB{LT 5720
DIFEFRM ORI ERE 24772 ) o HERE /ST — L IBEYEEI L OFEIEFEERTRIE
AL ETHLW, I TIEBTESRE LCESET IV Z A, K2 BRIER S €720 S 8RS
NU*%ﬂ%tTéoﬁwﬁﬁﬁﬁ%%ﬁ&tLTBxf?%y%ﬁmb,mgﬁmmtﬁ@wﬁ
BYAFLHARLI LR, FEHS T ORI B T A MERERE VI 2L -
a vy EET LI,

Young’s Modulus:7.03 X 10'°[Pa]
Poisson Ratio:0.345
Density:2.69 X 10° [kg/m*] Excited foce

0.2m X 0.2m X 0.001m F=10 sinat [N]
*‘ (0.05, 0.05,0.0)

Z
Y
VAR AR AR A I_/_
[l /7 7 7 /o /f [ [/ X
YAV Awa / /
[l 7 [ [ [ [ [ [/
VAR AR AR AR A4 /

Fig.3-1 Description of the system considered in the present application.

3.2 FEES ST -OFEHE

KR CRATICAWRE T VR OBIT &G % Fig.3-1 IR T 2ETHWAMBITET VIZBY
HIREAR E R L FAROREFVE BEHRTOMNRET D, WISEEB NNy 7V EZHY, HBE
BMYHEINTVDLET D, COBIKEFVIZHLT z > 0.0 DEMICBWTRE - EEHTZ
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EFT A, 7, WP OEEAELT x =50 mm, y = 50 mm OB % IEZRHEIIR L 72RO IRE) 5
#i %, NASTRAN @& — ¥ VAWK BUEEMIT (Modal Frequency Response Analysis) 12 & § 3R %,
B, MEAXSZEOEHE— FPENSL L) RMEBELRA TS, MRAEHT 10 Hz AT
10 Hz ~ 1200 Hz O#FA R L Lz, REBITOMNRL 25 FEMETF VI 64 HOIMLE Y =
VEF (CUAD4) ZHWTERL 7z

Receiver points

Plate model

Fig.3-2 Receiver points for sound power according to ISO.

BB CEBONIREOALEREMG L LT, RICEFNREREET BB 5 M B Rz
FFIH, TITRE2ETRKDZEI) Z1IFBACBIZ2FEELALMTIERL, BERHE 7 -%
BT 2, HB5—HICBIAEELVAVTE, BEWORIKRZT TR, BEWD» O OHEEE, &l
MBOLEMBEIZL-oTEMNMLTLE ) SNICHLT, FERE/ ST — I 3BEYEE 5 BRI
BET SN BEBHLRIANVE—ETHY, EENICFEREZITRESK, EEFTEOMERZER
TOEARMNEBETH L, BUBHREBEIORETABRTICHL L, BEOEENZTH, &8&
B BIRE IO EFCEELFMEIC R o TETVE, KRETRFEMS/S7— w 2 1 SOHKE
Ok SEx, WMEBGERELOS L WEREMAET 28BS (Fig.3-2) B2 EEEDZEHT
BroRADEH)ITKD B,

2R & p,
W= XN 31

ZIC, p RBEACBIT AEEME, R IWEBEGCEROEE, N IBASAOKTH L, T, W
DEEHEZ AT, B SENOLRDELRTEEBSHDIR « BPARNL Y RE 2,
w

0=
peS<v,’ > (3-2)

S 2IT, S HEBHEOER, o> BWERBEEOEM_RFHTH L, 3-2) ROFTBIHRBEREH
ELFTCRMAM, FFETE A N VBB LEERETT % & IRE L 22BN 2 &G TOFBERE/ ST
—, SFREBICHE SN TERS /ST —TH ), FERHRIRGORESIIHLTEDRE
EAEMICEERE DT e bR A ERTIREFERL TV D, <>, W R0 X, RE) - S8
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EHEFFMTAHEEL L TICHVLNRTWES, KETEINLDOEIINW TS dB EXLTDO LD
a:}EbZ)O

Mean square velocity . 10 log<v,>> dB (3-3)
Sound power level  :10 log (W/W) dB  (We=1.0X 10" W) (3-4)
Radiation efficiency :10 log o dB (3-5)

IOWEF VI LCIRE) - SEBWIT 2 ETL, REEEOZEH RTY, TERHE T -, &
BETR R OB R EFR BB 2 IS RO 7 ER % Fig3-3 ~ Fig3-5 IIRT Bht/s
T— BV THOERBEE T - FOREEBILLI A -7 0 O»rHIRTE S, IREBSEFEELXK
ETHOIE, 0L UK EREEZEHOTAE-JOHERS L, ILVAVETITALZ
ENEREE B 5,

s <

Mean square velocity [dB]

0 500 7000

Frequency [Hz]

Fig.3-3 Mean square velocity for the plate.

[y
d BN

Sound power [dB]
; bk

N 0 &

500 1000
Frequency [Hz]

(—]

Fig.3-4 Sound power for the plate.
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Fig.3-5 Radiation efficiency for the plate.

3.3 V7RIS & % RBY B S ERALEET

AT RICH L, TERDOMEELTIC L BIRE S DRI 234 5, EBBSTE 2 ERT 5
LODRSERNPOER L BONLFERIEENREOER 2T L THLH, 2072HD
BAENZFRE LT, WREEYORIY - HliREEZBOLENTHWSONE ) THMEEL 2, V7
HMEEFS, BELOLENESHTH 5 720BMEBEORBENRIECFHSINTWREFET

(a) 4 ribs (b) 6 ribs

Fig.3-6 Two rib structures.

Fig.3-6 IZART X I, RITHL x, y AANRRKRETSH LIV 7% (@ 4FFML2BZEL,
() 6RMTMUIGEDENE T2 o7 UV 7RTAMNIELY 1.0 mm, &HE% 100 mm & L, £E
ROMMBEFEEICE D EFT VL LIz U 7N & 52 Z2M R EEEORBERCENEE Fig. 3-
TIRT . O, TTOFRDMEL R, (2) TIE—RLRBEEEAS 120 Hz 205 270 Hz (2L,
ARBEBEBEIRICBITBFHLVIEH 73 dB KELShiz, £/, b) TIE—RILRB R
360 Hz £ TEML, MREBEHEFHICBITHFHL VI 8.1 dB ks iz, 2ok H iz
TRmINz2 -2 Ld, BIEOMEIC L DIREVEESTFARE DEI N, VITHE LIS

CHEMLAZZ LI X AEDNRIT 08dB BETSIFEREETIIRV,

RIC, FEWE ST — OB EHILE %Fg38 IRT . ZOR, MREEBFEHIZBITLEYL
RIVIETEOFARE R TEBEN S EZ A28, (a) TIE 05dB, (b) Tix 22dB #MLTL Z
otoT&b%,ﬁg&9K?Tkﬁh,2# AL FEBESEIRKELEMLTLE>TW

47




BIENDPD, FHBLRFE LT, UTMENz 2 r—REHRT, FIROBETRIRIIEEIC
BWEE R > T WD 460 Hz I2BT 5 RIRENE— FIBK%E Fig 3-10, Fig.3-11, Fig.3-12 2R ¥,
ZORREIO &) WIRE BB S REY OREEE L FEMSFEEORFOEE T A0, V)
THMO & D BB L EEET(LFEICBNTY, B FETRET S 21T TR BE e
B AERBREERORFEICZIORNES NI L0 b b, BEYRE ORI EB S ¢ 572
FORE - BIEOR LA TENL, FRZTEHEEOKBIITIRE TH S LN LD, KIKITERE
MBI DRT L, BEE, TAN, YA XEOHEMIBMERORIHEERICEITTSHME %

-

O(Li;)o

Mean square velocity [dB]

-6 1 L L L | L A : L 1 L
500 1000
Frequency [Hz]

Fig.3-7 Mean square velocity for the plate without and with ribs

13 —
4 ribs
;%12 | / ‘
5 110-
> :
S 100 |
= :' '
5 90 | N\
=] '
I 6 ribs i
L} 500 1000

Frequency [Hz]

Fig.3-8 Sound power for the plate without and with ribs.
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Fig.3-9 Radiation efficiency for the plate without and with ribs.

