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1.1 MROBER
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7EED L WREHTIR Z BRI LINAMIC R 572 ) | REEOEEMEIC D BRENEL 5,
FAREI DR IN TS L LTS, ZHUTMA TEEEFTREEDOMHEIICHE L
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L5350 TH D, EEYOESHREICE T, RS ZEUEIRS 1 X 2 B8Ry o M5 TR
EBHOER () DRI S & 2 ADKE W, OB EHEROFMTFE L LTld, K
& FEBR T & BT FEIc T 6 s,

FFII L DICHBRNWFIEIC O VT, BT 28 & S FEoOMEIC O Wl S, FEhR
LITB 2 BT OB EREHIE R ICBI T 3BTRS & LT, JIS A 1416: 2000 THIE
I D TFEBREICE T B IEREEIM O 225 S BB ERE O MIE 7, JIS A 1441-1: 2007 T
EIND TEEA VT vy T 4 HIT X 2 BE5EY) S ORI 0 2255 MWW A8 O MIE 7715

B8 HEEREICB I SHE) DD [1,2],

JIS A 1416: 2000 13EE, IR, F 7, &, SREEGRM, SFEBES: o @I o 2255 I
MHZERECHETLZILZHNELAZDDTH S, OHEIFFIRHAEREE NI
IAHASETRZ B L, ZEHREENICERL TS 252 METL2HDTHD ., MERLD
—ICHV SN TS, FRBMMOGEIAND AR 7 — BN DY 2 T H o 22
P S HEE L, Ei Y — 3R EENO Y 2 o 22 MM & 2 O AT S
(K= 71) oRDD, L L IOHETIE, 2B AT =350 505, 5T LDEE
REICOWTOBFRIFACH/ NS, Bl E, FICEEEHIKEVETTBH 5089
DHTD 6\,

—77. JIS A 1441-1: 2007 13 A ¥ T ¥ ¥ T 4 ¥ EWFIXN 2 FUBRHOHET L W FREIC & 5805
PEREMIEICBI T 28K TH 2, THUITERE DR —% A VT VT 4K k> TEEH
ETBHHETHY, FEROAEICHRTEHLDRREZ DD 3], ThbL, 1) ZEEND
SN S EEZ ME T AR, FHEWICREZEEZDOLDH % THRL, 2) &
4 VT T 4 ORBRILEOSH T2 DT, WEREEITPERAEL T3 H
D353 % . 3) Bt 38 S N7 i L AHB I 254 %2 38 L C oz 7 — 23 FI sk
HoN5DT, BB OMAPLZ OERLVHEETH S 2 L, LENEIT NS [4],

DL BB AR 7 & FRICH U CHIE S 415 B I OB I RE O JIEME 1%, 6 2 F'E OFkbT
HoTORABERIC K > THELZ R, ZREMRIEL L TRRENS [5], 20K
BRAEDOERERR E LT,

1) B EE DL X & =y > = R

2) AL JEA S R4t

3) alkhr A X

ENZEIT o N, INo DFEERNICET 2 EBRIBGHI N ETIEL S LI Tw 5,

D=y & (Niche effect) & 1. BHINCHEVEEZ BIE L 22 B sURm I HR=E -
ZEBDOBEE I AEL 22 AMEMEIC T THEER T, Z4U2B L Tk Kihlman
et al. [6] |3FARIERIE ST D 70 2 FEBRE FEBRIC X 5T, Guy e al. [7] 1 ERARHE & EE
PLE DRI X 2B OMET, Guy etal. [8], HHT S [9] 1= v > = %55 L 72 )i % 50k
HNCERE L, 206 DNEDERIC K 52BN 217> TE D . RO E IR
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THHRZB TS,

2),3) IV TIE, HAS [10, 11] 2387 - >V av « A7y b HF%2 o R
TOIFINFX—u ZADFH, KOG EEIA & RUFTHEIC O VT, kA X
OBt RZ GO R 2 ToTWw3,

TRAEMEIEHT TR DV TN 5, BUHEMGENT LTI 2 OEEARR L LT, KD
R c AR NPAETHEE, NTIRA M) I AT A BRBIITASL L, M
MR TOMBPTETH L Z e ENA Yy PELTHEITON, INSDOHEH»S
iy 2 2L —>avic X aaliddERIcHEHATH %,

BAERRHT TR 3 BB B Tk & R F RN TR S N 5, WEIEZENTEE, 5B
RYFEE (Boundary Element Method : BEM) ., fBR7477% (Finite Difference Method :
FDM). HFR%EE (Finite Element Method : FEM) FIZRESNLbDTH S, 1o
FVF b EE SO (BUER) Rk ThH b, BERIICKEEIEZ BB L 72 b DT
b5 END, ZRMEE - R (REE) SIS B T %SG O RIS E I RGE S 1
5, Lo L., MHTNRE 75 235822 3 RonZEM<h D, £/, A D AN b JAH
&:&#6%%%@%%&%@% FHERESER E 22 L W) RESH 5,

. RAEENFRIBEEPLPEREIARINE DT, HGORIEIMEZHZEE T
lzw#—meﬁ&%%ﬁim D) FHETH B, o T, WEIFENTEICER
BRBEMEICR T2 2 E3EBEDRVD, HF DL OFHEREREZ LN LT, FHERDIE
IO E W) RELAEIH D, KRB Z T BOBENTIEL LTUAHw 6N
Tw3,

R OMEZEREFINCEI T 2028 & L CTid, BAR[12,13]1 1k % SEA 2w -
HEREDMEFMERE O fEbT, RBES [14] 1T X % SEA 1% H\ 72 @@ i@t JIH: [15]
Ik % E— FEREZ HOWH%E. BlES [16] 12 X % HREEEZ 72 oS Rk
ICBIT 2 %8, BEM %\ 72K S [20] I kX 2 2 EABDOEEERMENT, BEM & FEM
Z i U 7o S EBIREDE BT 2 W 7oA S [21]1 12 K 20 - M o BEEMERE ISR 9 %
W%, 8% { oMZellnd 5,

Feil U 72 85 PERE N E M D R AL BI§ 2 W98 & L Tl n@:vvlﬁ%momf
l%. Vinokur [17] 2 X 2 BEGGAURET. £ 72 Kim et al [18] 12 X 2 BUEMIR S 237 I T w»
%ﬁ\K%%#&®%%ﬁ%Hﬂﬁ%“®%§%\#ﬁﬁﬁ%@%%’i%ofw&mo
2) DRBAZFFFEFIC O WTIE, FA S [22] 12 X % FDTD 7% o 72 3% 2R EhE R AT 1
L T, Ko [23] 12 &k 20T, (AR S [37] 1T X 2 FISCHRRTICTE S € 7L % 8
L7MEni En w3, 3) Otk 4 ZicowTid, KBS [25]. EHS [26] Ik 3
BR2Mfrbit T3

ﬁkv—//:—xﬂ% ZoWnTlE, AEEREMEORE cm E W) BN ERIC k> ThEL B
[27] 72, FEBHHETDORY T4 IR L TH HBREOM TIENERI NS i, EREHO
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BEE DB L 0 ) Rtk B, FEBETOR Y 74 BREETH 2 5. T A & OBIRE
WDV THHEBR—ZATIHIEVPHHETH 2N E0 6, ZOWEL T X MY v 7ICH
RZ7=DIHEL Z2BENFHFEOMPHETH 2 b D, FFICEL T
ik, TNFTCREENZARIEONTVEH00, EEMNARARLIZARL T05 008
wedh s,

1.2 #AEDOBR
D Eois., BEEEFEoFa 2 2. AMEOHNZU IO X 5 ITRET %,

o = v ¥ ELEBIHRICKITTE L DBIRICOWT, AMMAMKEIED & 75
fEAIRRET IC & 0 il 2 88§

o = v xRBEDFATEGANE I THEICET 22155

o A VT VYT AKX BIE EDOBEEN & =y > = ~Fik, KOHNEHEE & DPR
BT 2Rz 5



1.3 G X DR

1.3 X DB

KX DRERZ R %, 81 HETIE, HEOE =, EEEREHIERERE, @M O
T A A~ D FEEEFE I D\ Tl R 7 521 BEEBEBF TR I > WL L . ABFFE o BN
IZDOWThR %,

B2ETIE, =y oIt K282 HE L 5B ZRBEROBERNT 7V 3 X L%
BT 5, FUOICHFHOREBEHERIC OV TBRR, BIREEE (BEM) I X 355 0%
AMbz179 ., Ebix, FEAR (Basic Form : BF) & EfR M (Normal Derivative
Form : NDF) ® 2 2% HW {79, £V 7 RABEZDFRBICOWTHBL., KR
B D) AT DV TR 2, KICHIREIS I T ARESRE (FEM) 2@ L, 2ns
2R S, FEIREHELS ICE T 5 HEEBRKOLAERNT 7 L TV XL % BRI
NI

H3ETIE, B2 BOMEL Z8UEBIT FIEZH WA RI ATy 7 AZ T 41250,
FEGEWBRDOFHEANDWEHEKTH 2 =y > 2 RoERZET 2, = v =~k
EEBERICKITTE L DRI OWT, ARAKEES GO BENEN 2179, F
oo =y ¥ 2 DIAEGANE RIETHEIIOVWTER 2T,

B4 ETIE, EHFERNEFED -2 TH LA v T v T 4 ERBUHEMHT LTHBLL .
A VT vy T 4 R HOIEEEREENE Sk EOBFEERICB L TRt 2179 . SR L
LTy v RS, k- 70— 7HOMERED 2 DICEHT 5,

BSOS BEIFBETH D . KX DOEE, B LXOSEROFEIC OV TERS,
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2.1 [FU®HIC

AETIE, FEBEBEED BT 7 L2 X L% BAAICHERT 2, 132U oI, H5
DIERE SRR DT R T D FERE & 7 2 BB TS (BEM) 1B L €. Kirchhoff-
Helmholtz f77 R E & 2 OIEB G AT ICHED W 258 ) O FLOERLZ 1T\,
<2 MY 7 AEROFEIEICOWTHELT 5, KICHIREG QBRI >wTihx| F
FREEFE (FEM) 1B L TERLZ1TH . 20k, MiHFZEL I, 3 REHICEITS
TEFEMBRZ T 2 MBI oW THlR FEZBEEOBUEGIR 7 LT X L 2R
9%,

22 BHOERATER
RGOSR b O LIRET 5 &, LR EMT 2 EHICE LT UTO
K5 MO R & SE S RADIR D 10,

JaP

=—kV-V 2.1
Y K 2.1

oV

72 L. PEE, Ve KR Y B oL, i RREHREEE, pr 2L,
Inkn, HEPIBEL TN ORBGEADR Y LD,

VP— = — =0 (2.3)

72770, ¢ BRI DEH.

I 2 CREIE T & /@ & L CHRIREIZIKE L. P=p(r)e/® LB L, KD Helmholtz



RARE SN 5,
VZp(r) +kp(r) =0 (2.4)

7L, o BREEL k= wlc: WEL

23 BEREREICLDEZDOERL
231 REFENAEAOEL

interior problem exterior problem

Fig.2.1 Area and boundary of sound field.

Fig. 2.1 [ZR g k)i, HEHHEE Q, HA T, NI SEMGIAX7 bl n 2 ET 5, Z
ZTEq Q4 IIN L TEEORBEREH ® 2 8EAT 5 L, DToWEArEGZ o5,

/cp [V2p(r) + K p(r)]dQ =0 (2.5)
3T Green DEHICE DU T DX ) ICEBTE 5,
/ o () [V2p(r) + Kp(r)] dQ
/ ®(r) g dr— / Vp(r) — Ko(r)p(r)]dQ
:/r{p(r) M((r) —®(r }d +/ r)+k°0(r)]dQ=0 (2.6)

72U, dlon (3SR oW S ERT AT 2 £ T, Z2C, dBEE e L LT £E
DBHE p, VY —AK qIBIL T, XAEWRT 2 ARG 252 %,
V2G(rp,rq) + K G(rp,1q) = —8(Ipq) (2.7)

o ={ 7 (o ir) e



2.3 HSREERIEIC X 2 H50ERL

7212 L. rpg =rq—Tp, 8: Direc D7V 5 BI%L.
Eq. (2.6) IC FELOEAMBZRAT 2 L, DT OB A E»N 5,

£(rp)p(rp) = /1" {P(%)M —G(rp,rq) dp(rq)

dng dng
7oL, e(rp) BBINA p 225K Q 2 FUAAZAEDOH G (3 RIGZEHTIX 4,2 K
JLZEMTIE 2 2T 2 TH D, Hp BPHEBNOY G e =1, 60 AR L0
Bl e=12, HEBNDOEGEIZ e =0 &% 3, BE, ipWEHALICH 2560 EZ
Kirchhoff-Helmholtz S/ 857y /TR LI 5, Bk % &, (EEDO RO FH X
LD L 2 DERIT Ry (EHEEE) ICX > TELZ 2D LRTE 5,

ds 29

Rz, BHlE p X oL RERECHLHDE L, Eq. 29) IR L TR picEBIF 2
ST T & DT OB R E» S,

g(rp)P(I’p) _/ (ro) 92G(rp,ry) _ 9G(rp,rg) dp(rq)
anp dnpdng anp dng

dS (2.10)

Eq. (2.9) I3#AR (Basic Form: BF) & MEE4L 2 DK L T, Eq. (2.10) 137585 Y
(Normal Derivative Form: NDF) % 7z (35 %% (hypersingular formulation) & FFIE#L,
%2 DERMUITH U THAERIEOBH 2R TSH 5,

22T, Egs. (2.9), (2.10) DBEEBIED 5 6. HAM G(rp,ry). ZDEMHII 1 B
53 G (rp,xq)/dng, IG(rp,xq)ldny, ¥ X NEMITI 2 BT 02G(rp,xq)/dnpdng 13 3 RIT
ZEE T4 AT D Egs. (2.11),(2.12),(2.13),(2.14) TEb I 5,
7o 72 Ly r = [rpqls Tpg = rq = Tp, cOS(ng - Tpq) = Mg - Tpq/[ng||rpg|, cos(my - rpq) =

n, - Ipq/|np|[rpgl, cos(np -ng) =np -ng/|np||ng|.

e—jkr
G = 2.11
(rP7 rq) 47‘”’ ( )
dG(rp,rq) g (e Ik (1+ jkr)e %
dG(rp,ry) a (e Ik (14 jkr)e %

9?G(rp,1q) e (e_jk’)

dnydng N dnpdng \ 4mr
efjkr
= 1+ jkr)cos(n,-n
d7r3 [( Jkr)cos( p q)

+ {=3(1+ jkr) +Kk*r*} cos(np - Tpq) c0s(ng - Tpq) (2.14)
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2.3.2 FERIEFOEA
X
A infinite rigid baffle
Py
/>> “
< e =,
, r St I Aj
Q¢ /\ /v / =
- /} P u p Iq
'\@ _ a At
il g
! A-\ Q; infinite rigid baffle
1 Qt

Fig. 2.3 Degenerate boundary -Horizontal

Fig.2.2 Degenerate boundary -3D-. section-.

