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Connection
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Silk
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Wool 0.460 0.158
Polyester 0.210 0.0898
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Difference of magnitude [dB]
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4-1-1 RAE—HDOZERE
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1
joC,,

(4-1)

sr

ZITCCREBEF v VY VR (BRERIAEY) T, ZEBOHEV, LR

ATEZHNS.
c, == - (4-2)
oc

4-1-2 A2 Ok ZERE

A7 ORyERBOA L E—F R E, AY—AEIEDA Y E—F R
Zy L ARICRATEZ SN D,

1 ol
7 = = (4-3)
v ja}cmr ] V"ﬂl’w

R UVmE~ A 7 0h Y aiBDEHBERETH 5.
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413 BHOAE—FR
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PRI ZER 2 AR D 21T 2 EBPERIC B 2 MAEE Zh2hR T,

tanhk_(r, - |
7 -k C, o) (4-4)

: kg SS

S, =2a{(r? +r2)/2y"1 (4-5)

COLETRERTEEINDS. =2 TLEGD SR E TOEHS, LERRD
WETH S,

L qtrtu ¢ 7 po
r={ 3 555 (4-6)

g=1,35,.. 8
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RERT.

k = % (4-7)
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22T, WHMFER A,~D, BREFEEHL TV 2D, R@2DBVTHR
HEBOZERERE [, W r, ZAVTRLGNS.

4-1-5 RE—hEET

A E—hEFHE R LR LT, @HE@ROMOEEY M) v I X%
FAWTERT., 22 TROEAPSRAE—HMERES D E—F L 22RDD.
AOEQR, HOZ@ME LT, OQATOFE LEEERE £2p,, U, Q@RICDW
THEERICp, 29 5L, Mkbifét’.é@)“'@}ﬁ@{f:%? U w o AldkA

.
[pﬂ:[flsh Bsh}[ps} -9)
Uz Csh Dsh UB ) )

POk 728 Ag~Dy ERG2DIEBVWTEHRES [, , BEEERE ra ZANWT

"ohd., £, A@28)ED

P,
L ===
sp U2

(4-10)

Sr

N
1l
S

w

(4-11)
£, RE-NFRADLSICEETES.
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Chd_pw‘er 4. BB OSSR OERRT

Az, +B,

- C7Z +D, (4-12)

IhEh, @QEProAE—AllERES =Y R, R{6N05.

4-1-6 <24 & Ok EHEH

YA 7 OR BRI TH BT LARICLT, QHE@HOBOEEY M) v
VAERHT S, S TROMDPSTA T uB lER A Y E—F L 2R RKD
5. |

AOE@M, HIZ2@/HE LT, QHTOFER CUEEHE Zp,, h, @ERIZDN
CTHEBIp, U T 5L, Nalihi 5@~@ROEET MY v 7 RRK

5. |
I:pz} :[Amh B, :|[p4} (4-13)
U, C.. D,llU,
VY F BB Ay~ Doy AR IS EE L “‘ﬁ\ﬁff#:fi Fn ZRHWTEHELONS.
if:a 4_1_5Eﬁ& ﬁ*il:

z b
U

(4-14)

(4-15)

_ mr mh ) ( 4_ 1 6)
:nib,@ﬁ#6?4ﬁw$yﬁé%t4yﬁﬂﬁyxa%%ané.

4-1-7 HRAIRAE—F R

HDATIA L E—F 0 REEIMEE , FERED S KD EaEEZ T2 nE

AT ICEAT S. |
LM 2k, DEFHDANA L E—F Y A~NDOEREILLTFO LS I2EL.
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Chapier 4. BB OEEROERBEE

REUDO/BONLEHEEES VU= Y R RO R E Z N2 NRA(),
Re(ka)s @%ﬁ%%h%j’bim(zc), Im(ka)aj—% a: Zey kaﬂi?ﬂziﬁ’fi%éﬂ%.

z.= Re(z.)1j Im(z;) (4-17)

k= Re(k.)tj Im(k,) : (4-18)
ChER Y i,

Y=j-k (4-19)
THHPE, X@- 18)ZRAT B L @- 19, _

¥ =— Tm(k,) +j Re(k,) (4-20)
IhzN(a48)IcfRAT B L, '

exp{~2d Tm{k_ )+ j-2dRelk, )}+1
=z
*expf-2d Imlk_ )+ j- 2d Re(k, )}-1
AN42WDOEARK THEECEEOLLTH 200 ABEE L EEDOIICE S
% &R (a-28) D |
g7 _Po_ Py _Zo _ .exp{;ZdIm(kﬂ)+j-2dRe(ka)}+1

(4-21)

ZC
U, Su, s s exp{-2d Im(k_ )+ j-2dRe(k, }}-1

(4-22)

exp{-2dIm(k, )+ j- 24 Re(k,)}

= exp {—Zd Im(ka )} +€Xp {J -2d Re(ka )}

= exp {—Zd Im(%, )} : [cos{Zd Re(k, )} +J Sin{Zd Re(k, )}]

= egp{—zdnn(ka )} cosf{2d Re(k, )} + /- exp{erIn;(ka )}-sin{2d Re(k, )}

ERBDT, A(4-22)iF,
_z, [exp - 2dIm(k )}- cos{2d Re(k, )}+ 1]+ j-[exp{- 2dTm(k )}- sin {2d Re(k, )}]
*T S [exp{-2d Tm(k, )} cos{2dRe(k, )} 1]+ j-[exp {~2d1m(k )}-sin {2d Re(k )}

(4-23)

HN@-2)iEARDEREITD &,
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Chopféf 4 HEBRETOSEROEREH

N

7 - exp{—4dIm(k }}-1
s exp{— 4d Im(k, )} - 2exp{- 2d Im{k Pcos{2d Re(k )}+1

z, — 2exp{—2d Im(k, )}sm {2dRe(k, )}

g expi-4d Im(k, )} - 2exp{-2d Im{k, )}cos{Zd Re(k,)}+1 (4-24)
Wic@-1)ERALT, EEBLEERICAT5 L,
Re(7.)= Re(z Yexp{- 4d Im(k )} 1]+ 2Tm(z, Jexp{- 2d Tm(k, )}sin {2d Re(k, )}
[exp { 4d im(k, )} - 2exp{- 2d Im(k_)}cos{2d Re(k, )} + 1]
_ (4-25)
Im(Z ) Im(z )[exp{— 4d Im(k )} 1] 2Re(z )exp{— 2d Im(k )}sm {Zd Re(ka)}
’ Slexp{- 4d Im(k, )} 2expf-2d Im(k, }cosf2d Relk, )+ 1]
(4-26)
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Chopter 4. #BBEROTEROER BRI

E4-21z, EREEEOMED SEONEMIDANA L E—F L 2%RT. =
AL, TRIOMED 1 MR L 2RO ATIA P E—F  ZADRIEEREZERED
B DTHDH. AOMBUC LB EZEBOEE, TORIEPS R-EFE
v—F 2R, Thbb, AWM VE—F U IADBHEORBIC LV ERT B Lick
WilEZ 2. ZhZz2AHLUAOKEOWREL L RS,

R4-3iz, (4-25), @20 BIF2MORUABPBEIEP ZHERT 572010, (nE
BREBGEOMEDP 5B O NEMIOEERIETH AHMEEE SN L E—F U 2 L HEHK
W BBk 7 A (4-25), @200 CRALTEHLUERIDATA D E—F U ARRT.
Ind, B4-2LHE:, HIOBED 1R 2REOATIA E—F 2 ADE8
FREERGDEEZLDOTHS. /771, E4-2, H4-30TEHAM, M
1 MDD ATA > E—F 2 ZOFEEH, BEHEZNZRL, —RER, —A
BN 2HMBED AT A Y E—F 2 ZAORBE, BEFiEzZNLZhRT.

H4-2-BA-32 B LTH DL, THHELIWIZEL-20AH0, 2 E—F
VAL L TREEEAS Y RZ, EERER LD SR TRDEE4-3D
AN VE=F Y 2 WREI—HBLTWS., B2, fiOAIA -T2 R
BIELUCHIEhTWBZ L h 025,

ARV E—F VR, ALATH->TH, DRSS, BEEFOHRIMFICLD
BT2HDTHA00, BFEIZOHERE L RINERS 2V, LPL, 7
OFMEE A VE—F 2 R, LERBEREDBH S P LOID > THNIE, F(é-
25), (4-260)D d KIEROHDEIEZRATILTLD, FHROATATIA
E—¥ 2B HTE5Z LT R,

F7e, CORMTES LY —F L R b ERBEBEDPOATA L E-F R
ZEMT 238, BOMEEET, BEBFICEOT, LRSS 2802 C0t
BOBBICOWTOANA Y E—F LR Z2BHTA2DICHWS.