Fig.3-11 Vibration shape of the plate with 4 ribs at 460 Hz.
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Fig.3-12 Vibration shape of the plate with 6 ribs at 460 Hz.

3.4 REVR O BIE KRR

WRBEEY > O RBAET AIREBEEF I L, RIS TR 710 & ) REROEEZT/LFEL
Sz, EEFOEMEIAONS L) %, IVHREMLERIROOLNTVD, ZZTHRETIINE
REGRLDZFELLT, REROBREEIZ L 2B RELERITT 5, WBRIZF DD %0
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Y7 OBREBEILEEY BV ZBEY I 2 V-3 a2k ), WKEEYOIRE) - T85O
WEICHTERREBOFEEIEHL TV 5,

FAETRHRFBETERBLE V) IFRICHBEZMEIIS Y27 Su—FL LT, REKOMERIK
EBEIER L7 MPKROPFTHIFIC, 2FMICHEEZ S OMEHITFERELRTELLELSN
FHFETETAHI LN TELY, BERIBENEOES SEOHEH D O BB 2 lE R #IR
ENBTENEV, LIL, RRMEROEIRE O ZORKIIKIET 5 HEN OB I EHIC
HNELLD, FEOHMIIH L TR DB ZHIREBRIT T2 2 ERFHCBVW TR S D
ITH5, BREETLIITTHMERRZEFTOAMEICELTE, 2OMESTFRREIN TV 2D
ol i, FHEII ALY aYEEIBRSTRVWEWV)I AL, TRETHRITSNTE
B %, FZTERETIRIEERS /N7 — ORI 2RI BE & T 2 IREK O th Em IR E
HEEEt AR A B,

REOHMEY I 2l —ayilBnT, IMTIZLTEHTIEL 2 MEBR 2 BENICERL,
HIETAFEMETFTVEERTEPREELRMETHS, CAGD® (Computer Aided Geometric
Design) &IEENTWE, ar¥a— 32 FHLCHAZHME L ERTA2FERIVL22H 5,
IZTRIREFNVOMBERRERFELELT B-A754 V2RV, B-A7 54 Y OEKIZOWVT
BB EERET 5, SREXBIIEOPOHEEES R, B-A 774 VHIRORFEE LTERHAL
NBNT A M)y JHEWCLDHHIAHMZzMEMETL2ILT, SHRL2MERRERETZ22LD
T&5, NTA—F LT RUGEHEAL, HELORDEE:, vy, zZZh TN g RV I D
¢

x=x(¢,0)

= (¢,0) (3-6)
z=2(¢,6)
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cvAhE, WMEE, 0 2EHETS B-ATITA v ORICEVRRD L) ickbE 5,

M N

x(9,0)= Y a;B,,($)B,,(6)

i=l j=]

¥(9.0)=Y.YB,B,,($)B,,6) (-7)

i=l j=I

M N

2(9,0)=3. > 7,B,.(®)B,,6)

i=l j=1

TIZT, Bl $), Bif(0) ZENEN (k—1) K, (I=1) KD B-AT 54 VERBETHY, ay, By,
yy BEIESORFEELZ VTR SN ETHERNEM L TRESNIERTH S, (3-7) K
KBV T g=const LT DL, Bi(¢d) & ay, By, vy EORMEIZFNENF -2 ERBERERRES
DT, 0 DEALIZED) FEEELOEE (x(8), y (0), 2(0)) ZEMADCHEERTILICRE, Zh
% O MR L PR, FARIC, f=const & LT ¢ 2RI ENIT g MMAFTEOND, LD -T, ¢ &
PELELELBEHSEL2HIE, 3-7) RTHREINLZEMEZBIZNSOMBELIET 5 HEE R
HEHI&lhb, (3-7) ROM, N 3FhZFN 1 A0 ¢ MK, 0@ LELoMEIoEEHTHY
(Fig.3-13 &), €T MXN HO 3 RTEELZHET A IMEERL LTS,

6 curves

¢ curves

N

Fig.3-13 Shape representation by parametric curves.
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FETRE, HETAMEROFEMETFUPERGES SO TCEHMIEFENL I ) 270y
FLEERL, 2SI RBROBMEFT VI LCIRE) - SEMITIEH T2 5L 9127,
LB, BREBEORELLAFEMEFVERNOFRETNET S, TOLHICERENAHME

PR OBF % Fig.3-14 1ZRT o
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Control
Points

Fig.3-14 Control points and spline surface.

MOME#MBAEL LB LSS, B-AT 74 Y EAWAHERRERICBIT 2 RE LML LT,

B EOBE EEBEOXBEERIRETES/:0, BROEKBERTEMRATMREHANTE S,
HHANEOEEFERERCRITTHEBIIRBAN TH L0, EFINAIFEMEFT VO Y a
EHDBALAPNE v,

EVI)RDBBHITONL, TDX) HEd, MEBRORFHCEREL b5 LB, GlHAT
SESELRNBIEEL TRESNS S EFIE2MERKICHL, WIETAFEMETFTLVOERT S
CEIZHBLTWVWEEER S, B-A T T4 Y& W7 EEWORIRKEBE(LOAFE TIE Braibant and
Fleury® HHMN % 5T 5 FROFEDRBOFOTIREE S » 2 MRICRET 57201 BAT 74
VHBERWTWA, ZHORBIAEEE/ IS A M) v 2 HETEML, GAZHEWTRERIKE K
7z, Fernandez et al.® XEERMFRY = VOFREB-A 7T 4 VHBTED, EL4OANREHIC
ML TRELZBRERDTWAS,

3.5 MERRZEEICL > FEBHITEEOEL
FEHROBEREEIZ L 2 FEREHFEOERILLEHARS, £9, Fig.3-15 DFEMEFNT

REEIITx; yEIZOWTIENRE 25 &) 2EMREBREER 5,

Fig.3-15 A curved plate with the center height 6.0 mm (exaggerated vertical scale).

