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0.1 FzHXx

W, BALREDT, R 2 EMNOFTRL TFHIT 2 C Lk, ENFERE, BEHE
TE2A2 L EEZORACET, BRIEXAN»OEEAFETD 3.

COXSAMEORIL LT, #—F4 + VT L0FBREI*EX BE, HEEECE
TXDOEHREFAT L i, R LDBRATFBURLERT 2 200FKR L LTHARNTS
3. ¥, BACLEE BPIFEHR) 22 -dBUALCL 2, BEORELTR~OREYL
FOMB L RFHELELETHS. SbC, FHLEMCHITT 2 Lk, BEMLEMRLE
BOCERAAMLL RS |

ERD X5 AEROTH, BFoBBEICOwTR, chiciEl ofRAEfTADbR, B
RAESHALONT V. FENCR, KBHEXD 2 ikt oMIERTH % Helmholtz-
Kirchhoff DI RZF AKX bHBE W 2 MARS HEX LT, L aPEN KK C
tiend. —%, FEEAKREEOHEA Y, Th¥CcrEBM2ERL RATEE
(geometrical acoustics) BJFE, JAhbb, FEHE (image method) LEFHE (ray tracing
method) AL RO TE 7.

LiL, EEDF 4 P2 A EBORZEC X - T, WHFE¥ (wave acoustics) BIFED
HebhdXschb, BLoRREEBREINTHS. BEAREORS, —RCEHOH
ERRESAD, BCA—74 ) TL0 &5 AREROFSFTCOVWTERALHEE L
B3 2ofic bEBROBAKGLEETH L L, ThbERRNEE I L, BTE
SR TRV L BIUNR LT IREREARE A LY REAXEME LS. COX
5 A O wTH, EAMICREHREORE LHER O ORIETH > T, AEHNTH
R, EBEFENFEOBRACBRL MLy, SRoSER L BRROBRIrOEHT &
EREBECE LN 3.



chicstlL, »wE—DoODRER, RITADNTE LERWANECE, B OHEHA
HEEl, 7A2bbTFRECI>TREILAVEREL BB fTAbhTn32eTHD. ¢
L5, BECRIAHTRIC X > THFTERKRBL, BREFAERET L b, 2oku
ErREHCHIRELYRET 2D, AHOFRZT AL, SREOCEBEK LT 2. F
bbb, FERMEREELE %25,

TEEBENMEL Lk, chickEe LRI 00F MBI URCET S
FOBAOBEAR ) Bbh, BRI TE A BIER 19 #EKD Rayleigh(l] iIc X 3 ¥
Z b vAROKEHEECHE Y, EXFECHIIRE—HARY, VIV RFa—4 O
DIeDELOHRELEINT RS BECONTR, BEFECHTIBEOBRTREL L
TELOBERD L. —F, B0 X5 AFKBoRER, e (BED RicdyEHN D2, «
heBT 2 RRKTERONBEPLCTobhTE¥ T 3.

VIDCBRR7eA—F 4 I T ok, BRENOFBOERL THL, #iiodick, %
BRoBEMEI SRR R L 2FE XD L, B KetHRA REEOTERFECTT 2iKE)
OREYERL, TERBHEREE L LTHIYRS e ABETHE LELONS. L)
L, BREFEOHSFCET 3RS (KE) MET, BAEORBOXREERL b0 L
T, SURBRREFECET 3 2,3 ofRERoN 3 2c, Fic, BRWATIRIED T
$EL, K (REHE) BRIETS ), 2UEBILAWREO L L CHITE N ORI A
E¥THh5.

FBREOF—F 4 PY T LAY CENT, KEKR BEki oM ELBEORVWICIST,
RAFOFBROERSMEINIHE LD ), EAFTERICL -, BREACEHLER
LZTHO TAIFE, o, REEORIESSELIhE e nEE L.

toficd, Flil, BECX 2BTONIBECNREYELIHSICH, BEEKOR
B X 2l (BB) FoREn RCEBROIFTHcE~THNLE L Bbh3. HEED
MROBEFEHAEEL LT, BRBXES—BCREDOLNL TS T LBMbI TN %A
2, BEREOZRET*ERL CEHFHELMIBR > AHRBZBILALRbhA .

CoXs e, FRIESERMET b bRFHOEHN+ER L CEH LN T3 L i,
FHYERCTAT 3 LenBceh b L EL 5.

ERo X5 ABEAE L4, AFRCE, FcliiRc X 2 FERAMELRY £,
X L CREFERH~OLAYELT, BRNAFRETAS. |



FEREENECELR S BE, BAE (L 0BEMHER) OEBICE L KD 32 L ERD
325, HTIFERCL 250HRETH 2 C LB HK, IAFARAKEETHIHEC
I, FRCHEAMBEEAS. ¥ BEATSEBHERCKETIRE TADLTEAND
Y, FEZ -2 5EMECL T 3.

—RRICR BB DIRR ) 2FFOBB L, FERWLERL 2 RKEABITHLROND
ceBn —F, RBEROBECRROEBMERSER B ECA ), FIELRBON
EVHERS . K, FBOBRObDLOwTR, —BWCRIRAIBETHS. Lido
TREFRTNFEEZAE2%28BA2w. CoACDwThR, REIKEATHL CRRS.

0.2 HFERBEKREIZOWT

FEEHERBEOBMECOwTl’, Ffiic L 220 BE&N A% BT, 2oEREMKC
DTN T}, EOWMYBEORMBERZHLI, EFoFHAEMLTEL.
BRI AR, b L RAHFTRC I ZRELOFESN L 42D, MEESEREL, %
OFRERBAERET 5. OBl ER, FEEM (acoustic loading, radiation loading) & FF
Eh, EBRCFH2ANTALLTDY, 2oEBRE2EEX 3. chik, BEHIEX
DX 5 CBAHEC, REFHECHRTTACEHECAERL TXELWES IS W
EbhTws. Lil, BEBSEIATH-TH, HEAEHTCHIEHEMNOHERICE b AW,
COFBAMOIKE D220, WMRCTEALAZBENETS. ¥4, ¥+ ET74%2FF
AHEEICR, ChaHEr#FoD, TEAMEKREC AL 20X 2HB KR, AR
hPERbEETICcLich), RBREXE L BB RT3tk 3.

COBBRERICRT L, FigdloXdKchsdss, toRCHEFERM IO “feed-back
loop” & LT, EbFT T LHTX 3.

ChEBAC X > TERRETIE, »EEEECnD 2N L IRBERICEOBRE R DT
¥y, , FHD Green B g ¥ V-5 &, REEE v i,

oR) = = [ u(RalR) | [ o(Ro)o(R, [Ro)dS (Ro) | dS(R.)
N
+ Y q(Rj)7e(Ri|R;) (0.1)

i=1

DS CERbEND. T, ¢R)) 1, AR; b 2EBINTITH 5.



. . RADIATION LOADING
FORCES APPLIED TO |Elestic STRUCTURAL RESPONSE | Acousticol FOR PRESCRIBED VELOC-

STRUCTURE Problem TO PRESCR|BED FORCES Problem |T|ES OF BOUNDARY

Fluid-Structure

Feedback Loop

Figure 0.1: Diagram illustrating the dynamic interaction of an elastic structure and a fluid

medium. [3]

FLIED [N, AR DEBEE o(Ro) KX 2BHEE, TADLEBANTH L »
b, B 1EH2ZEL ThicHT2EHEELEDL, F2 HABBRON DT 2IEE L
% 3.

LT, BROAFCI-TERT 2HE82ELIE, COPF2EBKAOL S 2%
L 3.

= [ Po(R) (R [R)S(R) 02)

L, p(Rj) &, WESERITH 2 H/E0EERA R, kB3 EFETHH, FERWEE
RLAEVREBTCONNTH 2. ik, Fahy[4] ik “blocked pressure” &FEA TV 5.

(0.1) 1, WEE®T 5 LT, F2% Fredholm RS HBR & & 0, FERIKEZ, BK
HBROBE XL OFE 2H, ANFRICXIHECHE (02) ocEDbEL I Lick 3.
(0.1) DF/EIKH, ¢(R;) BBETH 200, FRKE (F2EH) BHESEBEHTH L5, A
HERC X 2E8%EX 258, FEFAKE0.2) CsnT, p(R;) BBTFL B TRA N

TD pp(R;) B, HEEABL, WRANZAFORD &5 €, EERAFERTOSGECR,
BABCHEMAZT RATE 34, HHEEPOHERRICOWTR, EHRHRCI ZEEH~D
B hALBCLY, BEADHLEL, RCBAEREBLIcLITE AN Le#oT,
IFRRASSF OB S IC XA ICRE T 2 WREMSE 25, BARKRcH L Ti’, comnrb bHE
HARBEE AR D 2D, RREAREBREAKOHE LHROBECR, BRI K 1xE
FTeRA-ZbDCRDZTHAS.



0.3 BESTEI-HIZ3ETERHME

RUDCHRRZ LS I, FERABERBRETEL T cnl, KL IEeMc s 5238
TH DL, APFRCHEL LTRREFERI~OICHZEN LT 2310, L CTREF
Beed 2 FERAEECET 2BREOHELRNL, HMEACOwTHERTEL.

BRFENH I 2 FERHAMEORENA b DK, FERAR ORFH DT LN,
FERHEBA—F4 V) ToAYCEWT, BROTLTREETFOHR, » 25 AR
AR E 2R T 272D, FHCEERIh TV 3. THRATORRCH T 3RHRIC
DT, ZLOMBEC X > TERNV AR TAbLTEY 5], TOLBEHLRERS
hTw3 6. —F, BEEHCHLTY, BBR2BHCT 220 CIIKAT2HET 52
EREWahTEh, 27— VREREE0ADCEELRBLRET LELOLAT .

F—FA4 LI TLACBWTH, B KAALYE2ORNEBEE L UX7F— S RARSRHE L
LT ERoBig%3230CTH 58, AEEATRF—AL A ECRER L E 0 NBEHOERE
BRELANVTE, REFOBNWRESEAKEL AV TEIHAAEDS. £ X5 AHAICE,
KItso BEE (clouds)” DX 5 CHBH/NE WRERE 22T tick > T, ARAK
HEYHRT I L B8fTAbhTw3 [T, 8]

WA DOFE D> b ORXSER, RMENAFERA L2, BMABCEDILS. LL
BoTRERORFFHECOVT D, WERR O HCEATTHRE WERICK, 8T
PMASENH L LTRSS BEHSL, bW IRAIFENFETH 2SBRIELTFRIERC
DEZCESCLDOTHS. Lrl, ROREEIBERLFAED I /P wHEKE, |
L 2BBOOBFEEATR LA S COBE, WTIIERCE LAY, RO ER
BRI ABON AR WD, RRAEE L TERNED 2 ~ELNAFEREAb
TE& .

1962 £ A — 7 v L % New York Philharmonic Hall T, S8 D “BRE¥E[7] »EHX
NTkH, ZOHA XHBPETE D ICEFRCRAFERETL, EFRECOR
Bo ek ORFTH okt Ebh T2, ChRBIC “BE¥E RSt 2%
#fFA b T3, Leonard, Delasso and Knudsen[9] i, K& X U % OMHI D K41

"KBXHCREERHRE v 5 BE, RASTOHRROLHERCHET b 2 ERE M, 8, KHEASKN
EMPpLUizr—vzvrie—Yy (X7—-CRER 2E3EDSE. Thadbb, EATEHR K L CRHHE
LTS T b0 ELTCCDELYHNS.



HrHAEL, FBROBHORF LR CERY LD 3 —WOEEROEh X VEZ L
%R L% ¥7%, E.Meyer and Kuttruff{10] ¥ New York Philharmonic Hall © “F ¥ &> o
1/50 BEBRIZVER L, RAETRIAF LD BEBIRAALFORSBRE - L RAIERRBC L -
TARLTWA3.

ch b OERMBFRICH L, #FH &8Il [11] i Fresnel-Kirchhoff oL U EIHT B ic &5
T, BIAZFERE U2 ORANORSIFELRIT L 2. 2 oRR, FEMTSECE TR,
EROELHFT S+ CEBCES 2R L tk, 28T, SbiICHE
WIELIC S 3 Fraunhofer WP EACTE 2 LRERL T 3.

¥ 7z, Rindel[12] ix Fresnel-Kirchhoff o:f LA rERCE T %, RIAFEERE LU 20
FloReEOBITRER %, ZANARFHERL LTELDTWE. kXL, CORKREH
HRHCREE Wb DOTH 3.

£3 [13] it, Helmholtz-Kirchhoff ORRFARKICER DA F v & v 1% 0 & F 3 Kirchhoff
ELIEBAL, Maggi-Rubinowicz Bz ML TBL N 2MESIC X ), RIAFERCE S
EHEBINT 2 2 REL T3, ¥k, BIAMERICDOWTY Fraunhofer fiftlic X %
FRELRA, Bt fThoTw 3.

CNECRRA L S ARRND 3 WAL FECT L, MELFEL LT, HHRER
Ik (AR FHERE) KXo THRENCRE FERST LIS [14, 15, 16]. coHER
FEOCEEOBROEF cHACE, BEICER2McLuTE 30T, HiFDF
HEoRZcK>s LS Avbhd 5k ho0H 5.

coXkic, BABFREHORAMECOwTREA A oMEABLohTEY, HEELE
ERELIhTwE i3 Lal, REROBIHCOWTELLEE, L0 X5 A&k
KEoTKREE, BR EBcoOwTrREICE 3, MH, BEcovwcTiRitEstrs
2R TERw i, DEIREIORFREELALBE, EROLSCREME &L
T T3 &, MEREMTH->THREOFEA v E—F v REFLTHhE, et
ZLALEVS T LiCh D i, MEXRILTCOIRER IRV bTHoTH, HEOF
HEREDES5KCh>sTWTYH, 20B-RELA W

EBICH-—FT 4 I TaAET, KERDZ-rREHONE BECX->-TRHFOH
BOERSBRINDICLAH D CokdARRCR, MIMICRR% X5 CXHEORE)
(X358 #BELTRs e ELbRE. LisioT, HE BECHT RS2



Brevecr, EFEORE*ERL CXAMBEEYWMOIKRS C e BBEL LS.
REROME, BECO~THR, ThETREALTHRETADLTELT, “EEDH S
YOBEIW, “KpEBW, “BRETR 774 OREEERE D ) CEEW[17, 18, 19]
REEEDNTVEE BRCESLbOTH HVHABRARILLED 5 b DTl A\ AR
ELTH, BT Imm D75 Fy 7BEAVTY, 27—YREARELTRTOTH- X
CDRELD D [20] ¥, BoBRERHRICH -, HRLELYHT C & CREFARE
BRBERLEEI LTS [21]
LCRRABRBHAETADOS B, “EEODBZIORBNW 25t rt, EBOBEN
DPHECTHBERBAEDBE IO TLbDEELOLND P, FBOBRRCHTIAKECR 7 —
VREROBEAE2EL D L, BROZIE, BREBOEE, socBR BRoXo5h
Y THBFEL, BcEROHCHRCE IBECRA Y TADbDb, NAHOMNE HE?R
ERLTEOEBZHFL, FHEROELCEORELRART ILESD 3.

0.4 ZFHIEORE & FRIXDMEL

FRX T, BREFERGI s 2 TERHROMBECOWT, TOME, BEERET
HErH Ol L, Rt LOBEEAIMAEBIC L2 BELT 3. £0k®H, 0.38C
EHELHEATEEREL, DUTCEF2H8EEYMY LT3 chod+0RECOWT, &
BFEENFRCE S BERFRETAS.

TR 0 TR SR $ 3,

o ROME, B hLrHEROKE.
o BRZEROBE (BHREIE %EE oXE
o BENER (B, BRXAY) 0¥

DEDEBCI ST, A—F4 Y I TLAEOBRENCE T3, REHEOBERIZLA
CHERT B L BTRB.

¥, 02HiCRNRZ XS IC, REMERKOBE CABNNCERL 2HEHE 55, AR
OHBCRBERECI L ATNEALACEERE L, WECRBEOR YR weKEL
Boid s ERNAEREFIMCTAS 2R, BE2Boh3 L BEETH Y,



% O B0 OIEEAR CH T 2 TR AR CH 5. T/, KARIENERO X 5 ICK
REDHBLBATTIRECEER, »EVEEMABL LTV ERTHS. 2T, &
RYCBATR, ¥ITFHIR B1E~F6HE) Ci»UREEERO FERARECD
T, IR ECE >TERTSE. —FH, *—AAD “BEE 0k 5%k, HHZHEPO
HEBHI/NE WERRICO W R, 20EANHEL2ERT S L & bic, SEMTAER DR
CERRTAICL VLB LR S ARIOFE2W (B TE~F10E) ck, HEEAEHR
DEERMNFEOXFN AU EOERE T CA L, REFTFESUBEO R Y Rvic>
W TRET 3.

L7e#oT, RRXOBERLTICORT ) TH 3.

¥FEIECHET, F1WoFRE LT, ERCEEROFERHEEOBREL R~ 3
b, BEEOHMELBIR L EEA L HENT 2. F2Ecl, FRXT—HEHLTA-E
BB 2R T FIFTR, BREL SRR CE—0EREEERIC X 2 RETHY
ML, REABTEAENT 2. ¥4, —BOAFBCOVTRRS L biIc, RoME
(pifE) , B&, EHORERUESRETHEL2ERT . F4Ecnr, YREIELA
T 3 RATHAR C & 2 REFFROWNYIMER LR~ T EROLA L LT, HIEHERE
RO FHEZHE S, BROERER L OHKIC XD, BROZLUELRERT 2. T4, K
HHCHT 384T 22088 vRT 3. $iEeR RoBEB2EROBE EAIED
LB 3EBELT, REAFHOBTNARER YT F4ELERKC, HERETFEZ
FOBR OPIRB BB TR0 FRAIE A4, HAIE & OHBIC X > THROZAMEEET
3. ¥, BERERCY XN - BEREORL #IUVEREFEORS:, NEACEKE
OB L ZELEAL AT 3. FoEorR, REIWERBEELAHAL, X bR L HkEEs )
TRE->TEBEINTWEHECOWT, BTN AKER L RT. 7% RKHFHcHET3
Y TORE, BIVEATAZORBCOWTERT 3.