29



Chapter 4. HBBRHBOSEROEGRHE

10000
I —- Real ------ Imag (1piece)
C | Real -~ Imag (2pieces)
5000~ﬁ
)

SO

-5000[k:

-10000

Frequency [kHz]

B4-2 EEBBGRICE VBRIREINEANS Y E—F 2R FD
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10000

5000

-5000[4

-10000

Chapter 4, BB MO ST EROEREN

——— Real
- Real

Imag (1piece)
—— Imag (2pieces)

10
Frequency [kHz]

H4-3 z. EhSHEHENWAAA E=F X (D
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Chapter 4, BEIRLROTE R OB HEN

4-1-8 SEMERE

1D 54 1-THETO LS AL OEBATIC LD, BEORILBIZR4-
4D & 3 REHEBTEIND. |
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Chapter 4. BMEIRHBO S E R OERRH

Cloth

DO——= .
1 Clearance

Air column
Tube

Cavity

Zy
(.D; $ Zg
Ne
L Loy H

A
o3

H4-4 BRUMOFTERICET SHFMER
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Chapter 4. EBRHEROSTEROEREN

4-2 HEIRAFET

4-2-1 HH A4 o E—FR

2OMDA L E—F Y AU ORE, EfiREIEE-SO LD ICEDINS.
COLERREREER2OUAEL, MEREELWSERPDS.
U=U+U, =L+ 2 | (4-27)
Z, Z,
LEBS>TAERS Y E—% Y R

z-2__P Lo —(zrez) (4-28)
U p N

z,

Nl
N
N

1

4-2-2 BEEZEREORRAEI L R-OARLEEDETEA Y E—F X

RICKHIE & ZESBEORRRDP S R-HBEEOTEESN Y E—F 225X 5.
DX D E4-6DDmH 5 AlRREEOEES L E—F Y AZIFERATERINS.

1

- - (4-29)
A A A
2 ZTZIFRA-6I B BHROEAT, WA TRIND.
- -1y7!
z - APE"* +Z, ) +B, (4-30)

C, (Zm"1 +Z," )#1 +D,

=1L, A~D, BRO~DHDEES MY v 7 A FER
Zm  @EPLETA 7 ORI AIERES VE—F R
Zyp s QR BRAE—AMERREA VE—F X
TH5.
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Chaopter 4, HBBEDOSEROBREN

— U=U;+U;

>0

UI\L Z: Z: J/Uz

BE4-5 AFOFMERE (B

35



Chopler 4. HERESOETLROERER

______________________________

46 BREDOSERIZET ZHMEE
(R e EEROERTNSR D)
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Chapter 5. £FEFICE T A HIERTES

F5F AMEZEICHTIHERITRES

5-1 BB fRHT Y —IL

| AW 95 2 T S BT Y — )V i Hyper Mesh 2D % SYSNOISE Revs.4 9¢
HB. FNENOBEEIIOWTOBEZ RICHR~RS.
* Hyper Mesh
ARER A vy 2 Fl S BTREROME TR AHHATY - KA M RF
LTHD. V7 PNTOERA Y 2 ElB L UCADTER LR EST AL 7
MNCERDABGREEA v 2 S8BT L DTE, B BRI Y —V ISk
THA VY —T7 22 EHD. &6 IHEB L OH - BHRETICREL, 2ho
DT H & RO ZITH 2 L TE B, | |
AR BTIEIERIER E F DA Y ¥ a2 REEEICHWT WS,
+ SYSENOISE
AIRERE (FEM) , BAREFE (BEM) ZHWT, BEMED, RELTH
HREEME OBRFEICHIRTAHFEY I 2LV —2ar7ul o hThH5. 55
DEFIVIEHZERT O HEEMTHMBINTIETH D, &% ‘W8 L UUEZL, &5
ZoNEEHETNVORE SRR (Helmholtz52) #EIHT. HEHXIhi
ARACH U TEREFZEE TSI LICL D HBHEOERCHEEMOREIRNTZ
THIL, BRRBUCEBT CINABIOERr 2175 . ZOFRLE LTUIERE, BE
N7 —, WFHEE, kTINEE, S8/ 70y 7 —%52B T 5 ENTE,
i & A 53R M, EESEREETC, BAEER (RE, SEEEE— F#
M) EHITZ 5.

5-2 HEfEY—IERAVZTRE

A ETH2E D/ —Y F IV > ¥ 2 — & THyper Mesh & SYSNOISE Rev5. 40D
ZhZ2hz2#BELTW2S. Hyper MeshTERN L 7ZERA v ¥ 257 —-% %
SYSNOISEFAI5* ¥ 7L — Mo & W& L, SYSNOISETHAAAINIAITS 113
WNIZR>2Tn5.

ZNZENOBHY —IVIZHWTWES—=YF NI Ea—FDERIILLTOE
WTH5b.
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Chapler 5. AFIRE (= &4 5 SUERHESE

* Hyper MeshfH|

CPU | Pentium Pro 200MHz
AED)— 96MB
HD 6.4GB
0OS Windows NT
* SYSENOISEfH
CPU Pentium [l 933MHz
AE1)—  768MB
HD 43GB
oS _ Windows NT
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Chapter 6. HREZ %% L V-SUERI

E6E AFAEREZRFZTHW-ZUIEHEN
6-1 Buifest
AEETIXSYSNOISE % H W T EUEMATIZ & D ArARSs: L HRiERE I 32 3
1l —va w{Tol. '

2 LT SRR ORSE & B, BRSO el L7

6-2 SYSNOISEIC & 5 BuiEfAEMT %

SYSNOISEIZ & % ¥UHMEAT R ICERERBEZEEHW, BRAvY 2 zhicH
BT B3bD%EERLE. '

6-2-1 WAV 1DERK

MRIBER & R B RGAE L OBE IS OWT TSIV ERER LR 21T - . @R
HAWERIRA v S 2D—HlEK6-11Z7R:7 .

AW EERTEEEBREB LA TH D, BRHEOEREIL.0mm. ZFR
MR XES.0 mm, 10.0mm, 15.0mm, 20.0mm, 250mm, 30.0mm, 72 Vg
5.0mm, 10.0 mm, 20.0mm, FRRTI1.0mm, 1.5mm, 2.0mm, 2.5mm, 3.0mm& Z{t
X BSHEIZEAIEIBETE, 77 U VEE100mmE L, BRREIEZ
NZENOMHICHEUEICERELE. 750 VRZELIELHBEE, ZAERY
(Z20.0mm& U, BREABZZENLZWOFAICHUZECHRELE. BEz2ELI B2
BTIE, Z2EMHEXF2000mme U, 752 ViRIE10.0mmilz&E LE. 22 THRE
D TMZ2n2nOATHELEME] CEBEOERE, HWMEORKRE»S, XD
KEMfE, BREDPES N -HE#EZRT. 2&AIEEE%200mm, 75 ViR
#100mm& UL=Dik, EEE, FREMEORRICINE, AIOBRAICLSTK
EfifEzE, RIEEDPBONEETH LD THS.

&
Finite element method
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Chapter 6. HFRESFE %A RERF

Rigid wall

-—1'\'\
Clearance [ Cloth
Air column ';'I
Microphone
N Adapter
9 y Speaker
y

i S S R AR
S R 1

E6-1 BFETFTILO—F
(G 18, 75 TtE10.0mm, ZBREE S 15, Omm, RS 1. Smm)
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Chapter 6. HBESRE % B v RIERH

BB DWT, R6-1 (F) OESHBEBERP S FHETOEX I, BEOE
P SHOES2FVERSTHS (FRM20mm, 4 H KR 5 E1435mm) . &

NELEECHEOAT L Y E—F YR (PRIZVR) %F ﬁ?%t@f%%(&
2-25M) |
BRIIINESRT, 2TNABEERMEE L, 2OTERE L. 2h2hosiz
- SYEB L USSYSNOISEIZ Bl 2 Z2 Ok A v & 2 OIAT e B A JE W
(fr) BHEE-1-I~1URT . B ATEREARERIEA v 1B 283
AEWEROTHRE DEEh, 2NIFITEEOELL 5.