IZT, MHPLOEEE 3.0 m, 6.0 mm & L7-EEIRBIIT L, FERE T — 0 Bk
BEEROIERY Fig.3-16 IR T, N LD, WALOBEAETIION T 1 REREAEEAFE
|> 120 Hz %25 450 Hz, 720 Hz ~& RE<HmML, £ U CRHFEREGBICBIT 55
BE—20HLBPLTVBEI Dl bh b, xtRE LAHERIIKPLOBEEAN 6.0 m OFAET
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Fig.3-16 Sound power response of the two curved plates compared to original flat plate.
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Fig.3-17 Plate model symmetric about y=0 indicating the six parameters zl-z6.
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Fig.3-18 Comparison of sound power obtained by using the transfer function of the

original flat plate and the curved plate with center height 6.0 mm.
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Fig.3-19 Sound power averaged over 10-1200 Hz band as a function of zland zZ2.
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Fig.3-20 Analysis program flow for the optimization iteration process.

55




3.7 RBILETE&ER
HELHE/ROBELT, xGALESGAZHAY, WHELZRIRIC 10 AELTEHEL KO

BERBOFIHPREE © Fig.3-21 IZRT,

10 .

3

; .
é ___________ SGA 1
B il

$ u GA

7

ol 1000 2000

Number of function evaluations

Fig.3-21 Best-so-far fitness vs. function evaluations.
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Fig.3-23 Sound power response for the optimized plate compared to the original flat

plate.
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Fig.3-24 Mean square velocity for the optimized plate compared to the original flat

plate.
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Fig.3-25 Radiation efficiency for the optimized plate compared to the original flat
plate.

Fig.3-26 Vibration shape of the optimized plate at 1150 Hz.
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Fig.4-1 Probalistic vs. deterministic results‘®
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Fig.4-2 Probability of failure estimate and safety margin®.
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DT A—FHBEIEL, FNODNT A= EERZE L 2 TR 5 5WIEE, EFICEMLSX
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2, ZL<DFHEETLEL SN TS, LhL, FIZITHFRELTFHLVIEES, BEDOSE « 2BE
MTHAHETHE, AL N BOFEYFHNVOEIC L 2HCHEEO S, BEH T A—F
OHEIZIZE 5T

o

JN D

E526N5720%, 100 HOFMEKTHEEDOHEIL 10 % BETH L, £, HOBETHEE
B2 EM LW EIZEE L DFERSR, (v RV AHF Y070 RO r 7Y v 7
DDE)BEYTHANVIEDICRAFENLEL 2575, EARL L ZHREEOER L ILET 572217 T
i, BE/ST A =S EPBETFTHoTH 100 BREEOFMEK TCEANICETTHZELE SR TW
5(1)0

4.3 BBILEEEROT N FEOKRE

SETRELZMERIREETTIX, RHEHOLEH VP ENEROLE IS 2HEIKE L, EB
DFEFHNIBWTEET/ST A — VBB B T O N2 WiEE, BB LT ETHRABOFMEL K E Bl
TAHUREEDAH720, BEONTERICOLTIZONA MEOMEDPEEIZLR L, GADFIFEE LT,
BELEIERICRRENLETCOBEE T —FIR—R L LTHHATERZ L dIToNb, ThabbE
OFP» L, FHEEATOM L ) +50EE S N BERS ZREGEA THBRE T & 5 L) BIRELF S
bo ZZTHEHOFLLTONA MEOKESFI L LT, Table.4-1 IIRT 4 DOMREMHA—D % &
RT 2, 85 A= EBZZE L2 WE (Nominal) &, 47— AL IFABFEOFMEERL TS
A, OB THETWTAPRDBRVHRICL S, L2rL, aNNX MMEEZZRE LB E IO fEE
WOHDPEL 2B WEREND L, FZ T, INOLOMBEMIXFL, TEVTHNVEFECIDINR ME
REHI T %o

Table.4-1 Summary of performance of the four optimized design candidates.

Input parameters Stochastic properties
(mm] (200 samples) [ dB]
zl z2 z3 z4 z5 z6 Nominal Mean Worst
A {34 |51 [6.0 (00 [51 [6.0 | 744 76.8 86.7
B |3.4 |51 |6.0 |1.7 |51 [6.0 75.0 78.0 85.5
C |3.4 |51 ]6.0 [0.9 [6.0 6.0 75.2 79.3 88.3
D 3.4 |6.0 |6.0 |0.9 [4.3 [6.0 75.2 77.3 82.0
Original flat plate 08.8 - -

INT A — FEENE, RAEWIC 6 BETEROTE % z+0.5mm & L7z, BB IIEZITLEBOLE O A
YEERBTAHIENLS VN, EBRORFTCRFNUNOAHEELE (free stochastic variables) ?
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Fig.4-3 Statistical distribution of the perturbed perfofmance for the four design

candidates.
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X5, OBEIrLERTAOALDOFERIITL, BMANKRRETR) . BANERIIE
KW 7~ FHBETHEH, TOEHRERELENIETHE, Lo, BMHERILR
NS AR TRDOPLL LWL ) ROABEEOEILEMEOHBEERE L HENICERSNT S
TENRTELEVIKRELFIELNH B, Marczyk TN MEDEDY FWIZHL, L DI85 X —
SEENC L o THELABEHERLENOHERZITEBLRL T 7520, EvyFAhvayrialb—vav
REABARETRTAZEOEREEZH L TV E W,
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Fig.4-4 Scatter plots of the perturbed performance for the two candidates “A” and “D”

versus zl.

ST E LT zl 2 BATERLAERY Fig.d-4 IIRT, AP L IOHAHEENES
SHECTENED, HHEFIBRLTNEZ IRy -0z, AOHFIIEAMELY 10 B ULEE
WHDLED, EHAEV [BTIE] FEZ>TnAIENbirb, ZOL) RAANEIZ ST A—%
EEICHT HIREDTAEEREZERLTBY, EFLWVLIOTR RV, TOXHIZ, TR MEDIR
IR EFSELRAPLRABREN LBV EETCHLLERX b,

4.4 BEEBIZLIZEEOUE

BIEiCR LS A= LB TLADILE L2 UETAILERA L, ROEEWN L OER 2
FEENSG A= EBHEIHT2ETH D, 25 THRITER, WEOEB IR S NDLA, BICd
WA &) ICKEDIFEIIFAMA, TX PIHEECHE LV, 22T, 39 1207EL LTHE
EHELIBEL, FHEEPUEEINS L) 2HHERIGETETILIZT S, 212L, 20X
I RERBIEEORE, RTONTIA—IPHECEELED ) JLICL VBT EROTT
WATREMED S B2, £/3F7 2= ORBEBS 2 EICER L 2P0 XABROBELIT 2 ) LE
Db, 22T, NI A—FEHHEELRETOANEREISERO 70— b 2 718 % i~
5720, ADIGEFTTPLANINT A =5 LInEREOMEEKREzRbTHBREz RO L, 2%H
MOBELAHEBRE R -00ETH Y, —HUCHERKLE LHERERTVWLET VYD
EMEEE (Peason’s product moment correlation coefficients : Pearson’s r) &, FEMIEZ
HEEREZRAZODAYT v OIEM MR (Speaman’s rank correlation coefficients :
Speaman’s r) O ZFEE LR E Table.4-2 12T,
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Pearson’s r:

>, =D, =) (42

rp =
\/Z(xj —;)zz(yj ";)2

J=l j=1
n

Y (R,~R)R,~R,)

J}"}(Rx, “R YR, -R,)

j=1 (4-3)

Speaman’s r:

rg =

Table.4-2 Input-output correlation coefficients.