Figs. 2.2, 2 3 ICAEITFETH O 2BITE TV 2R T, ik £ DYk Z @i R &
580, BEOREREZEZ N2 LYRKREOEZINERE L, SHEBEIE L AT
22E0HB, 22T, HOWBIIT BRRE LD P& LT, Figs. 22,23 IR 7 &
) YR DR S 2 MIRIVIZ 0 ERE L 72 AR EES (degenarate boundary) T, A, A; ZEA
5, MREAORELZERICED 5 &, R LOEED S p ICBT 2 BRI EA
i, FEARID Eq. (2.9) LEBBA MO Eq. (2.10) DEZIZOWT, UTD LI A
N5 28], T ZTIRIEMTIANIFISANME LT 5,

1 IG(ry, P
5%%%%N@+/P%%—%§Q—ﬂmm)gﬁﬂﬁ (2.15)
Lt o) PGlipry)  9G(ipry) 2

2 dny  dny +/ plrg) dnpdng anp dnq ds (2.16)

ZZT, MBEAEmEBEDOGEER pt,p” LT, p=p+p FilimEFIEA.
p=pT—p BWEEHEEZED L, plrp) 136 p TOEHERL. p(ry) 135 q TOFHEE
Thb, £l pa(ry) FEEFEITH %,



23 BHEFREICK 2 &5 0ERL

11

233 HEHREDEH

Fig. 22,23 1T L 7fbre 7 v 2 B, @#EMlicyirtERs e, ZnZnl T o
Figs. 24,25 IR THMREZZE L 7€ 7L L FENICE iz b L Rkd s, REiET
X, TNSDETINVEHWT, ZEM p 23 Fig. 23 1 T Eich 285650 F5OBIRAZ K
A (BF) OO ERICE > T, $XERp DAL A BIZH 256D ES DB
ZIER R (NDF) OBMAAERIC K> THRBT 22 L2E R 5,

Dy
Free Field
n n
=1“ P q Ai
T+
/ P u
1 p+f, p q |
n, n A
p,

Fig.2.4 Acoustical equivalent model to €2;.

Free Field
np’ né Art
N 1" L K |
/
U p q
i N
n, n, At

Fig.2.5 Acoustical equivalent model to ;.
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234 EFXREBEDARAICEDILIY NI I AAEROEL

AGHRIEE Q (BRAIR p M T ICHBHBE
%3 Eq. (2.15) % Fig24 IZnTERICOWToORg HEAICESET E, XX k)
IZRE 5,

%ﬁ(rp) = pa(rp) + pd'(rp) +/r{ﬁ(rq)% — G(rp,rq) 9p(ry) }dS

- 9G(rp,rg) dp(rq)
+ A1+Ai/{p(rq) anq G(rp,rq) anq ds (2.17)
RIZ Eq. (2.17) DYRETBIED 9 & OB EDFETAE p(rq) DR S 1ERIT R
dp(rq)/dng %KD 5 7=, IREMEA T & L OCWIBEEIA A, A IS8T 2 5RS M2 5 2
%, W /@ 28RS 5 L. 9p(rg)/dng ITIEU T OBIRDL S 2,

3 apt  apt  _apt Jut (rq) ,
gf,l Q) — ﬁl’lq al’lq, &nq P ot Jwpu (rQ) (I‘q )(218)
4 0 (l‘q € Ai,Ai/)

FRIITHHATITEWT p(rp) =p* +pt' =2pt. p(rq) =p* —pt'=o0, pa(rp) =
pd(rp) £ 5206, Eq. 2.17) IZRD X ) ICHEWZ 2 2 LUK S,

i - dG(rp,r
p+(rp):2pd(rp)+2J(l)p/FG(l‘p,rq)u+(rq)dS+ p(ry) (rp q)dS

Ai+Ai/ anq
(r, €T) (2.19)

e, WEBER A ZERA OFRE2E L TWEDT,

9G 9G
/ B(rg) 280 Ta) 45 / Brg) 280 T) 4 (e (2.20)
A1+Ai/ d A J

nq nq
DAL L. Eq. (2.19) 3XD X 5 IcFEbE 3,

; - dG(rp,T
p" (rp) =2pa(rp) +2j0p /r Grp,rq)u (rq)dS +2 /A p(rq)—grf s
i q

(rpel) (221)
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EERFER Q BRARp T ICHBIHE

AHHIE FRgicEREE2E 2 5, £9 Eq. (2.15) & Fig2.5 ISR TERICOWLTOMHEy
HERCHEET L, XAD X HIcRE 2, L LEBINCIEFRIIEEL ZVLDT, H
PEH pa(rp), pd' (rp) 2BV E L 2,

900 = [[{ptn) “E52T) 6 2B s

IG(rp,rq)

- 5ﬁ(rq)}
+ rg)——— — G(rp,r ds 2.22
At+A{{P( q) ng ( p q) ng ( )

KT Eq. (2.22) DHERITBIED 9 b OB LI EOE LA prg) DI S IERRIT My
dp(rq)lang &K 272Dz, REFR T & L MBS AL AL 1B 2 5R &M% % 2
%, W e/ 28RN T 2 & dp(rg)/dng ITIZBLT DBIRAS 5,

opiey [ IO ) (e (g€
) 3 e ang g 7 W) (€05 3
q 0 (rq € At,At/)

FLZITHATIZEWT, ﬁ(rp):p*—i—p*,:Zp*\ ﬁ(rq):p*—p*/:O EhhprZ L
6, Bq. 222) IIXD X HITESZ 5 Z LK,

_ _ dG(rp,rq)
rp) =2jw /Gr,r rq)dS+ p(rq) —=3248
p (rp) =2jwp . (rp,rq)u” (rq) AH‘At/p( q) ng
(rp €T) (2.24)
T, WEBERA BER A OBBREZEZTLDT,
~ O"G(l’p,l‘q) ~ &G(rpﬂ'q)
rg)—————=dS=2 rg)———=dS (rp el 2.25
f P [ PE)TSERAS (peT) (29)
DIRAL L. Bq. 224) 1ZRD % 5 IcEbR 5,
_ . _ . dG(ry,r
p (I'p):2]a)p/rG(l'p,rq)u (rq)dS+2/Ap(rq)¥dS (r,eT) (226)
t q
ZIZTut=—u DT,
G(rp,rg)

d
p (rp) = —2ja)p/FG(rp,rq)qu(rq)dS—i—Z/A p(rg) ds (rpel) (2.27)

dng
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RAEEEEICET 2B AEROEL (HASp AT ICHZEHE)
Egs. (221),(227) Z# .35 2 LI K D, WMAIOESHEROEEZICET 5280
Tt zRkD 5 &, DITORRIZERI NS [29],

prp) =p(rp) = p~ (rp)

= 2pd(rp)+4jwp/G rp,rq)u+(rq)dS

(9G G
n 2/ rpal‘q)dS_ 2 ﬁ(rq)%d‘g (rp c F) (228)
A q

22T, Eq. 228) Dtz EZ %, IREIEN T 2 Nyjae OV DB EE
Sii=1,2,- ,Notare) 1< EIRMITEIR Q; 1CE 1 2 MIBEER A; % N; D VYT O B3
FS;(j=1,2,--+ ,N) 12, ZEME Q, 128 2 MIBEEIF A, % N OGO IR
FSik=1,2,-- \N) IZTET 5, 7720, BETBEBND ut(rq), p(rq) IFHEHEHRN

iﬁi@ﬁ@ﬁ‘f#ﬁ“ﬂé 2 LM 2, Lo TEq. (228) 3RD X HICHESHAS
Nns,

N, plate

() =2palry) +4jop 3 u'(v) [ Glry r)ds

i

N; N
y dG(rp,1q) { dG(rp,1q)
22 r~/—p’qu—22 r/—p’qu r, eI (229

~:1p( 2 S; dng zlp( 2 Sk dng (xo ) ( )

Z 2T, Eq.(2.29) OESEHE

25,(rp) = /S G(ry,rq)dS (2.30)
[ 9G(rp,rq)
hs, (p) = /S S eas 231)
[ 9G(rp,1q)
s, (1) = /S s (2.32)
L5< &L Bq. (2.29) 13
Nplate

p(rp) =2pa(rp) +4jowp E ”+(ri)g5i(rp)

NA
E p(r;)hs; (rp) 2; P(re)hs (rp) (rp €T) (2.33)

7% %, Eq.(2.33) &, IREEEA T EOEE OB vy ICE T 2 WA SHAED, K- H
BR T OBRERORERCE T 20 FHE & WIEEEER A OBRERORERICEL
B WIS & WIEEET S A DB ERONRE RIS I T 2 W& 222 RAFRE L LT,
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ZOMBRITREINZ ZLERLTwE, 22T ERZrp=r,(m=1,2,-- Nyjaie) %
AL T Nplage THORBIE SR ZH 5,

N plate

ﬁ(rm) = 2pd(rm) +4jop 2 u+(ri)g5i(rm)
=1
Ny

N;
E P(xj)hs;(tm) =2 pri)hs,(tw) form=1,2,- Noe  (2.34)
J=1 k=1

Eq. (2.34) DA 2 HOKFHEE ut &, WOIRENZN. w DRI DA T DBIRFAIK A
T2, 772 LIREVEN, w DR Z IR F3REE ut & im & OFEEHERR TR TH 5,

U =—u" = jow (2.35)

Z 2T, M@ Z FRE L %0 D TIREIZEAL w & MR ORL T 2267 we 12FEL WV &
EZ5E, Eq. 234) IZRD X HIcHEMmZ o B,

Nplate
p(rm) = 2pa(rm) +4w2p E Wf(ri)gSi (tm)
=1
Ny
P(tj)hs;(tm) =2y pri)hs, (tw) form=1,2,-- Noe  (2.36)
k=1

ERE m=125 m=Nyue £ TEA, MR EY b Y 7 AZRT 5 L,

||M2

P = 2py +40°pG - wi+2H; - p; — 2H - (2.37)
VAR PN

P, B(r2). - Bl } (2.38)
Pd(r1)>Pd(r2),"-,pd(rwﬁme)} (2.39)
we(rp), we(ra), - ,Wf(erlm)} (2.40)
OINCYRN ) 241)

Br1). plra), - plew) } (242)

=
I

=
=
I

=
I

=
—_
H
Il
= = A A

881 (I‘l) o gSNplate (l’])
o E ; (2.43)
85, (erlate) o gSNplate( Nplate )



16 92 % BUEMT I R
hs, (r1) hsy, (r1)
H, : : (2.44)
hSl (erlate ) hSNi (erlate )
hs, (r1) hsy, (r1)
H; : : (2.45)

hSl (erlate )

hSNt (erlate )



23 WBHEHREIC K 2 &5 0ERL 17

235 FERARHAEBSARERCEDISKYINI I RIHTERADEH

ASHAITEE Q; (BRIR p BN A ICHBZHR
%3 Eq. (2.16) # Fig. 2.5 IZ g ERIc oW ToffighfEicEsET L, XXk
IR 5,

1p(rp)  dpa(rp) dpd' (rp) ~ 32G<1’p»rq) dG(rp,rq) dp(rq)
> = + + | P(rg) - ds
2 dnp dny dny r dnpdng anp dng
9°G G ap
A+A dnpdng dny dng

22T, Eq.2.18) TRLAEREAEZM 2 &, ElZRD L) IckIN 3,

1p(rp) _ dpa(rp)  dpd(rp) / _ 0°G(rprg) (9G(rpa1'q)
“00e) CEAU LUV AP AAU 2L Y ds
Yony ~ omy T any VP anany TP g, ()

ﬁzG(rp,rq)

+ p(ry) —— 3248 247
Ai+/\i'p( q Inydng ( )
ZITHERT BT, prg)=pT—p"' =0THYH, £LEHA ICBLT

p(rp)

anp

=0 (rp €A (2.48)
DAL 2 2 95, Eq. (247) 13

9 5 3G/
0= IPalrp) pd ) s a)p/ 96T T) 1t (Vs
anp anp

a G( rp,rq)
——=d e 24
+/ dnpdng S (rp €AY (2.49)

L%, TCT, HAMR G DIERITIA 1 BT 0G(rp,rq)/dny 121 Eq. (2.13) Z v,
ARSI G(rp,rq) ICIIBHRE B L 2 RRE B, 727U, ¥ = |rpy| Tpy =Ty —Tp. Ty q
DB q DALERZ v,

. e—jkr e—jkr’
G(rp,rq) =

2.50
Amr + 4y’ ( )
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L7ehio T, Z DIEMITI 2 BEMr 92G(rp,rq)/dnydng 1ZRD (2.51) RTEb SN B,

92G(rp, 1) 07 (e‘jkr N e‘jk’/>
dnpdng onydng \ 4mr — 4mr!
efjkr
=13 [(1 + jkr)cos(np -ng)

+ {=3(1 + jkr) + k*r*} cos(mp - Tpq) cOs(ng -rpq)]
e—jkr/

= [+ i) cos(ny -ng)

+ {=3(1+ jkr) +k2r'2} cos(n, ~rpqr)cos(nq~rpq/)} (2.51)

22T, Eq. Q49 Dtz EZ S5, IRHFER T % Nyjae 18O VUFA OB EHR
Si(i=1,2," ,Nplare) 1<+ ABHUIBEIR Q 12 BT 2 WIBEEER A; % N, VU A 0B R
ESi(j=1,2,- ,N) CH#ET 5, =L, BREIBEBND ut(ry), p(ry) FEHREEN
TRREBHDMETETH S LM T 3, Lo TEQ (249) KD X ) IEEHZ S
nz,

N,

J J ! plate 8G ,
0= pd(rp) + Pd ( ) +2](Up E Lt rl / (I‘p rq)dS
anp anp s, dnp

N;
i d G(rp,rq)
E ; — 2 d A; 2.52
+j:1p(rj)/51 dnpdng S mpeh) ( )

Z 2T, Eq.(2.52) OESHE

) dG(rp,1q)
(1) = [ et 2.53
i) = [ o 2.53)

9°G (rp,rq)
o — — 2 4 2.54
JS; (rp) /Sj Inydng S ( )
EBL L, Eq. (2.52) 1%

N ate
3Pd(1‘p)+5l’d/( p) &

0= 27
é’np &np +2jwp E rl lS (rp)

+ ﬁ(rj)js,,-(rp) (rp € Aj) (2.55)

N

~,

t7%%, ZIZTEq. (235 DBRZMA:5% &, ERBROL ) ITHESHWA SN 5,

N ate
dpa(rp) . dpd'(rp) L

_ 2 \
0= Iny Iny +20°p ,; Wf(rl)lSi(rP>

N;
+ E p(rj)js;(rp)  (rp € Aj) (2.56)
F=
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ZZ7c, B, =r,(m=1,2,--- ,N;) ZIRAL TN, OB EA 2155,

=

N plate

+20°p Y wi(ry)is; (tm) +
=1

1

_ dpa(rp) n dpd'(rp)
(9np dnp

0

S ple;) s )

J
form=1,2,---,N;

EXZm=1om=N $TEAZ, B EAZ2~ ) 7 2AELRT 5 L

Pay + Pdy +20°0L - wi + J; - pi = O

7z L.
Pan = pa(ri) para) pd(rNi)}
. ny ’ dnp T dny
P 1T _ pé(rl) pé(l‘z) o pé(rNi) }
dn dny ’ dn, T dny

is, (r1) iy e (1)
I =
is (rn) oo sy (0N
Jsi(rn) sy (rn)
Jl — . .