RIS B 2 Y HOBEEN DD < LEDW, MATEEOR F2IE-
EEOTHD. UAIEREINECRITZIT > TOED, 673%], 1058T DM
BiFok. ZOKE, 3, 6, 10AEUCBVTHHRENIRS hikd o k5, i
F, GBOTIXBRE6HE TRATEITo 7. REIDETS, 1053 & A RESE
BELNEPRU FORMELEEZ 53, |

BESE LMD L T5LEDH 5ORMENEVRE (FEEDEVWESE) ©
H5H. COEE, IO HEIXekHzTH 5. FHE340m/s& L TokHzD & ED T
E=%8/FHE tHAP5, WEESTMmE RS, 0L SHEEHSEADI M
TH->TH, BRIZHED2050DIEE (57mm/2053mm) Z LIRS RN, 58
DREEPS S >TIHREU TSR TRETH D, ZOEERKTHIZEIL
Liei®, FA&halr U TBVBERHETELLELLONS.

FARA v ¥ 2 ZMTEDON—T7 54 XL LD, SEEMOEHtEE 5%
LB THSH. SYSNOISE BT 2 ERERILMN T M & L L2k d
SEROFEEE BRI L CEES 82k (MRFER) 285 2 L BT
2. BOWHBETVE, XYEMICHERE NZ2RTDBKA v &2 &R,
Yz w2 U C RN IS AR E ¥ 5 2 L IC K DENFE L T 5. A
Yy A EEBTTHI L CEREREMNCT B EHTE, SHARMENINT 2
CEDTES.

EERE, BREAMEHE 2 AR, AHICDOWTHRREL0mmDF—%, HAHUZDNT
BARI1.0mm, 1.5mmdDF—4 BIBELTVRVDE, 2O OB S HIEE L b
BAE D, WK RIREREDTHS. £, 1 RELMMOF—4 &
BELTORL., JhiEA vy afERY 7 M, 0.1mmBLT ORERED2H %37 L
RN DIMEEDTERA v & 2 BT B2 LB TERNEDTH S,
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Chapter 6. HRERZ % HAL - SEEH

F6-1-1 WA Y1 CLOBERSEN L RITTED BRI (hA)

o

S
2 2
R Lo .o.-"‘;:'ls’.:,{v

A (110 5.0 20.0 1.0 804 113.3
" 10.0 5.0 1.0 294 113.3
" 10.0 10.0 10 474 1133
" 10,0 15.0 1.0 654 113.3
" 10.0 20.0 1.0 834 1133
" 10.0 20.0 15 834 1133
" 10.0 20.0 2.0 872 113.3
" 10.0 20.0 25 910 113.3
” 10.0 20.0 3.0 948 113.3
" 10.0 25.0 1.0 1014 1133
1 100 30.0 10 | 1194 113.3
" 20.0 20.0 1.0 894 1133

A 2#%) 5.0 20.0 1.0 804 113.3
" 10.0 5.0 1.0 294 1133
" 10,0 10.0 10 474 113.3
" 10.0 15.0 1.0 654 113.3
" 10.0 20.0 1.0 834 113.3
" 10.0 20.0 15 834 113.3
" 10.0 20.0 2.0 842 113.3
" 10.0 20.0 2.5 910 113.3
" 10.0 20.0 3.0  oag 113.3
" 10.0 25.0 1.0 1014 1133
" 10.0 30.0 1.0 1194 113.3
" 20.0 20.0 1.0 894 1133
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Chapler 6. EREREZE BV SUERK

R6-1-2 BRA VP2 TEOBRDABEMFTRTRARER (HB)

B (13%) 5.0 20.0 1.5 804 113.3
u 10.0 5.0 15 294 113.3
" 10.0 10.0 1.5 474 113.3
" 10.0 15.0 15 654 113.3
1" 10.0 20.0 1.0 834 1133
" 10.0 20.0 1.5 834 113.3
1" 10.0 20.0 2.0 872 113.3
" 10.0 20.0 2.5 910 113.3
" 10.0 20.0 3.0 948 113.3
" 10.0 25.0 1.5 1014 113.3
" 10.0 30.0 15 1194 1133
7" 20.0 20.0 1.5 894 113.3

B (2#) 5.0 20.0 15 804 113.3
" 10.0 5.0 1.5 294 113.3
" 10.0 10.0 1.5 474 113.3
" 10.0 15.0 1.5 654 113.3
" 10.0 20.0 1.5 834 113.3
" 10.0 20.0 1.0 834 113.3
" 10.0 20.0 2.0 834 113.3
" 10.0 20.0 2.5 872 113.3
" 10.0 20.0 3.0 910 113.3
" 10.0 25.0 | 1.5 1014 113.3
i 10.0 30.0 1.5 ' 1194 113.3
1" 20.0 20.0 1.5 894 113.3
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Chapter 6. HRERE £ AL - B R

R6-1-3 WRAVIATEDERGERERMTRELEXRERK(FH C)

C (1% 5.0 200 1.5 . 804 113.3
" 10.0 5.0 1.5 294 113.3
" 10.0 10.0 1.5 474 113.3
" 10.0 15.0 15 | 654 113.3
" 10.0 20.0 1.0 834 1133
" 10.0 20.0 1.5 834 113.3
" 10.0 20.0 2.0 872 113.3
" 10.0 20.0 2.5 910 113.3
" 10.0 20.0 3.0 948 113.3
" 10.0 25.0 1.5 1014 113.3
" 10.0 30.0 1.5 1194 113.3
" 20.0 20.0 1.5 894 113.3

C (2%%) 5.0 20.0 1.5 804 113.3
" 10.0 5.0 1.5 294 113.3
7" 10.0 10.0 1.5 474 113.3
u 10.0 15.0 15 654 113.3
7 10.0 20.0 1.5 834 113.3
" 10.0 20.0 1.0 834 113.3
4 10.0 20.0 2.0 834 113.3
" 10.0 20.0 2.5 872 113.3
" 10.0 20.0 3.0 910 113.3
4 10.0 25.0 1.5 1014 113.3
" 10.0 30.0 1.5 1194 113.3
" 20.0 20.0 1.5 894 113.3
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Chapter 6. HFREREZEAWL-HRERT

F6-1-0 BikA v 1TLDERNEM EBITTEARKERY (#D)

D (180 5.0 20.0 1.0 804 113.3
" 10.0 5.0 1.0 294 113.3
" 10.0 10.0 10 474 1133
" 10.0 15.0 1.0 654 113.3
" 10.0 20.0 1.0 834 113.3
" 10.0 20.0 15 834 113.3
u 100 20.0 20 | 872 113.3
1 10.0 20.0 2.5 910 113.3
" 10.0 20.0 3.0 948 113.3
" 10.0 25.0 1.0 1014 113.3
" 10.0 30.0 10 1194 113.3
" 20.0 20.0 1.0 894 113.3

D 2#) 5.0 20.0 1.0 804 113.3
" 10.0 5.0 1.0 294 113.3
" 10.0 10.0 1.0 474 1133
" 10.0 15.0 1.0 654 113.3
" 10.0 20.0 1.0 834 113.3
7 10.0 20.0 15 834 113.3
2 10.0 20.0 2.0 872 113.3
Z 10.0 20.0 2.5 910 113.3
" 10.0 20.0 3.0 943 113.3
1 10.0 25.0 1.0 1014 113.3
" 10.0 30.0 1.0 1194 113.3
" 20.0 20.0 1.0 894 113.3
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Chapter 6. ARESHE %A LV MERE

R6-1-5 BRAVIATEDERDEREEARLZBRBES (HFE)

E (13%) 5.0 20.0 1.0 804 113.3
” 10.0 5.0 1.0 294 113.3
" 10.0 10.0 1.0 474 113.3
" 10.0 15.0 1.0 654 113.3
1 10.0 20.0 1.0 834 113.3
" 10.0 20.0 .15 834 113.3
" 10.0 20.0 2.0 872 113.3
7" 10.0 20.0 2.5 910 113.3
7" 10.0 20.0 3.0 948 1133
" 10.0 25.0 1.0 1014 113.3
1 10.0 30.0 1.0 1194 1133
7" 20.0 20.0 1.0 894 113.3