Input Nominal Peason’s r Spearman’s r
Parameters (mm]
zl 3.4 0.11 0.11
z2 5.1 -0.28 -0.23
z3 6.0 -0.56 -0.61
z4 0.0 -0.09 -0.14
z5 5.1 -0.3 0.21
z6 6.0 0.05 0.0
t (Thickness)| 1.0 -0.18 -0.23

REEADLL, POTHOMHBEEIMEL, 23 OAFEREOKRE S TEOHBEERLTVS, L2

L, z3 OTEOMEIX 6.0 THHEHEDORKEIZZ->TWALD, BOMBEEZRLTVWTH IR E
EHELE T2 7%V, LT, TOBERILENYEFLHMETL2RFEETVEERIE
HBLWEEZ D,

FZTRIZ, “stepping” EMFIEN A REERWFEL AV RELR AL, ZOFETIE, 55T
DR BB LTNTA—SEF L2522 LI VERE O 25545 &2, &FMEDE
BT 5, RIS, FOFHDOP TR BVEEHEY b ORFITERMELEIRL, T L THEE/T
A—FEFFEGIDLEVIBRETRNET, Thbdb, TOFETRNATIXA-FEHTELLSH
BROHEEEPREIT TV I L REZEE LTS, 7L, U— A VERWNLEFETHHD,
R EBODLTHLLREENNFLEL), DHOREREIKET LI LICES, GALRERIZI
FRRE R LV OYERMREANT 5, TOBAFL LT, BESELSHBE 16 LLTIDH
ErRAVWEBROBRBEOHBE Fig.4-5 IIRT, ZOHA, 100 A7 v 7RECTICROBEmEZRL
TWwh, 100 A7 v % THLNRETERMEICAHLT 200 BIOEYTFAVAY I alb—2a vk
FATL72FER % Table.4-3, Fig.4-6 2R,
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Fig.4-5 Convergence of the stepping procedure.

Table.4-3 Summary of performance of the original and improved design A.

Input parameters Stochastic properties
(mm] (200 samples)  [dB]
zl 72 z3 z4 z5 76 Nominal Mean Worst
Original design A |3.4 |{5.1 {6.0 {0.0 |5.1 |6.0 74.4 76.8 86.7
Improved design A | 3.4 |5.3 |6.0 |0.4 |51 [6.0 73.8 76.1 81.4
c:)" 6 é‘ 60- Improved design A -
) o L )
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Fig.4-6 Perturbed performance of the original and improved design A.
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and free stochastic parameters
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Database for scatter plots
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X Worst value in function evaluations

forx — {fx,0), fx,5), ...}

GA procedure

Fig.4-7 Schematic model of the robust optimal solution searching method.
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Fig.4-8 Landscape of fx).
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Fig.4-9 Convergence process for function flx) 10
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Fig.4-10 Scatter plot after 100 function evaluations.
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Fig.4-11 Scatter plots of the result obtained after 2000 function evaluations.
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Fig.4-12 Two design candidates chosen from scatter plots.

ZZT, 80 dB-90 dB A5 iE, WENPKRELLEENRE LTEEORVES»LMAEL (E &
T5) BEA, 72, 70 dB-80 dB MO F A5 IZMBEIRVEE NS L LT, FEEISRVIE
EEERERE T2, ZOMEICIEEFTOMBEGOHE 0.0 ~ 6.0 @z 2vab i
POTEINTVE, FIT, 23 & 26 I22oWTIE, /S92 —FHELFMEROBOHEBERY S,
NS X = FEFRFIRIREDORKAME 6.0 &£ Lz, 5B DOBRFAERDNT A5 —fHIL, 7T7AF-D
EEMET, 23 & 26 OEHNFFEIC 6.0 10EL, FMEFIERDRVEDONIFIA—F—HL L,
DEICHRELLEREREZ F L7565, ThooRFADHETE Table.d-4 IIRT . TNENITH
LT 200 MoEFANVEYIab—2ary2EZfF LCRONLEDSHE Fig. 4-13 IR L,
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Table.4-4 Summary of performance of two design candidates.

Input parameters ‘ Stochastic properties
(mm] (200 samples)  [dB]

zl z2 z3 Z4 z5 z6 Nominal Mean Worst

E |1.1 {4.4 |53 |1.3 [2.6 |5.1 83.6 84.0 86.8

F |37 [54 |6.0 [0.2 |51 |6.0 74.1 76.4 82.2
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Fig.4-13 Statistical distribution and scatter plots of the perturbed performance for two

design candidates.

2ODMRELET AL, E OFPIEEDEHEI/PECLEL TS, F OFIIHHE &E
EORTENTWS, THT Fig.4-11 OFAHPHLFRINLERNEL D —HLTWE, 4.2 TE
btuﬂXFﬁ@@ﬁ#Bwﬂ?@ﬁﬁﬁﬂzbﬁﬁ@ﬂfw%t§i%oUL@%ﬁW#B,UN
AP RBREEHTBERTL2L-00FRELT, SARELFEFFHIFATELZILERT L
BTE7,

4.6 FLo

AFFEICBIT A RBEHRFTHEIC L TR ST A - DEFHZEEL 2T N2 52 WIEE, T
EE i léUﬂZFi@@ﬁﬁEwT%5uk%mLtothf,SEWWLwﬁﬁﬁ%
POBONTBEHITLTEYFHAVO LI 2L—2ar2ERTL, FELEVEOTFOE
HMPLO/NA MECE L THRBRE 2T o7z, T/, BRESTA—FELZBET LI ETINT A
— S EBIX T AREDREFR AR, T XA =5 EREROMBRERE ST A—FEEFEEL
PeAER, BURETFVOERRBEL (, BEROFEZHVLRESIXA-SVEIBEIZLDEED
WELITL)IENTEL, 612, BEOGAFETIRH LV E SN TN MREREHOL
FEEMELT, NIRA—FEHIINTLEYTFHINVOEOILETFMAELBE SEZCADEH
FHEEFHLZIRE L. SETIToRWEFVOTERE /ST — KRR G L CIREFE S &
AL, Z20FRMELHETEL,

74




ZE L

(1) Marczyk, J., Principles of Simulation Based Computer-Aided Engineering, FIM, Barcelona,
1999.

(2) Reuter, R., Hoffmann, R. and Kamarajan, J., Application of Stochastic Simulation in the
Automotive Industry, AMERI-PAM, 2000.

(3) Reuter, R., Stochastic MADYMO Simulations, MADYMORE, No.10, 1998.

(4)H lsmann, J. and Reuter, R., Achieving Design Targets through Stochastic Simulation,
MADYMO User’s Conference, 2000.

(5) BEWRDIET - THEEETT ) » 7, 1998, HARBHEREE,

6) IR, A R=—F Y2 FY Ty Ial—TarEOIRM, YATL /G ER,
Vol.43, No.3, 1999, pp.123-128.

(7) BEHIES, THEZE, NERE, Bt - Rd@ifk7 277 412X 5X5 iSIGHT £ FAVOED
W, BARBWESHE MRS HERCE, 2000, pp.691-692.

8) MiHER, BAREE, SEEMRT Y 7y 7, T,

(9) Onesti, L., Pediroda, V., Poles, S. and Poloni, C., Frontier Systems: New Features for
Accurate Meta-modelling and Robust Design, CDAJ WORK SHOP Vol.4, 2001.