Jsi(en) oo sy, (vny)

(2.57)

(2.58)

(2.59)

(2.60)

(2.61)

(2.62)

(2.63)

(2.64)
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FEEREE Q (BAR p DA ICHBHE

BB L 2\ 2 & SIEEEH py(ry) 2BV e %22 2 LITERL T,
Eq. (2.16) % Fig. 25 KR THAIK DL TOM HRACEEZET L, Xlo Xk )ik
€3,

1 p(rp) :/{ﬁ(rq)azG(rmrq) 9G(rp,rq) dp(rg) }dS

2 dny dnpdng Inp Ing
9*G(rp, dG(rp,rq) 9P
N {]5 k) (rp,1q) B (rp,rq) dp(rq) }dS (2.65)
Ac+A! dnpdng Inp Ing

ZZTEq.(223) T LERSEEEHVS £, ERERD XS IcEE D,

1 p(rp) / ~ 0ZG(rp7rq) . 9G(rp,rq) _
- — Bk b (e VAN ) -2 ds
2 dny r p(rq) dnpdng tajop dny “ (rq)

N Ar 9?G(rp,ry)

ds 2.66
Ar+A! Yo npdng ( )

ZITHRTICBOVT, plrg)=p —p  =0THYH, FLERAIKELT

ﬁ(rp)
anp

=0 (rpeA) (2.67)

DA B 2 D6, Eq. (2.66) 1

92G(rp, 1)

dG(rp,ry) _
0=2j — 2 ds /
jop [ P (ks + [ i) i

P

ds (r,eA)  (2.68)

Ehb, 22 TCut=—u DT,

azé(rp,rq)

ds A 2.69
dnpdng (rpe t) ( )

dG(rp,ry)
0=—2jw /¢+r ds+/~r
Jwp . an, u (q) AtP( q)

22T, Eq. (269 Dbz EX 5, IREBER T 2 Ny O VAGIE OB EHR
Si(i=1,2,-+ Nplaee) < ZERMAIR Q 128 1T 2 WIBEER A 2 N 8OV I D 5 L
#Si(k=1,2,--- \N) I3l § 2%, 72720, BRETBEBND ut(rq), p(rq) (FEHERN
TEHREHDMHETETH 2 EEMT S, L5 TEq. (2.69) 1FRD L) ICHEESHZ S
Nns,
Nplate M 2A
0=—2jwp l; u+(ri)/Si —0Ggr;;rQ)dS+k;ﬁ(rk) /Sk Ity ;ir;,;:q)ds
(rp€A)  (270)



2.3 HSREERIEIC X 2 H50ERL

T TABIERR, HEAM G ORI 1B 0G(rp,rq)/dny 1213 Eq. (2.13) Z v,
92G(rp,xq)/dnydng 1213 Eq. 2.51) £\ 3, ZIT, Eq. (2.70) ORI %

. aG(I‘p,I‘q)
(r,) = [ — Py 271
i) = || s @)
52(§(rp’rq)
' = [ —24 272
Jsnley) = [ 5 s @)
LE< L. Eq.(270) &
Nplate N
0=—2jwp E ut(r;)is, (rp) + E p(re)js, (xp) (rp €AY (2.73)
i=1 k=1

%%, TIZTEq. (235 DBRZEHAVWS L, ERXERD LI IEEHZOND,

Nplate Ny
0=—2wp E we(r;)is; (1p) + E p(re)js, (xp) (rp €AY (2.74)
i=1 k=1

ZZc, Elicr, =r,(m=1,2,--- ,N,) ZRRAL TN MO A 2155,

Nplate N
0= —2(,02p E Wf(ri)iS,- (rm) + E ﬁ(rk)jsk (rm) for m= 1727 U 7]vt (275)
=1 k=1

EXzm=126m=N £FTEZ, A2~ ) 7 2R T5 L,

—20%pk-Wi+J- P =0 (2.76)
L,

wil = {Wf(l‘l),wf(l‘z), s ,Wf(l’Nplate)} (2.77)
B = {pr),B(r2), -+ Blrw,) | 278)

i )iy, ()
L= : . : (2.79)

is (N e sy (0N

Jsi(er) e sy ()
= (2.80)

s (rNt) jSNt (rNt)
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24 YKNYUYUIEFRDEE
241 BFEERADEE

RO~ bV 7 ADJREFZDEHRIE, FEHIENOEED R r= (x,y,z) OBEIEZ 5T
BRENANEEBMT LI LICE DTN,

[rwas= [ [ Emimldsan @81)
§Jn
Jr Jr
J(S,n)zﬁx% (2.82)
gr _ (9x dy 9z
aE (ag’ag’aé:) 289
or _ (ﬂ,ﬂ’ﬁ) (2.84)
on an dn dn

22T, HWENOEED KO r 13, BRWICET 7 ik 0 HEEE & RIRBIE M DRE
fitr& LTU T L) ITEMSI NS,

r(§,n)= i (2.85)

HU., m: SEENORETRE, M;: Hinl j OTHRBIE, rj: 8 j OFEEE.
#E>T, Ir/dE, dr/on IZLATD LI IcRKRIN S,

or o O7Mj
— =3 —r; (2.86)
23 ,El 23
ar I M,
o _ > = (2.87)
an & In

5% Eq. 282) IfRAT 22 LICLD J(E,n) 2R 2 2 LITE 5, AWTEDOMNT
WBWTIFNAE -~ EBELZH WL L ET S, $/4, Eq. (2.81) OFHEICEIL Tix, @
H# Gauss DFETA° Hammer DA [30] 7 &% W CEAEMIC RS %2119 .
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242 FERBED - EFEBOEDIKZWCDONT

RERp EETR QBB 25610 3P BEBDIEIRAR & % 2 L S R
DWADPRIE L 75208 (RFRED). ERPLZFEE LT 2MERRICEI T 2 2 LIk D
FRMEZID RS C EDHRETH 5, ~EERZ V256, AR Eq. (2.11) DR
JIEMTDO L) IcEkI NS,

1 / AT S P f e~ kr(0) g (2.88)
4 r 4 jk '

[FRRIC, FERMOERRITI 2 Bty Eq. (2.14) DR RESIZAT oA TRI NS [31],

1 — jkr
pp / er3 [(1 + jkr)cos(np -ng) + {—3(1 + jkr) +k2r2}cos(np -rpq)cos(nq-rpq)]dS

L(ge™ oionin 2.89
__5(7{ 70) 0T ”’) 259

25 AHFKENT MLICDWT

ARIEHTTIE M 72 3 RouHEBHE 7L & LT, Fig. 2.6 2R T & 95 MR KN
7 W H DB BAHRIET I DS A 2 M2 AE T 2, PO ASAICBI L T,
Fig. 2.7 1289 K 9 ISViAK A /2 WOMMSHIH (7 v % L S (0<60<90,0<¢ <
90 [deg])) Z W95 Ic 2Tt 2 B3 %, 6 THTEEB Ng 237 X —% & LT, Egs.
(2.90), (2.91) T X b BEBOTTOLIE A6;;, Adij B X VBEBTHL 0,01 ZE—ET %,

AG;; = E,eij = (i— %)AGU

Ny
(i=1,2,---Ng) (2.90)

90° 1
Agij = W;‘Pij = (J— §>A(Pij
(i=1,2,--Ng') (2.91)

77 L\ N(pi = [N@ sin Gij]
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>

infinite rigid baffle N
a
b y
Z plate ]
N ,
2
0
A incident AG;
;O plane wave X 0<p<90°

Fig.2.7 Discretization pf incident angles.
Fig. 2.6 Geometry of a three-dimensional

sound transmission model.

CICARGF LB 21EEE 7% ppp £ T5 &, Fig.2.6 DX ) I ARNAZRE
L7t A TS 2 ARG FIBIZ L T ot ns,
poi(ri) = exp(—jk; - r;)
= exp {— jk(sin 0; cos @x; + sin O sin py; cos 0z;) } (2.92)

HL., kK AFEA LICBT 28R 7 .
¥ 72, ppr DIERITATIEIRATEI NS,

d )
—poi = —j(n-K;) ppy

on;
= —j(n-k;)exp(—jk; -r;) (2.93)
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2.6 RIREIHDOELEEHEI
26.1 RIREISOERAERRXOEL

SHEICDNT

SCHR [32] %2 b EACHHRENS D SISO TR 5, B (JE X by, B pp, ¥ v 73
Ep, HRBEC np, BTV Ve v) OBUNBIT DO D &2 EZ %, Fig. 28 ITR§ X 9 I,
Bicidg & LT RIS T E 2 BAIERY 7 D 01 F MER L Tw s, JHUCESi s
N E LT, HLERE D 72 h OBERIE pphy &7 5 DO THEMETT pphy(OW /31?)dxdy. %
PV D IS, M —A 2 b M, My, 230 D E—X 2 b My, My, BUCTES )
WTHRICEAMIEIE 2L T S ¥ 28 AW Oy, Oy BEMI L T %, x BT 1A {8 < HE
IENEZ op y WhHTNICE  MEISHEZ oy L5, F 7 AW HIHAMIREYS D 12
By < IEHEZEAWIEHIE L § 5, REISHIE &AW DR 13 Fig. 2.8 DD
TEMIRG S DN AR $ 2 06 EEDSFEBR I O E D A Z [T 2 & FICIEE T2, x il
RERENCE < y HEOLAWIGTIEE 7. y Bl TEZEISH < x FRoE RIS
% 1y £ 5, F, My, My, Myy, Myy, Oy, Oy (¥ Fig. 28 IR T HMZIEE T3, 7L
My = —My, TH 5,

ZCTHFRDEICOWTEZ S, Fig. 29 IKPFRODEHDE T IV ERT, DL
IZoW TR, HPRANCRE Z ERR EORIE, BRSO LF L 7o REOER BICdH 2 LR

0 ! M, M.
o, hp(@2 Wior) M, +(dM,,)
M, ¢ ltF
/ M, +(dM,)
a ]
Mty MM
0. +(dQ.) 0, +(dQ,)

Fig. 2.8 Illustration of elastic plate.
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EY 5, xWTMOLENZ U, y WO ZV 558,  HADEM W ICXD

ow ow
U=—7— V=—7— (2.94)
ox dy

WAL %, BB D IER T 2I0HEICE D, OFARIEL 2, BREVT A
Ex, &y HAMOT R vy, e 13207 & DBIRAUZ XD

aU aV au av au v
gx:— gy:— 'yxy:—+— ’}/yx:_—_— (2.95)
ox dy dy  dx dy dx
ERIND, 0y, Oy, Ty, Ty ETRIEHD 7 v 7 DWHIL D
E E
Ox = 5 _pvz (ex+vey) o= 1——pv2(8y +vey)
E E
P . (2.96)

’L'xy = m'}/xy 'ny - m}’yx
LEEND, B EEEHE oy, 0y EAMIEIIE 1y, 1 BUTO X ICRENS,

R 92w +V62W o . B *w +V02W
LR VR Gy dy? R V) dy? dx2
E, (d*W E, (J*W
P P
x Zl—}—v(&x&y) = Zl+v<c?x&y) 297)

Fig. 2.9 Transformation of elastic plate.
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E—XYEN - HADDDHUL
HFE— XYt My, My, DU DE—X Vb My, My (3, IS EEDMERTS 2 B0 Wi 1
DT, S E A 5 O E B HHE b O & ARV THY LTS
Nnsn7T
Mx:/zp GdeZ My:/ip OyZdZ Mxy:/zp TxyZdZ Myx:/ip TydeZ (298)
-7 -7 -+ -

L% %, Eq.297) L X DMIFE—X Y b My & My, RUDE—RY b My & My, 1E

3 3
v Eol <a2W 32W> . Ephy <02W 32W>
12

TTU12(1—v2) \ ax? v dy? (1—=v2)\ 9y? VR
E.h,> W
My=-M,=——2LP (] _y)— 2.
w - 12(1—\/2)( v) dxdy 2:59)
tERXINBE, 2T
E.hy>
D—_—P% 2.100
12(1—v?) ( )
EBLE Mo, My, Myy, My \SDLTD X HITET 2 EDITE S,
Ea 2w Ea 2w
oW
My = —My, = —D(1—v) pyv (2.101)
CZTyHNETREIEDL Y DE— AV FOFAVEEZL L L, XKoo,
(My+dM,)dy — (Myy +dMy)dx — (Qx +dQy)dxdy — Mydy + Myydx =0
M, M
S0y = IM; 42 (2.102)
ox dy
FIREIC x BT R E DL D DE— XV FOHEVEEZ S L XAEL NS,
) IMy, M,y
0, = Y 2.103
Oy 7 + o ( )
7, zEHAIAICEI oD h EwEEZ 2 LRXABENS,
Ea
(Ox +dQy)dy+ (Qy +dQ, — Oy)dx —pphy dedynLFdxdy =0
d d I*w
. &Jr&_pphp_atz +F=0 (2.104)

Cox dy
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RIRENZ DIRB SN DSBS
Egs. (2.102,2.103) £ D Eq. (2.104) 3XA TIN5,

‘W W 9w I*w
D 2 hy——— —F =0 2.105
<a#‘+ aﬁaﬁ'kay4>+pppaﬂ (2.105)

WOWEIRKZ EIE T 25 EROMTFIRE T REII LT D IC % %,

9*W (r,1)

4
DV W(l',t) +pphPT

= F(r,t) (2.106)

: 3
rrzU, p=EoUEIMT) o P, o B OBRSL.
12(1 —v2)

Z 2T, IREEAL EANIDHNIRE 2 LT b ERET S & XA FEoNns,

DV*w(r) — pphpyo?*w(r) = f(r) (2.107)

7B L. W(rt) = wr)el®, F(r,t) = f(r)el.