BTETR B2BWoFRL LT HRANMERORHFTHBCREOMEA LY, AR
R O FERIEREEC O T, FEONRLBI®T 2. FoFEow, Bk
5T eRTEIRBOPEDELT, TWEEKRM 7 AHO strip 1€ & 2 RAEFEEE DY £,
ELIRE L BEER T chbckoT, ARAMBRORNEROEAN AEEEEERT
3. FoEeR, EEOFHCHEATE ZRERNIEL LT, FRERE L HAERELH
wieERlLE AL, #FEH L L CEHERFOERHERORAEH CO>WTEETS. £



e, BEEMOMEC O TRBEAFER L5 CL2ERELT, 2EBOHERZRL,
EToEB®TAS HLECR, FIECRLA2EHE0FBAHOM YR LCOWT,
2REFRICH T IMER L OB ETA v, &2 OBARBELHL ~CT 3.
BHRCBIEL LT, DEoRCI>TRBOWARRY LD 3.
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F1E
% 1 B e

FECMI LS, BERC X 2E5ERHD 5 kKA L oREL R SBE, KEC
BERD D e, BIRBIC X >ThHL s ATFSRIEBEAICRETRE, ThbbH
BAWEAERT I LADETH S CoFBRMEHLICT 2D, ROKBZEN
BRESNEThEE LAV, ROBHEMERET 2 cdick, FEARLIERICH?
CEBRPBETH B,

¥, COCEEFATIEANE—HIL LT, EREABEHRCOWTELTHS.

Fig LICRT X 5 %, HWRADOESY 2 FH T 3FRBEOMERC, FE p;OFESA
HLTw2HEEELS.

P, Pt %, ENETNRABELIVBBHOTEL TS L, coRick

P = (pi +pr) — Pt (1'1)

DENBMboT B EichD, O pR2EBI I CLCAhS.

[11]

Figure 1.1: Reflection and transmission problem of an elastic plane plate of infinite extent.
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COWOEBIC & > T, WOEHT A HHER [ floXHCET 2HELRHL, FTK
B END. ChEEREE pTd 5.

—%, ER [ flcd cheFARCELLE, KHEFEp R, BHBEEH LA ED
RHEE prig &, BWIRBHC X 2 BHEE praa DFI LR E N 5.

LAa®BoT, (1.1) D55, pBXUp & bic, FIEBIC X 3T 2EATREZ LA
b, MOBBRERRE I NATHE, RObhAhw LiL, BCKOEBIRER, (1.1)
DEERELDNETLEREE LAV Thbb, p, pE X TROERE, 2 THRL
R CREINATNRE A LR DT, FHOXEHERX L ROEBHEX %, #ILL <F
T e BBECK 3.

—BICHOEB FER LWL € &1, FCEMCEBEARIE L 252, coflo X5 cER
AROBE, BEHBNESCA S,

LA LURBEROBE, BARMCI>TRBIFELERBORAVI LB ZDX SR

aice, B LS RBEREREA YoERE AVt k3. S b, HRERO

an, ERHRO LD, RIEBHON S ELZAEAOTEER (1.1) X 5 A¥MAR TR
Kbenldhd Pz, AFLZFRRABECRE IS Zdchal, EFRHRCL>TH
DEHEA~RB Y &, BEEICHKEF VL v A DO3HEEL B BHECOWTY, FERCES
ODRBYRTS. COX5 CHEERATRIEBEINE D, ROXHELCET 3 HFHODE
ERDZICH, BINICRRABELRARE LAY THSE. LiekioT, HIEBOKB 1%
Kozt BlERHECH ), BRERFALLORERELXTEL X2 2BA . 207,
AREROBEC R, BIAERBANTALOD B8R CREAMIHLBL L RIELA
ERARETH 3.

—MCHEBZOBED eHicik, BEEFIHACcEscesEE Lo rwsETH A
V. DT, HEINES ICHETERR O h 2 ERKHEER O T8 icowTl, th¥
TRH WL 22O EETEDI T 3.

COMORIE L LTHL 200 EEDoR, WEARIC X 2 FERHOBMETH 3.
thit, BEFBCE~TY, BEAoTREBME L L THFEET b TE 7 [23, 56].
thbilEe LT H—oERKHERICFERAART 288254, BABRERD S
FEEWOB-o2bDTH 3.

cnmﬂL,mmtﬁﬁﬁﬁﬁmﬁéiﬁ5%%@%¥m%ﬁﬁu,Rﬁ@ﬂmlof*b
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b T3 %r, MEEAMMRASHEHEC X 2NEL 2T 3B IC>\wTil, Junger[25]
KX hRBOITS. Fi, EDFBECEI ~BERICX b, Filippi et Saadat[26] &, F
% LR AR OB EE, FoHAMBco o wTEEL T 5.

¥ e, ERRMEROBTERANEEEBM Y E o2 b0 L LTH, Morse and Ingard[27] ¥
X Uf Junger and Feit[28] 23, B BMASRE & L CH—RICFEREREAS T 258 O KH
EERDTE. & bic, Rudger[29] B OEBERK & L < Timoshenko-Mindlin DB % A
wT, MEREOR (BELROBAIGEZLREL, ZETORELER) oRXHFtE X
U RN 2 BatiE 2 R T 3.

2 ofth, BHRIC X 3 RAMBECEEOE D L LT, RIEBRREOEERD 5.
T, BEROBHRCEIED 5 ~EREB/BERT HE, ReEREHER T oH 3t
EROMEHNEL Y, FHEBCERNARTEEXTRTVOTH 2. T oRAEHEG,
—RENCEREERICET 2 C L hnb, BRESRTOBRTKE LTESERENS. Th
C2WTH, KAtick 2ERAKERED D, FHECELORAET— 22 AKL T3 [30]
L2 L, WIRBRRECEL TRERMAIESDLEL, 2OFRESL A # =X LG b2
KEhThhnicd, 2ORIEAELAEF-2%%28F L L TfTabhTwioaRHRT
» 5.

¥, BRENOBEOWAELE X HE, RIRBERFG L RRCERELFOC &
Z0n, LT LOBRERG, BRI CERAR L LFENSE Y 7RO 35S
BEn coXSEBRCE, VT 3EIEROBLoD, REFELELEZTS
tELLND. Y TRET MR O TR BT 2R, HBMS B 53, KR
BronthlhitREIhATAhbord, B—0EEXEERRY) 2B T558TH
h, LrbdROBRETEABL LAVDLAAEbhA V. Li#>T, EHROME,»LEL
3L, ChboORBCREEORELIALAVW. BEARML LT, BEREOXES L
VxoBRBEOREVEDT, V72 ETIREBNT 2 0E5ED 3.

2T, F1EcR, ARTCECIGECHERT 2 ERBIRA 2 BT L otk JERRAM
HROFERFEICO VT, ROX5SEEBRITRS.

BRI B—oEEAHMBIR, +ADLEEBREA YRIIABEZ 2k vE
EOFBEFICONT, 2OXHFHEZFINCKD, RoBER EHOBRETFHEOE
BronwtEET 3.
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HREAWOER BERENCE~T—RWCARON S, BREIBORBLERT 2720,
R AR BT B A H BB O TRBFELRYD, 2oREYHRTS. %
o, EREREBRHEEROFACICHAL, BEFOKAEL OHBIC X ), HROZ
¥ % RIEET 3.

HEBRETEORE YREIFACKETFELBALLBEORECOWTERT D40, ¥
TEERREOEROHEIBbEC L 3BERREEA T IR LTEFTALT 2. =
Frcx UL R, BERREBOBBCOWTRT 2. i, BREERELE
TR ORIRBERERO TFTHLHES, FAE L OHB2TAS C L CHEROEY
xRS 3.

BN Y L3R EROBRROEFNEFEICR, bcR~A2EERBECmL, & ocH
BHEARBKEFENS ) THEABFEERESZ . 20X aBELORILORBES,
HROABITCX > THRT 3.

ch b OEABERCT§ 2R 2, EHNABL L CHEOERCRILOE M) TR
 , BREANOBE, XH KiAY, BRELOBRTCTIKEATEOBEER, 0% ¥EE
KIGATE 2ERAAMA L 2% ¥k, crolRi>#HLHE ERoBREFANORHOBE
%, BEWEBETIIOLELS.
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HoE

AETH, ARRrctEL TH- 3 EHBRRA, T2 b bEEFERX, Helmholtz-Kirchhoff
ORAAR»OBE I L IR HTEX, BUROEBHFEXC O wTUTeX ¢HTEL.

2.1 REBBLEX EEFH

BHEARGEECH 2 2RP LT 2 HHE, BRAOKUZERILE, o2 BIAFOF
H, PEEERT vyl LT, FROAWHEETR, HEHEX
108 _
c ot
CIhvtREnd CCZCHEEBERF VL +A00E, FEpBIVHEFEE v RAICE>T
BRI o 3.

vie - 0 (2.1)

a0
= po—— 2.
P=poy, (2:2)
v = —grad® (2.3)

T, ppRBRAOEBECTHS. pBIUV I EHHEX2EALT
REWCEABNELLT 2Bk, FERF v+ %2 = dexp(—iwt) & BT, K
¥H exp(—iwt) CHBRT 3 &,

(V2 4+ k) = (2.4)

p= —iwpod (2.5)
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v = —grad¢

(2.6)

EEDES. KL, ko=w/coEHTHY, w=2rfRARKEE [fEREHTH 3.
BROAERZRFO—H r, B eBE -1 OEAFE., mricETrEERT v

v ¥ G(r, | r) 2 EAMR LR,

(V2 + k)G(rs | r) = —6(r — 15)

OETH Y, 3KRTERTH,

etkirs—T] kT

G(rs | 1)

=47r|r$—r|=E

XL, r=|rs—r|TH3B. ¥k, 2RTEEOHEE, FKRCELT

? t
G(rs 1) = $H (k[ xa =1 [) = 2HE (k)

rh3 rewe, BV 1180 Kko Hankel e 3.

22 EFREKRDZI-HOMFFTER

(2.9)

Fig.2.11C77 X 5 cBAfERONICATE P.5 X Uk Q; R F) 233880, 5
A PCBIBEERTF VL vAd(P) 2KDE. fHROE, PEBIV PADEFELR
ﬁﬁjﬁ& L, ‘E@jﬁgfiﬁaQZE-{-Us%-U-i-F&TZ)- foC'L, U,Us@%ﬂ%.i’bp, Ps%q]'l:a‘

T 5N RoEFETH 3.
COFRQUCT L, n #NEERE LcHS, Green DA

J o= (62 -s)o

[ ] fevia-cvien = [ [ [ {o-ite - Goitohav =0
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Figure 2.1: Domain and notation for derivation of the integral equation.

//aa {¢(ro)aG(;n' ro) _ ad(;(zo)G(r | l‘o)} ds =0 (2.12)

BROLND. kXL, roRFWMAALORONE~s Y22 RT 7, r AERFOLER
A (czeorBEAEPETE) OB~ v Ar°H 3. DT, A LOAKCE, BF0%
LR

2T, 0, LoD E PEACOEETIp(r), o LRI —9(r) LABC L 2ERT S
&, KAKB/OLNS.

n+// { aaﬂnﬂ wmmﬂlrﬁmoz 8(r) (P € Q) (2.13)
- 0(Pe) (214)

W, PRICX 3XH, HELACNPEIEL2EZL S ¢, WAES%2 P2HDET3¥EE
DOERME & FiE, Sommerfeld DEFFREH:

|t |< K, K&addEHR (2.15)
I XU R
]
T{gg-—ik¢}—+0 (2.16)

¥REFLCLECED, TOFELEET 2 LA TES. LicdioT, WOEERR Fox
tT st TR3. LROMOPOFEIEHY 2BEBFRF v v, B2 1BEEF
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oA EPEE. AR LORTF Y v v A I EEOREDODHS(r0), 0d(ro)/dn 11, Z2flH
DREHRP (MB~2trar) 2HEDEp B~ 7 VAT KEST2ERETH D, K
FriyerORUEERT S L, RABBOLOND.

(m&@ijﬁiﬂmﬁquw—agykﬁﬂm%dmzéﬂﬁ) (2.17)

B5Rn XAREOBRBERE NAAEORBERAL LD chicHARBEERALTRL
NEAMPFBRAEMW L Lick ), MEDKEF v v ARRKDBZCLHETES. HEDKT
YV e ADHERELONRD L, (214) BOERIADORT v ¥ » AZTHHERD OIS,

LaL, EXEBNCH C LB CE 2B RFE L TE ), — RV CIEERIL
T2 E-oTRLNIZENHEXZPENCHE e s F1HTO]MYES KR
KM ORI T, SREAERERCH hEMTH 0T, BTN C L XTRETDH
3. thicdl, F2HeHRIER S ARROBE I, EL L kiR oRENSEL A
wiritichd xoFHECOWTRECERS.

2.3 HHEROEDFER

Hooke Btk I X h BEIEL X 1 2 — R A FER OBSIEBRN wid, HHARERCINE

0%*w
DV*w + Pr g =4 (2.18)

KXhEDLINSE T, VEI=VVIR2EF 7S5 7 v CTH 5. qBRNAEERT.
¥k, DiomTRIETH b, KXTcEDLEIN 3.

_ ER3
T 12(1- 02

KL, EdYy 7%, h RROBES, viROKT Y vl p,iROBETH 5. KAA
WEEL AT B ICR, BEFRREE LT,

D (2.19)

_ E(1-n)h®

D= ST (2.20)

Lk B,
VSN E D FHOMBE RS HR A Hooke OEEAIC L % 23 5 B E.
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wE, BN wk XUN BSRENICHHNELE LTw 358, KEKFERE% exp(—iwt)
T35,

D(V* - kp)w =g (2.21)

EhB. TTK, k}=ph?/DTHY, kraREEDZBMEOEEEED T
HRERROFHE oBREMtd, HE, BMMXE T, BEHO420BEREL LN .
VEICFET AR CB TR, &4 0BE0%EALBRRAXTCHLONS.

B e w =0, %%:0. (2.22)
BAPITHE - w =0, %g+ug%=0 (2.23)
F b du =0, g%+@—ﬂé%%=°' (2.24)
B B:  Zr+sZy=, §¥+«2—m£%%=m. (2.25)

BN O 4 LORALREMIFORE IR, HBWAS CEIERBLR 3. L2L, %
hWoNDBECRFIFFCEMCA Y, BrxEECH 2 [31]. 20k 5 ABBKcE, ELE
55 RHERERED X 5 ARENFEAEDN 2 0B ETH 3. AREREC K ZRE
rEcowvnTir, HiIcdbLiBR3z LT3 ABEBRKROBE, T8 L oERMET
HoR4, BBELRSHE, FEAKHORELZRCANS &, BMABRE L USRE
HBoHBETY, —RICHEITHCKER L RD 30 xEdCHEcd 3.

AT, FERr=0CMbsHNAr)IcX 2, BUNORETADLEMEEY u(r) 27
3¢, ulr) RRAE LT

D(V* — k3)u(r) = 6(r) (2.26)

WOEEBYH 1 R T z FHCKET 3 HBE, Xk

D ( d _ kfa) u(z) = 6(z) (2.27)

dzt

s WERAKOES, X1 Fourier B2 B WwCEBITNCHE C L 8TX 3.
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¥, z DBIRIc O WT, Fourier B KRA DX 5 KERT 3.

F(k) = % /_ Z f(z)e " da (2.28)
f(z) = / ¥ (ke dk (2.29)

ChEAVSE, | RTOEBHER (2.27) r M kAo k5 cXbEn 3.

D(k* — kLU (k) = 51; (2.30)

cecie, Uk) & ulz) oE#TH 5.
LAkdoT, th2BTUk) 2RKDBE, RDOX50AR 3.

1
2r D(k* — k%)

NABZBEICHHELEFEOLOTHBHE, ch# qlz) ¢ EDT &, REBEN w(z) i u(z)
PHWT, ki BABRD (convolution integral) IK X o T, KAD X 5EDE 3.

Uk) = (2.31)

w(z) = / ¥ w@)g(e - 7)dT (2.32)
XD z 0B w(z) XU u(z — £) % Fourier B (2.29) ¢ b2,

(&) = /_ ” W (k)e'* = dk (2.33)

/_ ~ 40 { / - U(k)e““e-ikédk} dé

- 00

/_ oz U (k) { /_ Z q(g)e-ikédg} e dy

= / ¥ Uk)2rQ(k)e e dk (2.34)

e 31)

LhB. LidoT, BHISEOESRW(E) RMzEECc

W (k) = 2xU(k)Q(k) (2.35)

NDES5KBOND. &KL, Q&k) BN ¢(z) DEHRTH 3.
ch#, BCEELZ (2.29) K X Y Fourier HWEM T iX, BHDH w(z) KD BC &
HBTE 3.
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HB3E

B—IRo 54

3.1 FL&®IZ

RETRREAEER OFBRARED 5 b, B EANCEMA, BRESC) 727
ERBE—RICX 3 RAMEERIRS. B—ROBS i xHBENEScd ), REL
DRVERBOND D, ERO LTHFITH 3. ¥, WEBKORH L LT, RoEE:
REPFFECRIETHEL, ROBERA L DA A 208 BcOwTHBNAMA 2B 5 C
EBTED. ¥, FRCEREAACIRNEABEA L ORAFCO T, FRAM
Renrs.

chice, B—RoEFERHRE L LT, Morse and Ingard[27] A H L 2821
3. thi, WERHERC X3 FEZEMELHR S PcBbhicdboTdh, RERFES
EiconToERI2Thabh Tk

Morse and Ingard X, Bi—D#ERRAMEER ICFEELMNAS (AHAI) T 255,
KB 1 REWCcHRACETT 2BHEOLTH L 2ERL T, EBHEN wiz) =
Aexp(ikozsind) B wni. T35 &, —HE~EDASFEERE I,

pi = Pieiko(zsinﬁ—zcosﬁ) (31)

REAE R FEETH h,

P = Preiko(zsine-kzcose) (32)

T b CERE D FRRIC,
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pt = Pteiko(a:sine—z cos 6) (33)

LETBC LD, | REOBIRB ARG, ROKRBEAERX &4 3.

k4

4. 49  pAyA F _pP - 3.4
(kO sin” 6 kF)A 2pphw2 (Pt Pz PT) ( )
¥ 7e, REETCOEEOEE? O,
—iwA:COSO(—B-{—PT):COSGB (3.5)
PoCo

PoCo
»RondoT, (34)3.5) 2Ew1L T, P, PLARETEY 3.
o cofkc, RoBEZBT-3.

Q)P B ko\* . po
PT__l—iQw)’ Q—-{l— (k—F—) sm40} pp—hkocosa (3.6)

Junger and Feit[28] &, bR & EAMICRRCHET, AROBEEEBTRE. kXL,
Junger and Feit £, THEERIC X 3K p, 25, 2OWRBIEBI LA VE X, TADLEAILY
the AL ABEORBE pri,ic, HMERBICY > THEL ZHBHE poaZMA2dDOTH S
CERERLT, FleBohcMERoBMmKc & 2B ETEOX2FIALTw3. T4b
b, BETE proqd & RBIINEED O BIHRK

Proa(z,2) = k:/‘:i:go eiko(z sin6—2 cos ) (3.7)

*»FoREcCEBHEL TE, i % Morse and Ingard & [lEED, | KTEBIFBEXCKRA
TRV RAEBS.