(10)Tsutsui, S. and Ghosh, A., Genetic Algorithms with a Robust Solution Searching Scheme,
IEEE. Trans. Evol. Comput., Vol.1, No.3, 1997, pp.201-208.

(1) FHFEE, EAFHE, X MREERERBEH TV T X L0EFERE, NOHEFRES,
Vol.12, No.5, 1996, pp.704-711.

(12) EEBA, FWHEE, MIHER, BEZEHTNVIT) XL L E2AHELRECHEOREE, A7 A4
HIHEIERFE AR ICEE, Vol. 12, No.5, 1999, pp.297-303.




%5 %

% v TEAEEE b ) FO R

76




#£58 Fr7ERERKEIL ) FOBBRILKE

5.1 %T

RETRINTTOBFOGAELT, Py 7 0BEETHLF v 7TENICELLEEAKRIDD
EEETGRE T 5, ABTRELLDAR MOERERFHICLY), b ) EORKRILE BB
LTHF Yy 72 A VIt La A M EREE L MERREERE 21TV, REFEORRME Z BRET
T5h,

*r TEMIIABESOFTEFRICESSERRBOFELHEATE VLD, 3, 4ETI
otk ) BBEBWE T - Z L AEEERIMATE LV, 2H VTR, Fy7EMOERLE L,
EEOMERMN TH 2/ A VRBOBHTRET 5o HE, BHBEERROLOIL IV V=410
ERALPRILSNBY, SOOIy Y UHEHEICME, T0 VY v - AHNORBE Y TER LT
B2RERFIZINRETAZZODFENFLIELIEMEL 2o T0nAEY-W, v Fy 7 3F v TOET
Ky Do BeD, RABICHANHEREICH L TAFZBEL 2o TS, ¥y 7HREFOH
Th, BIEBEOZ S ) FREBOIERR L, EXEEOZOIC, L) —BOERISHESL
TWBY, Y TEEOFTHHFEEOEENKREIVD, TOREBRIIES TRV,
FOYXHIBILNFIIHL, Iy THROBEROEEEH A BT ABEEEEE TOREHFTELA
VEEFILT AL RENELT, 2 ENOFSHAREVR YT TOT AR, WE
WEFHC X B BRBBILEAT) o BTHRE LTHSF v 7EFVER, TV IV HHRELT
Fr THETENRSE2BICE L2 RHEBT AL, REFELHEHELTONA MREEHY
alb—varEEFTTL,

5.2 FBHTXIR

Receiver point

(1) (0.8, 0.14, 1.6) Cab panel
Thickness :
2) (0.0, 0.14, 1.6) Thicknes i

(3) (-0.8, 0.14, 1.6)
Young’s modulas:
2.1 X 10" [Pa]

BN

Floor panels

Poisson ratio :
0.3

Density :
7.86 X 103 [kg/m?]

woe

Sound sourc
(0.8,0.2,-0.2)

Engine room T8m

Fig.5-1 Description of the cab model.
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Fig.5-3 Mean square sound pressures at 3 receiver points and mean square vibration of
the floor panel.
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Fig.5-4 Sound pressure distribution at 86 Hz.
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Fig.5-5 Floor panel symmetric about x=0 indicating the six parameters zl-z6.
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minimize FA =_}_i Plz(fr)’*'Pzz(ff)‘*'Paz(fi)
? n i=1 3

design variables z; (i=1,2,...,6)
subject to 00 =z = 60 (0=15) (5-1)

free stochastic variables # (/=1,2,....9) (=10, ¢=0.3, o/ =0.03)
E (G=12,...9) (p=2.1X10Y, ¢=63X10°, o/p=0.03)
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Fig.5-6 Scatter plots of the result obtained after 2000 function evaluations.
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Fig.5-7 Two design candidates chosen from scatter plots.

Table.5-1 Summary of performance of two design candidates.

Input variables Stochastic properties
[mm] (200 samples)  [dB]

Z1 72 z3 z4 Z5 z6 | Nominal Mean Worst

G |47.7(1.1 [48.0|2.3 [43.820.7| 103.3 104.2 107.1

H [31.0|7.1 |43.8|7.3 [29.7]37.6| 103.3 116.3 131.6(1)

Original floor panel 125.9 — —

Fig.5-8 Optimized geometry of the floor panel for the design G.
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Fig.5-9 Optimized geometry of the floor panel for the desigh H.
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Fig.5-10 Mean square sound pressure response for two design candidates compared to the
original panel.

TOBOTATNANVOEERIESEE Y Fig. 5-11 1ORTAY, ZRABEEKFENE -2
EORBEIZ GAH 9B, HAT3 dB BETH), EEVANVOEBRELLET L NS, £C
T, TEEEHRME R A0, Fig.5-9 OIREIY — 7 F# K (G: 83Hz, H:85 Hz) IZBIFAF 7
BROTESH % Fig.5-12 2R T, INIZL Y, BREEFMD Fig.5-4 &L CEREFHUAA
EDEESHAMIFNARNFTABIT L TV ABTIRATE S, LErD, NELVOREHEERT
¥y TERNZEOFEEMONFOBEIZLY, My —ALIEFRFHAICBIT 5 EECE ZHRE

83




KHBETETWAI Ebhb,

.
=

30k

N
S

~7(

Mean square velocity [dB]
n

1
®

50 100
Frequency [Hz]

Fig.5-11 Mean square velocity of the floor panel for two design candidates compared to
the original panel.
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Fig.5-12 Sound pressure distribution.
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Fig.5-13 Statistical distribution and scatter plots of the perturbed performance for two

design candidates.
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Dy 24 dB PEIBWELR->TWE, ¢ DRERIREL TS LIZEKOFMED R <, REE
TORREFEI L X 19 dB BBER WV, #i2, H ORETIFMEDOEEHEAKE , EFIBRE
B LVEL o TWnEyr—2bdY), ELEFTHOFEHREIELTVE, TR HLDEMII/NT A
— Y EBI L TEBRLEDEH P EL2WEEOH L7700, REHILoTIHI LI ZVWETHL
LWz b,

ZIT, HOBEICEWT 200 % FVEREME (131.6 dB) #WMAy—2 (I £¥5) 2fleL
T, #0FEH—FEHFEUEIRTAL, IOBO 7T NANVOZERM_ZFKFHREEELZE Fig. 5-14
12, FFOEEHY— s 0OFEE (85 Hz) BT AXF Yy 7ENDOEESM % Fig.5-15 IR T Z
DA, REEEICB T A EEEREARRMEDO Y — 7 EFTREER & LB L TR & (#EM
LTLEoTWAEIEDEbhb, ZRICEN, COBROEEL NV OZEZRFHEIT Fig 5-16
RT LD REERBCEIC R, BREEMICKREN TS o - BHEBER R EOY — 7 EF»Z
CoTHEMLIV, BENERTHARAEETFHEIBREREMLIVEIDEVIRREZ LI XD
Db TOEERIOL I, FENRAEEIC R LI, BETRE T A-SHLENL, Fn
SDINT A — S EHOBENEE CERERIDEFE LD L )ICh B0, FNZTONR MEDOKRE
NEEIIL>TLAEER b,
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ﬁig.5—14 Mean square velocity of the floor panel for design I compared to the original
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Fig.5-16 Mean square sound pressure response for the design I compared to the original

panel.
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5.5 EEEE®EELONR N EEBER
INECORBIHETHARTRT LI, BEL-BHEEERILEN2 2 2 BEELT
W7z,