2.6.2 RIRENHDITFRSEM

iR [32] & b ECHUREIS O BRI O WTRR 5, HEROBERSEM:E L Tid, [H
EXRE, HASCRi 2 ERRA R b OE Z S5 hs, ARIFFETIE, 1SO 140 KN JIS A 1416:
2000 THIE SN T2 X ) 287K, FREBOBG T 7 A0XFc kX Hwohn
ARy PXFHT X D EE I T ARG 2 UE L, BR B ol ZEN w KO
BiStawh e UlEf 0 2VYEC 28TV E2E 25, ZNENORIEME LT, Bl
Wtk — 2 Y FAVEL 3, BEREMFOEF IV E Fig. 2.10,2.11 1R, HOAE, B w
DAE, \HEAAH 0 DR EIEKICERTHMZIELE T35, Fig. 2.10 XD J1DD ) Hwid kK
TRING,

= —_—
—
Fig.2.11 rotational angle and moment.

Fig.2.10 Displacement and shear force.
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0 =—Zow (2.108)

L. Zo: WA Y E—F VX,
Egs. (2.102), (2.103) X D AW Q ZRATERI NS, d/dng IFER LEOWMR S L
Moy, 0/dlg \FBER ORIy 2 KT,
2 2
0=p" (8w+&w) (2.109)

dng \ dng?  9lg?

Egs. (2.108), (2.109) X O B,

g [ d*w 9w
é’nBz 0”1132

):Q:—%w (2.110)

ong

ERINS,

—77. Fig. 212 1R T X HITU BCITIZRU D E— XV b My, 28y JFNC, 34 AB T3
My D3 x NS A L TV 5, 206 1R, IMy/dy DEAWTDY y JTIAINS, IMyy/dx DY
AT x TN LT % 2 & EEMMiTH 5, Tk D, 4 BCITIFHNRE S Y7
h Eq. 2.111) OHRIE AW J123, 34 AB I2id Eq. (2.112) DHERE AW /12350540 L T
5L ERBZTIENTE S,

M, Mﬁ?%@ﬁ

Y )Y Y )Y Y )Y YiAYA)
AR EYANYAIVAIVI

Fig.2.12 Distributions of moment on boundary.

_ oM

&=®+a” @2.111)
y

_ OM.

%=g+7ﬂ (2.112)

720, MBC LU BADPKETSa—F—#B T, ACHE—AV D2
(2M,y) DEFIIER T 5,
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Egs. (2.101),(2.109), 2.111), (2.112) & b, HA&EAWI Q 3ERXATET Z LK 3,

— a (3w 9w
=D— | —+02-v)— 2.113
0-0. 0 (2 -n ) @.113)
Egs. (2.108), (2.113) & . Bif5:1x
J (3w 9w
D— | —+Q2-v)— | =-Z 2.114

ERTIENTES, W26 khE—XVFDO)HwigRATELEINS,

M = —Zy0 (2.115)
FRL, Zy: liig v E—F Y R,
Eq. (2.101) £ b, #iife—xX v MIiFRATcEKINS,

92w n %w
’v_
(911]32 é’le

M=D( (2.116)

Egs. (2.115),(2.116) X b, BiFgifix

3w 3w ow
D — | =2Zm0 = Zp—— 2.117
(8n32 +V§IBZ> M MG ( )

LRIN5,

2.7 BREXREICLSRIREZDOEIL
271 EZRAEALEANEFERHR

Wit 2 ARS8 Ui 23, WRBSZEAT 5, 2 2Tk 4 DDA
BznErn3HMEZET 2 12 HAEORGIPEEZEZH\ 5, fHixin TOLAZ a, &
5%, BiRZENIZ, z TADEE wy, xHlE DD DR 0, yHliEH D DEHEA 6,
D3 DDRITD5 7% %, HHEAIE Fig. 213 DX ) ICEET 5, FHiNLN a BT DX

IITRIN S,
Wi wi
ai{ Oui } —(3), (2.118)

HWENORHRZEMN 2z EL 02 LD L) ICEKI NS,

aj
e __ a;
a®=q o (2.119)

aj



27 HIREFRIEIC X 2 idlEhY; o 2L 31

zZtw Ya
J(-a,b) [(a,b)
0, y .
V .
0. i (-a,-b) k (a,-b)
U~x
Fig.2.14 TIllustration of a coordinate of ele-
Fig.2.13 TIllustration of rotational angle. ment node.

2T, BEAND AN EEM T 5%EHA L L TR 25, []

W= o + X + o3y 4 aux® + asxy + agy? + ogx’ + agx’y + aoxy? + aioy’ + ax’y + apaxy’

=Pl q (2.120)
S PN
P’ = { 1, x, v, X2, Xy, yz, x3, xzy, xyz, y3, x3y, xy3 } (2.121)
a ={ a1, o, a3, o4, s, a6, &7, a3, A9, a10, 11, A2 } (2.122)
TH 5,

L 735 ClHES 6, 0, EA T D k) icRI 3,

Qx = —03 — 05X — 20!6)7 — 20!8)62 — 2a9xy — 30!10)12 — 0611)63 — 3a12xy2 (2.123)
6y = 0 +20ux + a5y -+ 30x* + 208y + a9y + 301 %%y + a2y’ (2.124)

o 5 ap TTOERERD 2720, Ko EEE & SHim B 2R L, #A
PR EES D,k LICOWTYRT S, 2o RETRToOHERZ, FLOTUTD
kOB )7 RERZ PLICEDEBITE S,

a®°=Ca (2.125)

72720, C: HimEEOEICEDIRES 12X 12D MY 7 A,
Z ZTEq. (2.120) ZXAD X I IcEE S,

w=Pla=P'C 'a®=N,a° (2.126)
N, =P'C"! (2.127)

Np (ZEHREN z FTAEN w DT ORI CH 5, 72 C,C IF Fig. 2.14 123§ &9



32

B2E BT

L S N ERE REEE 2 BUET 5 & DL D Egs. (2.128),(2.129) TEI L5,

1 —a —-b
0O 0 -1
0 1 0
1 —a b
0O 0 -1
0 1 0
C= 1 a —-b
0O 0 -1
0 1 0
1 a b
0O 0 -1
! 0
[ 2 -b
_3 b
g a
—2 1
0 0
4 1
t Y
1 =
-1 1 b
C —8>< a% 0
0 0
0 _ 1L
IR
b31 b2
—— 0
L
L ab3 ab?

a® ab
0 a
—2a —b
a> —ab
0 a
—2a b
a> —ab
0 —a
2a —-b
a? ab
0 —a
2a b
a 2
-1 _3
_a éa
b b
1
—= 0
1“4
b ab
0 0
5 4
(ll a
5 0
0 0
0 _1
a0
a2b aib
ab’

272 BEANDEAFEEK

fiioNNELTR z TRDAZBEL fi THA %, BRNOKHIRN T2 LD S

EUTD XY &I,

b° =

| o —

S = |—=

o o

2
o

- o
[

Q
S
|

fi
fi
fx
h

Q
—_

|®‘IQ|

= |—

o

IS
="

- O O4
S

S
™|
S

)

—a*b
—a?
2ab
a’b
—a?

—2ab

—a*b
—a?

—2ab
a’b
—a?
2ab

QW N

IES Omw

|
wl’_‘

|”O g

e

)
S
W)

—ab*> b &b ab’ ]
—2ab -3b* & 3ab?
b? 0 —3a’b b
—ab*> b —a’h —ab®
2ab -3¢ & 3ab?
b? 0 3a*b b3
ab>  —-b  —d*b  —ab®
2ab  —3b*  —a&®  —3ab?
b? 0 —3a’b b
ab? b3 a’b ab?
—2ab -3b* -3 3ab*?
b? 0 3a’b » |
(2.128)
—b —a 2 b —a |
_b -1 3 b |
! a § 1 _a
]f b 1b
A T B
I T S
b b
0 “%1 —a% 0 %
0 —L 0 0 -
1 0 0 -0
0 =5 =y 0
1 1 1
01 ~3 % 01 pers
— - a2 0
ab ab ab .
(2.129)

22T, BERICE AT 2L HA L LTRAZHG 5,

F=Bi+Bx+py+paxy=Q"B

(2.130)

(2.131)
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L.

Q' ={1,xyx } (2.132)
BT ={ Bi, B, B3, P1 } (2.133)

Th s,

Bi 225 By TTOERKERD 270, KA OMEEE & N2, #s FBRXE 7R
T2, SNHAHTRTOAHERZ, FEOTUTDEIBZFYZRAERZ FLIZED
LHTE 3,

b¢ = Ef (2.134)

72770, E: SifBEOEICEYIREDL 4 X 4D ) 7R,
Z ZTEq. (2.131) EXAD X I IcEkE 3,

f=Q"B=Q"E 'b* =N¢b* (2.135)
Ni=Q'E™! (2.136)

Ni 391 f D7D DWRBESTH 2, 7 E E- 1K 2.9 1078 § EEH 5 %2 BlE
% &, LUF o Egs. (2.137), (2.138) TE I 3,

1 —a —-b ab
1 —a b —ab
E= L 4 —b —ab (2.137)
i 1 a b ab ]
[ ab ab ab ab |
_ 1 -b —-b b b
1 [ —
E _4abx 4 4 -a a (2.138)
1 -1 -1 1 |
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2.7.3 REESEOREDEM

Eidoticn U TREEFHOFEMZ2EH 5, RKEAFHOFEHIZ D350 GV olREEIC
b orGAE. Bk T LI REIELE ¢ 2BoNBLHE o T a5 LN LH
(NNT1o§ 25) ORNZ0 %S, LWIEREZERT LD TH S, EElotTix, 4T
frd e LT hoftSiz, WiElflhdie LTOFRIC & 205, Wo@EE)c X 24535, R
oo, R oMttt — X FOEER2EB T ANELDH B,
FTOTARICOWTHEMT S, OFARTIZ. Eq. (2.94),(295) L HhXAD kI ickod 5
nas,

29 9w 9V 9w

&= — = =zk, & =—=—7—5 =7k
x = o0 g =k &y 3y Zay2 zky
ou 9V 9%w
- 7 =7k 2.139
Ty dy + ox Zo”xa"y oy ( )

7B UL ke ky kg WETBOTEOMES 2 0 EALNETH D . KA TERING,

92 92 92
hh=—20 ky=—20 k=200
dy? Ixdy

ST - 0§ ARBIRAE Bq. (2.96), E— X ¥ M % Bq. (298) TE&ET S L, E—XA Vb
LHROBBRIZ, XXk Ic2 Y 7 A TEBITE 5,

(2.140)

o =De (2.141)

M . 1 0
G = Mx D_M v \1/ 0
M\ p= EAL}

My R=v) 1o 0 (1-v)2

=77 L.

(9w ) ( 9*PT )
e T
kx agcw a2PT —1_.¢ TH~—1_,e
E = ky = —0,,—}]2 = —? C 'a*"=R'C 'a
Fexy 9w 9°PT

\ oxdy / \ oxdy J

0O -2 0 0 —-6x —2y O 0 —6xy 0
0 0 0 -2 0 0 —2x —6y 0 —6xy
0 0 -2 0 0 —4x —4y 0 —6x> —6y°
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TR FEDOFEM X ) A DOEFICHE L T B3 EEZEIZIZDL T ORI D 7D,

/sTadS—i—/ wpphpv'&dS:/ wde—/ wZdeL—/ 0Z0dL  (2.142)
Te Ie T Ae Ae

Fo. WAOEFICEL TR WEZEIZIZDIT O D 2o,

/ e7 odS + / WpohovdS = / wfds (2.143)
T. T. T.

72720, T WIHDOHEFE, A WIADEIFICEE L TWw 23K, S BROMME, L Ak
LTw3iUTh 5,

F7-. Egs. (2.142), 2.143) O FKIHIZDL T D L H IcEE 5,

O HICKDHE

/ eTodS= [ e™DedS=a"C 7. [ RDR7dS-C'a¢ = aK.a® (2.144)
T. T T.