D 4. 4 4\, ikozsiné ipot ikozsin 6
J(kosm B—kF)we 0TSl = <2B+m)€ 0T sin (38)

reC, WELCH pig =piTHBC L EHANTRS.
(3.8) - TwERONE, (3.7) b praadiHF L bH B b, BEHD prig L MAE DA,
RRKRA BT 5.
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P (.’I) Z) _ tP koh(Pp/PO){l - (w/w0)2 SlIl4 9} cos § zko(xsm0+zc056) (39)
e ikoh(pp/po){1 — (w/w:)?sin* 8} cos 6 — 2°

BB, 39)KENT, P=1TAhbbAHKOERIER 1 £ 3% &, Morse and Ingard ®
B (3.6) L —HT I LaERDOND.

TDk5ic, B—DERAMEROKMHIFEC DT, £RD 2 20HEESD 535,
Morse and Ingard BB BRBRBOEBYEN LT B Lp0, KFCODwTRE{ ML T
A\ %7, Junger and Feit §, BBICOWTHMAL T304 THhH, BHLARNTE
mmmowfa$<%§%ﬁ&orw&w 2L, (3.9) *EHT 3 Ik -T, Bl
HZEOHE L FBOTECHI L TE Y, KoL 2BEBTH5.

_ 2 i 4
pr(l', Z) — 1P k‘oh(Pp/Po){l (w/wc) 812 9} cosf+1 zko(z'sm 6+2z cosb) (310)
tkoh(pp/po){1 — (w/w:)?sin* B} cos§ — 1

om0, BRBERDLXICE, =2{ v 7 v 2BROBC 3 BEED 2 ~rAET,
pr=-pitABCEEEHLT B,

LaL, coks25RR KPFEcRon 3 X5k, BEROWAcEE A v
E—F v 2HRRCRAZHEREATH L LT, BREFEA CZEIPcoTERFEL
MECT 2B kDT ) RBER L V.

% ¥, Rudger[29] B, B\ 2 BOBUERY &b ERORKH YL, FARAHELETR
HTn3E. 20K, HIEBIOZEMRK & L, Timoshenko-Mindlin DEREREZ A\, 22
OROFDOBFARHOB AL EERL TS, LiL, ROBRIZEHZ: LTHETLTY
3. ¥k, HERRAZRENTEDLT, N7 A ) v 7 AEROAbhA N

FERSROBE ORI, ARXCHN LT 2REFTENICH TR, MHEROWHNE, &
EBOATF AT 2 RHFUOELEL, HLArCLTHEL T L BRI L IBETH .
¥, BRFBCAERONE L T3 AKBEEAFR R &b, RREUFEIER
ABRREEO.

CNECRBRRARKDOHECTHE, ROXEOBEHLEIRL, FTEA R (acoustically
rigid) & LTEDE -T2, BERCHACLONIMBICOWTELS L, CoMYEwiEHE
Herhv FIXE AMAELREEED 3BEORFUELF->Tn3 (BEHEa =0.05~0.1
BE). L#oT BfcE -TrREORFHIZRLBIBCERILT 5 L B8LE
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TH 3 RROBER, 2oR2ERTICRDEIVEYAFTELRAA N ¥, &
bicEML, BREEIFEOETED 2R 72 oBEr &0 Tl 5 HE kD T
iy, IRECRTZ LD T3 2/A 0N

2e, AECRRSY, B, ZEE—BLTRS cenTE 3, MY FTERACIS
TR TN TRy, REOREFEIER L 2REARYELT 2. ¥4, #HER
R oREBICEET 307 A 2, WEHOEEYE, BIUAHREHCHT S, KERFEOE
L AEBERECETREIL, thooRBBCOTERT 3.

3.2 BRiF

BIECRR IS, REBEFHOERLERL T, RHEFE p, REH LHTHEY
BET 3. AfHEpxPHEHEKE ThE, REWERTHE CLro, RER2KTEHOME
BELTROICERTES. %, HERAT exp(—iwt) AEMKL, FAFWERREE L T 5.
o, RoFEH, Ef&rZEEHOFET FIZ2 v A, L, %BAL, RoEHECHG
PIREFHDERICANLTSD 3.

¥F, Ro@lofRE LT 3FE L, ROBEBHENOBERAX 2 EH T 3.

WROEBIZEN % w(z) T3 &, ROEM (AHHED KowvwTi, Figd.leriisk,
FETVrIz vl A1 FT3EBEAFELE AHTFEpOD & T, B w(z) CEEIL
TR32HEOMAELOTEp 2RO B L & 5.

plate
—> n

Figure 3.1: Geometry for the source side of an elastic plate of infinite extent.

cotE ROAHUREOFE piid, 2.14) ckbhRAXTcHELON3B.
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(9G(I'n| ro) _G(r|r )3])1(1'0)} dro (3.11)

0) = 2pi(z,0) — 2

pi(,0) = 22,0 -2 [ {p( _
TTC, Opi(rg)/On 2T, RDXS5KCELS.

wE, TEWCHIAE, TADLEEOT FI XYy X5 00HEN, EEvCIEELTWS

&%, IROBERSIK YLD

Opi(ro) _ Opi(r)
on 8z

—F, B v E—-F 2 21 BET3EE thEARERYT, FEpob & CHIE
LcRETHNIE, EOEREMIC v =p1/21 DXS5CEDENIEET, EELTw
2LRAFTCLETESE. LhkdoT, Tk ERALKDID.

|.=0= ipowv (3.12)

dm(r opi(r : c :
;0(19(”0) - foulr) |z=0= ipowv’ = Zl)owg—ll = pg.okopl iArkop (3.13)

eZ2l, A= poco/Z MO ARBEEOFTET FI 2 v 2HTH 3.
DlEmb, TBT7TFIZ2v2RH A1 2FT2HSEE vCEBILTW 258

6]01(1'0) 31’1(1‘)
on 0z

EBRBTENRDND. LE#oT, (3.11) KBWTIp/0n &, WOEBEN w(z) EAw

|l2=0= 1powv + iA1kop1 (3.14)

TRADESKERDbEIN S [32)

Opi(ro) _

an 2w(x) + tArkopr (315)

chERATHRE, (3.11)1

miz) = 2p;( 2/ {pow w(zo) + 1A1kop1 (o) }HO (ko | z — zo |)dzo (3.16)

kB %KL, BEEATFEOBEICHE, B11)DFEIEHHE0 LA LEEXRL .
D¥ic, Fig.3.22 080 (ZEM) BAE LI 3EFEp(z) C2WTEL D &, (2.14)
) pi(e) tARCEPNEE, COBBCRTFE »OOEHETOHIE N S.
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n <€

Figure 3.2: Geometry for the back side of an elastic plate of infinite extent.

LAadoT, KXDXS5KETS.

1: U) _2/ {pz(ro)aG(r l rO) G(r | ro)ap(;—gf())}zzo drg (3.17)

T (3.15) LA ELT

Opa(ro) _
on

THEhb, thE (BIT)KRAL, HIEHRO LA LEERTIE, BB nk) @

—poww(z) + iAskops (3.18)

pa(z) = / {pow w(zo) — tAzkop2(z0) }Hé )(ko [z — 2o [)dzo (3.19)

ERXbe3 thik, ROoZBASAECET2EAETETD 3.
A, TCRFEEAY (AHHEE) 2ELTWwLIDT, AHEp(r) &,

Pi(l') = ez'(ko sin 8z+ko cos 6z) (3.20)

TH5. LiadoT, (3.11) kKt 3 p(z,0), ThAbbASASAE Lick 3 ASHEFER,

p,'(.’t,O) - eikgsin@a: (321)

&k 5.
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DlED X 5, WoASHSEFRE EOEFE pi(z) & & CEBR p2(2) 235, REBEKTH 2
ROEBEN wiz) & OBFRTEDINAL. LAH->T, CoRECRICMDS :HAEDON
P RRETED E 3. |

P: = P1— P2 (3.22)

T ZHECID 371 p et BROEBBIEN w(z) &, WOBNMIEETADD (227T) D
Buz) AT, KEXcEbah 3. [(2.32) 2]

wo)= [ p@ua-0d = [ m©-m@Yua-od (329
EXZ, pi(z), paz) EdCw(z) EBBATVE D, wiz) 2 KR LT My HEA L
AoTwd. IhiMorOFECHNT, wi) 2RO T X v
(2.28)(2.29) CTEEL & Fourier EMEF AT C & 2EXL B L, (3.23) 1 (2.35) ¢[H
BRic, BREZERICET 2 Z2BEROERORELTRDbENDS. ThbD,

cece, W(k), Pi(k), Pk)ZEREhn w(z), pi(z), paz) D Fourier B¥TH Y, U(k)
X u(z) @ Fourier ¥ (2.31)Td» 3.

pi(z) =
2/ Pz'(k)eikfdk + .;-/ {,000.)2/ W(k)eikxodk + iAlko/ Pl(k)eikxodk‘}
-0 —00 —00 — 00
xH" (ko | & = o |)dzo
= 2 / Pi(k)e**dk + % / [ / {pow?W (k) + z‘AlkoPl(k)}eikmdk]
—o0 —-00 -0
xH (ko | & = 2o | )dao
e . y 00 2 .
= 2/ Pi(k)e* = dk + %/ Hpow W (k) + zAlkOpl(k)}ez‘kxdk

N

ip0w2W(k) — A1 koPl(k)

= 7 126k — kysin g ikz
/_oo{ ( osin ) + \/lﬂ }e dk
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- / © Pi(k)et=dk (3.25)

LfCﬁ;‘Q—C’

26(k — ko sin 8)4/k% — k2 + ipow?W (k
Py(k) = ( 0 W ks Po (k) (3.26)
Avko + /K2 — k2

LA B. Py(k) ILonT b ERRICHE L TRA 28 5.

ipow? W (k)

Agko + /K2 — k2

BlLEX Db, (3.26)(3.27) % (3.24) tRRAL T, W(k) cownTFE, RAD X5 RS
ENOEBEHB LN S,

W (k) = F(k)\/k3 — k2(Agko + \/k2 — k2)6(k — kosin 8) (3.28)

(3.27)

Py(k) =

e,

F(k) =
47U (k)

(Arko + /K2 — k2)(Asko + /kZ — k2) — i2mpow? {(Arko + /EZ — k2) + (Asko + \/kZ — k2)}U (k)

(3.29)

TH5.
L7#oT, ROEBIZEN w(z) X (3.28) % Fourier WEH T3 &I X b,

w(z) = k& cos B( Aq + cos 8) F (ko sin §)etko sin 9= (3.30)

DXs5Bbh .
R, ZRFOEER r CE0 5 REFE p(r) KD 3. p(r) F (2.14) CEBTEFR
oD EEFOEYE L

Pr(l‘) = - ,/;o:o {pl(ro)aG(gnl I'o) - apé(rfo)G(l' i 1'0)} d(l:o (3.31)

THEibhd DT, FEHEIHHAT 2.
5, pi(ro) K (3.26) I© (3.28) #RA L, Fourier %M T 3 &ick b,
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2 cos 8 + ipow?ko cos (A2 + cos ) F(kosin ) 1 cinor
¢iko sin 60 (3.32)
Aq + cos b

pi(ro) =

E%h%. ¥h, 0G(r|rg)/Onid|z—2 | DS EERLT,

8G(I‘ ’ I‘o) - 8G(r | 1'0) |20=0: —i/oo ei{k(x—zo)—\/kg—kzz}dk (333)

on 0z 47 J_o

BT B Xbic, In(r)/dniconTi, (3.15) BX U (3.30) 2EEL T,

Op1(ro) _
on
Al 21,2 . QlAlk'o cos 8 ko sin 8
_— tko 8N 6T 3'34
{<l + A+ c0s0> powky cosB(4s + cos 6) F(kosin6) + Ay + cosf € ( )
5.

DEEDBOINZ pi(ro), Opi(re)/dn, dG(r|ro)/On %, (3.31) KRALBDEETT
i, pr(ro) ARXD & S5 KBoh 3.

cosf—A;  cosb+ Ay, . } (ko ind ok 0
) — k i(ko sin@ z—ko cos b z) 3.35
pr(r) {C080+ m + o T A, ipow-ko cos 0 F(kgsinf) ¢ e (3.35)

IXOBI1HARSER L 2 & EORHHK, F2HARERCL 2BHKE A3 Ch
bRwFhb-0F5m, TAbLSERHASHR~ELFEELE 2> T 3.

Y7, RomE L b CR—0FREREYET2HBCR A, = At 85 COHAFE2R
RBEREFELCC, —HRICELFEREADC LB5355.

Eok, WommE: b FENCRTHIhE, A;=A4,=0TH3. oLk,

pr(r) = {1 + ipow?ko cos B F (ko sin 0)} ¢ilkosing o—ko cosf 2) (3.36)

LY, REAFPLBEE2F A wE2RettoRcd, EBoRBBC X h REKCELL
BHEC D C LB 5.

AB, A1 = Ay = 0 OBE O (3.36) 1%, Junger and Feit[28] » 3 ik Morse and
Ingard27] IC X o CRBON AL BT o L 2MHEEL TH .

(3.35) X b, p(r) CEEXRETRFELTR, TTFRODEMBE BEridbyoh, C
oI Flkosing) KEEh TV 3. ¥k, ROXHOTENYE A GKE(BETS L
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Bbhzd—7H AbEIhTniirdb, ROREOTEFEIBELRET CLBE
2oh3.

3T, BB TR ASFEE p;0EEB% 1 & LD, (3.35) KRT p(r) AERT
ERHFRREERDL T3 LRTE 3. Lad->T, — B EDIE = A FRH
Xr.KXTEHELON 3.

re =| pr(r) |” (337)

UToZEBCE-TR, doFbcnr.2HnTEREYRYICLCT .

3.3 HAERLEER

R CR TR b, BRx AR OWEE (v 7R E, BEp,, BREHR)) XU
B h FEHEOAFHI, ROMEOFET FIZ VX A4, 4,K00nT, TRAAFIHE
re DHERBRERL, EhboBEYHALLKCTS. ¥F, WOE, pp, hy BXUAHA
0 E(LX ¢ BEOHFERR % Fig.3.31CR T

Fig.3.3Tk, ROBERF IVARBAOBEOLICOWTERT 57D, A =A4;=0¢
LTw3. Lik#E>T, rABREENEL A31cohT 1.0 GEERH) IKGEML.

Fig33cAohd Xsic, — AL LTR, ¥F=2f v FrXFAER fickn
TrlCBEL T4y 7HELS. RRACIVELOR, WRDATFTAZXE, h, p, BXU
AR X > TR E 3.

_ 3 [12p0-02)
" 2rhsin?é E

oL n=0TdhiE, kosin0 = kpl A %7%®, Ulkosind) > o0 A3 Lo
T, RETFEp,(r)(335) D5 b, BRI AEDLTHE2EE-1CAhZAD, p=0¢t%
h, ffRBWTRERNC. =0, TADORELEREFL AL LHEFDI 5.

b5 —o0MHE LT, ERERBCE AT r.BETT2Ce8d3FbNh3. CDX5
I, A1 = A2 =0, TRHLLROXEAmRTELERHUETH 2HETH, BHERBORECL >
Treds fBIVERCEATETT 3 &8, ERAMERO KA FECHT 2 RE AR
Be» s,

(3.38)

fe
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Figure 3.3: Effects of properties of plate and angle of incidence on the reflection coefficient
of an infinite elastic plate: (a) E=10"N/m?[1], 10°N/m?[2], p,=600kg/m>, h=0.02m,
n=0, 8§ = 45°, (b) p,=3000kg/m3[1], 600kg/m3[2], E=10'"N/m?, h=0.02m, =0, 6 = 45°,
(c) h=0.1m[1], 0.02m[2], 0.005m[3], E=10'°N/m?%, p,=600kg/m>, n=0, § = 45°, (d)
6 = 15°[1], 45°[2], 75°[3], E=10'"N/m?, p,=600kg/m?, h=0.02m, n=0. (v = 0.3 through-
out.)
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LITF, :lLThboAconT, ROPHEE EX, BIUAHAORELEET 2.

Yo/ EOES

E=10°8 X 10'°(N/m?) oB& D, r.DEIEHER % Fig.3.3(2) IKRT. EoZiLick b
[ BT B e b, EORER BT E7F 4y 7OBBIE LTHAh, EdbXnigl
[BEL A0, Fay TREE~BET 2. &k, E=10°N/m’0HaE, f. > 4kHz
B, CORRBT 4y 7RENT AW

¥, BRABSURCET S r.0ETICE, ER2{BBERET RN

®BEp, DER

pp =600, 3000kg/m*DFTE D, r.OFHEMER%E Fig.3.3(b) KRT. p,0EILLIEL T f.
BEILT 27D, thcsTF 4y 7HBBIL, ppSKELABIRET 4 v T EH I
B2

—7%, ppORBRERKIBRCETHEECRN, ppa/hEvBuRIZ Y, ERRER
CBiFs r.OETHELL & 3.

AL WY 4

h =0.005, 0.02, 0.1m DTS D, r.OFERR% Fig.3.3(c) IKRT hBKREFVELY fi&
B A2, T4y 7ERH~BBT 3. ¥7%, h/PE-FiREE, BERAEEEC
B r. OBETHELL A 3.

ARBODER

8 = 15°, 45°, T5°DHED, r. DI ERERE Fig.3.3(d) ICRT. BKELABIEY [
BTT 2, Fiv 7HEBAI~BBIT2ETREALNS. ¥4, Thct-> TERARER
BicEd s r.OETFHELLAS.
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BED 42017 A2 2 TREZEAREEAONL 8, RoBEXEEnoX B LN
O LHEET 5 Lk v Figd.4cn =0.001, 0.01, 0.1 0BE0FEERET~T. 185KE L
BdE feBd 374y THREL, &AS. —F, BREBBcE-TrE{ELERERD
hian nREHEBCOLXEET I3 0Cch ), BHMEERER L AHEEERVT, 20

BERLLIBENAAEDTH 5.
1.0

1n=0.001-
0.8 r ]
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Figure 3.4: Effect of the loss factor of plate on the reflection coefficient of an infinite
elastic plate: 7 = 0.001, 0.01, 0.1, E=10'9N/m?, p,=600kg/m?, h=0.02m, =0, § = 45°,
v=203.

DEokE»b, ERESBCET S r. DETCOWwTH, BBBRCETHEEAL
BRI, HEHEAREX + vICEBT 3 cXk330THY, »wbwWw 2 EEHM (mass-
controlled) CH 3 £ L H 2 5. HERAIKCIHLE, py, h B/AE G EFEBBEIDE R
3%, ChidBEETADLLROLOBHERAELABCL2EDLTEY, RECHL
TREANOEEIEKES AL L2BHKT 3. X ¥HCELD L, AT LERT 2
FAEHHEML, RHINEIRAFREONBITIC L ICA S T, BHEHOBE
BREW fCBT 374y 7T 2n0BBCOATYH, i (=FB) =2 rF¥umd
T2 CEST, R AAFHEMT L et 3. A4y, EFEBETCDOr. ©
BETedd 20 oBBrowcr, fAHCET2HEEAIRORAL LS ciEREn 3.