HE9RE# .y = Min (5-2)

COBEORBILETETIE, FRICFRATALI LR TELWREMBE BEL L TRBERMTODISLZ
EilhBo ZOLIICLTHEBHICHBOLN I REMIROHEEN LB TH L5, ZOMRERITHEIF
o (BEFHMEE) dKELZoTLE) . RIS LAEH TR, BB T 5 BEE
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KBITAEL 2 EEELREL, TOETEFREAELTLIIL I VLELFHEIAMOERBRER S,
BAREICIE, RBLREICB VW TEBROBEEHEMEL y & 252, TOFMEL HREL 0E%
Eo7:E

d=ly- yol (5-3)

BB ET A, DL RBEENSH TITo- 0NN M ERIERICER T 2546, BHRICE
WTBEEEEOFEMEDTFHIR CHEENBVAIAIERENE L PHFTE L, TNETOFET
FEEEEREL TR D227, FOBEE y =0 LTI el b,

22T, BIEME% yo= 115 dB IZBAZS, TOMEIE Table.5-1 WXBIF 27— R G OHfFHE
(104.2 dB) I R 2 WAs, REEROME (125.9 dB) L le~Aid 11 dB BERWV, FHERHRD
Fle LT, 300 EOFMERTHES LA fRy» SRR L7 R E Fig.5-17 IR,
 Fig.5-17 KBWT, d=0 FEEETH LY, HEEORTHC, Ml 2l & 23 ORIEB
TEEMEMECSHEEDRCERTBHICHERT LI LN TE L, Tabb, ZORBOBROILE
BIHFEFEEEICEL, SOLREELTVAEIENTFERTEL, Z0OL) R@EEHRELT
Fig.5-18 |SRTHMA z1 OMARICBVT, (O)THERLAM ] #REAL LTRRL, 20
#ICH Table.5-2 IZFTo F72, J oL T 200 BOEYFHVOYIab—Ya vy eEFLT
BONEIBEDS A% Fig.5-19 1ORTo COBEIBITS 200 > IV EL REEY
Table.5-2 \ZBFEET %o
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Fig.5-17 Scatter plots of the result obtained after 300 function evaluations by using
the target value.
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Fig.5-18 Design candidates chosen from scatter plots.
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Table.5-2 Summary of performance of the design J.

Input variables Stochastic properties
[mm) (200 samples)  [dB]

Z1 2 73 z4 Z5 z6 | Nominal Mean Worst

] 132.8|7.7 |44.8|38.7|16.412.1 114.4 115.0 119.9

Original floor panel 125.9 - -
T T T 14 T T T T T
o 60- R i
5 i 2 J | =130 ]
= 2 m
jon % - - -
8 40_ 4% = el
~ % | <Q<120— . o -
g 4 Sl et (<
5h 20 %4 l 110+ . °° - Objective
2 7% ]
0 1i0 - 120 130 100—g—3¢ 32 34 36
FA, [dB] z1 [mm]

Fig.5-19 Statistical distribution and scatter plots of the perturbed performance for the
design J.
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A2 BEHEL CROVBEIZENTHL EER D,

5.6 ¥L®

AETE, P v XYy T CHELLZoTWAILNEDLIIC, BLEHATHEE—SEIE
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DRBALE B E Lz v 78R VO MERREET 2 BET Lz, BITET VIZEIETHWAET )V
DHEMEICRD, SHIZEENTXA—FHOIWEML 72720, T A-FEBHIGTHEED T o LR
MEZR BN, REFEZEA LN MRBEFEREIToZHERD TP L2BRERICLVFELA
NVERBEHIERTE, 2287 A= FEFIF L TOIRE LI EREE D/ 3F VLD KD 5
N, REFEOENMUELZHRT LI LN TR,

¥, TOERAMLFEELT, BNBEECHT2HEELXHOPLOREL, TOEEZERTS
BEFMA TN M ERRFEEETL, BEELRE LAV L ) D2 WIHER K THL 2
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RHESOREIBMEBOAN A LICL o THERTHIL L VL S, BE, FHRFEILOREK
ERXFETETHEST o TVAId b0, REBEFICEZELREZT/DEEE(MERFC, e
OEMEL, BIaZAIADERED ML= FF 7RRARPEOEHE L VI B LVIRROFIZBNT,
FEBREE 2 KB T 20 RIRBEDO—@EE - Lo Tnh,

FRHL, RERPOERINTELERNFETIRRCETBY, FBEYI2V—-Vay
Bz FHWABETY, BEYOREFE L BEREOHAELEILL o TRIZEHELRHERT
HAHEBBEE LRI T 57201013, RITHBRMCEI 2RV ETI LRV ES RITRITR
BHRVIENEV, ED LX) RREOPT, R TIIEMEEICB T 2RFEFTEBRILO-0DF)
EHBERERITFECETAMRIIOVWTERE L,

(18 #HE] T, BREBORBES, ThICd L CRRITELATEMRTE, BET
BEEYIab—va YEWEHHL, BEEMIRICBIIAMEREZRTILICLY, FHiE0E
& EFREBREICL 7,

(28 REBUGTERBICREOOORBNFEI AT L LEEHBETVAOFEH] TRQ,
REMERICBWTHE LIS R R TREE L, BNE T ABERERIT Y Iab—vargE
TT5720, BENTVITY XLL2RECFELIRE) - T8 L HAGDE RE(LETE Y R
FLEER L7z REHE T A7 L TIX, WAF EMMETY 7 + o MSC/NASTRAN % #ARTLIEIZLD
REAMLBITBELRD, AFEVATLAEMET 200Ny Fe—7HEL LT, T8ETT
VrLELLEBE*NRE LoERE 2R A, THIIRERE ERNICTFHT 20098 CE
BLRERIETH LS, RBLETEL T2 oo/, WRL LABFEEREL NV ERRIICERTE
LIEEERDDZENTEN, FLFOHERIIMLTHRALBRETEREZITR, MADKERMNEL—
HTHIL2WHRETE, DErS, HHETI2MERBERI > Iab—Ya VIHT2ERFENE
M & SE M A B R R OV EBREY I CIREE T & 2,

(553 % IREVROMERRRBRETIC X A2 FERG N7 —KE(L] TIE, ERBESRFELLT
EREND ) THMEOEELE L ABRBEELORESZRL, RFELEIEL2Z77u—FL
LCHMERIREEC L A ERBS L 2IRE L. B-AT T4 Y 2 AV MERRES FiE2, $28T
e L 7ol bETE Y A 7 A ICl AR A, IREMROBIREBERET S I 2 -2 a Ve BT LK,
FERE T -2 NBEHERRTEIREELROL DN TEL, RELAFEI DT L LBRE
BETHRMLZBSTERBILZERTELITRES D570, ERAEICBVTY ) 7RHNEOMHRFEC
KRTEENMDPOAR—ZAEHHOHETOIKRELR X)) v F2EIFFTE 5,