ROEHICLBHSE

/F WwophoivdS = —acT w?poh - /r N,7N,dS - a¢
= —a*T w2p,h,C / PPTdS-C'a® = —a*" 0’M.a® (2.145)
Te
ANDHLE
/ wids =asT . / N,"NydS b
Te Te
—aTCc 7. [ PQTdS-E~'b° = a°T Q.b° (2.146)

Te

L5 EO#EIEDDHLE

/A wZqwdL = a°" Zg - /A N, NpdL-a®

—a*"2,Cc"" . [ PPT4L-C'a® = a*"Kpg,a® (2.147)
Ae

EREOBEE—XY NDHSE

0ZpOdL = a°' Z /
M a oM Ae] dn dn

JP gPT
=a’zyCc . oo dL-C'a® = Kpya®  (2.148)
Ae N dn

Ae

Egs. (2.144), (2.145), (2.146), (2.147), (2.148) X V. Eq. (2.142) XU T Dk H ek 2,

(K +Kpq, + Kpm, — ©*M,)a® = Qcb® (2.149)
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B2E BT

R

¥7:. Eq. 2143) I T X HickINn b,
(Ko — 0°M,)a® = Qcb° (2.150)

SRDEHEDP S k5 RDTBEANBZEROTRAZz 2 TMAGLELbDEL S, Lo T
Egs. (2.149),(2.150) K Y AT D= b Y 7 ZATiRABF L1 5,

W
U< 6 p=Q:b (2.151)
9)’

U=K+Kq+Kn—o’M (2.152)

(Y
(R
A

Thb, LEL, WOk, e, #a<ebY 728 LTKE=K),M, Q. FIULEHED
FAW AT RN FISHIET 0 R Y 7 2 & LT Kq(=Kgg,), Km(= Kawm, ), IRE)
N7 BV w EHRR 7 BV O, 0, A7 b b TH D, T, BEAREIG DT b
IR O FIGTEA T ICB T 2 HEAZICEDEL ST L5,

b=p (2.153)

TH%, LEdo>T, Bq. 2.151) XD X H IcFEe 3,

Wi
UH{ 6 vy=Q-p (2.154)
9)’
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2.8 BEi5 & RIRENS DIERY

Z vy o AASRIES Q. BRAIEE Q OmSICEEYT 358

IRENSES T, MIBEEISL Ay, A BRIRENS T2 L 72 (2.37), (2.58), (2.76), (2.154) K % fizk
C eIk >T, IRBIER T, WIBESEAR Aj, A 1B 2000 E S, BUREYS <8 1) 2 4R
B A RD B, Lahio>T, BRI R &< b Y 7 2778308, Egs. (2.37), (2.58),
(2.76),2.154) =z £ L ®,

p
E —2H; 2H, —40’p[GOO] Pi 2pq
O Ji O 2000 B _ ) —Pan—Pan | 555
O O J —20%[L0O0| we [ o) '
-Q O o U O, 0]
\ Gy Y,

E7 %, 7L ERBREATIITS 5, BT, A, A BT 2 MHE A, ROIRBIZ L
B L MM X2 BEIC RS LItk koo,

v Y HNASAIER Q; ICOMAFET 2HE
frd R&< bV 7 2HHAZ, Eq. 2.155) iKW CEBEMO =y > 2 1cBT 5=V
PABIORZ L ZBRVWEL D ERD, Thbb

p
E —2H; —40?p[GOO] i 2pq
o I 20°p[;00] Wi > =14 —Pdn— Pdn (2.156)

Y
5%,

Zyv Y NEBAIEE Q ICOHFET DG
iR ¢ RE2 by 7 ASFRIE, Bq. (2.155) KBLTARMO=y > 2 icBlT 32 MY
JABLORZ P LzEWEdb0enh, bbb

p
E 2H, —40’p[GOO] P 2pd
0O J —20°p[OO] Wi { 0) } (2.157)
-Q O U Oy 0)
Oy

L%,



38

Zy Y IHAH - EBERAIEEOWTNICEFEELLRWES
fRd R&E=< ) 7 25 RE, Eq. (2.155) ICEWTAS - @@fllo =y > 2 icBid 3~
F)IZABLUORZ Pz bDERD Thbb

P

E —40%p[GOO] we | [ 2pg
0 U } o, _{ o } (2.158)
Qy

&.7;:%0

29 FESBBROES

4 & BAREN DR TR TH % Egs. (2.155), (2.157) & b FEH X 42 Hifi o i Rz
TR BV owe, T =y > 2B 2MEHHEAEXY RV pe % Bq. (2.27) I2fRA
T52 LT, WIDHREBRZFERZ L p ZXAUL DS,

p.=p (rp)
= —20’pGwi+2Hp; (1, €T) (2.159)

B, BB Y > 2 DL RLEEE. Egs. (2.156), (2.158) & h EHE N A WEH D
iR PR bV we &2 (227) ITARAT 2 2 LT, WRADHE FZEBRFTEXZ L p,
ZRAICEDES,

pi=p (rp)
= —20°pGw; (r, €T) (2.160)
22T, (292) X cRI N2 HAIRIETFHBEIAE 0 TAKT 28546, WKIH~D AL <
7— W igRATcEINSG,

abcos 0

a bl .
Wi(é)):/o /0 FRe(pa-va' ey = 2.161)
P U s AR AT . vg: A OB A5 00 B
F 72, *ﬁ@ﬁ’@@:\@f@/QV_VVt BRI R TRIN S,
a rb
Wi(0.0)= [ [ JRelpy-w)dxdy (2.162)
0 JO

7e72 L. pe MR R OZEMSEHE, vy 3258 0 M T 15 16 D R H
L7edio T, RO ARERE 1(0,¢). B L ORASEEEBEK TLy, 3. HiAZRE
FERZ bV py EHIRRLFZEAR T P we ORI K D E S N5,

_ Wi(0,9) wpc

= = I TSw,* 2.163
T(97(p) ‘/VI(B) abcos 6 m(pt Wg ) ( )
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TLgy, = —10log;o(7(0,¢)) (2.164)

7272 L. S: mETY
Sij = 0ijSe; Se;: B i DIAI

RARINIS, 7 v 8 LA KOG AR EBRKRIZARAIC X 2HAM T 2EE L TRA
kRSN D,

Ng N'g
TL = —10log,, (A >y w6y, ¢,-,-)w,-j) (2.165)
1=11=1

Blim
EEL. 1A= %/ $in 0 cos 06, B = 90°(7 ¥ & 1 AH), 78°(GF 85 A ), wij =
0
sin 6;jcos 6;;A0;jAg;
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210 #EEBAOERE. RFREE. B2 VTV T4 DEE
ASHRIESL Q;
AR Q WOEED K rp ICEB T 2 H I, Eq. 221) 226, XA W HEHS
nz,
P (89) = palry) +pd () +20%0 [ Gleg.rq)wilry)ds

&G Ip, Ty
+/ Blrg)” rp’rq 75U Ta) 4oy / a:: 9GTy) 4 (2.166)
q

—Ji EEDOR rp B SR THENY Friiick hEHE NS,

Virp) = =V (pulry) + i (1) = = | VG{ry.rwilr)as

1 dG(rp,r dG(rp,ry)

S p(rq)V kil VAR 7 / pYe) ) 45 ) 2.167

Jjop (/Aip(rq) ( dng ) > ( dng o) :
L7z3oT, HEZTEAL VT vy T 47 VT RRAICEDRDSENS,

1
I(rp) = Eer(rp) v (rp) (2.168)

EBAE Q
EBUHIL Q WOEE D 1y 1251 2 T/E12. B, 227) 76, KAk G &
nz,

p () ==20%p [ Glry,rq)wilrg)dS
+/ Al rp’rq Tl g / plry) r’f’ #) 45 (2.169)
—Ji. FERDOH rp ICB TR FHER 7 Pz kDRl s,
2w
v(ry) == [ VG(ryrgwilry)ds
b . dG(rp,ry / dG(rp,ry)
o (/Atp(rq) ( i )dS+ ( s )as ).170)
Lo, REEA VT vy T 47 PV TERACK kv snz,

1
I(rp) = Ep_(rp) v (rp) (2.171)
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—v Y RICET DR

\nix
Jdiy

3.1 [FU®HIC

ARETIE, BIECHEEL 2BUERT TIEZ 7RI X MY vy 728 T4tk 58
EHERRDOENENDHELERNTH 2 =y ¥ 2R OER 2 RS 5, =y > = ELE
AR KT T HE L DBIRIZO VT, ARG S & o BUEWRE 2179, F74.
=y ¥ 2 DIAEIG N E AT THEIC O W TEEZIT) .

I

3.2 MFE

Fig. 3.1 IR T & 912, MERKMI Ny 7 v O BGEARIY R % il CPH - 7= fi@ghre 7L %
MET %, FRIEHAIRIEFE2KTEA 0, Hiifs ¢ TAET 2oL L, SAFARE
IEBBER R T 5, ASAOBEELIEICEI L T, BEASER [36] TOMEDS 6;; =
6° ¥ 5, BRERIMAG —E8Ez v, BE A ZEm/NENTEED 6 77D 1 D
TIZ% 2 X ITHET %, 1/24 oct. band L EAPEHIZEWT Eq. (2.165) K hBEH L 725
VL AGHEBEREE . TRV X =BT 5 Z £ T 1/3 oct. band fi% 2k Hz £ THH
9%,

Table. 3.1 ~ 33 ICAFHEDOMGNIH WA KFEARIXA—FD—EE2R T, =y zitD
Wik, A - BRI —HIHFET 7 —AL LT, (I1,h)=(0.05,0),(0.15,
0),(0.3,0),(0.45,0),(0,0.45) ® 5/K#EEL L, FAS - ZBMOWHNAAEET 57 — A
LT, (I1,h)=(0.15,03),(0.225,0.225),(0.3,0.15) ®» 3 /Kk#aEL T2, HIb, A4t -&E
WH =y > 2D P = VDI IE 045 [m] T—ETH 5, = v =RICBEAL TIE, B
APHEREIRZ DO = v ¥ 2 [34] IR ONRA L L, AW CIEIEEERGT O 72 o i
VO R L REICREI N =y > 2 2 ET 5,

WUZHEA 7 A% E L, RIZIE by =5, 10, 15 [mm] O 3 K#E, L1 (@, b) = (0.9,

41
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HI3E — v ZRICBIY % BT

0.9),(1.5,1.25) ® 2 K#EL L, fhoPMEfEIcOWTIREEL TE5Z %,

JAZ A 2oL TiE, JIS A 1416: 2000 TH 7 AMEIEH O XM & L THEN R I N
TOEARATHRE, G THHINZ I LDE ARy MR E L, PMEEDOR
FE VB U CIEBEAERRZE [36] TORME T X =% KROTSCHR [35] 22 IH L. B850 0.1
(BAT Y 8),05087)D2KHEE L, thoPEELZEE L THZ %, BEBRUSFMT
DURERIEIIT DO VTIE, BRI [36] & F—ofiig €70 (HiEEREE 7L) 1I2XD
5.2 %, Fig. 33 IHTICHV A ETAD T v & LW AHRKO L 2L X —IRINEZ /R
[36], B T.RM €7V (HPSEGHAE 7V) DABITICH O SZFRFE TV TH 203, W
FTHNOWEICEB VL THWINEDO Y — 7 4k Hz Y Eo@EEHicBwTENTw3, Lk
D35 TZNEL DR fo 2 b DARMENTOMHTRR TIE, NN RIEEEISIC B T 2 0k
WHEEDT I TRV, ROMRFAERTOT 4 v 7OB LM 2T, &k L0GE
WIS EMME L ) bEWEEE k2 EEZ 5N S,

Table 3.1 Properties of plates.
size: (a [m], b [m])=(0.9,0.9), (1.5, 1.25);
thickness: hp = 5, 10, 15 [mm]; p, = 2500 [kg/mz];
v =0.22; E, =7.5x10'° [N/m?]; n, = 0.002

Table 3.2 Properties of a seal.
ds = 15 [mm]; hs = 5 [mm]; Es = 108 [N/m?];
ps = 1000 [kg/m?]; ny=0.1,0.5

Table 3.3 Depths of niches.
one side: /1 =0.05,0.15,0.3,0.45 [m]; [, =0 [m]
two sides: (/1 [m], [ [m]) = (0.15,0.3),
(0.225,0.225),(0.3,0.15)
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infinite rigid baffle
I,

Edge Support
hT a
S I N R
1'; W
P o4
F Plate
z
. W
A incident Fig.3.2 Edge support system.
Lo plane wave
Fig. 3.1 Analysis model.
hy=">5 [mm] hy=10 [mm)] hy=15 [mm]
1
1 E.=10'[N/m’]
2
=)
(]
8
=
.S
oy
2
O
< 77
O T UL | i T i L L ELL | i T i L | i M
100 1000 5000 100 1000 5000 100 1000 5000
Frequency [Hz] Frequency [Hz] Frequency [Hz]

p, =2000 [kg/m’] ———n =0.1(TRM) —n =05 (TRM)_____n =1.0(TRM)

p,= 1000 [kg/m*] ——— N, = 0.1 (TRM) ——— n =0.5(TRM)——— n_=1.0(T_RM)

p, = 1000 [kg/m’] e N = 0.1 (TRM) e N = 0.5 (TRM) . = 1.0 (TRM)

Fig. 3.3 Frequency characteristics of the random-incidence absorption coefficients of the

edge support models.
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FB3E vy o RICBE T A E

nbd
Putty Putty
wooden beating wooden beating
25 x 25 mm . 25 x 25 mm .
Setting block Setting block
\ (10 mm thick) \ (10 mm thick)
unit: [mm]
l 150 M 40 l 170 l 90 170
10 125
Vertical section Vertical section

Fig.3.4 Geometry of the test openings (TOIS). Fig.3.5 Geometry of the test openings (TOSW).