E 280 5.0 20.0 1.0 804 113.3
" 10.0 5.0 1.0 294 113.3
" 10.0 10.0 1.0 474 113.3
" 10.0 15.0 1.0 654 113.3
" 10.0 200 1.0 . 834 113.3
" 10.0 20.0 1.5 834 113.3
" 10.0 20.0 2.0 972 113.3
" 10.0 20.0 2.5 910 113.3
" 10.0 20.0 3.0 o8 113.3
" 10.0 25.0 1.0 1014 113.3
" 10.0 30.0 1.0 1194 113.3
" 20.0 20.0 1.0 894 113.3
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Chapter 6. EREFR%L* ALV -SERF

K616 WBKA VL A2TEDERSIHMEMRITTRELRRERE (R F)

i ] S . gﬁ_:f' e ,?-. ,3‘ ‘-oj-a = : -l 3 2 %
F (%) 5.0 20.0 1.0 888 1133

% 10.0 50 10 408 1133
" 10.0 10.0 1.0 588 113 3
" 10.0 15.0 10 768 1133
" 10.0 20.0 10 948 1133
" 10.0 20.0 15 948 1133
" 10.0 20.0 2.0 948 1133
" 10.0 20.0 25 948 1133
" 10.0 20.0 3.0 s 1133
" 10.0 25.0 10 1128 1133
" 10.0 30.0 1.0 1308 113.3
" 200 20.0 10 1068 113.3
F (2#%) 5.0 20.0 1.0 888 113.3
" 10.0 5.0 1.0 408 1133
" 10.0 10.0 1.0 588 113.3
" 10.0 15.0 1.0 768 1133
Z 10.0 20.0 1.0 948 1133
" 10.0 20.0 15 948 113.3
" 10.0 20.0 2.0 948 1133
" 100 20.0 2.5 948 113.3
" 10.0 20.0 3.0 048 1133
" 10.0 25.0 1.0 - | 1128 113.3
" 10.0 30.0 1.0 1308 113.3
% 200 20.0 1.0 1068 1133
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Chapter 6. FRREFREEBULVEHREREN

R6-1-7 BRAY D2 TEOBRFEREBITRLBRBRY (HG)

G (28) 5.0 20.0 1.5 888 113.3
/" 10.0 5.0 1.5 408 113.3
" 10.0 10.0 1.5 588 113.3
" 10.0 15.0 1.5 768 113.3
" 10.0 20.0 15 948 113.3
" 10.0 20.0 1.0 910 113.3
" 10.0 20.0 2.0 948 113.3
" 10.0 20.0 2.5 948 113.3
" 10.0 20.0 3.0 948 113.3
" 10.0 25.0 1.5 1128 113.3
p 10.0 30.0 15 1308 113.3
1 20.0 20.0 1.5 1068 113.3
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Chapter 6. H#BRER L £ B = BEH

R6-1-8 BRA VL1 TEDBERSEIB L RITARRLRRAEYK (W H)

H 2#) 5.0 20.0 2.0 294 113.3
" 10.0 5.0 20 474 113.3
” 10.0 10.0 .20 654 1133
" 10.0 15.0 2.0 834 1133
” 10.0 20.0 15 834 1133
" 10.0 20.0 2.0 834 1133
" 10.0 20.0 25 872 1133
i 10.0 20.0 3.0 910 1133
" 10.0 25.0 2.0 1014 1133
" 10.0 30.0 2.0 1194 113.3
" 20.0 20,0 2.0 894 113.3
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Chapter 6, FBERH % - IERH

R6-1-9 BRAVLAZENERDEREMTAREERBEE 1)

I (180 5.0 20.0 2.5 804 113.3
" 10.0 5.0 2.5 294 113.3
" 10.0 10.0 2.5 474 113.3
" 10.0 15.0 25 654 113.3
" 10.0 20.0 2.0 . 834 113.3
" 10.0 20.0 2.5 834 113.3
" 10.0 20.0 3.0 872 113.3
1 10.0 25.0 2.5 1014 113.3
" 10.0 30.0 2.5 1194 113.3
7" 20.0 20.0 2.5 894 113.3

I (2%0) 5.0 20.0 '2_5 804 113.3
" 10.0 5.0 2.5 294 113.3
" 100 10.0 25 a4 1133
1" 10.0 15.0 2.5 654 113.3
" 10.0 200 2.0 796 113.3
" 10.0 20.0 2.5 834 113.3
" 10.0 20.0 3.0 834 113.3
" 100 25.0 2.5 1014 113.3
" 10.0 30.0 2.5 1194 113.3
" 20.0 20.0 2.5 894 - 113.3
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Chapter 6. EBEFRE % AL vi- H{EREH

F6-1-10 BRAV A TENERDEIHERTTRRCEREARK A J)

J (180 5.0 20.0 2.0 804 113.3
1 10.0 5.0 2.0 294 1133
" 10.0 10.0 2.0 . 474 113.3
i 10.0 15.0 2.0 654 113.3
4 10.0 20.0 2.0 834 113.3
" 10.0 20.0 s 834 113.3
" 10.0 200 25 R 1133
" 10.0 20.0 3.0 910 113.3
" 10.0 25.0 2.0 1014 113.3
" 10.0 30.0 2.0 1194 113.3
" 20.0 20.0 2.0 894 113.3

J 2#%0) 5.0 20.0 2.0 804 113.3
" 10.0 5.0 2.0 294 113.3
" 10.0 10.0 2.0 474 113.3
" 10.0 150 2.0 654 1133
" 10.0 20.0 2.0 834 113.3
1" 10.0 20.0 1.5 834 113.3
/" 10.0 20.0 2.5 834 113.3
1" 10.0 . 20.0 3.0 872 113.3
" 10.0 25.0 2.0 1014 113.3
" 10.0 30.0 2.0 1194 113.3
d 20.0 20.0 2.0 894 113.3
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Chapter 6. BBEHRE %M V- KIERE

K6-1-11 WAV 2 TEDERDPBIR LB TRORRBER#HK)

K (1#0) 5.0 20.0 1.0 804 113.3
1 10.0 5.0 1.0 294 113.3
" 10.0 10.0 1.0 474 113.3
" 10.0 15.0 1.0 654 113.3
1" 10.0 20.0 1.0 834 113.3
" 10.0 20.0 15 . 834 113.3
" 10.0 20.0 20 872 113.3
" 10.0 20.0 2.5 910 113.3
d 10.0 20.0 3.0  osg 113.3
" 10.0 25.0 1.0 1014 113.3
" 10.0 30.0 1.0 1194 113.3
"o 20.0 20.0 1.0 894 113.3

K 2#0) 5.0 20.0 1.0 804 113.3
" 10.0 5.0 1.0 294 113.3
" 100 10.0 1.0 474 113.3
1" 10.0 15.0 ’ 1.0 654 113.3
1" 10.0 20.0 1.0 . 834 113.3
" 10.0 20.0 1.5 834 113.3
" 10.0 20.0 2.0 834 1133
1" 10.0 20.0 25 872 113.3
" 10.0 20.0 3.0 910 113.3
" 10.0 25.0 1.0 1014 113.3
1 10.0 30.0 1.0 1194 113.3
" 20.0 20.0 10 894 113.3

52



Chapter 6. EFRERE % B SEEN

6-2-2 SYSNOISERRIC &L T DHRE

ERL L= A w ¥ 2 [ZSYSNOISEW IZ Gt iAR, fRIT T2 L TELRBEA vy
2 DR SV HSMDEERT 2%, HEBREHRZ2EITTS. REDb
SYSNOISEN T3 BEIC DWW TR IBRT N L.

(1) BiTF 73y (BEMHETE ORR

R TR FEARBRE ZHVE. Chid, SEREERCREMERTH
BSNENEEFRETTNVICH UCEREES (FEM) 2HWTEREABER
BOTHS. ZOEHEF NI EERFLAREFRERIFN L DOERD.
BREREZRAWEMBITOTRETH 2D, ARERKCLILKRT 2 L3ENSD
OTRW. KRR TIEEERTE & ERE, MamiiEe sy, 2Edtros
AMZHERTAZLEEHRNIDIDELTWS. ZFOEDICEZ ORI HE
LT 510, ARERLEDENTHLLEL:.

SYSNOISEIZ BT 2 ARERIED Y A5 L ARRE IR T .

[K +inC - sz]{p} = {FA}

2T,

{(Fg ¢ BEA v aWICHEUREBERTT N EERREE AT
%, ERAVEENRII AT M.