Ric, ROEXBOBEH*EDT, FET FIZ vl 4, L,0BBcowTEETS
72, LTFD320F\BCO>THFT2TA S .

Case 1 ROWE L DL O0TAEAVT FIZvIX%EFL, 20EXAELWBE. TAbL W
e bR UREFELRD. A=A, #0.
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Case 2 ROARFEE DS 0 CTAVWT FIZ v 22 HL, ZEBAIZ 0 OHE. AL #0,
A =0.

Case 3 IROBBUHIEFEOX 0 CAVWTFIZvyI2HFL, AHEIZ00BE. A =0,
A #0 .

Ay, A, DRBEESEOKEL DL TRE 2D, T F 2y I0BEEEFCHIRT 3%
FE (a,) ORFHEE LT, Figds50 (DB KFT X5 AIEErERELCHECH.
((2)3) ke Eh, KEE vy 2y —AREND, 7527 —r0RTHMEE 7AW
CEALZbDOTH Y, BEFREOEA L LTRENALOTH 3.
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-
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Figure 3.5: Assumed frequency characteristics of the absorption coefficient of the plate
surface o . (1) ap = 0.1 const., (2) a, = 0.00004f + 0.045 , (3) o, = 0.00018f + 0.027 .

CNOETFIXRACERTICHe >, BEVEREZRELRA L hRD%.

1=-./1< 2ikoé
Ay, Ag = 1+-$T‘%?i%%5 (3.39)
- p
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h¥E, TCTRERHEOTN & BRI OLF—EMES=3mm & L.

Case 1~Case 3 DRER % Fig.3.6icnd. HHD (1)~(3) @&, £hEh A1, A2cHiET 3
o, D (Fig.3.5) #FbT. ¥4, HEOAZDHAEE L A HE (WK <, FC (1)
~3) D M1k ELBEORRE (d) ELTRLTH 3.

Case 1 & Case 2 CRIBELACRAILKRICAD L Ehb, AIHBXEHTHE LHETH
3. LaL, Case3 TR A2BKELABIRY, DFrCRDEIHErHE L & 3T &R
- (N

%7, MROKSER (d) & HBET 3 &, PEMAR O KR & BIR O KT 0ZR, e L
T fEBIVCERESRCET, FIROXSABCRALIZC ERIL O3,
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Figure 3.6: Effects of acoustic admittance of plate in the (a) Case 1, (b) Case 2 and (c)
Case 3. E = 10'°N/m? , p,=600kg/m>, h=0.02m, =0, 6 = 45°, v = 0.3. Reflection
coefficient of an immovable (rigid) plate with acoustic admittance on the source side
surface is shown in (d) for comparison. The numbers 1, 2 and 3 in each figure denote the

assumed absorptive characteristics shown in Fig.3.5.
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3.4 #H

AECH, H—OEBEAMERO FERHHE L BERCHEITL, BARORKE RFITE
¥k BTt oTik, OROFRL RRAY, Ky, Ko, B —RLTRS ¢
HBTE, LAbHEREOR AR FERC X 3R EAv, LRI ERE
hTouhr o REDOBRERFEZEZ, 2OFEBT FIZ v A LTEAL L.

HERR S, O, B—ROKSFEDIFRE LT, 24 v F vy X BEBNBICEL T4y
TRECSC L, BREBBTRAEASETT S C ea8Roh, ThbaHRRATEMAR 2
WeRmVBRAZRTH S ¥h, ThoCRETROYHEME B, AFAORELHL -
ClL’%.

ROKREOT FIx v 2oL L Tld, AFHUEREOT F I 2 v XRXEHTD 3 25,
FZREEEOT FIZ v X bbTFrcBEL, ChBRELAZ ERABRDTICEL A
BT LBk
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4.1 @FLBHIZ

RIEEC B — DMWBR AR O AHFE R RIT L, WOWHEE, BEX AL D97 A X4,
EDXS5HETIIRER L 2hicX->T, BEROBKCcOFERMIFELHIET
22¢CEk L2L, EROBREYA L CRLNWBKHNKE, REBECEELTVS
RERYTEL, IOCHEABEYHLTR3HREEB . FlalE, +—F4 I T4
CRAKRE LTKREAFS 2/ OANLEE2EL DL, Bnav s ) — ' EACREEEK LD
B2l @r AT 2BERLELERLNRS. LA#HoT, LDk aBBciBkesE
OB >T, NEREORMFESELT 2 LEL bW E. 2T, KEROFFALE
AERHEDO 2Bk, BREIBORELERWAFNCI>THLAC L TEHEL T EH
ZECH 5. |

BRI E AT 2R OFEFH BT 3 RO—2 L LT, FZR_HEBOFEEE
2% 3. London[33] ik, 2 KW OMRAMEER &, EhbiIc k> TRME h 2B »
bhd, FR_BEBOBBBARLERNCHENLC 3. child, BRAEAOEERTS
2ERL, 2HORDEx*DEEA v E—F v 22T bDOTHY, FIECHENML L
Morse and Ingard[27] 0L AENCRFEILTH 3. coMfiEcr, STEIERTH 2
SHEe, BREEEN ENBEALERYRABELETAL, RELABVAD, K
REEICRIT 2 C L RBECHEM L2 L B D TH 3.

ik,ﬁ%®ﬁﬁ§&EKngﬁ,C@%?”ﬁ%ﬁ%l(fﬁthé%@O,f—
FA M T LAREORFBROBBCH LCRBET & RVL AN

F—F4 VI T Lkl Cl, BREERCTSCRIABHE: Rt 3 ), BERZRIAE
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BELCI-oTREENITEREIEETF OV 0L LTRSS FiHEYICH Y, BEOIM IR
eI ALIEFICHE L B,

ZORBOMEIC O WTEEDOE - D & LTH, WEBEERERED 5. chick, #Rw
OPDOHEHED 55, RIRBEREFRFED € — 7 BEE fr2ROZAEL LT, Hi2b
KEAR X bR T3 [34].

! M (4.1)

. freszi; mlL

LT, m=p,h AROEEE, [ dEEREIBOEETH 3.
chid, ROEE L EHZETBORMC L > TR I NI BE—HIRR*EL DL, 20OF
BNV E—F R I, B RONBBERA L CX2EREY R1ELT,

Zm =Ri—1 (wm - wlL ) (4.2)

POCH

EEDINBOT, BER (V7 22v28) 20 ntBibocdh, KEEKORIY
RERIN T3, chextL, Briel[34] & o i BMMiTIFERIRICKT LT, £ORIM:%
ERLZXZRL TS, A [30] 1k, REGOHIEE2 KT, RXDXS5KELd

ECTEDLLTWw 3.
1 [poc2 K
— 4720 4 = 4.
Fres 27V mL +m (4.3)

¥, E—CBIIBREROTFACOTRETOWRED b, FAXRBEEILTY
ZAERASELL, ERAMCAVAEDBRLALEDRL T AW, & bic, TREFRFRBEFE
KonTH, BEAATRAFERLZL BRI TA W

AH [30] 1, BURBRIEE Co W TRRWFRL Th\», ~=v&K GExL— ML
7IRFy 2R A EEEERMBICOTEREBEERETRZAE LTS, ¥4, (43)IKC
XSk Y—7sBEROEAE»L KOBE*ROEMEZREL TV 3.

—%, BEROATIRIIER D% L, Ford and McCormick[35] # X UFRH [36] Ic X B
bOMBRONZEECH 5. Ford and McCormick 1k, HHEZTE % Fo/N 3 2 ERMER
ORERE Y, FHERBEAHOREO T CERWICHITL T3, ¥, FRbLIAKIC
DWTRIRAFREZ T > T 3.
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LaL, bR FEEEEAHCRELNLT-3 LI, FERL»MMBohAn. Liso
T, WEBERED A =X 6%, £ATIZ0RBYTACHAT I CRB->THELT,
EROTFHEOMBEICIFIATER . 207, BRCR ERORNOERFT — % 5 &R
BelTaARIh T3 HIERE 37 22Fic, RTEBRNCHEOREEB X 5#EL
Tw3.

DlER~7 &5 €, BHREIBLET s HERORSFEC wTrk, BELEDOTILE
ROEHRAFER L AL, HOoALIRTHAWEHRES .

2 CC, AECR, HIECTLAEREICHL, BREIE2H T 5 ERAMEAR O K4
L EROICHEITT 2. 72, BEROIGH: L TRIEBIRREEO FRIZH S, EllEL
ODHBRTA\, BROZEMEIRITT L LI, BREFEOAH=XLLCDOTHERET
5. oI, FHETERLAZ T AZLEDT, RAFECERT B 07420
HEYHLHCT B,

4.2 AR

AT, BREIELHET 5 EEABER O FER AL BRICHITL, Bt
BT 3.

Fig 4. 1K RTRRIC, WEAEERD 2 = 07 42Dd b oy FEARKCD h, AFHIOFEK
Db ETEBL T2 HEORNEELELS. ROBRCIES /1 0ZBIABE R IAT,
BIZREY L 2 WEREBEAFLET 3. RoAHAE X UEBHOERR L, ThEThTFRT F 1
ZFYRH AL, A% ET 5. ¥, BEREORTR, FE7FIZ v A%ET 3.

Fig A 1ICRTIRIC X 2 KAFHL2HINT 5 o ick, AEOFEREC X ZROEEZEN %
ROBZEBBETHZ. ¥F, ROAHUERCHT 32 FEOWKFEp 1k, BE—ROBH
BERLTHY, RATHELLR .

m(@) = 2@)+ 5 [ {potula) + idikom(ao)} Bk | 2 2o Ddzo  (44)

5% E, MIECERELALDDLALTD 3.
Re, BBAUEEHCET3EFEORTE p, 2B+ 2720, ¥ THRZEIEACET
2EEBIVHRTFEEY, RAOBCEEEXRDT.
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A
Ay | A A,
plate back wall
z=0 Z=

AN

Figure 4.1: Geometry of the plate with air-back cavity. The plate with infinite extent is
placed parallel to the back wall at the distance z; from the wall.

pg(m,z) — {p;—eiko cos 8z +p2—e—iko cosBz}eiko sinfr , (45)
va(z, 2) = cos 0{p-29—eiko cosfz _ p— g=iko cos bz} giko sin b (4.6)
Poco
TTT, pfk, EhEh+z, 2 HEACECETROTERBEYEX DT
¥ %, HEBRZIABACET 3XARER, KoBBRAIEE (2 =0) KB\,
. A
02 |rm0= — W — -3 |,=0 (4.7)
Paco
THH, BERBEER (2 =) LBV,
Ay ;
z=z1— T z=z] 4.8
[ pocop2 | (4.8)

k5.

(4.7)(4.8) 2 ERL T, (4.5)(4.6) ZBX ¢ THBIE, pinBoh3. Lot #
B, ROBBUEREIC T 3EE py(2) &, KA CHELLNB.
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pa(z) = —ipocgkolw(z) (4.9)

e,
1 1 2tko cos 62
¢= 01 2ikg cos 9: 76A2_ 2ikg cos 621 (4.10)
cos A + c050(1 + e )
THY,
_ cosf — A, (4.11)
cosf + Ay
TH35.

L%cdsoT, MEDEp(z) — poz) AROWEHEHOFEETH Y, ChBRIRBIOKEH
EAhD. T T, BIE(3.23) L ARCROEBEN w(z) 1, WOBMMIEE u(z) AT
REACEDINB.

w@)= [ p©Oue -0l = [ O -m©)ue-Ode  (412)

chiexfL, z icBd3 3 Fourier B v i, BIE (3.24) & MRICHEL C LB TE T,
EEEN O w(z) RRRXORCERER 5L b 3.

W (k) = F(k)\/k2 — k28(k — kosinf) (4.13)
K,
F(k) =
4rU (k) (4.14)
(Arko + \/k% - k'2) - QWU(k){ipocgkoc(Alko + \/k'g - kz) + ip0w2}
Th5.

2T, 4.13) oUEHRY L 1T,

w(z) = F(kgsin 0)ko cos Qetiko sin bz (4.15)

DS, IEHEMNIEEB LN 3.
R DR 1 IC 81T B RHEE p,(r) 2RO B I, (2.14) »bEESOEY B w1
¥ (3.31) v, RIE0BSLRARCHET LT I 208, RoX 5 hBEIBoh 3.
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cosf — Ay + ipow? cos  F(kqsin 9) oikol

sin fz—cos 0z) 4.16
cosd + A ( )

pr(r) =

¥, TAAFRHEER, LRIAEORELRARCELT,

re =| pr(r) [ (4.17)

TH5 CHICHETIREER o.=1-7r.TdH 5.

4.3 EBEBREZRDOFA
4.3.1 FEAEEDOLR

CCCTHATCRRZBROIGA & LT, RIRBREEREOFHAEHAL 2. T, KER
OR2Y R R T 2 7, RIERBRBR TR OBREEIREFRICHT 2 BIEOEAIE & o B
k5.

REHEBRERICONTR, L OHAF— 282X INLT- 3, BERVATFAFEER
BsrahTcsod, ERCHERATIHECAELLDOF— 2% b L CRRICE S T &
h, BTSRVCHEnFE2B2I5KRBEIRT 3088 RTH 3.

ABERCI>THBOLNAIRIAFRAER (4.17), BPIVHEERe. =1-71.02, »TFhd
FHENMAHCHT 2ETH . —F4, FAERBRESERETECHS. Lo TlEL
BB 3HE Ik, MEAFICTT 2BRELFERT I LBBETHD. 22T, a. D
AFERREASHE 0° ~ T TRIWCFHUEL 2 b 0, TEDHBRACKRTHFRHAHNEK
FEEKkD, BiRfEE LTH-3 [38]

| e
2Q Joo
FHMEE LT, KK [30] ckoTREI LA, N=VYAROBREZHRER AL K
MoEBcik, 3B e LTER (90cmx180cm) DT Y v~ =¥ % 2 #if~<T 180cm x 180cm
L, ThEROHMEACEI B LADDEA TS, ¥k, WHoBkicaER (V7)
2HLNTTH Y, 20OREBRIC DOV} 45cmx45em & & U 90cmx 180cm o 2 FEE % VEK
L, BE2#ARTVw3. XERCAREEBERE LTe), BRCOWTREZSERL T
Tnicd, BENCAROERERDEVEL(BELAVISKCTEIRIKREL, »o,

a =

0. sin26df , @ = 0.4784 (4.18)
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BBRORROKRANE BT 2 e BEE L. LedoT, o TREROBEISHE
HbEr e Bbh s, BREME I0cmx180cm b D & HB%#Th > 7.
¥k, HHACHZ->TH A1, LLDEE LT, ~=¥YEROFTET FIx 2%, T8
B 3EERECX>TAEL, Figd 27T k5 cSERACEL L AERA A L.
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Figure 4.2: Measured frequency characteristics of the specific acoustic admittance of a
wood plate. The symbols, x and + indicate the real and imaginary part of the specific
acoustic admittance of the wood plate measured by the tube method without back cavity,
respectively. The lines show the empirical formula, for the real and imaginary part which
were obtained by interpolating the measured values, used in the theoretical calculation.

hp, BREOKBRFECRB®REN2 7)) — THE D, BEEBEORFHIERT
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ANDBE-HRROJWIC L > TEL 3, BRERBOBEEAE -7 B30T bh, Thik
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Figure 4.3: Absorption coefficient of the wood panel absorbers predicted by the present
theory (solid line) in comparison with the measured results (o) after Kimura[30]. A and
pp are (a) 2mm, 610kg/m3, (b) 6mm, 510kg/m3, (¢) 12mm, 550kg/m?, respectively. E
and 7 are assumed as 6 X 10°N/m? and 0.01, respectively, in the calculation. z; = 45mm,

v = 0.3 throughout.
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Figure 4.4: Absorption coefficient of the wood panel absorbers predicted by the present
theory (solid line) in comparison with the measured results (o) after Kimura[30]. The
thickness of the plate k and the density p, are (a) 2mm, 610kg/m>, (b) 6mm, 510kg/m?,
respectively. The Young’s modulus £ and the loss factor 5 of the plate are assumed as
6 x 10°N/m? and 0.01, respectively, in the calculation. The cavity depth z; = 90mm. The

Poisson’s ratio » = 0.3 throughout.
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Figure 4.5: Relationship between the peak frequency (measured by Kimura[30] and cal-
culated) of the panel absorbers and the wavelength of the bending wave in the plate with
the air back cavity of 45mm deep.
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Figure 4.6: Relationship between the peak frequency (measured by Kimura[30] and cal-
culated) of the panel absorbers and the wavelength of the bending wave in the plate with
the air back cavity of 90mm deep.
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Figure 4.7: Effect of the plate loss factor on the absorptivity of the panel absorbers.
E = 6 x 10°N/m?, p, = 600kg/m3, h = 0.0lm, z; = 45mm. A; = Ay = Ay = 0 is
assumed. (v = 0.3 throughout.)
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Figure 4.8: Effect of the change in position of the absorbing surface on the absorptivity of
the panel absorbers. [1] Case 1, [2] Case 2, [3] Case 3 and [4] Case 4. E = 6 x 10°N/m?,
pp = 610kg/m3, h = 0.002m, n = 0.01, z; = 45mm. (v = 0.3 throughout.)
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Figure 4.9: Effects of the properties of the plate, the absorption coefficient of the back wall
(), the depth of the air-back cavity (z;) and the angle of incidence on the oblique incident
reflection coefficient of an infinite elastic plate with a back cavity; (a)E = 10°[1], 101°[2],
10'[3] N/m?, p, = 600kg/m>, h = 0.03m, n = 0.01, § = 45°, 23 = 0.lm, o = 0.25,
(b)h = 0.003[1], 0.01[2], 0.03[3], 0.05[4], 0.1[5] m, E = 10'°N/m?, p, = 600kg/m?,
n =001, 8 = 45°, z; = 0.lm, a5 = 0.25, (c)p, = 600[1], 3000[2]kg/m>, E = 10%°
N/m?, h = 0.03m, = 0.01, 6 = 45°, z; = 0.1m, o = 0.25, (d)ap = 0.05[1], 0.25[2], 0.5[3],
0.95[4], E = 10'°N/m?, p, = 600kg/m3, h = 0.03m, n = 0.01, § = 45°, 2z, = 0.lm,
(e)z; = 0.025[1], 0.05[2], 0.1[3], 0.2[4], 0.4[5] m, E = 10'°N/m?, p, = 600kg/m>3,
h = 0.03m, 7 = 0.01, § = 45°, a; = 0.25, ()8 = 15°[1], 45°[2], 75°[3], E = 10'°N/m?,
pp = 600kg/m>, h = 0.03m, 7 = 0.01, 2; = 0.1m, o = 0.25. (v = 0.3 throughout).
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Figure 4.9: Continued.
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Figure 5.1: Geometry of the plate with multi-layered back cavity. The plate with infinite
extent is placed parallel to the immovable back wall. The back cavity is composed with
three layers which is of air or absorbent.
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Poco

FBIBLE28E (2 =)

pi(e,2) = pa(a, 1) (56)
va(2,21) = v1(2,21) (5.7)
BRI (= )T
p2(2,22) = ps(z, 22) (5.8)
vs(z, 23) = v3(, 72) (5.9)
WHBRE (2 = 2)
v3(z,23) = %Ps(%f«’s) (5.10)

k5.
L7%e#5T, (5.2)(5.3) % (5.5)~(5.10) DEHRRHICRAT 3 &, ROBINHEX%2155.