SEAED =y ¥ T REBEEG

Z T, HRFEMNME [33] TO= vy ¥ 2 RIEFMITOVTIHER S, FHKSIE, Figs. 34,
35T LI 2MHDREL L=y ¥ 2 REFKMHETEMZIT>TW05E, TNHD ) LR
TSR L I IE. BT (a,0) =(0.9,09), (1.5,1.25) Difj7r — 2B WT, FESMA
% Fig. 3.5 D X 9 I D A flat, o> 3 34 staggered &£ L7bDTH 2% (772 L, Rk
09,0.9), iRIZ 10 mm D7 —AD &, 434 staggered), = v > =R S 1& (NG, 76 {H])
=(0.1,0.) BEL AT EnHKS, Zo=y o o FHESEMTIE, STk [33] TORER
2> 5 12 500 ~ 2000 Hz DHFHHICE T, AL TOMHTNRTH % flat niche £ D D
BRI 2,3 dB FAEE 2 AN R S 4, FHEME E OMIKOBIZ Z 0 IclET 3
DD B,
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33 MBREEER
331 =y YIRBAAFAESAKIETHE

AN =y > 2 BFEIND 2 LIc kD, AFIES ITRERL OLA & B 2R
Kb EEZ6NS, ZITEITARETIE, = v ¥ 2 FEOEEIAGET G~ IX T
BEARDL, ABFCOA =y > 2R BEINIGEEEZEZL L, . =y = DER L
B AEFBEES ML, ff~ ) 7 2GR TH S Eq. (2.155) 2R 2L TfRohn
pEHAZE . Eq. (2.166) ICEBWTHHMEZER LE L TR 2 EHEME OFREZHW
TRD B Z EMHEKS,

IR OERZIRAL LTERATT) ., JUC KD FER LIRER & 2 IFHR &
Red 2 ETE, W6 OB EIEORE ALKk, LEZ 5N 5,

Figs. 3.6~3.10 (2. ASMUFE 30 ORI (1/24 oct. band HL L) 2R 7,
v BRI EREED T — 22 F 4 ICHW B 0 EFR—D [ =0.05,0.15, 0.225,
0.3,045[m] & L. #HE (a,b) =(0.9,0.9), A8 (0,¢) = (60°,0°) TH %, fliod AGH
TONMIIAER A Z2HI N0, =y ¥ 2 REEL OLAEDTH LI TRT,

WTNOREHICEWTD, =y DM I D EZ 2 EESMEZ AL TE D, fHA
£ LT, 125,250 Hz DARIE CTld= v > 2RI TIZ L, IRAD AT EE IR E %
SAi%ERT, 500 Hz DL ED ST EORRAEmIZFE £ > Tws, JudEiRics
WTIE=y > 206 DT OFEENRKRE VD EEZ 5N D,
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h=0.15 h=0.225

Sound pressure [Pa] {Incident side)

Sound pressure [Pa] (Incident side) X 7 X
0 3 6 ZY 0 3 N

Fig.3.6 Distributions of sound pressure of incident side at 125 Hz (incident angle: (6, ¢)
=(60°,0)).
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Sound pressure [Pa] (Incident side)

X X
0 6 12 I Y o 6 12 I Y

Sound pressure [Pa] (Incident side)

Fig.3.7 Distributions of sound pressure of incident side at 250 Hz (incident angle: (6, ¢)
=(607,0)).
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0.225

L= 10.05

L

T iy
AR

Sound pressure [Pa] (Incident side)

Sound pressure [Pa] (Incident side)

Fig. 3.8 Distributions of sound pressure of incident side at 500 Hz (incident angle: (6, @)

(60°,0°)).
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Sound pressure [Pa] (Incident side) Sound pressure [Pa] {Incident side) X
0 6 12 0 6 12 Z Y
| - | -

Fig. 3.9 Distributions of sound pressure of incident side at 1000 Hz (incident angle:
(8,¢) =(60°,0°)).
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Sound pressure [Pa] (Incident side)

X X
0 6 12 I Y o 6 12 &Y

Sound pressure [Pa] (Incident side)

Fig. 3.10 Distributions of sound pressure of incident side at 2000 Hz (incident angle:
(0,¢9) =(60°,0°)).
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Fig. 3.11 Ichfll= v & = FRER D 7 » 7 L ASERBR O HEMEZ 7 v 8 L AFHREO
B, HREOEHNTH % Sewell D [38]. K OSCHRFEMIM [33] & ff¢TRT (K
i (a, b)) =(0.9,09),n, =0.5) .

BERATNET = v > 2 RO 2R e & LT, WEICKS T f, DU O JEIEE
T, fo A LOEMEE T ERT2MHAICH Z, Zid=y > o FEDPTEOEEITHR,
B TlE =y > = TORETIC X DBICRTT 2 ARTEEE L, SIc 512N TZ D
i, AFREFEDMRA T 20 LEZ NS, IRBOBRE L L CIREIHTIZE
RKEWHATH 2, 7. FHIEE OFHIZ OV T, HE S mm TRRHERN R WG
ATH, 10,15 mm TIEEHEMES /NS K RS HEHATH 5, ZIUIFHEEIC B VTR
DWRDEE BB BT 274 v THHES LD, #ENS IO T 4 v 71K B EBIAAD
WERZIILDTHLEEIONS,

Fig. 3.12 ICHfl= v > = f%iER O 7 v ¥ L ASHE BB OFHHAE % FEk IR 3 (R~
% (a,b) =(1.5,125),ns =0.5) . FROMEE L TIFERTH %55, H~Fik (a,b) = (0.9,
09) IR, = v ¥ 2 IC L BEBIINE K o TWE I ENTD 5, ZHUIHEEDRIN
LHCHIROEEINI SR, 2y 2 Ik B EOFLGORENNIS B L, £
TeERIREC D, BEEBARRO ANGEICKIZTT =y > 2 DBV k5 L
WHEREE L TEZLND,
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F3F v 2 RICBIY 2GS

i

Sound reduction index [dB]

Sound reduction index [dB]

h, =5 [mm)] h, =10 [mm)] h, =15 [mm)]
50 T . -
] 7
40 /
10— i\ N A i
10
0
50
40
VI
i
A,
10
0 . . .
100 1000 5000 100 1000 5000 100 1000 5000
Frequency [Hz] Frequency [Hz] Frequency [Hz]
- /=0 — Mass law
- [,=0.05 - [=0.3 — Sewell expression
- [,=0.15 L=0.45 —e— Measured (0.93%0.93 [m?])

Fig. 3.11 Random-incidence transmission loss with one-sided niche, upper: 1/3-oct-
band, lower: single frequency ((a, b) = (0.9,0.9), ns =0.5).
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50

h, =10 [mm)]

h, =15 [mm)]

s
| 7

d

Sound reduction index [dB]

5000

10
0
50 ]
— v
% 40 | A/
= M |
B 4 MVMETEV\ A A (\f" I
g 30 g I\ YARURTIN YA
g ﬁ/‘f/\k \ I AR i
S 20 k/AY I |
2 T ’
=)
E
3 10
0 I n n
100 1000 5000 100 1000 5000 100 1000
Frequency [Hz] Frequency [Hz] Frequency [Hz]
- /=0 — Mass law
- [,=0.05 - /=03 — Sewell expression
- [,=0.15 =045 —e— Measured (1.5%1.25 [m?])

Fig. 3.12 Random-incidence transmission loss with one-sided niche, upper: 1/3-oct-
band, lower: single frequency ((a, b) = (1.5, 1.25), ns =0.5).
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Fig. 3.13 Il = v & = BERF D T v & 5 AGHE@IRR O FHEE % Rk IR 3 Wk
(a,b)=(09,09),ns=0.5)) , FhFE LTI MIFRER & FEOEm %2R 35, Ffll= v
Y RERICHAN, =y v 2 OFEBEE L o TV LI LR Tn 5, K=y ¥ =M
S E Ry — A THRENKRE OV, FEBEBHTICON, Wil= v > 2 FRERIC
BOWTLOT 4y 70EICS 7 FLTw S, WEETIZE f DMEEICEITL. =
S rEINWRICH L THNIITNS K 2270, BEZh> = HEDAEEP L, f. TD
Ty THENShbDEEIZONS,

Fig. 3.14 ICHliffll = v > = &iER D 7 » ¥ 5 AFHEHE R DA %2 R T BT (a, b)
=(1.5,125),1n,=05)), Hll=v > o iER & KT 2 L RPHBEIRONED, 20
BEEE LT/ E W,

7 BFWME & DX DWW T, BEHEIK S TGS £ H R R, WTnofs)
FEIZBWTH, KRS f B HFBICB W T EDEIFZRE L o Tw B2, Ziudit
BEICB U 2B EROMENRE WEEZ SND, Jadod ), MiTicivwiLfise T
VDIV F—WIERDOE— 7 3 dk Hz DLEDEZIHRTH 5720, 21k RO
fo £ 2R — 2Tl WOHRFINETOT 4 v 7OHBEEM 21T, 2ff & L THHl
ik b HFEBERPEEIIICH 2 EEZ 6N D, o, HHETO= v > = GRiESAM D
flat niche TR W I &6, ElfEIZ=v > 2 IC kX AHERHKNI W EH—KHE L
TEFoN 5,
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Sound reduction index [dB]

Sound reduction index [dB]

Frequency [Hz]

100 1000 5000 100 1000

Frequency [Hz]

5000 100 1000
Frequency [Hz]

— (1, £)=(0,0)
~o- (I, ) =(0.45,0)

~o— (I, ) =(0.3,0.15)
—o- (I, L) = (0.225, 0.225)

— Mass law
— Sewell expression
—o— Measured (0.93x0.93 [m?])

Fig. 3.13 Random-incidence transmission loss with two-sided niche, upper: 1/3-oct-

band, lower: single frequency ((a, b) = (0.9,0.9), ns =0.5).

5000
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Sound reduction index [dB]

Sound reduction index [dB]

50

h,=10 [mm]

10

Frequency [Hz]

100 1000 5000 100 1000

Frequency [Hz]

5000 100 1000
Frequency [Hz]

- (I, 1) =(0,0)
o (I, L)) =(0.45,0)

~o— (I, ) =(0.3,0.15)
—o- (I, L) = (0.225, 0.225)

— Mass law
— Sewell expression
—o— Measured (1.5x1.25 [m?])

Fig. 3.14 Random-incidence transmission loss with two-sided niche, upper: 1/3-oct-

band, lower: single frequency ((a, b) = (1.5, 1.25), ns =0.5).

5000
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RAFEBEE L

Figs. 3.15~3.19 12, RJE 10 mm, 3SR DEFIARE 0.5 TORAGHE B K534 O H
—JA%EL (1/24-oct-band LWL TORRZHIRT 2, = v > = DEMICL D oA
HiEZHES R o, =y > =L Tl o AIICHEEN—RTH 2Dl L, mifll=y
I TIRZDOMEANPRKECHANTVS, fo DA ED 1334 Hz TlX, 0 =70° 2824 v 75
VAANGH E T B3, Wl = v > = TIREGE AR OEIBIBR D L IA AR DMER T
E 5,

LMD 6, = v & 28R ICIE AR AREEDSH 5 2 & FICEB AR ICE W T
ZDOWEPRESBD LD 5, THUIHIHITHIBRIGED | BOEARFHIRAD A
WEHEN=y > 2 IC K 2B L2 MR T 2720 TH), ZOFEDOREIZ=y > 2 TBIRD
Kih> 5 | staggered niche (Bt72% D=y > x) X D b flat niche D TRKEVEEZ S
na, HILEEZ D=y > 2 ThHIUL, FREOEHEASHHTH > TH, flat niche IZH
RZy 2 DOFEIRIFICCWEEZILGNS, ZHUIHEMIC X 2BHEOWE [33] L b6
BT 5, Lo T, =y 23 o2 LD/ T 51, KX TOMRNRT
&b % flat niche IZXf LT, BEEZ&IT 5, HH0IEIEMNZOIT2HEO=y ¥ 2 JBIREITD
HRDPENTH S Z EDRBING,
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(4, 1) = (0, 0) (1., 1) = (0.45, 0) (,,1)=(03,0.15) (I, 1,) =(0.225, 0.225)

Fig. 3.15 Incidence angle dependence of transmission loss with/without niche at 374 Hz
(< fo) ((a,b)=(0.9,09), hy = 10 [mm], ns =0.5).

(4, 1) = (0, 0) (1., 1) = (0.45, 0) (,,1)=(03,0.15) (I, 1,) =(0.225, 0.225)

Fig. 3.16 Incidence angle dependence of transmission loss with/without niche at 500 Hz
(< fo)((a,b)=(0.9,09), hp =10 [mm], ns =0.5).
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(4, 1,) =(0,0) (,, ) =(0.45, 0) (1,,1,) =(0.3,0.15) (,, 1) = (0.225, 0.225)

Fig.3.17 Incidence angle dependence of transmission loss with/without niche at 630 Hz
(< fo) ((a,b)=(0.9,09), hy = 10 [mm], ns =0.5).

(4, 1,) =(0,0) (,, ) =(0.45, 0) (,,1,) =(0.3,0.15) (,, 1,) = (0.225, 0.225)

N— T
. 35 T

35
\35:
90° 0 0° 45°

Fig. 3.18 Incidence angle dependence of transmission loss with/without niche at 1334
Hz (> fc) ((a,b) =(0.9,0.9), hp = 10 [mm], ns = 0.5).

(1, 1) = (0, 0) (1,, ,) = (0.45, 0) (,,1,)=(03,0.15) (I, 1) =(0.225, 0.225)

Fig. 3.19 Incidence angle dependence of transmission loss with/without niche at 1943
Hz (> fc) ((a,b) =(0.9,0.9), hp = 10 [mm], ns = 0.5).
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A& - iR DOIREER

Bk (a, b) =(0.9,0.9), B by = 10 mm, SCFRM DIHEARE ns = 0.5 TOAS - iEitd
HcoBEHIA, WOIRERREE, AFHH - FdflloFE o4 (YZ PR, x =045 [m]) %,
=¥ ESM (1, L) = (0.45,0) (Figs 3.20~3.24). (I1,1;)=(0.3,0.15) (Figs .3.25~
3.29). (I1, L) =(0.225,0.225) (Figs .3.30~3.34) IR d, HERNRELT, =y
REME L O (Figs .3.35~3.39) b0 TRT, fo LD 630 Hz (A% 0 =45°,¢
=45°) TOMRERTH 20, = v ¥ 2 KBEIC X 2 U5 S . WOREBIMEIR~D K & 72755
VRO NS, WOWREE—F, FEEEFEIEIAME LTI ENDFHEML 22 %25 LT
208, =y ¥ 2 BFACES OEEICRODIRS 1, BEGTENRKEL EoTwE L
D5,

Eio, FEMET — 2D f, DLED 1334 Hz (ASH 6 =60°, @ =45°) (Z&IT 5 FAERkD
S3fi % Figs 340~359 1”7, = vy =REML, Ffll= vy > = DBEA&TIE, PESIR
BE—F2BRsN, BEFES ZIUSHE L 202K LT3k L, @Elflic = v
Y IREDH M=y > = TIEZ DI PRHN TS, Flic=y > =~ 11 O
Bacld, AT CRITINICEESE 22 E o n, £/ YZ FHTOEESMH
z FFANCAEE & 722 20 H o, ERIMCEMR TS ZIPR L T2 LEZ6Nnb,



33 MaAt L B

61

(l1, 1) =(0.45,0),630 Hz, 0 = 45°, ¢ = 45°

Sound pressure [Pa] (Incident side) X Sound pressure [Pa] (Transmission side) ¥
0 6 12 Zv 0 0.25 05 g
|- . [ . -
Fig.3.20 Distributions of sound pressure of Fig.3.21 Distributions of sound pressure of
incident side. transmission side.

Vibration velocity [mis] X
0 0.00025 0.0005 vy |z
| .

Fig.3.22 Distributions of vibration velocity of plate of transmission side.