K] ¢ stiffness matrix
[C] . damping matrix
iM] ! mass matrix
py  HESME

ZOHERERAVCHBESERN£175 2 L 2 EEIGEES LIFY , COHR
L D RO ERRC B m%ffa}%ﬁ{p}ﬁs%mé ns.

5, SEEFNVECBVWTREHAREBRDITDOATHWT, T TEEET— PR
HENTVBIBA. SHBNORREISERNTICB N TE— FERADELD HE
THD, BEARPHIRO LS BRERaTESINS.

T FEM for fluid

1 Boundary element methad

§ Direct resp onse method
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Chapter 6. HFRERE £ B EEEF

{o} = £ ala} - [elo}

ZIT,
{a} . mfiOE— FEISRHF
[@] : RBAEBEZEINCFETH

INEDE-FESHRTPRABERD, ENODEERDS mXmfTs|D 7/
ADELNS. '

([¢ [K+m)C o M] ) [¢]{ }

COHEBEREAVTCERBISERIT 2T Z L2 E— FREREDEE LIRS,

(2) Ay aniBE

WOAARZAY 2B LUTHERERZ2MZRITTE A LD ICEBMERMAS.
O RLOEE |

2RCME L T 5.
O BWxHHEDESR

Y®hioxa LT —EEEI BRI DODWTBIT T 2 20ERT 3.
O BRRAVaADFIvY

ER U R A v & 2 BEDAARERE, BEA vy a2 (fEAvia) &LT
HENCT 272D A Y Y2 ZBLT, XYY aHORGBHREHET 2RED
BEETTS.

O v bOFERK
SYSNOISETIXEREMZED VWL YT 1 F 4 —2 D EFLED (v )
CTBHIENTER. ARIFICHEALEA Yy Y2 izonW T, EMA, REOE

Hrty Lt (M6-288) |

(3) BEHOEE (H6-28H)
BEEREOESE
i bfﬁ%ﬁg& ©01.213[kg/m’], %‘Ec*MO[m/s]%?:ﬁ&)%’;

sdedke

Modal superposition method
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Chapter 6. HFIBERZ & HL = RI{ERF

Admittance

55 S ot sewt e s
o o 252 e, G T oo L A R S D o o .

Infinite Element

- mﬁfﬁﬁﬁ@m&
Wesrranzans

Source Field point

H6-2 HEHOEE
(G 18, 75T 10.0mm, ZRARS 15 0mm, FRRE 1. Smm)

55



Chapler 6. ERERE#HL V-8RI

O BEROER :

RERZPEETS. HRITHEL ~I8dBE Uiz, ZHIEERICB T 2 EBRE
GOV YV DEICRE>TNWS. RET LB, EREECRLWELSKOHD
e Ui, B8 (0.0, 00, 00) TH5.

O EEEZRDESE

M2 ERT 2 OEEERPRET .

W3S (Infinite Element) #EUD AN AT (FEM) 4TI 1-FEMARIT L
IHEN % . ENEKE EOEEREC BV CE IR I NS DC, FEM#E
RN EEEECHELEHEC R TE S,

OFFrIEVRADEE

AREMIZDONT, 7RI A (Admittance) ZFRET 3.

SYSNOISEICBWITIRETAHEIE, HE7 FI¥ 2 AEREHOUEHRS v E—
B 2ATCRATE, PVRIFVRAA, 1V E—F U RZIERD IS CEZS NS,

4, = 2n and Z, = £
P v,
ZZT,
Vi : R FEE
P . HHE

Ak, WOAIA v E—F U ARFELUE WD, SYSNOISEIZBWTA »E—
F 2 A TCidTable fileZ NS I E P TERVWEDS VE—F L AOHHTHET
FIFYREUTHRETS. ABERIREADA Y E—F VR (4-1-788) %, A
WRIREAF T R H L RICEHRL, 732 MERTHS LTable filek L7z,

(4) BEBSERITORT

LREDIEE R L EF VKN UABRBISERT 2R T % . SYSNOISEKLH
WTERERE, F-BRARBEELICRFy THEREANTSEZ ETCEHERE
1975, BHINWS Y AF AHEBEAOHFEK, ZUDHEHE BRI, #i
Potential & FEIX L5 .

REMEMR TIX, 0HzD» 5 6kH2ll BWT2SHAIACEERET L. R, #
FfEATIZOHZD 5 10kHZE TIT o T B DS, ZOFEER X b AT AW 2 i HE
OILRBEFEIIKHzAIRICH 2 Z & DL T 5. ED7280HzD 5 6kHzE T
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. Chapter 6. HBE k%ML - MERK

DI THORERPEINE LEZ, sIERRBIOEMOEE LIRE L. 2512
WHE UDRERICERSE>TWVS.
iz, BISBRET KIS Y ABBHANBDOT—Y THS -

(5) BARORE (H6-2588)

Potentialid 5 EFEIBROEE QBT ICERE h 2 BllIA (Field point) IZHWT
Result L IEIEN 2 TCHH I NS, Bl nbE~sf 7ok bRICHEETS
HDTH 5.

BRI EREEC RSN, Jéfﬂﬁﬁ’Bxﬁﬂ]jﬁﬁﬂiz.Omm@b%ﬁﬂZ%Ebf:. AT
it (0.002, 0.0, 00) TH5.

(6) BRI B B FERBUCE T O EAT
T, (4)'(ﬁt|:’:é N 7= potential Z & & IZEHI )ﬁi@ﬁg%‘ﬁ (B, kf&
R }:) PEETS. @R T 3RANEEB LR Ty TRERIZ@ L REKTH 5.

(7) DrfEE, IRIBREOHH

ZIT, (O Ko THEIBETNAERE, REREOHERRZLIL, 20
® 1M, 2HORRE D AR LCRIBZZ2RD 7.
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Chapter 6. FREXE %A= HIERIF

© 6-3 SYSNOISEI= & 2 BB ARATEE RO (f48)

M1 KA L Uz 2 MDA I©DWT, SYSNOISEIC & % it i
(FEM) L EBRfl (Measured) - HGmfENTIE (Theory) ZHAOHbEFERZX
6-3-A-1~X6-3-K-3IcRT. TNZNDFEHFERKE-2-1~2ICR" Lz, RicBWT,
KB EITER, EREIIHE, HmIrEE AR TRL TV 5.
X6-3-A-1FMHAIKCDNT, 77 ViE%Z10mm, BREZ ImmlIEEE L zivDZ%E
SHEZOZMICHTEMEERZRLTVWS. VS 72T % L, BUEFTE,
KERfE, HRMFTEZNZNICBVTREGHEESPHI2BEERSRZICDONAE
RAMZENESLNTVWBZ e Dbh 5. ZOBIE, ZREOBMFAN kL R
DRGEDRERICLZPDEEIONS. T, ZRHERIDBELRBIEDN,
SERABEOMERRRAIC S 7 F LTV HZONTH, Zh2hE UHEANRES
n3.
X6-3-A2IFZMAICDNT, 7Z Y PiE%10mm, E5iEES %20mmiZFE L
ROREOEBICHTBAMEERRLTVWS. DAL Y E—=F > X LREOD
A VE-F AR WINOBRICH D, BREPEE, BEADA > E—F 2 A/ha
KBRBEFDANA VY E—=F L RFERINELPOLIICRD, FERICKZET
HEDPNILR>TLES. ZO-0BREOA VY E—F L AT HHBREDOKES
DRBICRD, DEDIHEERBEOREIDNMBECR>TLD. VY77%2R%
&, TNZNREPNSWEEIE, KO RKERMEEFBFTOATWBZ DY
5. MHICELUERBOKREZIBAIC I > TES D, fAKLI2ZmmE#ENED,
INSRFRAIDE LT WA, RBREDKE K 22 & EEFENC HIRFEAMEEDSS 7 b L
TWLHEZOWTY, ALERPRSNS.

M6-3-A-31Z A AICDNWT, ZEMHEEE Z220mm, BREZ ImmIZEE LERD 7
SYVBOELICNT BAEEEZRLTVWS. 75 Y VEHREOK E = EMKRE
DA Y E—F Y RICKEREEZRIFT. —BCEIEVEES Y E—=FUR
DMEAMEIZ R EL 2D, RELAKREHTCHEERY 5V VRBPLEICRS. 7
5V UERBIA L R B ICONHREAREDERBEMIZS 7 LTV LS BEDNWTH
CtER»ER SN 3.

F7=, ERREADHFB~KICOVWTHRONS.