T o A o
7 (P = pr)eR ™ T = —iwvu(e) - (g 4 pp et * (5.11)
1 PoCo
pil-e—!hzl +p1—eQ121 = p;"e_‘hzl +p2—64221 (5_12)
p;e—fhzz +p2—64222 — pg-e—%z'z +pg6Q322 (5.13)
q—l(pi"e_qlzl _pl—eQ121) — q_2(p;-e—q221 _ p2—64221) (5_14)
Z Zy
7 (PFeT — pret) = P (pfemn — pretet) (5.15)
Z3 Z3
7} A
_qi(pge—qszs T b (p;-e—%za — p; %) (5.16)
Z3 Poco

(5.11)~(5.16) %\ T py &3K®, pi(2,0) = (pf + p7) CRAT B &, B pi(z,0) &
KA LA 5.

By B3 1 ) .
=\t 5+ 555 5.17
m(z,0) (Bl + B, + B.B, 1 BB ww(z) (5.17)
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ft fc' L’

' A
B = B Ginh Q121 + 22 cosh Q2
7z PoCo
By = —coshqiz
7]
B = = -
3 7 (' = Ty)
By = I'h+1I;
B5 = Fl - Pg
Bs = i_lﬁ sinh ¢ 29 + £ osh a1
pocoqi 22 Z
Y @ _ —
I'y = Z2 (Q2 + 2)6—9322 + w 2 @.)e—%(zz—?zs) eqz(zz—zl)
2@ | Z: | Zs pocod: + A Z, Zs

LR
I, = Zg_ & EOCOZ3—Abe—Q3(22-223) + (32 [F] q3) —g322 | 92(21—22)
2q; Z2 ZS POCO% + A YA Z3

Bl b X b MR OBEOFTEZ po(z) — pi(z) 3B b e DT, BEROERBIZEN w(r)
Reh¥CctRROFEC L IRDLIS.
Po(k), Pi(k) %, &4 po(z), pr(z) D Fourier BHa L 33 &, EMRXEHRZERTKRAD X

5IcKEN 3.

W(k) = 2r{Fo(k) - Pr(k)}U (k) (5.18)

(5.18) X v, W(k) piBKRA L % 5.

W(k) = F(k)\/k& — k26(k — kosin ) (5.19)

L,
F(k) = kot SO (5.20)
HZ; — 2miw {pow — (Arko + \/k,-z k?) ( + B m)}
LicdoT, w(z) &k W(k) % Fourier tiE#F 2 ¢ clBoh3. Thbb,
w(z) = F(kosin 8)ko cos fetkosind (5.21)
po(z) & Po(k) % Fourier WEHT 2 L TROLNSE. Thbb,
_ 2cos8 + ipow?F(kosin0) cos ;1 g,
po(s) = e et (5:22)
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BlE, po(z),w(z) BohrionT, thFceiRc (3.31) XY, KXD XS5 cKHF
E p.(r) 338 bh 3.

cos§ — Al + ipowzF(ko sin 6) COs oeiko(sine z—cosf z)
Ay +cosf

(5.23) 2, B LTRBBEIBOBA O (4.16) tEALTH Y, BEBOELIEK
Fk) DBAELTEEINTVES. B, COBEOIRIAFRHEL r. X UVBEFR. @,

(5.23)

pr(r) =

ChECLAERICLTRD LN S,

5.3 WMEFKFEAEEDILE

AEBOZUEOER L XVICHE LT, MECHERZEIBOBZR TR o0 & Rk
Ic, AH[30] i X 2 BREEEBEROLRE L OB 2ITAS. HECEL T, BERER
BICR R EFBAHBESR (4.18) ¢ L, FAER~=vE&RcHT 2 b0 k. k¥,
EBRHEBCHOR T2 BRCOWTR, BIE432HTER L LB, BRERSER
WHEEBEBEZTLT . Lie#oT, BHORG2EX 3 L BREROKWEHEE L
2, AoEBRTr, BRER45cmx45em DBRE L AAIEI LT RAR VLD, Th & K
¥ 3.

EREHCBRL TR, SILEMOBERER Y., .2 54 3 LEED S 1.L2»TH, K
R LR T Delany and Bazley[43] 0 EBRA ¥ B\ r.

f f

-0.5 -0.7
v, = 1.88 x 1073 f (-) —i1.83 x 107*f{1 4 10.8 (—) } (5.24)
Ry Ry

T, RydMBlofnERTtH» 3. £k, 12T, HBORAFHELZERL,

ELTHW3.
AtoERCR, BREBICY I 27— 122 TH L BE (BREIRETEOA CHBEOS
B), BREIRERE L UEIEO2@r0A2HED 2 0%HIELTW30T, T
HECOWTITR ., EAE BT 5.
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¥k, HRECH 2 oTIR A1, LOEE LT, BIELERRC, =YEROFETFI X
Y AROERA Fig42% A, BEECO TR A4 =0, L1

53.1 HERHIFBREMNANES

BWHREORE & 46mm ¢, KEM (X729 —1) BRI TVEHECOTHEY
5. icswTRr, 77XV —20fNEH Ry = 5000MKSrayls/m & L 7.

R % Figs2icnd. WHREIWOHRE & Alkic, ERARKRCREZELRY — 7 181
305, BIABOHE (Fig4d.3(a) XV 2o REPIIEL A Y, E—sHarAhKEL LS.
FlLE, h=2mm OBPBFILCDONTRS &, BRBEOHE ¥ — 7 BEBEK 315Hz THREF
R 0.3 THokedd, BEBOBAICIE 220Hz ~METFT 3 & & bic¥— 2 {EIX 0.83 i
LTw3. %7k, hBKELABICLANRST, ¥—2EREL AZEASRONE. Th
i, ZIEOHBE LFERKC, EEEOHEME XUBROEELED T, ROEBI /I A
Ll EOOFREELOND. T b, ZIHEBRENO—BWHE L LT, AEER
B AZBREBRENSNPEIL AZEAAED D, holme tdbice— 7 FEBATHE5CL
fedioT, MEMOYRMBPELAZC L b#HINE. £BNCRT, BRERCDLS
A%, EENCA»E2) ICBATVELEX 3.

h =2mm ORE, EFFFEOE— /7 KowTR3 ¢, EABCHRTEREOHLE
BEH, BERLICETEHDOLCTTRE 0D, 2ECI—KLTVEEEL%. %,
E—7 X ) bE-AEREE R, EECIw—EEZ R h=6mm 0HER, HEDOLE —
ARG I —BLTwEb00, E—HOZRETRE LS. oMK h =9mm
TRELIKEEL D, hoMmE b, HEOY— 7 EOZERKEL 2 3EARA LK
5. EbChHBKRELADZE, h=12mm CRE—-ZBERCOTHIHEOENBEE L
5. TOX5khE hoMEMcHS ¥— s BEROZERCE, MECRXRABEROEE:H
ELTw3tErbhS. L2L, ZREOHE LHET L, ©—/HERcHs) 2R
REF LELS5CBbR 3.

Pl Enb, ZRBOBHE LFARIC h DA WIRCDO TR, BRESEAE: 0—HRIZH
BRI THY, AEROZLAEXRTIOLRERTE L. LedHoT, hHEPIHEKC
i, BERHEFBOHECY, FAERCI->THA ) BFAREBRRERO FHIEABOH
3LBbh3.
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Figure 5.2: Absorption coefficient of the wood panel absorbers predicted by the present
theory (solid line) in comparison with the measured results () after Kimura[30]. The
thickness of the plate A and the density p, are (a) 2mm, 610kg/m?, (b) 6mm, 510kg/m?,
(c) 9mm, 570kg/m3, and (d) 12mm, 550kg/m?3, respectively. E and 75 are assumed as
6 x 10°N/m? and 0.01, respectively, in the calculation. 2z = 45mm. v = 0.3 and
R = 5000MKSrayls/m (glass wool) are also assumed in the calculation.
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5.3.2 BEBISIUCZABO 2@ SLIEEWEETIHS

BREIREEL I UVBIECI>TRRENE 2ERCH 3HBICOWT, BRELE
BlfEo B %2 T2 5. CoBEIARFICX 2FHABE LA 225, SR [30] c AKEBE LU
ZREOE A DEIBFHRINTE LT, HREIE I0mm OFLHCEH T, K BROMH
CBE S0mm DY F3RY—A%id A, I BCL-TEHELZEHS. COBRE, BFEke
BMICL-oTREENTREELEZATY IRV —ARBEREINE d, BEBLEOEE Ci
HDEOVRERZEGAERDND. ¥k, EhDAOBWHITL VIR —rikrk ) ERE
ENTELHAlENS. ChoOoRTREZERL, BERFIE AR FTEOEE 30mm,
ZREOE & 65mm, EEEL2Mk e LTEE 9%5mm ¢#EEL %.

HE, chicoReiz, EREEEZAEONERE »HEBNE K (b= 2,4,
6mm) K2 WTfTh ok #R% Fig.531IKRT

LoHED, REBMOBRIE — 7 AEBROET, BIUVE—sHEO LR L WIBTHRN
T3 eBnr5. Lirl, BRESECEEELARL B CHhS, ToBER
{AZRoTw3. h=2mm OHE, BERELEIAMECAE -/ EOERLLKE W, E¥—
7 BERREE-HRLTEY, @ALLTCRE—EE¥RLTw3. L&Ll, h=4,6mm T
B FHECRRE- ¥ LAY—s5BRbhAE A, PLECECHEARELRT. £
hicH L, BRECRFEAE—- 7 BBEhTs ), BEORER»EVREA->Tw 3. FHIE
CENT, oL 5 AFEAXRLERC > wT)k, AAE7 72y —2Aa5RCEEL, B
BeOREc AR CEHEINS L LIck>T, BRNCRDEBRL v ¥y 7Eh3
E5ARBVELOND. %7, FHTHCIZEEOREAEEILTZCLIELOLNS. %
hicd L, FERTRCOISABBEIERCTEAVEY, MEOERKELHENAL DL
HIR/EIh 3.
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Figure 5.3: Absorption coefficient of the wood panel absorbers with double layered [glass
wool 30mm and air 65mm] back cavity predicted by the present theory (solid line) in
comparison with the measured results (o) after Kimura[30]. The thickness of the plate
h and the density p, are (a) 2mm, 610kg/m3, (b) 4mm, 480kg/m?>, (c) 6mm, 510kg/m>3,
respectively. The Young’s modulus E and the loss factor 1 of the plate are assumed as
6 x 10°N/m? and 0.01, respectively, in the calculation. . The Poisson’s ratio v = 0.3
and the flow resistant of the glass wool Ry = 5000MKSrayls/m are also assumed in the

calculation.
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54 BREMOUR

Aficr, REHREFHECT T2, BRENTCOBRTEOME, BREMOEI LIV
e (RHEHD) oXlbc i 288%, BRHECX > TERT 3.

5.4.1 BREBOLABOEIL

—RICEBRREOR TR, HERENCEENEBATIHS, RoFT(HRCE
BEOHMRBEREVEEDI TS, LhLl, ChICKERNAT - 233 wdERNA
BEtRRon R wicd, TORBAECRL - 220, CCCRERIHCI-T, #&
BEACET 3 REREOMBOELE REPFERFFECRETHELERT 5. BAKE
ATCOBREFBOMEE LT, UToIEELEX 5.

Case 1 HHROF CHEIC, MERCET I ORETRLEE L ABS. (XL, BEH
PRCETICLCIZERNAX Y E v 270ERLAV.)

Case 2 HHHR ¢ BEREBOFRICRTELER L 251,

Case 3 BHREBIOHEAIC, BREICET IR CRETBLERL HE.

¥, WHRBLAOE X 4 150mm OBELCOWT, LIEd Case I~3%#HE L% %20
Bk, BERBOBIRLED 1/3¢H550mm & Lk LidoT,

Case 1 T 2; = 50mm (B&FME) , z2 = 100mm, 23 = Omm (ZBZH) ,
Case 2 Tk z; = 50mm (K@) , 22 = 50mm (HFHE) , 23 = 50mm (LBXE),
Case 3 Tk 2; = Omm, 2; = 100mm (ZZE) , 23 = 50mm (KFE),

ELTRET 2tk 3.

HHEARRE% Figb4iint. BREEEBOY -7 cEwT, 2OREHE Case 1~3 &
#FI15THz T—H,L T3, E— 7 HCRZERFELT 3. E— 7 ERBREROMBICE -
TEAY, Case 1 BB BEL, LT Case 2, Case 3 DIHICIZIE—EDHET (#10.08 F)
EL.oTwn3. TADDL, BEREPHEBROTSERCEAHE, K- 7 BERREL
ABZEERLTS.
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Figure 5.4: Effect of the change in position of the absorptive layer in the back cavity on
the absorption characteristics of the panel absorber. 1: Case 1 (absorbent of 50 mm thick
contacting the plate), 2: Case 2 (absorbent of 50mm thick in the middle of the cavity),
3: Case 3 (absorbent of 50mm thick contacting the back wall). The depth of the back
cavity is 150mm in total. £ = 6 x 10°N/m?, A = 2mm, p, = 610kg/m>, n = 0.01, » = 0.3,
Ry = 5000MKSrayls/m.

thik, SLEAREMORFAN=XLBLROX S CHRTE 3. SHEKC X IERT
i, e L TP OBRBERCERL, 2oEIBAEKhWOEEECHAT I LD
Eibl, FEONMFEBEOREAUBLCELBREHBEKRE R LICAS. Lo T,
RUEE, FUOEEOREN % LE, MTEEORE WROT SERIC I AT HEFHRHR
REnwtEzLbh 5.

Kic, BEBELED 1/2 4T 2%ER (B 50mm) %

Case 4 WO F CHE I, BMERICET IR CEREL 2B,

Case 5 ¥ B L TEE 26mm F2o¢ LAcb 0%, BEURBIUHEBEOENFIIC

Case 6 WHREDHERIC, BHBECET B CREL ABE,

D3ODBBCOTHERFTA % Case 4~6 1, T IBREBOBELOEFH ZFET
TH5. FHEMBR% Figs5RT-
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Figure 5.5: Effect of the change in position of the absorptive layer in the back cavity on
the absorption characteristics of the panel absorber. 1: Case 4 (absorbent of 50mm thick
contacting the plate), 2: Case 5 (absorbent is divided into two layers of 25mm thick),
3: Case 6 (absorbent of 50mm thick contacting the back wall). The depth of the cavity
is 100mm in total. E = 6 x 10°N/m?, h = 2mm, p, = 610kg/m? n = 0.01, v = 0.3,
R; = 5000MKSrayls/m.

COBEED, ¥— 7 AN Case —i~6 RTRILTH 2. Thid, BREACEHT ZHT
BOBIOBHBEL wAHTHE. Lrl, ¥—7Hk Cased R IEL, LT Case 5,
Case 6 DIRICIEL & 3. L7c#>T, BEMOEIOGHSBELLTH, toEEOHFIKIC
XoTEREL, BEROTCHRCBPIEHE, KEARFN 2B LHTE B,

h¥, Case 1~3 LA ISEEORBILO T, ¥EELEDOEL % 45mm (REBD
B 15mm) & LABEORREY, Fighblind CoHf, ¥—/EokkxolEFR
Figh ADBWELELTH 2, 2DERAT bTFrTH ), BEFECRLALB-EAD
hav chid, BEBOEI /P W AT, BERBELECRE I P X niediC,
BATOBTFEBEOERNEL, NBLI-THENFIELAVADTH I EEXL LN S.
L7c#oT, BRELEOBE I BPEHECE, BEBOMNBORIC LB/ v
EELTI N

74



—
=z
w
o 0.8 1 i
ug- % 1 2(3
m
o 0.8 F ~
o e
=z 15 15 15 (mm)
2 0.4 I e
r—
a-
S
1) 0.2
fae]
<

0.0 1 1 1 J S| L

31.5 63 125 250 500 1k 2k 4k

FREQUENCY (Hz}

Figure 5.6: Effect of the change in position of the absorptive layer in the back cavity on
the absorption characteristics of the panel absorber. (The case of small cavity depth.) 1:
Case 1 (absorbent of 15mm thick contacting the plate), 2: Case 2 (absorbent of 15mm
thick in the middle of the cavity), 3: Case 3 (absorbent of 15mm thick contacting the
back wall). The depth of the back cavity if 45mm in total. £ = 6 x 10°N/m?, A = 2mm,
pp = 610kg/m?, n = 0.01, v = 0.3, Ry = 5000MKSrayls/m.

542 HHEREWMOMX

AIHCER L R, BRBECHATIRTFROES SR THhE, BWERICET 3 X
SICELET 258, E— /BMERRRL AL LBEFhoT. —FH, BREZEKOEX 53/p
&, BEREKLIE-HER, toNBoRILIC X 2 BBMHIFFERIC/HE W L BHALRIC
Bofk. TORRPOLELTY, BEMOBEI BIUBKRBEACED 2882, toFEBO
BECBERLT 2 ZLEHLATHSE. LL, 2OBBLCOTREROHRTRER
INTELY, BAF—ZALIRLALARINTARN. 22T, BEEAOKERED
BisZLa 2 Ha0, REBHRRTFECTT8EL, BERHFCL >TERT 2.

7, BERBEEEORE S % 45mm T—E e L, KEBErEERCET 2R CiET 2. co
BaEc, WEROB» 2 EHELMED (1) 1/6 (7.5mm), (2)1/3 (15mm), (3) 2/3 (45mm),
(4)1/1 (45mm) D X5 CEILE ¥ LAHoT, (1) b (4) LBFEREL AD -
T, 20BBOBIEE HLAo>Tw3. HEKR% Figs.TIKRT

BERESUEO Y — 7 ICEET % &, BREROBIBHETREE -7 BEESBEL &), ¥~
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Figure 5.7: Effect of the thickness of the absorptive layer in the back cavity on the ab-
sorption characteristics of the panel absorber. The thickness of the absorptive layer is 1:
7.5mm, 2: 15mm, 3: 30mm and 4: 45mm. The depth of the back cavity is 45mm in total.
E =6 x 10°N/m?, h = 2mm, p, = 610kg/m*, n = 0.01, » = 0.3, Ry = 5000MKSrayls/m.