Sound pressure [Pa] (Incident side) Sound pressure [Pa] (Transmission side)
0 6 12 v x 0 0.25 05 Yy X
| . |, | - |,

Fig.3.23 Distributions of sound pressure of Fig.3.24 Distributions of sound pressure of
incident side; YZ plane, x=0.45 [m]. transmission side; YZ plane, x=0.45 [m].
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(I1,1) =(0.3,0.15),630 Hz, 0 = 45°, ¢ = 45°

Sound pressure [Pa] {Incident side) X
0 6 12 ¥
[ .

Fig.3.25 Distributions of sound pressure of
incident side.

Sound pressure [Pa] (Transmission side) x

0 0.26 05 %
[ . .

Fig.3.26 Distributions of sound pressure of
transmission side.

Vibration velocity [m/s] X

0.0005 v |z
.

Fig.3.27 Distributions of vibration velocity of plate of transmission side.

0.45
0.9

0.45

0

Sound pressure [Pa] (Incident side)

0 6 12 vy X
| = - |,

Fig.3.28 Distributions of sound pressure of
incident side; YZ plane, x=0.45 [m].

0.45

0.9

Sound pressure [Pa] (Transmission side)

0 0.25 05 v X
= - |,

Fig.3.29 Distributions of sound pressure of
transmission side; YZ plane, x=0.45 [m].
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(l1, 1) =(0.225,0.225), 630 Hz, 0 =45°, ¢ = 45°

Sound pressure [Pa] (Transmission side) X

Sound pressure [Pa] (Incident side) X v
. . w v 0 0.26 05 ?j
Fig.3.30 Distributions of sound pressure of Fig.3.31 Distributions of sound pressure of

incident side transmission side.

Vibration velocity [mis] X
0 0.00025 0.0005 vy |z
| .

Fig.3.32 Distributions of vibration velocity of plate of transmission side.

Sound pressure [Pa] (Incident side) Sound pressure [Pa] (Transmission side)

0_ 6 _12 L‘: 0 0.25 _0.5 Y_‘:
Fig. 3.33 Distributions of sound pressure of Fig.3.34 Distributions of sound pressure of

incident side; YZ plane, x=0.45 [m]. transmission side; YZ plane, x=0.45 [m].
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(lla 12) = (0, 0), 630 HZ, 6 = 450, (p = 450

Sound pressure [Pa] {Incident side) X Sound pressure [Pa] (Transmission side) x
[ 6 12 I v 0 025 05 LA
| . A [ - .
Fig.3.35 Distributions of sound pressure of Fig.3.36 Distributions of sound pressure of
incident side. transmission side.

Vibration velocity [m/s] X
0 0.00025 0.0005 v |z
|

Fig.3.37 Distributions of vibration velocity of plate of transmission side.

Sound presaure [Pal (neldent sce) Sound pressure [Pa] (Transmission side)

3 2 Y x
- - m —\Z 0 0.25 05 vy x

| = - |,

Fig.3.38 Distributions of sound pressure of . R
L . Fig.3.39 Distributions of sound pressure of
incident side; YZ plane, x=0.45 [m]. o .

transmission side; YZ plane, x=0.45 [m].
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(I1,1) =(0.45,0), 1334 Hz, 6 = 60°, ¢ = 45°

Sound pressure [Pa] (Incident side) X Sound pressure [Pa] (Transmission side) ¥
0 6 12 Zv 0 0.128 0.25 g
e | [ . .
Fig.3.40 Distributions of sound pressure of Fig.3.41 Distributions of sound pressure of
incident side. transmission side.

Vibration velocity [mis] X
0 0.000125 0.00025 Q z
[ . .

Fig.3.42 Distributions of vibration velocity of plate of transmission side.

Sound pressure [Pa] (Incident side) Sound pressure [Pa] (Transmission side)
0 6 12 v x 0 0.125 025 v x
| - | - |,

Fig.3.43 Distributions of sound pressure of Fig.3.44 Distributions of sound pressure of
incident side; YZ plane, x=0.45 [m]. transmission side; YZ plane, x=0.45 [m].
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(l1,1) =(0.3,0.15), 1334 Hz, 6 = 60°, ¢p = 45°

Sound pressure [Pa] {Incident side) X
0 3 1 ¥
[ - .

Fig.3.45 Distributions of sound pressure of
incident side.

Sound pressure [Pa] (Transmission side) X

0 0.125 0.25 L;J
| s

Fig.3.46 Distributions of sound pressure of
transmission side.

Vibration velocity [m/s]

0
[

X
¥z

0.00025
.

Fig.3.47 Distributions of vibration velocity of plate of transmission side.

0.45
0.9

0.45

0

Sound pressure [Pa] (Incident side)

0 6 12 v x
| = "

Fig. 3.48 Distributions of sound pressure of
incident side; YZ plane, x=0.45 [m].

0.45

0.9

Sound pressure [Pa] (Transmission side)

0 0.125 025 v x
= -

Fig.3.49 Distributions of sound pressure of
transmission side; YZ plane, x=0.45 [m].
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(l1, 1) =(0.225,0.225), 1334 Hz, 6 = 60°, ¢ = 45°

Sound pressure [Pa] (Incident side) X
0 6 12 v
[ .

Fig.3.50 Distributions of sound pressure of
incident side.

Sound pressure [Pa] (Transmission side) x

0 0.125 0.25 \%
| |

Fig.3.51 Distributions of sound pressure of
transmission side.

Vibration velocity [m/s]

0
[

X
vz

0.00025
- .

Fig.3.52 Distributions of vibration velocity of plate of transmission side.

0.45
0.9

0.45

0

Sound pressure [Pa] (Incident side)

0 6 12 v x
| = - |,

Fig.3.53 Distributions of sound pressure of
incident side; YZ plane, x=0.45 [m].

Sound pressure [Pa] (Transmission side)

0 0.125 025 vy X
= - |,

Fig.3.54 Distributions of sound pressure of
transmission side; YZ plane, x=0.45 [m].
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(l1,1) = (0,0),1334 Hz, 0 = 60°, @ = 45°

Sound pressure [Pa] {Incident side) X Sound pressure [Pa] (Transmission side) x
[ 6 12 I v 0 0.125 025 LA
. - e [ -
Fig.3.55 Distributions of sound pressure of Fig.3.56 Distributions of sound pressure of
incident side. transmission side.

Vibration velocity [m/s]

0 0.000126 0.00025
| - .

X
¥z

Fig.3.57 Distributions of vibration velocity of plate of transmission side.

0.45

0.9

Sound pressure [Pl incident sl Sound pressure [Pa] (Transmission side)

- — T: 0 0.126 025 y x
= - |,

o

Fig.3.58 Distributions of sound pressure of

e . Fig.3.59 Distributions of sound pressure of
incident side; YZ plane, x=0.45 [m].

transmission side; YZ plane, x=0.45 [m].
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() XFEMDBEROZE
T VY LASEBER

-

Figs. 3.60,3.61 I[Zilifll = v > = RERF D 7 v & L AGHE#EER D
(a,b)=(09,09),(15,125),n,=0.1)), =v > =

MIZDWTH, =05 DEAELFAKTH %,

Sound reduction index [dB]

Sound reduction index [dB]

AIREZ N T (T
REDHMIHK S T, mBiEK DA
E0. HBIRBEEICEBIT 2T 4 v 7R BoT05, =y 2 ROMEME LT
ns = 0.5 DEA LR, fo LT TET, U ETERMITHZ, ns=0.5 TORGE L
R, REICEESF O RN, BEHEPRE Lo GHEICIEENNS LD H

h, =5 [mm] h, =15 [mm]
50 T .

6 [mm] Je Je /
40 l A
=4 </

2

S

AT N

10

S

50

0
100

Fig. 3.60 Random-incidence transmission loss with two-sided niche, upper: 1/3-oct-

YA filh
1000 5000 100 1000 5000 100 1000
Frequency [Hz] Frequency [Hz] Frequency [Hz]
- (I, ) =(0,0) - (I, b)) =(0.3,0.15) — Mass law

—o— (I, L) =(0.45,0)

~o~ (I, b) = (0.225, 0.225)

— Sewell expression
—-o— Measured (0.93x0.93 [m?])

band, lower: single frequency ((a, b) = (0.9,0.9), ns =0.1).

5000
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Sound reduction index [dB]

Sound reduction index [dB]

50

h,=10 [mm]

Frequency [Hz]

100 1000 5000 100 1000

Frequency [Hz]

5000 100 1000
Frequency [Hz]

- (I, 1) =(0,0)
o (I, L)) =(0.45,0)

~o— (I, ) =(0.3,0.15)
—o- (I, L) = (0.225, 0.225)

— Mass law
— Sewell expression
—o— Measured (1.5x1.25 [m?])

Fig. 3.61 Random-incidence transmission loss with two-sided niche, upper: 1/3-oct-

band, lower: single frequency ((a, b) = (1.5, 1.25), ns =0.1).

5000
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=y ¥ LIS 2 RERD 7 v & L AGEIEREE (1/3-oct-band) D7 (= v ¥ =@
BED -ML) ZREE LT, Fig. 3.62 ICHll=y > 2 D~Fik LR BOBEFRZ R T
(B~ (a,0) =(0.9,09), 1, =0.5), Hll=y > 2 DEA, f AT TRBIFERIZALRD,
=y v PEL BB ONTHERIENT 2 H 5, £/ L UTTH->TH, f ITE
WA TR =y v I LGS IR RDIE L 2 A AL RSN, f D
FizowTid, 2T —ATHRRIFIEE R, HTOLHIRN2bDD, HHTE

D

RSP ET—ELER S,

h,=5 [mm]

h,=15 [mm]

f<f,

f<f,

-10
-15 : :
0 0.15 0.3 0.45
I [m] 10
5 _________
—=—100Hz —8—200Hz | | me--c-mesccoco-ewee-ooooop O S i
125 Hz 250 Hz od -
—+— 160 Hz 315Hz |
——400Hz |Z
e S00Hz o 1000Hz | & -5
630 Hz 1250 Hz
----- 800 Hz 1600 Hz -10
--v--2000 Hz
f>f, f>f
-15 ' ' . :
0.15 0.3 045 0 0.15 0.3 0.45

ly [m]

Fig. 3.62 Influence of the depth of one-sided niche on random-incidence transmission

loss ((a,b) = (0.9,0.9), ns = 0.5).
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BHEATK 0By E (BHE (a,b) = (1.5, 1.25), 1 = 0.5) OZRRO LT 2 RIS Fig.
3.63 1T, Wi (a,b) = (0.9,0.9) DBAITIEA, f BT, BLEIC BIFISHK S 31
RIPREIVNS S AR O NS, £ fo UT OREBEHIR TR EAIEICE L
BERLIZIER S NA L BTV 2,

h,=5 [mm] h,=10 [mm] h,=15 [mm]
10 T T " . " .
f<f, f<f, f<f,
5
— 0
m
=
g -5
-10
-15 : :
0 0.15 0.3 0.45
I [m] 10
5 s
—=—100Hz —=—200Hz JFTmm e T T, ,/
—+—125Hz 250 Hz 0b S TmmesmmERIIoA IO
——160 Hz 315Hz )
—v—400 Hz =
=
~-m--500Hz --8--1000Hz |< -
--e--630 Hz 1250 Hz
--4--800 Hz 1600 Hz -10
--v--2000 Hz
f>f f>f
-15 : : : :
0 0.15 0.3 045 0 0.15 0.3 0.45
Iy [m] [y [m]

Fig. 3.63 Influence of the depth of one-sided niche on random-incidence transmission
loss ((a, b) =(1.5,1.25),ns =0.5).
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Qmilzy>x

[FAERIC Fig. 3.64 ICiifll = v > = D~k LR R OBIR 2 R § (HHE (a,b) =(0.9,0.9),
Ns=0.5) . fo LT TIEFMHARES % L WESIIRESRALE R D, fo L ETiERE
RO D 25, F MRS 2355 L wHEI, fo U ETORREOMHLPRH S
%, B, AFMH EFBEROEZ IZOWTIE, R EIRED 5L,

FEREICE T 2 @AM O EWE QBT [1,2] TlE. AH - B#lll= vy > =S
DIWHEZ 2112725 LDOBEDPRINT WS, Z1UdEk 2 FEREM T OB E N E D
EWIZ X BZMEMDOAR—F 2 L% TH-0DHETH 258 [39]. Aafic ki, A
5 - @@l OIRISERERSRE I NS HAICB VLT, =y ¥ SR OME R (K
BT 22 EDHETHEEEZOND, =y ¥ o FRIFHIERE R Lo CHEEALR 7 7
PH—=ERB IS, ZOWERIHT 5 2 L ILEFHEOMEMOEEE. K OHH
Mo o UREFAGFERTHZ LS 25, FRIEHED. HIEHEO EoFEEEK
L=y Y 2RO ENEEINIAMETH 2 EEZ D L, AETTR L7 X 5 ICHIHREDIE
VISR S v, FEHIE IS LRI EYOMIEZIT) 2 & T, =y ¥ =R D
R ZRELMEEIME o NS Z EBHEINS,

h,=5 [mm] h, =10 [mm] h,=15 [mm]
10 - : : : : :
f<f f<f, f<f,
5
B g .
g oSS P BN £
ol = =N T e T
10 2
-15 : .
0 0.15 0.3 0.45
Iy [m] 10
8- 7T A
5 PO A S
—=—100Hz —=—200Hz |  f=--="""""" Tep AT T A S D
125 Hz 250 Hz 0
—+—160 Hz 315Hz |z
—v—400 Hz =,
Cw 500Hz -5 -1000Hz |S -5
630 Hz 1250 Hz
----- 800 Hz 1600 Hz -10
--v--2000 Hz
f>f, f>f,
-15 : : : :
0 0.15 0.3 045 0 0.15 03 0.45

[, [m] [, [m]

Fig. 3.64 Influence of the depth of two-sided niche on random-incidence transmission
loss ((a, b) =(0.9,0.9), ns =0.5).
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Fig. 3.65 \ZH~1k (a, b) = (1.5,1.25) OfERZ IR T, ASHH - FlEfll=v > =D
F—=FNVDHEZIZ045 [m] TEE L, KTIEARHM=y > =X [ 2HfilicE >Tw
5. fo LT, BEICBOTHRMREEIZ/NS K 22 HABR S NS, T AGMH & E il
DEZIZOWT, A ZSPR RN TV 5, 2D 1.5x1.25 [m?] O~FEiE, JIS A
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Y 2 IROERERL L) LT 52613, R D AG - @R T T DI
RE2HRETL2O08LEE L VWEEZ S,

h,=5 [mm] h,=10 [mm] h,=15 [mm]
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125 Hz 250 Hz ofiiiiissmencomwnnzgzeeoooeod P00 SIfgst TRt sII
—+—160 Hz 315 Hz )
—v—400 Hz =
~
~-w--500Hz --@--1000Hz [< -
630 Hz 1250 Hz
----- 800 Hz 1600 Hz -10
--v--2000 Hz
f>f, f>f,
-15 ' : ' :
0 0.15 0.3 045 0 0.15 0.3 0.45

ly [m] [y [m]