ML LI AR RAE L2 T 2 HE, FFICL>TY S 7 ORtO
VYOUDRRBOTHEREETS.
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Chapteré. HFRESE & B - HiERF

#£6-2-1 EBIIETIEH

6-3-A-3 " - 200 10
6-3-B-1 B 10.0 - 1.5
6-3-B-2 " 10.0 20.0 —
6-3-B-3 " - 20.0 L
6-3-C-1 C 10.0 - L3
6-3-C-2 " 10.0 20.0 —
6-3-C-3 u — 20.0 1.5
6-3-D-1 D 10,0 - 1.0
6-3-D-2 " 10.0 20.0 -
6-3-D-3 " - 200 0
6-3-E-1 E 10.0 - 1.0
6-3-F-2 " 10.0 20.0 —
6-3-E-3 o - 200 1.0
6-3-F-1 F 10.0 — 1.0
6-3-F-2 " 100 20.0 —
6-3-F-3 " - 20.0 1.0
6-3-6-1 G 10.0 = L5
6-3-6-2 " 10.0 20.0 -
6-3-G-3 ” il 20.0 =
6-3-H-1 H 10.0 - 2.0
6-3-H-2 " 10.0 20.0 —
6-3-H-3 " = 200 | 20
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Chapter 6. HIRERH T AL o ilEH

6-3-d-1 J 10.0 - 1.5
6-3-J-2 " 10.0 20.0 -
6-3-J-3 " - 0.0 1.5
6-3-K-1 K 10.0 - 1.0
6-3-K-2 " 10.0 20.0 —
6-3-K-3 " - 20.0 L0
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

Chapter 6. BEREFREEF RN -H{ERH

LS EE 5.0mm LEHEREE 20.0mm

Difference of phase [deg]

6
Frequency [kHz]
ESAEZ 25.0mm
E‘Q =
=,
L2 s
% \"n\\j‘-..
=
St
o]
3
8
[
% _60 1 l 1 ] ]
0o 2 4 6
Frequency [kHz] . _ Frequency [kHz]
ZESHERE 15.0mm ZESAERE 30.0mm

Difference of phase [deg]

-601 I | 1 i ]
0 . 2 4 -6
Frequency [kHz] Frequency [kHz|
—— FEM
----- Measured
— Theory

E6-3-A1 A RERRSEELILLES
(75208 10.0mm, B 1.0mm)
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Chapter 6. HBRERRFH V- HIERHKT

R 2.5mm

[Sap] aseyd Jo ssuaiagyic

o

Frequency [kHz]

Frequency [kHz]

PR 3.0mm

1.3mm

B IH)

[dop] eseyd o souaiapyiy

[Gop] aseyd yo aouarapyi(]

D S =

o SRR o
™ A <F

O

Frequency [kHz]

Frequency [kHz]

FEM
----- Measured

T Theory

FaRE  2.0mm

[Sap] aseyd yo souareyyi(q

Frequency [kHz]

X
A

MZELLSES

(73 10.0mm, Eﬁﬁ%é 20.0mm)

w
~

6-3-A-2 A [&
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Chapter 6. HBE®RE % H L - M{EAEH

e

[Sap] eseyd jo souaragyiy

Frequency [kHz]

10.0mm

=1
53]

AL

A
N

e

[3ep] eseqd jo eouarap(q

o
:

Frequency [kHz]

15.0mm

VIR

[3ap] aseyd Jo souarapp(y

Freqﬁcncy [kHz]

>

FEM
----- Measured

——=-Theory

3 LTI I

1

S

3 A T

6-3-A-

f 1.0mm)

)
1

(EEHEE 20.0mm, [R
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

Chapter 6. HRERSE % R UM - MBS

EIHEX  5.0mm

Difference of phase [deg]

Frequency [kHz] ' Frequency [kHz]

HREEE 10.0mm , %’sﬁﬁéé 25.0mm

Difference of phase [deg]

Frequency fkHz] - Frequency [kHz|

EAEEE 15.0mm ‘ EEAEEE  30.0mm

Difference of phase [deg]

60— — —1—
0 2 4 6
Frequency [kHz] Frequency [kHz]
——FEM
----- Measured
—-——= Theory

6-3-B-1 #B EEHRSZELSEES
(75218 10.0mm. [ 1.5mm)
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Chapler 6. HBRERZEFRLE-HERT

O O
—~ =t mm —=r. W
........... = . 2
BT m e m -3
............. u o u [(F]
: g /s g 3 g
IE ST PR £ { = 2 S8
ey =) 8 o
o | Bk ) M T_..
= = i
& & -
_ _ 1 < I Y S50 T ._l =L ._ L. <
e oo 9O o
S T ¥ ™ Q@ T %
[3ap] umﬁa Jo 20uIaIK] [Sop] aseyd jo souarspyi(y
O T e
5 £
P =
2 v
= =3
: |z S
3 22
< o : .
— — ™~

[8ap] aseyd Jo souaxayyi(] _ [3ap] aseyd Jo eouaiamnq [Sop] aseyd Jo eouaraIyi(y

pray
=

AL & 115
10.0mm, ZE&H#TEEET 20.0mm)
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Chapter 6, HFBERZEH V- HIERK

Difference of phase [deg]

Difference of phase [deg]

Difference of phase [deg]

Frequency [kHz|

—— FEM
----- Measured
———— Theory

K6-3-B-3 #B 75V EEEILIE-5S
(ESREES 20.0mm, [EiE 1.75mm)
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Chapter 6. HRER: % B U - SiEEs

TEMHEREE 20.0mm

B =g

40k

.....
%,

|
=)
a3

|
=
)

\D

[G2p] aseyd jo souarapgicy

Frequency [kHz]|

Frequency [kHz]

P SR E L R

SHEE  25.0mm

e

10.0mm

ZEFIERE

|
=)
a3

|
=)
bl

<

O

[Sop] sseyd yo souaraygicl

Frequency [kHz]

Frequency [kHz]

SHEEZE 30.0mm

e

15.0mm

AR

<

O

[Sap] aseyd jo esuaidpnq

Frequency [kHzj

“Frequency [kHz]

—— FEM

----- Measured
——-—-Theory

HC EERESEELILLBA

(75 oiE 10.0mm, [RRE 1.5mm)

6-3~G-1
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

BRI 1.0mm

Frequency [kHz]

PR 1.5mm

Difference of phase [deg)

Frequency [kHz]

B 2.0mm

Frequency [kHz]

Difference of phase [deg]

Chapter 6. FIREFRZERA I MIERE

BRRY  2.5mm

I_“_‘F“ i

Frequency [kHz]

| B 3.0mm

Frequency [kHz]

—FEM
----- Measured
——--Theory

®6-3-C-2 #C MEZELILLBE

(7522148 10.0mm, 2E
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Difference of phase jdeg] Difference of phase [deg]

Difference of phase [deg]

Chapter 6. HREE:S £ AL - BERF

-60 1 | 1 I L
0 2 4 6
Frequency [kHz] = -
77V 20.0mm
20 ¥ N,
B S iLh
0 efeneeeee """'J"_'::.,-;!"L" .f.‘.:“:!"_‘.‘{rf:‘.‘.".’.'.‘i'."...‘1.. i R
20 ".{J
-40
_60 1 | ] l 1
0 2 4 6
Frequency [kHz]
—FEM
----- Measured
o Theory

®6-3-C-3 #C 7SUUIBEBELELSEGE
' (ZESHRE 20.0mm, [EHE 1.5mm)
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Difference of phase [deg] Difference of phase [deg]

Dafference of phase [deg]

EMFEX 5.0mm

_60 ] J 1 ] 1
0 2 4 6
~ Frequency [kHz]
EEMEREE 10.0mm

Frequency [kHz]

EIFMRT

15.0mm

Frequency [kHz]

Difference of phase [deg] Difference of phase [deg]

 Difference of phase [deg]

Chapier 6, FRERE &+ RV HIEEE

ZESHEEX  20.0mm

- | [ 1 {
600 2 6
Frequency [kHz]
ESHRE 25.0mm
20—
- i L ] 1 N
60O 2 6

Frequency [kHz]

%ﬁﬁ%é 30.0mm

Frequency {kHz|

— FEM
----- Measured
- —=--Theory

E6-3-D-1 D BRERIZLELIELLESE
(7S5 >»oiE 10.0mm, FERE 1.0mm)
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Chapter 6. HRERE% LN - HIERIF