JEREL EoTn3. 2oFlkotFHcovwtik, BRFEORE X »BEELEkD 1/6~2/3
ofificr, ¥—7ff, €7 FEK: brE—EoHEcElLLTE Y, BEBOEIH
2R BCLedio>T, E—-7ERM0.18 FoLRL, ¥— 27 FERZW 25Hz FoI&
T¥3. LAl, BEBOEIBDIBENEIS AL, REMOPRIEDEL A DD,
E— 70l Y—7FEBRE b CBLoBEHELAL &Y, ZBRBD I OHE OREFRHEICE
e MCBREBOEE B 2BEL Lk > HE D, Blbo#E»/ P Eih), BERE
LENREMCER TN T 35BS (4) ofFEM <.

¥f, E—7 L BE-AERFARcr, BREFOR X T B ERTFRNECA S L
L, BEEORE L by — 7 BERERBA~BET20C, €7 &) &-BERNIER
THEBEERB IS EE R ER L TR AD 3.

R, BEROBE#—EL L, BREBEEOE I #EL BB COWTH, HEETA
R L. BEBMOEE % 15mm ¢ LTRICET 3 XS5 ciRBL, BRE2EoRES %
(1)45mm, (2)90mm, (3)180mm & L 2F\BDER%, Fig58IKmRT.

COHE, (1)~3) crEFROLEHROZRTES, (1)30mm, (2)75mm, (3)165mm &
HEmLcwdztichh, BEESEKCHD ZBRTBOBEH (1)1/3, (2)1/6, (3)1/12 D
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Figure 5.8: Effect of the ratio of the thickness of the absorptive layer to the back cavity on
the absorption characteristics of the panel absorber. The thickness of the absorptive layer
15mm, and the depth of the back cavity is 1: 45mm, 2: 90mm and 3: 180mm in total.
E =6 x 10°N/m?, h = 2mm, p, = 610kg/m>, n = 0.01, » = 0.3, R; = 5000MKSrayls/m.

I3 RBHA LTS BEREEBOY -7 ConwTik, ¥BREOREI SHETCLAB>TH
BEOBESETL, ¥— 7 BERSERI~BEHT 3. i E—2ERthcHoTE
{EoTwn3. HERE2MEOBIR2FECAS L, MEL LRE—EOHE (¥— 7 BHEH
B# 70Hz, ¥—2{HR#0.15F2) CEEL T 3RTFHERALN 3.

EE, SOCEREROBEROBIEEAEL LT oeHERL, Bo¥ ) LcY—s kB
Wiy, B—RoOBBIGEFwTn, Fhk, #BichI LTt E—7@HH ko
TV, BENEFERL BEOREICGEMN L.

DlExrb, BEBAORERBIE AR EHREKREL, i BRENCHDZRFED
BEHEEAIEE, RKEABREARXBOLNZCLHED23. LrL, BEBOEBINKEL,
HEERHEBEBACOTEHEKREL A BT, B’ERHED ¥ — 7 B8 A 57D, BEEE
KRB 2 Y, 23 BAEFERCIPICTEFRREEL 4 3.

543 BEMOME

AIEE T, BREBAOREBOMNE, B oLz, REBREFRECRTTFEY
BB toB REBOWHME, 4%bbHNEHR Ryik—E (5000MKSrayls/m) & L
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Figure 5.9: Effect of the flow resistant of the absorptive layer in the back cavity on the
absorption characteristics of the panel absorber. R; = 1: 1x 102, 2: 5x 102, 3: 5x 103, 4:
1 x 10* and 5: 2 x 10* (MKSrayls/m). The depth of the back cavity, which is fulfilled with
absorbent, is 4smm. F = 6 x 10°N/m?2, h = 2mm, p, = 610kg/m?, n = 0.01, v = 0.3.

Fig.5.91C, R; =1x10%,5x 102, 5 x 103, 1 x 104, 2 x 10* (rayls/m) 0@ EfER %~ T.
R; =1 x10°~5 x 10%(rayls/m) o#FHCH, RiBKEL ABICL RS> T, EBEEE
DE—7EXRELAY, ¥— 7 BAERRZ LCERAI~BET+5. LiLl, R =1x10%C
ABE, Rj=5X10°LBEAEELRELARY, E—/HRRF10THS. X bIC Ry
BRELABE, Ry =2x10'CH, Y- 2ERDTFIARLEFTLTw3. Thi,
ZHIEBREM O Ryt 358 ttciBRT 330 e ELONS. LAedHoT, RiDE—E
DEZBAL DL, E—IEREBELACEMLAELED, SO RERELLTWE, #
KE—EBMETT2LEL58 TORAIE—70oHICOWTH, R0kl
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Figure 5.10: An example of the calculated reflection coeflicient of an infinite elastic plate
with absorptive back cavity[1] in comparison with a result of the plate with air-back cav-
ity[2]. The depth of the back cavity is 45mm. E = 10°N/m?, h = 20mm, p, = 610kg/m?,
n=0.01,v = 0.3, Ay = 0.026,R; = 5000MKSrayls/m, 6 = 45°.
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Figure 5.11: An example of the calculated reflection coefficient of an infinite elastic plate
with absorptive back cavity in comparison with a result of the plate with air-back cavity.
In this case the value at the dip becomes almost 0.0 when the air-back cavity. The depth
of the back cavity is 45mm. E = 10°N/m?%, h = 2mm, p, = 610kg/m3, = 0.01, v = 0.3,
Ap = 0.026, Ry = 5000MKSrayls/m, 6 = 45°.
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Figure 6.1: Model of an infinite elastic plate with periodic ribs (space:l) and back cavity
(depth:z); (a) coordinate system for analysis, (b) model of the ribs with respect to the
normal forces (top) and the moments (bottom).

86



Y, ROWHEOEEEZNLETH S5, AIEECLERICELLCERATE S,
ASEIEE EOFE pi1(2) B, BEEEOFECEDb LTt ERCENM L, (3.11)
tRAILKKCAS. TADD,

pi(z) = 2pi(x) + %/_oo lpow?w(zo) + iArkopr (20) ] HS" (ko | = — 20 | )dzo (6.1)

¥ 7, WOEA GEGA) FEEOEE po(c) BELTD & 5 cBrh 3.
¥, BREBACOFES IV TEESL, K0k 5K

pa(e, ) = (pf ™% + py e?®)ethoints (62)

va(2,2) = £(pfe 7 — pyei)ethonints (6.3)

Ceie, ¢="1V1+(kosind/1:)2TH Y, 7., 7. B&xz, 2HAOERERERT. %
e, Z GEBEAOREORIES v E—F v R, 7=q/7.THE. RFOpr i, &xt2l
B~ O#RIE % £

Ao, 2=0 REAE L) XU 2=2 (BREEL) csd38REHE,

) A —\ ko sinfx
vo(z,0) = —ww(z) — __2_(1,;' +p; e kosiné (6.4)
Poco
A . .
Uz(.’lf, 21) = __b(p;'e—qm + p;eqzl )ezko sinfx (65)
PoCo

EBRDLDT, THHLEELT(6.2)(6.3) 2#BE, ¥Ep(e) AKX A 5.

Pocod/Z — Ay _aq,
p2z) = (1 + e
2(2) pocod/Z + Ap
—ww(z)
7 0@/Z—Ab . — 20z c0d/Z—Ab  —202
PO - Rz ae )+ (U A
= aw(z) (6.6)

chick b, REBCKTT AR pi(z) —poz) ELTEHEL DLW B.
ROBBIEMARKD 5 ik, T CRIRBIGFEA £ HE Fourier BRICX - T T 2 IC
T35 (7, V7BRKmMA3NcowcELS. Y 7% Fig6lb)nksceratTs
&, VORI LEER L, RcEECHD 3N QY RE,

87



2K*(2K* — mow?)
4K} — mow?

Qt =~ w(z)=-Kw(z); e =nl, n=0, £1, £2,... (6.7)

e’EL, K*=K}/2T® 3 [54]
¥, VI7BERCMABZE—AY VM @&, V) 7obiEHtEs K}, ¢ LT,
ow

M = Ky My %= nl, n=0, £1, £2,... (6.8)

x5,

DV*w(z) — pphw?w(z) = pi(z)— pa()

x5
+n;wQ+5(x—nz)+n§wM (’;9 nl) (6.9)

= pi(z) - pa()
___Zw(m —2nrzfl +’Lk’AM E dw —-12n7r1:/l (610)

CCC, 3, Y52 _ OEEEECH Y, D= Er3(1—in)/12(1 - v?) : oI R E
Y rH, h R g BREE v KTV v, pp  ROBETHB. ¥, Poisson
OFAR [56] b/ b B,

1 )
Zn:é(x —nl)= 7Zn:e-ﬂm/’ (6.11)

Bk (6.10) 2L D, Mlk s ConwT7— VB, k¥ T AZXLLT,

DEW (k) = phetW(K) = Pi(k) = Pa(k) — 7 LW (ko 27)

I‘M Z (k + ——) w (k + %Tﬂ) (6.12)

&F 5. L, Puk), (k)& pi(2), pa(z) 07— Y 2 BHTH 5. £ 2T Pi(k), Py(k)
¥RAT S,

-k

88



26(k — kosin 0)y/k2 ~ k2  Dw?
DEMW (k) — pphw®W(k) = (k ~ kosin 6)yko ~ K7 idid —a| W(k)
A1k0+\/k8—k2 Alko—{-\/k'g—kz
‘_ZW (k 2n7r)
IxM 2nm 2n7r)
—_ 6.13
Z k+ ) (k += (6.13)

ThEBELT, Wk) conwtBid, RAXxBoLh 3.

Wk) = 1 26(k — kosin 0)y/kZ — k2
G(k) Alko + /k2 _ k2

Zw(k+2n")—k l* Zn:( 2"”) (k+2$)} (6.14)

fC 7*C. L’

ipow?
G(k) = Dk* — p,hw? - —a (6.15)
’ Ak + /K2 — k2

(6.14) K& FHEF 5 2ewickk, KO X5 ATERLECH 5.

() %7, 6.14)Dk % k*=k+2mr/l,m=0, £1, £2,... L BE¥#¥i 3. T4ADbD,

Wik = 1 26(k* — ko sin 0)y/ k3 — k*2
T G(k%) Arko + /kg—k”

_T;W(k )—k TM;k W(k )} (6.16)

(il) Kic, (6.16) OFLE m KO wTHE & 3.

S W) 23 1 6(k* — kosin@)y/k2 — k*2
- oG Agko + (Jk2 — k2

= SWE)E G(lk*) - St SEWE)L % (6.17)

(iii) (6.16) DRI k* % 7} 3.

89



W) = L k*26(k*_k0sin0)\/w

*I{ * * I(* * *
—k T;W(lc ) — k2 lM;k Wk )} (6.18)

(iv) (6.18) D% m LD~ TH% & 3.

S EWE) 5 k*  26(k* — kosin 8)1/kE — k*?
m - G(k* Arko + wk‘g — k2
K . k*
BRAR

- *2
_ Ky Zk*W(k*)Z#)- (6.19)

R, (6.17)(6.19) OmR b, 3, W(k™), T, F*W(k*) 23K®, th bk (6.14) KK
ATHiIER W
SaWE) =X, Y kWE) = X, EBFE, (6.17)(6.19) ke £h,

3 1 O0(k* — kgsin@)y/k3 — k*? K 1 K3, k*
m G(k Arko + \/k‘g — k*2 ! m G(k ) m

k* 26(k* — kosin@)\/kE - k2 g K]*{/I E*2
Xp=) —— -5 X Z X: (6.21)
m G(k ) A1k0+\/k3~k*2 m ;

ERBDT, TNLbEBAT,

N I\ G* Z E*A*
= m G) m G (6.22)
1+ ety — Mk G(k
1 kA
X, =
14+ —MEm Gk {Z G(k*)
K Zm G'?k*) - l GM Zm Z(kA‘* Z k* } 6 23)
K} K * * '
Ly gy~ G ey ™ G(k")

ftffl,, e

90



8(k* — kgsin @)/ k2 — k*2
s 2~ Rosinf)yky (6.24)
A1k0+\/k’3—k*2

Gy = -m ) (6.25)

tBnr.
L7doT, (6.14) 1 (6.22)(6.23) AL, k* Zk+2nr/l=k: CH LT &,

] A, Ky krar
K Yooy ~ 16Mn X gl

1
Wk) = ——— |A-= o -
G(k) l 1+§Zm§&—;j—h—?§£GMn2nwkﬂg
K k {Z kXA,
TR, gy | G

K* k*A*
K Yoy~ O X gy v _ka } (6.26)
G( '

J— — K’t K , k* *
P14 B o oty — —H G T iy )

DX, ERERCESENIBONS. kXL, TTRA, Ay i, (6.24) KB -TE
%, Hak, krcBERE, 3, Y, ELAbDTH S Eh, Gy, K (6.25) KB,
k* %, k; cBE¥#¥Z, S, %Y, ¢LAboTH 3.

(6.26) % Fourier WEWT 3 &, KA D & 5 CEBIEN w(z) B oh 3.

2cos @ eiko sinf z e—-i2n7rz‘/l
= - — (K - inf6, Ky K=,)T,
) = et Glhosmd) | 2 Gy K Rosin 06K K )

k, —i2n7z/l
— Z *-%(—k—y—— {kosin0K3Z, — &n K3 En KT, (1 — kosin 06, K34=5)}

= wo(z) + wh(z) + wH(2) (6.27)

czic, k, =kosind —2nx/l,

1
(n = Xn: 0N (6.28)
&n = ; Gfl:n) (6.29)
P = Xn: Gfgn) (6.30)

91



THh, Tbic

1

T, = (6.31)
=, = 1 (6.32)

I+ Kjppn
EENTH B,

(62T) X3 DDHEP LD Lo TH Y, FBIEHD wo(z) B Y FTHA\»E ¥ OB, F
2EEBIUVEIERY 7oBELZEDbTHTH 5.

D XS CIEBENLBAR CBOLADT, FIH, F4E H5H0HE LAKC,
Helmholtz-Kirchhoff DFRA AR (2.14) 22 b, FEOZE S r LB 3 RHAEE p.(r) 5K
HELERTES ERoXSK, EBENNIOOFELIPNTWR L 500, FHilC
RarcE<,

pr(r) = pro(r) + plg(r) + piR(r) (6.33)
N5k, ERENORZEICHIET S, 3O0EOME LTEDLINSE. ELFNLLCDOWT
B, RoX5cEbih 3.

1 2ipow? cos @ ko (sin 8 z—cos §
- = 60— A tho(sin@ z—cosf z) 34
pro(r) Ay + cosé {COS Lt ko(A1 + cos 8)G(kg sin 0)} € (6:34)
2ipow? cos @
I Po - . x g
- _ — =) T
Prr(r) G(kosinf) A; + cosé (K = kosin 66, K3y K=Zn) I
eikna:—\/kg—k% z (6 35)
%%m%+¢%—@mmg '
2ipow? cos @

II — _ po OS . T = _ 7k o i _ . ¥ = b
er(r) = G(ko sina) Al n cos 0 {ko sin HIXMHTL ntlM.__nIX Fn (1 ko sin egnI‘M'—'n)J

k, ethnz—+/ k2—k2 2

T, BIRELTY) 7O ABERELTHD L, (635)(636) KB T K -0 HX
UKy —0tThiE, plp=pb=02k3 LikdoT)70BEERELAD, pr=Dro

(6.36

D5, V7ohWROEESC—ET 3.

92



72, (6.35)(6.36) KT, plp BXUpIL O, WD exp{i(k,z — \/kE — k22)} ICH
B3 3¢,

\/ k2 — k% = real (6.37)

DERBGZ R TEETHEFHE LTHHEENRE. LedoT, EROHE BN TH,

EO—l(smH -1)<n< y(smO +1) (6.38)

¥HhleT nCOnTDH, FMELhiERwT EiCk 3.

3T, REREARDbTOC—BNW AT I FRERLRD 2B, MEETTCOHRICIK
HERE—0FH (FEXY, Tabb-0 HA) GELFERTH > icd, BCRHF
Ep OWKED 2RE L BETTCROIA LiL, zotBbhk) 72HT3ROHB
B, (6.35)(6.36) b3 b k5ic, fboFA~ELEIEENL, wb® b#ElR O X
5ICh3. Lhk#HoT, TRALFRHAEBLRDIHE Y, BMCKHETEL2 2R T 350 T
RBbhE W

—BCzRIFRHALR, DIACAHTIZAAF L, 2oEILUHHA~NHTT
ANFOHE L TEREIND. LAd>T, TOBRRIKRER» b2 FA~HTHL T *
AF¥ERAEE»ORD, AT IAXLOREFRICLTROOLAS.

TR, V7ERMNTHE Lo, REROFS L B A0T, V701 AHS
COWTHROHEFEL, BUERS 2V OEETHhETSTH 5. BUERDZHOA
HrAia¥I; i,

1 [t ll ko cos @ cosf )
I’ l 2 (p’l zz)d‘r l / <—pzpl> dx = 2,0000 (639)

T, v, BAKED » FAbF#EE, *RERER RaEHL2 L2587
¥, HrbOYHME (—2 FH) CHTT REEDz A ¥ [1E, (6.39) & RAKRKCEHHE
L, KA &% 3.

cos 8

_ 2
b= 2poco | Col
11 ® cosé iCoCE 5 iCyCh
2p0w | A1 +cosf | G*(kosind) G(kosin8)

93



kg sin @ cos iCoCH 3 iCCH
Ay +cos@ | G*(kosin8) G(kgsin8)
kny/ kG — K, 1
_+____§R CICII*—{—CI*CII
2 pow { o ) R);|A1ko+\/k(2>—k% |2|G(k”)|2
L hpy o VRS
3 o n,A1k0+¢m—kz|z|G )
Ly R o0
2 pow | Avko + (/K2 — mplﬂk
K,
1 2ipow? cos § .
Cog= —— - A 6.41
7 A, + cosb {COS 1t ko (A1 + cos ) G (ko sin 0)} (641)
2pow? cos 6
I Lo - P . .
= — =TIk 8 &, 6.42
Cr G (kosinf) Ay + cosé {KTy = KRG EnTakosin &} ( )
ol 2pgw? cosf v
R G (kosin) Ay + cos @ MEn
{kosing — KT'p&, (1 — &y kosind Ky =n)} (6.43)
tENTH .