Fig. 3.65 Influence of the depth of two-sided niche on random-incidence transmission
loss ((a, b) =(1.5,1.25),ns =0.5).
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Fig. 3.66 Influence of the depth of two-sided niche on random-incidence transmission
loss ((a, b) =(0.9,0.9), ns =0.1).
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Fig. 3.67 Influence of the depth of two-sided niche on random-incidence transmission
loss ((a, b) =(1.5,1.25),ns =0.1).
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Fig.4.1 Measurement surface setting.
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Fig.4.2 Transmission power ratio ((a, b) =(0.9,0.9), ns =0.5).
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Fig.4.3 Distributions of sound pressure and Fig.4.4 Distributions of sound pressure and
active intensity at 500 Hz, 6 = 0°, ¢ = 0° active intensity at 1334 Hz, 6 =0°, ¢ =0°
(I1,br) = (0.225,0.225), hp = 10 [mm]. (I,b) = (0.225,0.225), by = 10 [mm].
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Fig.4.5 Distributions of sound pressure and Fig.4.6 Distributions of sound pressure and
active intensity at 500 Hz, 6 = 45°, ¢ = 45° active intensity at 1334 Hz, 0 =45°, ¢ =45°

(l1,12) = (0.225,0.225), hp = 10 [mm]. (l1,1r) =(0.225,0.225), hp = 10 [mm].
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43 REER: 58 - 7O0-THEORIE R
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A VT vy T 4R OGRS EREINETE EoBGERERICBI L T, Hifficid=y > =3k
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45,
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- 7u— 7 OHEFEED 2 D . PU probe 1XUTHiEfE, PP probe 1% & % FEEEHREE % #f L 72
HIETH 5,

AEiTld, £ PU probe 2\ 7 WO FEGHIIG], PU probe AR, 77— 71
IEFRIC OO TR L 7215, HIEM %2R T,

PU probe DEARFIE

B 7 7 10— 7 (U probe), % Wi 2/ Blw A 7a 7+ v EflAGbE 7 PU
probe (3/NUTH 2 Z &5 FHIRICESE S ¢G5 RETH D, TETIEINEF]
MU 7R E Rr O JIE [40,41,42] RHEA v 7> T7 4 OHIE [43] = EDfTbi T
W3, L2 Lo, @M oM HIEIC PU probe Z V2Bl Ao TweZw, &%
ATy T 4RI K 2 RAFHEWEREOMNE [2] TR 2 A Z7ud v iEBHlvoin s
D3, RFEEE 2 MOFETHRZMAMT 2 2 &6~ 7 v 7 5 v BRCHIENEIC
HlFID34 T %, PUprobe I X 2HIEIC L UE, ZoflfZzRETE3 EZ2 615, K
HI%E TH\>7z PU probe (Microflown #1:%1 PU regular) 22T, ZDFEARHEE LT

1 fEmAtEE U<, 2% 8 oFRiE% R (Fig. 4.7)

2.p ¥ ¥ —I 100~3kHz ¥ Tl & (Fig. 4.8)

3.ut ¥ ¥ —Ii3 100~10kHz % Tl —HREE (Fig. 4.9)

4. Y —2MAZ IS5 LD 180 EET 5 (Figs. 4.10,4.11)
5. DM EEZ TR T VO THEISHERZHET 2

T o s,
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Fig. 4.7 Directivity of PU probe.
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Fig. 4.8 Frequency characteristics of p-sensor.

Fig.4.10 Example of configuration of PU probe.
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Fig.4.9 Frequency characteristics of u-sensor.
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Fig. 4.11 Phase shift between sound pres-
sure and particle velocity(L: 1, R: 2).
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Fig. 4.12 IZME 7 — & DA IEIC D W T OBEEX, Fig. 4.13 12 Cr BT DT O
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—_ > Analyzer —>» Crp[Pa] —>» p[Pa]
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Fig.4.12 The outline of calibration of data measured by PU probe and Sound level meter.
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Fig.4.13 The outline of derivation of Cg.
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Fig.4.14 Scenery of measurement for calibration.
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Fig.4.15 Correction functions.
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Anehoic room Reverberation room
Glass wool J\
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(B&K, PULSE) Microphone
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[FFT] [1/3 oct] PP probe
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Amplifier Recorder 2¢h signal (BOSE, 101MM)
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2690 (Mic.) |_
2691 (PP.)) (SONY, (Microflown,
PCM-D50) signal conditioner)
[PC J T T 1] =
Audio interface Graphic equalizer Amplifier
(RME, FIREFACE 800) (BEHRINGER, (Roland, SRA-2500)

ULTRAGRAPH PRO)

Fig.4.16 Measurement setup.
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Fig.4.17 Measurement scenery.

Fig.4.18 Measuring point.
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Fig.4.20 Comparison of transmission loss (1/3-oct-band).
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Fig.4.21 Distributions of sound intensity level of a glass 10 mm thick at 175 Hz.
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Fig. 4.22 Distributions of sound intensity level of a glass 10 mm thick at 1156 Hz.
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Fig.4.23 Distributions of sound intensity level of a glass 10 mm thick at 1218 Hz.
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Fig. 424 Distributions of sound pressure level (left), particle velocity level (right) of a
glass 10 mm thick at 175 Hz (PU probe).
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Fig. 4.25 Distributions of sound pressure level (left), particle velocity level (right) of a
glass 10 mm thick at 1156 Hz (PU probe).
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Fig.4.27 Transmission power ratio ((a, b) =(0.9,0.9), ns =0.5).
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Fig. 4.28 Distributions of sound intensity at 1224 Hz, (/;, ) = (0.1, 0.25), h, = 10 mm,
dm =0.025 m, incident angle: (8, @) = (0°,0°)).
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Fig.4.29 Distributions of sound intensity at 1224 Hz, (I;, ) = (0.1, 0.25), h, = 10 mm,
dm = 0.1 m, incident angle: (6, ¢) = (0°,0°)).
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Fig. 430 Distributions of sound intensity at 1224 Hz, (/;, ) = (0.1, 0.25), hp = 10 mm,
dm =0.25 m, incident angle: (6, ¢) = (0°,0°)).
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Fig.4.31 Distributions of sound intensity at 1224 Hz, (I1, ) = (0.1, 0.25), hp = 10 mm,
dm =0.025 m, incident angle: (6, @) = (60°, 0°)).
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Fig. 4.32 Distributions of sound intensity at 1224 Hz, (I;, ) = (0.1, 0.25), h, = 10 mm,
dm = 0.1 m, incident angle: (6, @) = (60°,0°)).
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Fig. 4.33 Distributions of sound intensity at 1224 Hz, (/;, ) = (0.1, 0.25), hp = 10 mm,
dm =0.25 m, incident angle: (6, ¢) = (60°,0°)).
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Sound pressure [Pa] (Incident side) 7 X Sound pressure [Pa] {Incident side) X
0 3 6 LY 0 3 6 I Y
HEN S e HE e

Fig. A.1 Distributions of sound pressure of incident side at 125 Hz (incident angle: (6, ¢)
=(0°,0%)).
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Fig. A2 Distributions of sound pressure of incident side at 250 Hz (incident angle: (6, ¢)
=(0°,0%)).
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Sound pressure [Pa] {Incident side) 7 X Sound pressure [Pa] {Incident side) X
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Fig. A3 Distributions of sound pressure of incident side at 500 Hz (incident angle: (6, ¢)
=(0°,0°)).
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Fig. A4 Distributions of sound pressure of incident side at 1000 Hz (incident angle:
(0,9) =(0°,0%).
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Fig. A5 Distributions of sound pressure of incident side at 2000 Hz (incident angle:
(0,9)=(0°,0°).
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Fig. A.6 Distributions of sound pressure of incident side at 125 Hz (incident angle: (6, ¢)
=(30°,0%).
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Fig. A7 Distributions of sound pressure of incident side at 250 Hz (incident angle: (6, ¢)
=(30°,0°)).
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Fig. A.8 Distributions of sound pressure of incident side at 500 Hz (incident angle: (6, @)
=(30°,0°).
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Fig. A9 Distributions of sound pressure of incident side at 1000 Hz (incident angle:
(0,9) =(30°,0%).
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Fig. A.10 Distributions of sound pressure of incident side at 2000 Hz (incident angle:
(8,¢p)=(30°,0°).
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Fig. A.11 Distributions of sound pressure of incident side at 125 Hz (incident angle:
(0,9) =(45°,0%).
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Fig. A.12 Distributions of sound pressure of incident side at 250 Hz (incident angle:
(0,9) =(45°,0).
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Fig. A.13 Distributions of sound pressure of incident side at 500 Hz (incident angle:
(0,p) =(45°,0).
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Fig. A.14 Distributions of sound pressure of incident side at 1000 Hz (incident angle:
(0,p) =(45°,0°)).
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Fig. A.15 Distributions of sound pressure of incident side at 2000 Hz (incident angle:
(0,¢9) =(45°,0°).
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Fig. A.19 Distributions of sound pressure of incident side at 1000 Hz (incident angle:
(0,9)=(75°,0%).
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Fig. B.1 Distributions of sound intensity at 1224 Hz, (/;, [) = (0.1, 0.25), hp = 10 mm,
dm =0.025 m, incident angle: (6, @) = (15°,0°)).
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Fig. B.2 Distributions of sound intensity at 1224 Hz, (/1, ) = (0.1, 0.25), hp = 10 mm,
dm = 0.1 m, incident angle: (6, ¢) = (15°,0°)).
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Fig. B.3 Distributions of sound intensity at 1224 Hz, (/1, ) = (0.1, 0.25), hp = 10 mm,
dm =0.25 m, incident angle: (6, ¢) = (15°,0°)).
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Fig. B4 Distributions of sound intensity at 1224 Hz, (/;, [) = (0.1, 0.25), hp = 10 mm,
dm =0.025 m, incident angle: (6, @) = (30°, 0°)).
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Fig. B.5 Distributions of sound intensity at 1224 Hz, (/1, ) = (0.1, 0.25), hp = 10 mm,
dm = 0.1 m, incident angle: (6, ¢) = (30°,0°)).
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1e-12 3.16e-09 1e-05 \LZ
N - .

Fig. B.6 Distributions of sound intensity at 1224 Hz, (/1, ) = (0.1, 0.25), hp = 10 mm,
dm =0.25 m, incident angle: (6, ¢) = (30°,0°)).
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Fig. B.7 Distributions of sound intensity at 1224 Hz, (/1, [») = (0.1, 0.25), h, = 10 mm,
dm =0.025 m, incident angle: (6, @) = (45°,0°)).
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Fig. B.8 Distributions of sound intensity at 1224 Hz, (/1, ) = (0.1, 0.25), hp = 10 mm,
dm = 0.1 m, incident angle: (6, @) = (45°,0°)).
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Fig. B.9 Distributions of sound intensity at 1224 Hz, (/1, ) = (0.1, 0.25), hp = 10 mm,
dm =0.25 m, incident angle: (6, ¢) = (45°,0°)).
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Fig. B.10 Distributions of sound intensity at 1224 Hz, (I, ) = (0.1, 0.25), hp, = 10 mm,
dm =0.025 m, incident angle: (6, @) = (75°,0°)).
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Fig. B.11 Distributions of sound intensity at 1224 Hz, (/1, [;) = (0.1,0.25), hp = 10 mm,
dm = 0.1 m, incident angle: (6, ¢) = (75°,0°)).
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Fig. B.12 Distributions of sound intensity at 1224 Hz, (/;, [;) = (0.1, 0.25), hp = 10 mm,
dm =0.25 m, incident angle: (6, ¢) = (75°,0°)).
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Study on Mechanism of Measurement of Sound Insulation Performance

by Vibro-Acoustical Analysis
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Fig. 1 Analysis model.

Table 1 Properties of plate.

size: (a [m], b [m]) = (0.9, 0.9), (1.5, 1.25);
thickness: z,= 5, 10, 15 [mm];

pp=2500 [kg/m’]; v =0.22;
E,=17.5x10" [N/m’]; 5,= 0.002

Table 2 Properties of a seal.

dy=15 [mm]: kg =5 [mm]; £,= 10° [N/m?];
ps= 1000 [kg/m’]; #,=0.1,0.5

Table 3 Depths of niches.

one side: /; = 0.05, 0.15, 0.3, 0.45 [m];
l,=0[m]

two sides: (/; [m], /,[m]) =(0.15, 0.3),
(0.225, 0.225), (0.3, 0.15)
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Fig. 2 Random-incidence transmission loss with

one-sided niche (¢ =0.9, 5=0.9).
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Fig. 3 Random-incidence transmission loss with

two-sided niche (¢ =0.9, =0.9).
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Fig. 5 Influence of the depth of one-sided niche on
random-incidence transmission loss
(hy=10 [mm], 7, = 0.5).
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Fig. 6 Influence of the depth of two-sided niche on
random-incidence transmission loss
(hy=10 [mm], 5, =0.5).
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Fig. 7 Influence of the depth of two-sided niche on
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Fig. 1 Analysis model.

Table 1 Properties of plates.
size: (a [m], b [m]) = (0.9, 0.9), (1.5, 1.25);
thickness: h, = 5, 10 [mm]; pp, = 2500 [kg/m?];
v =10.22; E, = 7.5x10'% [N/m?]; 5, = 0.002

HU), ZHES (M2 - 1)

Table 2 Properties of a seal.
ds = 15 [mm]; hy = 5 [mm]; Es = 10® [N/m?];
ps = 1000 [kg/m?]; ns = 0.5

Table 3 Depths of niches.

one side: 1 = 0.05, 0.15, 0.3, 0.45 [m]; I3 = 0 [m]
two sides: (I1 [m], Iz [m]) = (0.15, 0.3),
(0.225, 0.225), (0.3, 0.15)
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