PR 1.0mm | | 2.5mm

Difference of phase [deg]
Difference of phase [deg]

Frequency [kHz] ~ Frequency [kHz]

B 1.5mm : BRE_ 3.0mm

Difference of phése [deg]
Difference of phase [deg]

40
1 I 1 J 1
0 2 4 6
Frequency [kHz] ‘ Frequency [kHz]

PR  2.0mm

= 20
g ——FEM
-9 0] TV SV S WO e [ M Measured
S RSN L e Theory
o
3 20
% i
% 40 N T
0 2 4 6

- Frequency [kHz]

. E6-3-D-2 %D BREEELIERSA
(7528 10.0mm, ZXERS 20.0mm)
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Chapter 6. HIREFREE AL - MEHEK

IJ__ O
i
— <
g e
<=
vy
ﬁ —
A
N
N i
™ T :
I »un_nlh| _al_ L _
e T o T o B o T <
S°§FES

[3ap] aseyd yo souaispyig

Frequency [kHz|

[3ap] aseyd Jo ssuarspp(y

Frequency [kHz]

=TT
=

——————

1iws
T

[Gap] aseyd jo souaropgiq

Frequency [kHz]

FEM
----- Measured

——— Theory

ey
=]

&S U5

(ZEREE S 20.0mm, R 1.0mm)

& 6-3-D-3 D 232 Uh
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Chapter 6. FBRERFZE AV Ribfgn

TELHEY  20.0mm

HAHEEX  5.0mm

i A8 6
i R !
Y T
[
voa
3 // —
Hi -~
! .I.I./
o .
1 "Nen,
s .!V
N < — <F
. P
v
- >
-5 .w..x\.
fri " 1 ¥ T
ERrf Er
HE Rt ik
)
H
o —
g
X §
'
LA
o
oo O O O

[Gap] aseyd Jo souarayyi(y

Frequency [kHz]

Frequency [kHz]

EEREEZ 25.0mm

O
—q<r
=
o b L]
1,
vl .
I
Qo O O O
& T 8T e

[3ap] sseyd jo souarapyi

Frequency [kHz] .

Frequency [kHz]

TERAEX  30.0mm

-20

15.0mm

ERAERE

D

-60

[Sap] aseyd yo souarapyir

Frequency [kHz]

Frequency [kHz]

— FEM
----- Measured
B Theory

HE EERESEEILS LSS

(73528 10.0mm. R 1.0mm)

6-3-E-1
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Difference of phase [deg] Dafference of phase [deg]

Difference of phase [deg]

1.5mm

Frequency [kHz]

Difference of phase [deg]

Difference of phase [deg]

Chapter 6. HBER%% B0 HERF
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----- Measured
== "Theory
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Chapler 6. HBEFR®+ B - SiEEH
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Chapter 6. HREESEE M M - SIERE

B 2.5mm
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Chapter 6. HBREHRF T AL HBERHF

Difference of phase [deg]

Difference of phase [deg]

Difference of phase [deg]

Frequency [kHz]

— FEM
----- Measured

H6-3-F3 HF 7250 @EELSE-5E
(Z2EHEE 20.0mm, [EME 1.0mm)
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

Frequency [kHz]

ZEAAEEX  10.0mm

Frequency [kHz]

EAHEX  15.0mm

Frequency [kHz]

Difference of phase [deg]

Difference of phase [deg]

Difference of phase [deg]

Chapler 6, ARERE &ALV HERE

EZAEEX  20.0mm

Frequency [kHz]

EEEEX  25.0mm

Frequency [kHz]

ZEEAEREE 30.0mm

Frequency [kHz|

——FEM
----- Measured
~— Theory

E6-3-6-1 #iG BERERSIZELSELSEE
(735> E 10.0mm, BERE 1.5mm)
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Chapter 6. HBRE#k % AL /= 0 B
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

Chapter 6. HRERR% AU KERE
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Chapier 6. BREREZT ALV H{EEK
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Chqpfer $. HRERZE AL - HIERT
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

ZESFES  5.0mm

Frequency [kHz]

MRS 10.0mm

Frequency [kHz]

ZERHRE  15.0mm

Frequency [kHz]

phase {deg]

Difference of

phase [deg]

Chapter 6. HBREFZEFB L HERIT

ERMEEE 20.0mm

Difference of

0 2 4 6
Frequency [kHz]
TERMHET  25.0mm
v -~ B "1‘{\1" -:.I\\\
L 1 I 1 I
0 - 2 4 6

Frequency [kHz]

EEAEEE  30.0mm

Frequency [kHz]

— FEM
----- Measured
~-—-—Theory

R6-3-1-1 #1 ERARESEELILLSA
(7528 10.0mm, MR 2.5mm)
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Chapter 6. HRER® %M\ - MiERH

FRlE  2.0mm

[Gop] eseyd J0 uo:ﬁummﬂw
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BRH  2.5mm
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FEM
----- Measured
Theory
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Difference of phase [deg]

Difference of phase [deg]

Difference of phase [deg]

Chapter 6. BBEEREE B - SiEaF

Frequency [kHz]

— FEM

T Theory

---- Measured

H6-3-1-3 1l 7S5V EETILEELEBS
TSRS 20.0mm, BER 2.5mm)
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

ZEAHRE  5.0mm

20 ‘ :

Frequency [kHz]

SRS 10.0mm
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THAEEE  15.0mm
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Difference of phase [deg]

Difference of phase [deg]

Chqp?er 6. HIREFES A - MES 4

| =g4EE  20.0mm

Frequency [kHz]

ZESHEE  25.0mm
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EIAEEE  30.0mm
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-=---Measured
—= Theory
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

Chaopter 6. HBEFHHE% A - RIEREH

R 1.5mm

B 3.0mm

Difference of phase [deg]

Frequency [kHz] Frequency [kHz]

Fff  2.0mm

Frequency [kHz]

PR 2.5mm

— FEM
----- Measured
——---Theory
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(752U 10.0mm, ZEZHEES 20.0mm)
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Chapter 6. FRER &% ALV BUERIF
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Chapter ¢. HRERE % B L - 8ERF
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]

Sl

1.0mm

Frequency [kHz]

Ll

1.5mm

Frequency [kHz]

R

2.0mm

Frequency [kHz]

Difference of phase [deg]

- Difference of phase [deg]

Qhoba‘er 6. HREREEH V-SRI
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- L I i ] L
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—FEM
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- Theory
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Difference of phase [deg] Difference of phase [deg]

Difference of phase [deg]
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_ Chapter 6. HREZE % ML = EfRF

ﬁl-l-lll

6-4 SYSNOISE [= & 2 $tiEfRif it RO M (IEIS)

6-3 LIRKEIC LT, T 1A A Ay Uk 2 ORI, 8D\, SYSNOISE I &
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Chapter 6. FBERZ R HREEFN

6-4-B-1 B 10.0 - 1.5
6-4-B-2 " 10.0 20.0 —
6-4-B-3 " - 20.0 1.5
6-4-C-1 C 10.0 — 1.5
6-4-C-2 " 10.0 20.0 -
6-4-C-3 " - 200 L3
6-4-D-1 D 10.0 — 1.0
6-4-D-2 " 10.0 200 -~
6-4-D-3 " - 20.0 10
6-4-E-1 E 10.0 - 1.0
6-4-E-2 " 10.0 20.0 -
6-4-E-3 " - 20.0 0
6-4-F-1 F 10.0 - 1.0
6-4-F-2 " 10.0 20.0 —
6-4-F-3 " - 200 L0
6-4-G-1 G 10.0 - 1.5
6-4-6-2 " 10.0 20.0 —
6-4-G-3 " - 200 L2
6-4-H-1 H 10.0 = 20
6-4-H-2 " 10.0 20.0 —
6-4-H-3 " — 20,0 2.0
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Chapter 6. FREFEE %A SB &R

6-4-J-1 J 10.0 - 1.5
6-4-J-2 " 10.0 200 -
6-4-J-3 " - 0.0 LS
6-4-K-1 K 10.0 — 1.0
6-4-K-2 " 10.0 200 -
6-4-K-3 " - 20.0 1.0
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Difference of magnitude [dB] Difference of magnitude [dB]

Difference of magnitude [dB]

ZEZAERE  5.0mm

Frequency [kHz]

LERAEEX 10.0mm

Frequency [kHz]

EEHREE  15.0mm

Frequency [kHz]

Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]

Chapter 6. BRES®RE B - R{ERH

EIHFEE 20.0mm

Frequency [kHz]