22T, wERDBEIAAXRHE 1, 13, (6.40) D (6.39) KT BHE EREH . F

hbb,
_ L
Te = 7
= | Gof?
. i CoCk  CiCh
ko(A; +cos8) | G*(kosing) G (kosinb)
+ isin @ CoCH* CsCH
ko (Aq + cos8) | G* (kosin®) G (kgsin8)

kn\/kE — k2 1
R{CRCH" + CRCH}Y & AT
Arko +Jk2 — k2| 1G]

21G(kn)|?

kosin @ ~

ek 3

Arko + /K2 — k2

94



kn\/k2 — k2 1

2 2
A1k0+ /k'g—k'% ’G(kn)‘

TH5. (644) BT, FRCHETIHS IR, (6.38) DREB*ERL TiTAS.
Tt —o0MRE LT, ) 7EFL2ICRETHIHEEXELTHBE, K — 00, Ky —

(6.44)

k2

n

o0 TH 50 b,

KT, » — (6.45)

K=, — — (6.46)

EhD. LhkHoT, chb2EERTEE, (644)K&EEND CL, CL (6.42)(6.43) HIK
NDX5KChB.

2p0w? cos 8 1 . 3
I Po n
_ R 47
Ck G (kosin®) 4; +cosb, _ & <1 kosind n) (6-47)
Hn
2pow? cos b kosind & . &n
R G (kosinf) Ay + cos 8 i, Cathn — &2 kosin n (6:48)

Bl V78 XUBERELE T 2EBEABMERORARFECO VT, R —BRPLELDL
hd, REY 7HORENEE-A Y ' 2ZFIHBCOTHENL, BARCHITFELHE
HlZ chi, Vs TREZEZEETIL T2 REBCHAT20TH D, £hic
ML, V7L TRBEMIEE TADBEVIFHEILTRIEE Y, EROBRREAD
BEOBELYEL 2 LCERATH 5 5.

COHER, VI rLBEADREZTLOTH LS, Ky =0 0BE%*ELhEE

v, REEE !, , plk cowTh, Koksch 3.

ple(r) = - 2ipow? cos KT Z eihno—V/KG =K, (6.49)
rh G(k‘o sin0) Al ‘I‘COSO n - (A1k0+ /k(2) _ k;‘;)G(kn) '
plh(r) =0 (6.50)

LadoT, TRXAFRKHRr, 3, RADLSKKDbENS.

95



re o= | Col? +§R[ cosé 1CoCE 3 1 1CRCY
< 0 Ay + cos @ ko cos 0G*(kosin8)  ko(Ay + cos ) G(ko sin 6)

LGk 3 vk — K 1 (6.51)
ko cos 8 4 (Arko + /K2 — k2)2 | G(kn) |2

f‘C fi L7

' 2pow? 6
pov €87 g (6.52)

Ch = G (kosinf) Ay + COSOAFn

THbh, HBROMEER L XD,

6.3 FIHEREEE

Aficr, AR T 27 4 22 B2 2 ABRO XA FIAROHER 2R
L, $DBBCOTEREZITAS. "FA2ELTH, REPTEIDCOTERT 5.

o WHWICBIRT 3 bD—F¥ v rE(E), BE (p,), ROBEX (h), BEFREK (n)
o V7 ICBIRT 3 b 0— Y 7 ORI ()

o WHRBICEHRT 2 b 0—BHRBOEX (21), HRBAOKE

o FIDOAHRE—AHHA (0)

o WREOXKMOFERE—T FIX X (4)

Yy 7oME (Rid EE) vBETL8 coer K, K —» o, TAbbY 7Alk
¢L, TOMECO wTHEL A ti, BUEREROFTET FIX vy XQ@EE D 0,
ThbbA=A4=0¢F3. J7OoMEOERBCOWTH, BTLDLLEET 2.

¥k, VTRIBZROZIHFRECOWTI, FIMICRRZeEBVO28E TAabdY 7
POBENOS 2RI EHE L, BEANLE— AV ' 2RT BB COWT R ERFHRS
RERL, MECXZBALCDOATH RS,

96



6.3.1 VIHSHEEHDHERIZHE

BIfICR LA BD, VI hoBENOH 2T 2B IR, HEWEEABEIBOLONLS.
CHiREYIRCHYT2b0ThH ), EBCIEz2BLb0TH3. coclr, ¥FY7
HOBEAOH T IHBCOWTERT 3.

HEMRRO—HI% Fig.6.21CKF. E = 10'°N/m?, p, = 600kg/m?, h = 0.0lm, n = 0.01,
z1 = 0.05m, 6 = 45°, ] = 1.0m, 4; = A; =0, 4, = 0.026 (H|FH 0.1 /824) , Z = poco
(Z2RR) OBRETHS. HBDED, ) 7HEVEE (BREOH) ORHER, MPIC
MR TRLTH 3.

T T
: |
w
o 0.8 N
w
u
S 0.6 A
[&]
=z
S 0.4 i
—
(&)
ui
o 0.2 f i
W
(o
0.0 1 L 1 1 L 1
31.5 63 125 250 500 1k 2k 4k

FREQUENCY (Hz )

Figure 6.2: An example of the calculated reflection coefficient of an infinite elastic plate
with periodic ribs. The moments exerted from ribs are neglected (i.e. , hinged mode)
in this example. The ribs are assumed to be rigid. E = 10'°N/m?, p, = 600kg/m?>,
h = 0.0lm, n = 0.01, 2y = 0.05m, § = 45°, | = 1.0m, 4; = A2 = 0, Ay, = 0.026(equiv.
absorption coefficient 0.1), Z = poco (air-back cavity).
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Figure 6.3: Effect of Young’s modulus of the plate on the

infinite elastic plate with periodic ribs (hinged mode). E =

Other parameters are the same to ones in Fig.6.2.
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Figure 6.4: Effect of density of the plate on the reflection coefficient of an infinite elastic
plate with periodic ribs (hinged mode). p, = 2400 kg/m?® . Other parameters are the
same to ones in Fig.6.2.
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Figure 6.5: Effect of thickness of the plate on the reflection coefficient of an infinite elastic
plate with periodic ribs (hinged mode). h = (a) 0.005, (b) 0.02, (c) 0.05 m. Other
parameters are the same to ones in Fig.6.2.
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Figure 6.7: Effect of cavity depth on the reflection coefficient of an infinite elastic plate
with periodic ribs (hinged mode). 23 = 0.1 m. Other parameters are the same to ones in
Fig.6.2.
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Figure 6.8: Effect of absorbent in the back cavity on the reflection coefficient of an infinite
elastic plate with periodic ribs (hinged mode). Absorbent is assumed as glass wool of
Ry = 0.5 X 10* rayls/m. Other parameters are the same to ones in Fig.6.2.
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Figure 6.9: Effect of angle of incidence on the reflection coefficient of an infinite elastic
plate with periodic ribs (hinged mode). # = (a) 0° , (b) 75° . Other parameters are the
same to ones in Fig.6.2.
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Figure 6.10: Effect of rib spacing on the reflection coefficient of an infinite elastic plate
with periodic ribs (hinged mode). [ = 0.5 m. Other parameters are the same to ones in
Fig.6.2.
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Figure 6.11: Effect of absorptivity of the back wall on the reflection coefficient of an infinite
elastic plate with periodic ribs (hinged mode). A4, = (a) 0, (b) 0.072, (¢) 0.172, (d) 0.626.
The admittance of (a)—(d) are equivalent to the absorption coefficient of 0, 0.25, 0.5, 0.95,

respectively. Other parameters are the same to ones in Fig.6.2.
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Figure 6.12: An example of the reflection coefficient of an infinite elastic plate with periodic
ribs (hinged mode) calculated with assuming perfectly absorbing back wall, i.e. , Ay =1 .
This example is indicating the reflectivity of the ribbed plate without back cavity. Other
parameters are the same to ones in Fig.6.2.
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Figure 6.13: An example of the calculated reflection coefficient of an infinite elastic plate
with periodic ribs. The moments exerted from ribs are considerd (i.e. , clamped mode)
in this example. The ribs are assumed to be rigid. E = 10'°N/m?, p, = 600kg/m?,
h = 0.0lm, n = 0.01, 2, = 0.05m, 6§ = 45°, ] = 1.0m, A; = A; = 0, A, = 0.026(equiv.
absorption coefficient 0.1), Z = pocg (air-back cavity).
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Figure 6.14: Effect of Young’s modulus of the plate on the reflection coefficient of an
infinite elastic plate with periodic ribs (clamped mode). E = (a) 10° , (b) 10!* N/m? .
Other parameters are the same to ones in Fig.6.13.
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Figure 6.15: Effect of density of the plate on the reflection coefficient of an infinite elastic
plate with periodic ribs (clamped mode). p, = 2400 kg/m® . Other parameters are the

same to ones in Fig.6.13.
DEECIBEHREBDOF 4y TCOwTHR, EXKELABRY, T— AV OHKICX?
T4y 7TREROZRE, KE¥ELAoTw3.

Pps by N REILEETH, T— AV 'OFRCIZEIDEVEILLA V. KL, h=
0.05 m DHFE R, Fig.65(c) crAb ARk, af v Fry RABEBRCETZ7 4 7
25, Fig.6.16(c) cRENT 2. BEBEET B 4% 21, BIUBHERBORELZE
X BB, BLALYE—AV FOFRCIZZFORNFTREILL Av. AKHAHI 30°
DEER T—AY IOBRICIZERLL A, KELSABKCDORT, E— AV 0K
Wc k2R KE< A3 i, =75 0FBs, Fig6.20% Figb6. 9L &+ 3L, =24 v
VT AREBEOERLIBASr R YRR oTwE. ) TORRI 2pELTEE, T
WOBETHF 4y THEL A BEARALNZH, €—AY F 2ERLH (Fig.6.21) 25,
WRL2F (Fig6.10) X 20RBEREL W Fh, [ /P2 F 2L, E— AV 1 2ER
LEBEDaf v F v ARCEBF 4y 7R, 24 Ve FYyRARE»OTREER
BRELARY, 2OBRIEA-TL 3. A, oFfbcdL TR, =— AV toBEORHN
H, BEALEbbA W

111



]vo T vy
—
=z
ud
o 0.8 ]
o
[T
S 0.6 i
[&]
=z
© 0.4 J
-
(]
[0%)
0.2 :
|88}
c«
0'0 1 1 1 Y - )
1.0 L] I"
—
z )
[I%]
) 0.8 -1
[F18
u.
S 0.8 i
(&)
=
S 0.4 t .
-
(&)
-
w 0.2 F .
u (b)
]0‘0 1 L 1 i | - | I
.0 T T T Y T
- T
o 0.8 F J
[f
e
o 0.6 | N
[&]
=
S 0.4 |
5 |
-t
™ 0.2 i
L (c)
0.0 1 i1 1 I . 1

31.5 B3 125 250 500 1k 2k 4k

FREQUENCY (Hz}

Figure 6.16: Effect of thickness of the plate on the reflection coefficient of an infinite
elastic plate with periodic ribs (clamped mode). h = (a) 0.005, (b) 0.02, (c) 0.05 m.
Other parameters are the same to ones in Fig.6.13.

112



REFLECTION COEFFICIENT

(=)
oo

0.2 r (b)

0.0 H 1 1 i 1 L
31.5 83 125 250 500 1k 2k 4k

REFLECTION COEFF]CIENT

FREQUENCY (Hz)

Figure 6.17: Effect of loss factor of the plate on the reflection coefficient of an infinite
elastic plate with periodic ribs (clamped mode). n = (a) 0, (b) 0.05. Other parameters
are the same to ones in Fig.6.13.
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Figure 6.18: Effect of cavity depth on the reflection coefficient of an infinite elastic plate
with periodic ribs (clamped mode). z; = 0.1 m. Other parameters are the same to ones
in Fig.6.13.

e 10 1 11 Y ‘WW
=

|9}

o 0.8 F i
w

w

S 0.5 | |
Q

S

2 0.4+ ]
—

(&)

(48]

& 0.2 f :
w

[ o4

0.0 H i i H i 1

31.5 63 125 250 500 1k 2k 4k

FREQUENCY (Hz ]

Figure 6.19: Effect of absorbent in the back cavity on the reflection coefficient of an infinite
elastic plate with periodic ribs (clamped mode). Absorbent is assumed as glass wool of

Ry = 0.5 x 10* rayls/m. Other parameters are the same to ones in Fig.6.13.
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Figure 6.20: Effect of angle of incidence on the reflection coefficient of an infinite elastic
plate with periodic ribs (clamped mode). 6 = (a) 0° ,(b) 75° . Other parameters are the

same to ones in Fig.6.13.
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Figure 6.21: Effect of rib spacing on the reflection coefficient of an infinite elastic plate
with periodic ribs (clamped mode). [ = 0.5 m. Other parameters are the same to ones in

Fig.6.13.
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Figure 6.22: Effect of absorptivity of the back wall on the reflection coefficient of an infinite
elastic plate with periodic ribs (clamped mode). 4, = (a) 0, (b) 0.072, (c) 0.172, (d) 0.626.
The admittance of (a)-(d) are equivalent to the absorption coefficient of 0, 0.25, 0.5, 0.95,
respectively. Other parameters are the same to ones in Fig.6.13.
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Figure 6.23: An example of the reflection coefficient of an infinite elastic plate with periodic
ribs (clamped mode) calculated with assuming perfectly absorbing back wall, i.e. , Ay = 1.
This example is indicating the reflectivity of the ribbed plate without back cavity. Other
parameters are the same to ones in Fig.6.13.
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Figure 6.24: An example of the reflection coefficient of an infinite elastic plate with periodic
ribs (clamped mode). The ribs are assumed as wood. E. = 6 x 10° N/m? | a, = 0.05 m,
m. = 1.5 kg/m. Other parameters are the same to ones of Fig.6.13.
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Figure 6.25: Effect of Young’s modulus of the ribs on the reflection coefficient. E. = (a)
105, (b) 10® , (c) 1019, (d) 10'® N/m? . Other parameters are the same to ones of Fig.6.24.
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0.05, (¢) 0.5m. Other parameters are the same to ones of Fig.6.24.
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Figure 6.28: An example of C'} around a dip of energy reflection coefficient. (a) real part,
(b) imaginary part and (c) absolute value.
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Figure 6.29: An example of C{; around a dip of energy reflection coefficient. (a) real part,
(b) imaginary part and (c) absolute value.
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Figure 6.30: An example of C} around a dip of energy reflection coefficient. (a) real part,

(b) imaginary part and (c) absolute value.

126



400414 — 0

3.00e+14 .
4
— ¢ 200e+14 ]
&)
p I« o N
S o0ests
o Jle+ -
o
0.00e+0
100est4 o v o,
300e413 ——
2.00e+13 |
=
3]
b« o
o
£ 1.00e+13 |
0.00e+0 : : :
4.006+14 ——p————
3.00e+14 | |
=@
O 200es14 | i
3
1.00e+14 | -
(c)
0.00e+0 - .
550 570 590 610 630 650

FREQUENCY[Hz]

Figure 6.31: An example of CE*CH around a dip of energy reflection coefficient. (a) real
part, (b) imaginary part and (c) absolute value.
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"igid baffle

Figure 8.1: A strip of elastic plate with infinite length and finite width in infinite rigid
planar baffle.
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Figure 8.2: Effect of properties of plate on the frequency characteristics of f(L) of clamped
strip. (a) —: E =10% ,---:10° N/m? , p, =2700kg/m3 , h =0.01m, (b) — : h =0.005,
---:0.0lm, £ = 10'° N/m? , p, =2700kg/m> , (¢) — : p, = 500 , - - - : 8000kg/m® ,
E=10°N/m?. L =05m,v=0.34.
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Figure 8.3: Effect of boundary condition of the plate on f(L) .— :simply supported, - - -
:clamped. E = 6 x 10° N/m? , p, = 600kg/m3 , A = 0.0l m, = 0.0, » = 0.3, L = 0.5 m.
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Figure 8.4: An example of the frequency response of R, calculated by the approximation
method. The edges of the strip are simply supported. £ = 6 x 10° N/m? , p, = 600kg/m>
,h=001m,np=0.01,vr=03,L=05m, ¢ =0°
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Figure 8.5: Examples of the directivity patterns of R, calculated by the approximation
method. The edges of the strip are simply supported. E = 6 x 10° N/m? , p, = 600kg/m?>
,h =001l m, v = 0.3, L = 1.0 m. (a)resonant condition (454.72Hz), n = 0.01 ,

(b)non-resonant condition (120Hz), n =0 .
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rigid baffle

> Z

Figure 8.6: Geometry for deriving the strict solution of the reflection of a strip of elastic
plate with infinite length and finite width in infinite rigid planar baffle.
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Figure 8.7: Variation of the directivity pattern of R, due to the distance of the receiving
point R calculated by mode expansion method. R = (a) O : 1lm, O : 2m, X : 3m, (b)
O :4m,0: 5m, X : 6m, (¢) O: Tm,0: 8m, X : 9m, (d) O : 10m, O : 20m, x : 100m.
E =6 x 10°N/m?, p, = 600kg/m3, h = 0.01m, = 0.05, 184.14Hz(resonance), § = 0° .
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Figure 8.8: Comparison of R, near resonances by using mode expansion method () with
one by the approximation method (e): (a) 190.11Hz, n = 0.1, (b) 190.11Hz, n = 0.05, (c)
528.09Hz, n = 0.1, (d) 528.09Hz, n = 0.05. E = 2x 10° N/m?, p, = 600kg/m3, h = 0.1m,
v = 0.3, the width of the plate a = 2m, § = 0° .
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Figure 8.9: Comparison of R, near resonances by using mode expansion method () with
one by the approximation method (e): (a) 184.14Hz, n = 0.1, (b) 184.14Hz, n = 0.05,
(c) 454.72Hz, n = 0.1, (d) 454.72Hz, n = 0.05. E = 6 x 10° N/m? , p, = 600kg/m?>,
h= 0.01m, v = 0.3, the width of the plate ¢ = 2m, § = 0° .
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3 [dB]

Figure 8.10: Comparison of R, near resonances by using mode expansion method () with
one by the approximation method (e): (a) 184.14Hz, » = 0.01, (b) 454.72Hz, n = 0.01,
E =6 x10° N/m? , p, = 600kg/m?>, h = 0.01m, v = 0.3, the width of the plate a = 2m,

6=0°.
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RKELCORHTE L KHEROBRE, BHA v E—F v AL X>oTRDINDH, K
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HWomEOEEE

HERC X AN EH 2B 5 enicr, R OBHIEBS RS & A 2 ROMHED
FEEZ ps ¥BohAdhdhbhv. 20HE, BECREEANOBE*ZEZL 3 &

LZ\%T’E 5 ﬁ;,

¥, FiglRTFER (BE%20¢73) oRYOEEE2ELS. i, TOREME
RoBE, tOXEES CHHTIHEORERT v v AL DEY,,, ZKD 5.