(4% TN MEZZERELCHERERET] T, F3IETRELARIFEICB W THRES
FA—YOEHFENBEROLECEZEFS 2 2TREZZEL, RELFETHES N-ERICHK
LCHEHEE BVEORFTOBE»H O/ MEOKET 2 1T% o720 BMLRERTIEEDOREEL
g LB EDaNA MVEZRETAFiEE LT, BT aagEit BV ERENEEMmAER T
HEMHAER LIz, E72, NIRXA—IEBIINTIEEEYWETLHLOFELLT, &35 X-%
DEBFEE*ZRB LR XTI A -V EOBEERAIER, “stepping” & MHIN 2HERFZHFIE
XY, IBEDYEERITLI)RABIZRTIENTE, €512, BENGCATIREMBIERDOEN
KBWTEHMEOADERLPEONLZ VDL, /59 A — ¥ EEIITT HI0E b FERICEETE
AZIEREMELT, GARRBESE-0NX MEBRERFELHICREL, E3ETHEALL
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ERAMLZFERELT, BWERICST2EEEEZH O LOREL, FOEEZERTHEEEMAL
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ZErHERRTE I,
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ORZE, ONZ MEOERE LB ETNVT) A2 0REEITHIIENTEL, KFERIE, =
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H6A BEHTVITY) XL

BIZW 7 VT X2 (Genetic Algorithm :GA) k1%, #DOEDORTEY, EWOREELTHEHIC
BLAREBANTOYI2b—2a IilioTV AT L0RBILZHLDDTHSB, HRAVLNT
k4 RRBELFERE, ERBICIRASPOMEEISHEREL, TREBRRYEEL TN LS
FoTHRBMBIZEZEL L) LT AHAERFIToTWADIIK L, GATEREHOBEEIHEICER
ARIZLAERPHEME LTOFOELRE L CWEHEERET o TV JAFTKRE(ELR-T
Wb,

1. R|W L BETFR

G AlZgtfk (chromosome) &MFIENBNFF|RF— FEFIZHRIEONRET L, FikiERbT
XFEH] (string) ELTEDIIBRLDEAVALENIIEETH B, —KIIIZ0 L 1 D2 #H TR
WU EEEPEVONL I EDBE WV, Hl2IE, SHELERLZEOMEICBVWTRUTOL I REE
BE 2ERICEBLTERNSF) —a— FPREdE LTRYHbRS,

FIWAE (2, 5, 15) — &EFE 0010 0101 1111

O, TORFEHRTOXRAF N L KXHAE (phenotype), XFFTORBERER & EEFH
(genotype) £ EH ., EREPSLEEFHNEBZRT LI LET—7 414 7 (encoding) &\, #iZ
BEFEILEBREANBETLI 2T a—71 7 (decoding) &9, FERDOEREZTH S
B4 DXFILRET (gene), FEARLTEBZTOBINTVAMNEZRIEFE (locus) &),
T, RBEAICIo THEMADSTONBLN2ELEE (individual), BHEOE T ) z EKER
(population) &9, BHEEA 7NV TY X4 (Simple Genetic Algorithm : SGA) TiX, &1
ft (generation) & LTI v ¥ aififfbean-BEERTERL, Fig.A-1 IRT X)) ICHEERE
(reproduction), #8# (crossover), KUZERZER (mutation) &MHIN 2 BENBIEICEDE,
BRI E o TI NV BNALEREE LS EICI YV RBELBANLRNEL TV, LTINS

DREHIRIEIC DV TR,

GENERATION (M) Reproduction GENERATION (M+1)

String Fitness | cpossover String Fitness
1|--110-- } Fi(1) | Mutation +010-+ | Fy(1)
21==111=" FM(Z) :> ==100"- FM+](2)
N-1/ ==010+= | F,(N-1) «+110-- | F,,,(N-1)
N|--001-- F\(N) =+001-- | Fyp (V)

Fig.A-1 Schematic of the simple genetic algorithm (SGA) mechanism.

95




2. BEE TE- - ERER

(1) BAEE

BEER, BREVEDN, MO EEREHE 1 1O L, BT 55HEREE F() (The
WG © Fitness &IER) B LR TROM+ 1R I B LD TH 02BN Z R0 L
BTHB, 250, EEEFMD) LAEH»OREAREITHRIIOGEIRL, It #CEREORVE
BERERRSEDIDTHD, TRICRELOFEPHONTVEY, ROERAWTHELZFEIV—
Ly FEIRE (roulette selection) TH B, Zid, TTHA2REEDBEILEFN) HEEOHT
FFEIZ ED K LWVDEIE (Fifi) 1 SF) 2EDTWEr2FEL, £08E10 LT Fig.A-2
DEIBNV—VL 2 bEDL B, RIZ, RICRITLEARPRESE, ROY o RmEd KA~
EEERLELZDDTH D, LoT, TOHFETEHROZLENFLNM—Ly P LEOSEHEHEDLVD
DIFERMRICEERNLAMAII L > TWD, 7272, V=L v MEREBIEETH 5 KE, E4E%
VP2 NEL BV EEHDEDS B L o TEORRPEICE & EFEICKIL L 2 WITREHEATERE S
TWh, 29 LMELEET 5720, FFALA-ELEL MO 2r0OBBEEALT, F0EBVEILK
LA L) TBAr—Y v (scaling) CIEREEED LI LOBTIEICL Y, FEEED
DAY b DIEBRT A I ENERIZIZITDR TV,

Random number

Fig.A-2 Roulette selection.

T/, BEEFFEHOICL2FALZVBIREE LT, BLEICL->THo2LOEEEET v 7
L, 20T 71D L ERTREEKFEZIKROE ST v 78R (rank selection) R, 4
BEPEERLZEICL o TTRUTESHFELFEL, 2OMEIIGE LB TREMGEE ZERT 55
FEBIRESHONTWA, 3612, BAREHAFI»LEOONZE (F—F AV b - T4 X) OGf
KEEEBICRIRL, 2ORTRIECLEDOEVDOEZROMRIFZEL, FORELERL VT
BDET b—F A FEIRME (tournament selection) PWHWOLND T LD 5,

PLEs 7R 0@ i, BENLBRIICSH 5, BENZEROREIE, #LEOEWER
bBEROWEE 5222 812L), BREROSHELTHERLI LI LIIH B, —7F7, FERRER
DEFIE, BREFEVWEAFLTLIEERNRVWTRESENSH L2 LIHDL, TOL) REFREY D
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IN=F57%, =) — MRIEFE#KE (elitest preserving strategy) SHEINLZ EHE v, TD
gL, BRI BVWTHECEIRAKOBERIE, RIERLIREREREZRORZEITITHI LR,
BEHFTROMERIZIZT D OT, RELHE~OFHICELTIE, LIELIIRASINELDTDH 5,

(2) &%=

(1) TEHIAZEFIITL, ZEICL)REROBEERERLERT 5, Beb T v FLRERE
REebCGAIBVTE, REIRIBHN TEELREAL R TRETRETH S, ZOXETI,
FEENIGRIENTZ 2 0O0BREEOB TEO—EIE VIIZEEIN, 2 D0H LW FYfRATE A
ENB, REVPEULIMRERERLIFR, TOBRMEICL), HEGEOUEZZITHRE DD, HE
REMOPTIIHLEBEDOVTIL S DN SOERFTERE 20, T/, BRNICEEER R
BEREOREZERLCELRCZORALOMEN LFERETMEEL LTW5, REIZIIERA 2 HEDD
DA, Bxd Hiis—m%E (one point crossover) Tld, RBEDYIRIE L T v & LIl —HATEE
LTHRIDOBRIETFEZHETHILT2O0EGETEREBEROMBEL 2TV, HLWEKE 2 DERT
o ZDBAE, RtEEE 0 ETAEE, (n1) LBHVORZoLTENTHRTH L, —HKEDE
2LTFISRT

(A) 1110 - 000 — (1) 1110 - 101
(B) 1010 - 101 — (2) 1010 - 000

—BREUNORZEZOHEEL LT, K0 UMER s EHFL, UWEEIC2 D0OEMAEM T
BEROHIBWZ ZITHOTEICEY, FLWEKEE 2 0EFKT A4 5%% (multi-point crossover)
Do 2HARETIE (-2)X(-3) LBYVDOEL ST-RENTEETH S, 2HREOF%UTIZTRT,

(A) 11-100-00 — (1) 11-101-00
(B) 10-101-01 — (2) 10 - 100 - 01

ES 7’:', B EREN—RRIZE D L HICT B —HEE (uniform crossover) Tid, X7 LIEEIN B,
REEEFALRESTIVFLICERLEE Y Mo 0 LOABELTBE, YA/ TIREENDE
Ey "OEICED, EL00RBHEROBIEFEMREKIELPERET D, FIAITUTIZIRT LI I,
»5BEFEIIHILTEYAZOMED 1 ORFEHQ) OREFEFOIC (BB DOREFETF(2)
I2) #ARSE, 0 OREHEB)OREFETF LK FEQWoRETEFO)IC) HERSELIDTH A,

(A) 1111111
(B) 0000000
mask 1001110
(1) 1001110
(2) 0110001

—RER, GRONTHMEIIGLT, E0L) BRENFELPHMTE 2L ) 2GEIC0, T
LCBIFRERER TS AAREL LTHASNT VD,
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(3) ZARER

(2) THBRAZEZTTE, BEREMIRELTLIV, BONAHETLIH LWERE EK
TAHEIEWTELZV, BREETIE, TEXTTBERTELWVEERLERL T, kiHtoOBGER
CEBE LR RMETH 2, ZhiE, 1D20RGBHEIIBVWTEBTELLBRTHY, V54
WERLRBEROREENOY Y FEUTIRT & ICHMHEMICKIES €2 2T o TH LV Ak
¥ED,

1010101 — 1000101

COWREITLY, TETRREELBR VLD R RAEIERN SN D TEEIH T 2720, B
RATRICH - 2B, CORFE»SIRTET I EAFRHETE 5,

CADHMADHIT, RARERE V) BRIETEATHRROE 11X, GAITKERNL T V5 L9 —
FORBEREEBI LR B, $21, KA LTOSHEEMRL, MRS BT 5
Db, REVRIMBERFETHIDIINL, ERERIKBWZERFETHLL bR,
EREREREOMICE, AN RNEE BN AME D2, ERERIZE N L CHENTH
5Ei, LD EBIEBICHRY, REZTTEBRETE AV D B4, ZRERICE
THHAPTRE 2LFERDHYIZILEE) o BREMNTEIT LTEANTHS LT, &#L
Lo THBENIENFA Y 7T 0y 2 F, ERERIZL o THESATLE S kit 298 LTw
BIEEED,

%8, RRERETZUWHRMEOD 2 RBERERAERE (probability of mutation) 12 & ) HEH
BICRE SN B, ZORKREREIEDOTERVEL 550N EETH S, KETESLIGELT
VREGITUABESNELD T Y ¥ AR ko TLE ) EMlENB L5 5Th o,

PEDXSZ, GATIRERIZBIZBEEOAPLORREL, RERLERERL W) BBOGEI
BRIVEGEN 2 VWHECRBEFINER* 1T ) GADPBREBMOSIEMEI RV EIEICH LT AR
&@‘i:@f:@?%%a

BE T
(I)Mitchell, M., An Introduction to Genetic Algorithms, MIT, Cambridge, 1998.

(Q)/PHER, BEHTVIT)X20BIREEE, sH 8, Vol.32, No.1, 1993, pp.1-9.
Q) ERER, R#E{t7 NIy X4, 2000, BRE.
(4) BARBEFEE, @b - MEEL - BB kT, 1996, .
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8B B-AT754 v

B-AT T4 VICXBIRER - ERFERIBMTEOTHCHRHINER LIER, 2F8Fns
FIZBWTHBASATWS, av¥a— %4 FA L CHHZEKRCHELZERT2HE, W20
Hi# & (control points) 5%, TNHLDEEEL L) LHBRLPHELERT 5. LEFHNITE
BENHBECHEZFHHEOFON OPEBETAILIZL > TEET %,

S EsMErRETINENLFEELTT YT Y24 EHR, (Lagrange’s polynomial)
BHbo B-RAT T4 VIZOWTHRBENZ, MBEOAOT T T VaLH NI L AMBEREIT I
Wi, n BEORIHE

(x1, ¥1) (xZ:yZ)v © o (Xns ) (1 <xp<-+ r - <x,) (B'l)

BEZOENTWELETEE, ZORBEEEESL (1) ROT 7T Y 2EEBRX Lix) 1 ZRADLH I
Ranb,

L(x) ____2": (X=X )X =%x,) (X=X NX— X)) (X —x,) (B-2)

im0 (X, —x)(x; = x,) - (x; —x, XX, =X, ) - (x; —x,) I

Bl LT n=10 L LTHA-HEE, #FRo0BEIINTE5 75 Y amBEEAIC & 5 i
% Fig.B-1 2R ¥,

6.0 T T ey ey
L ¥
30 -
40
»
b . i
o r A i ®
X} B ® ® e
@
r
a0 [ W — Y I |
a 0.2 14 0.6

Fig.B-1 Control points and Lagrange’s interpolation.
CORIRENZ LI, 777V aBHLSHEACL MBI L VIRV HEN LB ETDH 5,

COBREEIN U FOBRELEIFENTVDS, T7 7Y 2 BESERIE » BT A HBHmET
HHEHEE (n-1) ROB—DFERTEEINL D, FIHENEL ZAIIONTREN G R, W
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CEDBRENRESL kb, FERABBIEECHES BRI 2 b 22boT, T0L) 2HH
25 AR - BEOEBOREFHIEEbI TRV,

—%, AT5 4 i (spline curve) TiX, HIHARIEI—2o0nLEATEZ LN, B o 22
HEICFNENR—20SHEAIIE LTHEY, 2o ERNELHAOKEVETHLHTRIFEL PR
BE*boTWnb, TNERXKSHEIER (piecewise polynomial) &9, Fig.B-2 13, ThE&L
2o0THY, BHE g g OB (=x=Zg;,) TENEFRELRoLLZEAPWIET B 00, X
SHIZIEHMR L bIFEIN S,

s1{x) qExSq
_is2(x) eEx=qa

¥ $o-1(2) Q1= x5qa

Sa-1 {I)

s1(x) | s2(x) /
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Fig.B-2 piecewise polynomial curve
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Fig.B-3 B-splines (a)B;i(x), (b)B,2(x), (¢)B;3(x), (d)B:4(x)
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Fig.B-4 Spline curve
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