\o

z

A Point Source
t Ps(0,0,1)

~—  P'(0.6siné, 0, 0.6cos ¢ )

Yzis

Figure 9.1: Geometry of an elastic rectangular plate.

P180

P, is a point source.

ek, ¥FERRNEERL, AU 2RAIROMEICAT 3 FE

Plis a

receiving point of the reflection angle . Py, P5, Pi3s and Pygo are the receiving points
of ¥ = 0°, 45°, 135° and 180°, respectively. The edges of the plate are clamped, and the

size of the plate is 0.6x0.4(m?).
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EWA e ns LAL, TZTELLLS cKHEATHEROE S 0 0BE, (2.17) 1%
DETRACBCERTER W Thicst L, FH[14] 2FEH [16] &, (2.17) 2ZFA p
ICEB}DER (n, ) FAICRS L B0, ERBOERSFHEX (NDF:Normal Derivative
Form) # @R bick b, BEM LB HEEXRL T3, Kbk, NDFcxfL(2.17)
%, BF(Basic Form) &FEAC\w%. NDF-C@, BRAEEO KT v ¥ v A+ E, ZREH
Welrk, MPpFEXE2MIctch s ThabD,

9¢p(p) (nw
0="P 4 / risla ) ds, (9.2)

Pyq: HSEDoR

Np, Mg :  H p,qiCEF 5T SONFEER

op(p): HpBIIEEFRDOEERT v v

G(p,q): BEBHBEXOEAR [= exp(ikrpy)/4nry,],
rpq (X AL p, gl D EEHE

HBICRE S % N BoRFBERCHEL, FEREANTY 2—EE LT, (92)X*%
BEEILL2b 0% L. LikdoT, BN N TE i HEX

N
Y ¢iDij=FEi, (i=1,2, -, N) (9.3)
J

d* exp(thrpq)
Dij = ./SJ OnpOn, ( 477 g 45y, (9:4)
0 [exp(ikryp,) exp(ikr,p,) , .
Ei — Pls — Pl _ .
an, ( rop T, (ikrpp, — 1) cos(rpp,,np) (9.5)

<Hbh, P, REBEOMNEEZFRTATHS. &k, 94 KBI2EIE, £ERS, Ao
Bifig ConwTHRAT e iRt ¥, MAp LTl BRS oFL2HE3.

TTC, Ap, ¢ KT IER TADLDLREEROMNMEL, MA@ S s»FETHINE,
RACL>TITARLDC EHRTRENT WS, ThAbL, Mp 2HheT 3EERRCERT
2t oTRBOLIESR,

D;; = — Mdg_*_Qﬂ-ik’ i=j (9.6
J S

f Tpq
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%, (94) KRZATHWIIERW([14,16). AB, i#j 0HEKY, coRXEHILE—E
Mo koT, BREARBOFMERCESE. 2L, (#7] DBER, B22HRO0LASL
ECEBELETH B.

ChoRBlc iRk > TRbN Yy &b, MEROBEOFEZ py 1T

Pd = Pdyrig = —iwpolprig (97)

Eh3 BlLERLELT, chirBERoORBERBORE) LT 3.

HAHOTEEEN N & T 3MMEROEBMHEAT

(9.7) DEEZE* KB & T 2R OBEIRBFE 2, FRERZEC X - THL.
COHBE, MHROEBSFHFERX R, N2 w ¢ LTKRXTCEDEINS.

DV*w + p,ht = pyrig (9.8)

(9.8) % Euler 5RRA & 32 B L, i,

D Rw\’ 2w\’ 0%w 9%w 9w\’

1
- §pphw2/5w2d5—/spd,”gwd5 (9.9)

EARBZOT, (98) %z ek (99) o BERE L Hificy 2 (94 zzT, WE N HEHo
BRABBRCHEL, SERCHET2MEH: L. L ThiE, ReEcBETo0BER L, 1,
L.ickx->T

N
L,=Y L (9.10)

tEbEh, L, oFERNERE L. 0B BB cCE BRI LN 3. KiC, 3RO I—
FAREERE AT w 2ERT 3 [95]. coBA, FERGHELSER: L.
DEXY, vpeo0BREXET 2B,

(Ko - ™) - K, | w. = £. (9.11)
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EhRB. KL,
K.: ﬁilﬁﬂﬁ"' FY TR
M.: BEBREE~1rY 7=
we: BREISEN~<Z b
f.: BERHFBENAX7 1

TH5 ChEZERCOWTHAT MM L cEhabehE, RehcBT sRERIL
& N ARBIHER,

(K —w™) - inK| w = £ (9.12)

BB XL,
K: B#=tr127x
M: HEE<1 Y7 =
w: MRZENRT
f: fiaANA~71rr

THE. chEBIE ROZHIRCOENIERDLNS.
7, AEERZAC3 LX), BERNOENSHRB LN 0T, ERATEEZE
WMEFHT 2 epTcE s BEROVHEBEMNE v, &T4E, FEHEBEE v. 1,

Voy = — W Way (9.13)

TH5.

MR D BE OSSR

CCTH—EEREHALH, FEROVFEHREEER (9.13) VT, BHED ¢
R HHET 5.

37, BHRBIC X > TETIROBEADOEERT v & v A DE Vg ERD D, Yrog &
RICGRTERBOBRY TEX2M c i v B bh 3 [96]

2
- v(p) = /Szbmd(Q)a Glp, q)dsq _ (9.14)

Ony0ng
(9.14) ZBTROATMEDEERTF v ¥ v+ L DEY 0y B b, RACIVZHERAP CE
7 2 MH R braa(P) #BB L LB TE .

166



brad(P) = [ ¢md(q>%f;’”dsq (9.15)

REC, TDPraa & (91 ICRLILEY, brig EIME BT ET, BHRIC X 2 BEHTS O
BRDOND. drig 1, (92) L DVRDZBROTEDEE AT » & v A Dy %, (9.15)
CEEF OHop(P) £MA R,

@munz¢mpy+é¢mmnm§5”d& (9.16)

CRATHEB LN 3.

9.3 HEERLEE
9.3.1 FEHZHOAB EEFDEE

A CRRAFEC L > TROLHEBRO—FIZRL, HEKRIC X 5 XKHFHOREC
DNnTRR B,

CZTh, ROBMHEEATHCRETEREDTHEEL LT, (821) KEELZ R,
WS, KL, CCCRBEERTF VL v, ¢y DHEL, HHE L IEEFZEUK
oRBOEHEL TS ThADDY,

(9.17)

Rr - 20 10g10 ¢6

rig

¥ ¥ Fig 9. LR T RIEEC, Py RCBT 2 BHERD (drad), KEHESR (¢.) BXU R, OF
BB TR L AR O—P% Fig9.2IKR T ¢rog KOWTREFES D 1.6 m OEEREIC
BOIHEHEE, ¢ COVTRZIFRACETIEEE®#K40dB & LTEDbT. ROBZER
By v 7R E =10°N/m?, #Ep, = 500kg/m> B X h=25mm, K7 Y viv = 0.34,
BEEHy=0Td Y, BUREEEh T 3.

Grad » e » Be DFTHECIFHAE—2, Fa4y THRENTVS. ¢ & R BE—7, T4
THE—BLTVEY, ¢, R, DE—2, T4y T %¢0a DENEHET B L, HERX—K
TE3HEE L LAVWEEED 3.

CORFEFHLL RS0, Fig.9.LIR L 2AF LD 4 D05%FEH (0 = 0°, 45°, 135°, 180°
K} 3, FUEBOMBEEEFC DO & R, DIESZE % Fig9.31CRT.
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Figure 9.2: Examples of calculated frequency responses of (a) radiation component ¢,,q4,
(b) reflected sound field (including direct sound) ¢, and (c¢) R, of an elastic rectangular
plate with clamped edges of Fig.9.1. E = 10°N/m?, p, = 500kg/m?>, h = 2.5mm, v = 0.34,
n = 0.
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Figure 9.3: Examples of frequency responses of ¢, and R, near resonance of plate
vibration. E = 10°N/m?, p, = 500kg/m3, h = 2.5mm, v = 0.34, n = 0, (a) § = 0° (Fo),
(b) 8 = 45° (P45), (C) 8 = 135° (P135), (d) 0 = 180° (Plgo).
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Figure 9.4: Effects of properties of plate on calculated frequency response of R,.
(a)E = 10°N/m?, p, = 500kg/m?, b = 5mm, v = 0.34, n = 0, (b)E = 10°N/m?,
pp = 500kg/m%, h = 2.5mm, v = 0.34, n = 0, (¢)E = 10°N/m?, p, = 3000kg/m?,
h = bmm, v = 0.34, n = 0. (d)E = 10'°N/m?, p, = 500kg/m?, h = 5mm, v = 0.34,
n=0. (e)E = 10°N/m?, p, = 500kg/m?, h = 5bmm, v = 0.34, n = 0.01.
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EROFEIC X > CTEBRICHE 2T A\, BHES (FE) oBCR#E2HE< . Fig9.1ic
ATHEBBER (AZEE) L0 Lo AEREF bREREAST HEICONT, RA
E#IC & 2 REHRT OB EFE proq PEIL% Fig.9.51vF. MH 0dB &, RILATOE
BE (pair) DFELATH 3.
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Figure 9.5: Variation of difference of radiated pressure between two sides of the plate (prq4)
due to successive iteration. The value of p,.q4 is indicated as relative level to the direct
sound at the same point (pg;,). E = 109N/m?, p, = 500kg/m?, h = 2.5mm, v = 0.34,
n = 0.

RIYBorAEXS5K, pog O] RERCX->T2o00BFACHhIN ST &2
5. FEE» b+ AN B (350, 400, 500, 550 Hz) ¢, 2~3 EORATES®L
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OREF~<+ U 2 2OFHIRD 0 OEN %, BHFERICAE A E A S D, BRIRADEK
FEATELTMAONS pag 25 RATEERCKE BokeDTH 5.
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Figure 9.6: Variation of difference of radiated pressure between two sides of the plate (prqq)
due to successive iteration. The value of p,,q is indicated as relative level to the direct
sound at the same point (py;,). E = 10°N/m?, p, = 500kg/m?, h = 2.5mm, v = 0.34,
n=0.1.
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Figure 9.7: Effect of plate loss factor  on the convergency of successive iteration method.
The value of p,,q4 is indicated as relative level to the direct sound at the same point (pyir ).
E =10°N/m?, p, = 500kg/m?, h = 2.5mm, v = 0.34.
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Figure 9.8: Reflected sound field (including direct sound) at 500 Hz by an elastic rect-
angular plate calculated with (1) neglecting acoustic loading, (2) pc-approximation and
(3) successive iteration method, in comparison with (4) one by a rigid rectangular plate.
E = 10°N/m?, p, = 500kg/m?, A = 2.5mm, v = 0.34, n = 0.
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Figure 9.9: Examples of frequency responses of ¢, calculated by (a) neglecting acoustic
loading and (b) pc—approximation. E = 10°N/m?, p, = 500kg/m?%, h = 2.5mm, v = 0.34,
n = 0.
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Figure 10.1: Calculated results at non-resonant condition (100Hz) of R, of baffled strip
by pc-approximation and successive iteration method in comparison with strict solution
derived in Chap.8. () : strict solution, O : pc—approximation, e : 8th iteration and X :
1st iteration. The surface density of the plate is 60kg/m?. (a) n = 0, (b) = 0.05.
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Figure 10.2: Calculated results at non-resonant condition (100Hz) of the vibration dis-
placement of baffled strip by pc-approximation and successive iteration method in com-
parison with strict solution derived in Chap.8. (a) absolute value, (b) real part and (c)
imaginary part of the displacement. Thick lines: strict solution, O : pc—approximation, e:
8th iteration and X : 1lst iteration. The surface density of the plate is 60kg/m?2. n = 0.
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Figure 10.3: Calculated results at resonant frequencies of R, of baffled strip by

pc—approximation and successive iteration method in comparison with strict solution de-

rived in Chap.8. () : strict solution, O : pc—approximation, e : 8th iteration and X :

Ist iteration. (a) 190.11Hz (3rd resonance), (b) 528.09Hz (5th resonance). The surface
density of the plate is 60kg/m?2. 1 = 0.05.
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Figure 10.4: Calculated results at resonant frequency (190.11Hz) of the vibration displace-
ment of baffled strip by pc—approximation and successive iteration method in comparison
with strict solution derived in Chap.8. (a) absolute value, (b) real part and (c) imagi-
nary part of the displacement. Thick lines: strict solution, O : pc—approximation, e: 8th
iteration and X : lst iteration. The surface density of the plate is 60kg/m?. 5 = 0.05.
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Figure 10.5: Calculated results at resonant frequency (528.09Hz) of the vibration displace-
ment of baffled strip by pc-approximation and successive iteration method in comparison
with strict solution derived in Chap.8. (a) absolute value, (b) real part and (c) imagi-
nary part of the displacement. Thick lines: strict solution, O : pc—approximation, e: 8th
iteration and x : Ist iteration. The surface density of the plate is 60kg/m?2. 5 = 0.05.
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Figure 10.6: Convergence of the displacement at the center of the plate by the successive
iteration method. The surface density of the plate is 60kg/m2. n = 0.05. 528.09Hz (5th
resonance). '
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Figure 10.7: Calculated results at resonant frequencies of R, of baffled strip by
pc—approximation and successive iteration method in comparison with strict solution de-
rived in Chap.8. (O : strict solution, O : pc—approximation, e : 8th iteration and x :
Ist iteration. (a) 190.11Hz (3rd resonance), (b) 528.09Hz (5th resonance). The surface
density of the plate is 6kg/m?. n = 0.1.
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Figure 10.8: Calculated results at resonant frequency (190.11Hz) of the vibration displace-
ment of baffled strip by pc—approximation and successive iteration method in comparison
with strict solution derived in Chap.8. (a) absolute value, (b) real part and (c) imagi-
nary part of the displacement. Thick lines: strict solution, O : pc—approximation, e: 8th
iteration and X : 1st iteration. The surface density of the plate is 60kg/m?. n = 0.1.
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Figure 10.9: Calculated results at resonant frequency (528.09Hz) of the vibration displace-
ment of baffled strip by pc—approximation and successive iteration method in comparison
with strict solution derived in Chap.8. (a) absolute value, (b) real part and (c) imagi-
nary part of the displacement. Thick lines: strict solution, O : pc-approximation, e: 8th
iteration and x : 1st iteration. The surface density of the plate is 60kg/m2. n = 0.1.
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Figure 10.11: Calculated results at non-resonant condition (120Hz) of R, of baffled strip
by pc-approximation and successive iteration method in comparison with strict solution
derived in Chap.8. () : strict solution, O : pc-approximation, e : 8th iteration and X :
1st iteration. The surface density of the plate is 6kg/m?2. (a) n = 0, (b) n = 0.05.
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Figure 10.12: Calculated results at non-resonant condition (120Hz) of the vibration dis-

placement of baffled strip by pc—approximation and successive iteration method in com-

parison with strict solution derived in Chap.8. (a) absolute value, (b) real part and (c)

imaginary part of the displacement. Thick lines: strict solution, O : pc—approximation, e:

8th iteration and X :
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1st iteration. The surface density of the plate is 6kg/m?2. 5 = 0.
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Figure 10.13: Calculated results at resonant frequencies of R, of baffled strip by
pc-approximation and successive iteration method in comparison with strict solution de-
rived in Chap.8. () : strict solution, O : pc—approximation and X : 1st iteration. (a)
184.14Hz (7th resonance), (b) 454.72Hz (11th resonance). The surface density of the plate
is 6kg/m?. 5 = 0.05.

203



7\5 ___‘"'-a‘__lv
T / T, 30
ﬁ# / ' \\\\ ﬂ_\kﬂﬁ // /\‘ .
— ! ~— ™
I ,,v / ,>\\ I ;{ e
/R\"*-\/ :/ \\ [
‘$|~ { /" . , \..\_\v \v.\l ; / . . N N
Y VANV 60 L Y AN
X N Py NN
1 AN R A NN \
.y /." ; ,9\ \\.‘M__/ ...\ Y \ / ‘S /\ \// \\ \\
,f? e S \.\ "r,,--"’ \\\ \\ —-\\ . 7‘ / \\-‘ o \‘\ \\ —5\ .
/ W & \ Yy TR - '\ A 75,
) /\/ > - Y \__.,f"" '\ H'I / / % ~ \ -/\ e \ |
~, / ;s \ /f/ x' - \ - Jé{' \ \ |l|
L//f:” - \ [i/ﬁ/”\ l \| | |
-3 -2 -1 1 z 3 Bl -3 -2 -1 @ 1 2 & [di)

Figure 10.14: Calculated results at resonant frequencies of R, of baffled strip by
pc—approximation and successive iteration method in comparison with strict solution de-
rived in Chap.8. () : strict solution, O : pc-approximation and x : 1st iteration. (a)
184.14Hz (7th resonance), (b) 454.72Hz (11th resonance). The surface density of the plate
is 6kg/m?2. p = 0.1.
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Figure 10.15: Calculated results at resonant frequency (184.14Hz) of the vibration dis-
placement of baffled strip by pc-approximation and successive iteration method in com-
parison with strict solution derived in Chap.8. (a) absolute value, {b) real part and (c)
imaginary part of the displacement. Thick lines: strict solution, O : pc-approximation, e:
8th iteration and x : 1st iteration. The surface density of the plate is 6kg/m?2. 5 = 0.05.
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Figure 10.16: Calculated results at resonant frequency (454.72Hz) of the vibration dis-
placement of baffled strip by pc-approximation and successive iteration method in com-
parison with strict solution derived in Chap.8. (a) absolute value, (b) real part and (c)
imaginary part of the displacement. Thick lines: strict solution, O : pc-approximation, e:
8th iteration and X : 1st iteration. The surface density of the plate is 6kg/m?. 5 = 0.05.
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Figure 10.17: Calculated results at resonant frequency (184.14Hz) of the vibration dis-
placement of baffled strip by pc-approximation and successive iteration method in com-
parison with strict solution derived in Chap.8. (a) absolute value, (b) real part and (c)
imaginary part of the displacement. Thick lines: strict solution, O : pc—approximation, e:
8th iteration and x : 1st iteration. The surface density of the plate is 6kg/m?2. n = 0.1.
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Figure 10.18: Calculated results at resonant frequency (454.72Hz) of the vibration dis-
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Figure C.2: Calculated transient sound field around an elastic rectangular plate (b) in
comparison with one of an rigid plate (a).
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Figure D.1: Effect of the surface density m on the reflection coefficient of the infinite

membrane. m = (a) 1 kg/m?, (b) 3 kg/m?, (c) 6 kg/m?, (d) 9 kg/m%. T =10N/m,
0 = 45° throughout.
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Figure D.2: Effect of the angle of incidence on the reflection coefficient of an infinite
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