TBEMES 25.0mm

Frequency [kHzj

TEEHAEEST  30.0mm

Frequency [kHz|

—FEM
----- Measured
—-=-Theory

6-4-A-1 A ESHRESIZZELSERES
10.0mm, [ 1.0mm)

(7T PR
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Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]

Chapter 6. FBEREEH ISR
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BHE  1.5mm

Difference of magnitude [dB]
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B ——FEM
R T N I et Measured
§] 2 . ———Theory
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-15L 1 l [
0 2 4

Frequency [kHz]

6-4-A-2 A BREZELSELGFE
(7S5 2PE 10.0mm, ZEZ5HEEE 20.0mm)
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Difference of magnitude [dB] Difference of magnitude [dB]

Difference of magnitude [dB]

Chapter 6. FREHKE T H V- HERNT

L R T

! == -
..... ~fyrna

2 3 4
Frequency [kHz]
— FEM
----- Measured
—-=Theory

6-4-A-3 A TSUUIEEELEIERES
e EE & 20.0mm, FER 1.0mm)
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Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]

RIFEE 5.0mm

Frequency [kHz]

ELREREE

10.0mm

Frequency [kHz]

RS

15.0mm

Frequency [kHz]

(ZZ 2 VHR

100

Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]

——
O a

LA
L

Chapter 4. FBEZE 2B -HERZN

BEAEEX 20.0mm

Freguency [kHz]

ZERAEE 25.0mm

T

Frequency [kHz]

EEHEET  30.0mm

X
]

0 :| AN ]
. . A 's
Sk
10+
-15 - ! :
0 2 4
Frequency [kHz]
—FEM
----- Measured
—-——Theory

H6-4-B-1 #HB RSREIEELIELSS
10.0mm, [EfE 1.5mm)



Difference of magnitude [dB] Difference of magnitude [dB]

Ditference of magnitude [dB]

PR 1.0mm

Frequency [kHz]

R 1.5mm

Frequency [kHz]

Fifd  2.0mm

Frequency [kHz]

Difference of magnitude [dB]

Difference of magnitude [dB]

Chapter 6. BRERKE B L = S{&82H

PG 2.5mm

Frequency {kHz]

BER  3.0mm

Frequency [kHz]

—FEM
----- Measured
—-=-Theory

B 6-4-B-2 #HB BEEZZE{LItE-&EE
(7S PE 10.0mm, ZESHE S 20.0mm)
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Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]

Chapter 6. HIRE&HZ £ B -HEEF

73V 10.0mm

Frequency [kHz]

72 VR 20.0mm

Frequency [kHz]

— FEM
----- Measured
——-=Theory

E 6-4-B-3 B 75 UBEELSIE-EE
(ZESHE X 20.0mm, [ERE 1.5mm)
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Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]

EIMEE 5.0mm

Frequency [kHz]

ZERERE

10.0mm

Frequency [kHz]

RS

15.0mm

Frequency [kHz]

6-4-C-1

(7SR
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Difference of magnitude [dB}

Difference of magnitude [dB]

Difference of magnitude [dB]
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Chapter 6. FIEERERFHLVHIERFT

EGHEEE 20.0mm

Frequency [kHz]

SHEY  25.0mm

T,
I}
i

Frequency [kHz]

ZZ2XAERE 30.0mm

Frequency [kHz]

— FEM
***** Measured
—-=-Theory

fC ZEHESIZELSEEES
10.0mm, [&RF 1.5mm)




Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]

PR 1.0mm

Frequency [kHz]

PR 1.5mm

Frequency [kHz]

Difference of magnitude [dB]

Chapter 6. FREZRE TRV -SERT

BE  2.5mm

Difference of magnitude [dB]

Frequency [kHz]

BARE  3.0mm

Frequency [kHz|

—FEM
----- Measured
-==—Theory

B 6-4-C-2 #C BRAZELSEEBE
(75228 10.0mm, ZHEEES 20.0mm)
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Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude {dB]

Chapler 6. HFBRERE TR HERN

Frequency [kHz]

72U 10.0mm

Frequency {kHz]

— FEM
----- Measured
——— Theory

6-4-C-3 HC DS VUREEILSEBE
(ZSAERE 20.0mm, ERH 1.5mm)
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Difference of magnitude [dB] Difference of magnitude [dB]

Difference of magnitude [dB]

ZEHAHEEY  5.0mm

Frequency [kHz|

ELAHEE 10.0mm

Frequency [kHz]

EEHEEE 15.0mm

Frequency [kHz]

Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]

Chapter 6. FREFRE ALV SERHT
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**** Measured
—— Theory
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(75 2lE 10.0mm, R 1.0mm)
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Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB}
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1.0mm
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Red
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Frequency [kHz]
——— FEM
————— Measured
--------- - Theory

Chapter 6. FBREREZER BRI

E6-4-D-2 #D BEZZ{LSEER
(75 VE 10.0mm, ZEREES 20.0mm)

107



Difference of magnitude [dB] Difference of magnitude [dB]

Difference of magnitude [dB]

Chapter 6. HRERZF R -HESF
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Frequency [kHz]
— FEM
----- Measured
--------- - Theory

6-4-D-3 #THD ZSUUIEAFLESE-BES
(ZZEREE 20.0mm, B 1.0mm)
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Difference of magnitude [dB]

Chapter 6. FREFRE T ALV - &ERNT

ESHEEE 5.0mm TEEHEZT  20.0mm

Difference of magnitude [dB)

Frequency [kHz] Frequency [kHz]

Difference of magnitude [dB]

ERHREE
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Frequency TkHz] Frequency [kHz]
EEFEES  15.0mm ESRERS  30.0mm
10 10
5 5 Y
0 e

'

N
)

A

—_
<
]
p—
<

—_
Ln
1
—
LN

Difference of magnitude [dB]
()

Frequency [kHz]

Frequency [kHz]

——— FEM
----- Measured

R6-4-E-1 #E EEHESETILIERSE
(7528 10.0mm, AR 1.0mm)
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Difference of magnitude [dB]

Difference of magnitude [dB]

Difference of magnitude [dB]
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—FEM
----- Measured
———- Theory
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Difference of magnitude [dB]

Difference of magnitude [dB]

Chapter 6. FIREZZ TR V- HERKT
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Frequency [kHz]

752V 10.0mm
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75 VR 20.0mm
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Chapter 7. BRDRBONIFIRAVF—XBEMEBLESESD
BEREICE T A R & SR AT E O ik b B

—experiment
r—C—theoretical analysis

¢ 4.0mm thickness 50mm

L=y

(¥ ]
<

100 500 1000 T 50006400
Frequency [Hz]
7-1 HZ A —XBEE ¢ 4.0 thickness S0mm

—O—experiment .
——theoretical analysis

¢ 2.0mm thickness 50mm

=
<

]

100 500 1000 50006400
Frequency [Hz]

7-2 I AV—XBHE ¢ 2.0 thickness 50mm

—O—experiment
r———thgoretical analysis
¢ [.0mm thickness 50mm

100 5000 1000 50006400

Frequency [Hz]
7-3 HTAE—RABERE ¢ 1.0 thickness 50mm

132



Chapter 7. ER2MBEOISF A —ABrEBE LI-BED
WHFRIZT 5 ENE - RO S L SR

(S

—C—experiment
——theoretical analysis
- ¢ 0.8mm thickness 50mm

< o
(=) o0

e
B

tion Coefficient

rp

Abso
=
b

— T L L 1 | PRV RN T S L 3 1
2(0 100 500 1000 50006400
Frequency [Hz]

7-4 HIT A —XBHEE ¢ 0.8 thickness 50mm

—

—O—experiment
[—theoretical analysis
P ¢ 0.4mm thickness 50mm

=1
o0

tion Coefficient
[ ]
o
=

rpO
—F

Abso
e
(&)

% 100 " "300 1000 T 30006400
Frequency [Hz]
7-5 W7 Av—XBER ¢ 0.4 thickness 50mm

133



Chapter 7. B A3KBONS A —XBr»HEBLEHED
WEEICIET 5 REME > ERT ok L BE

[T

—C—experiment
[—theoretical analysis
| upper ¢ 4.0mm thickness 10mm
fower ¢ 2.0mm thickness 40mm

So
N o0
]

tion Coefficient

rpO
—

Abso
=]
[

R v L I L T T | P I A
%0 100 500 1000 50006400

Frequency [Hz]
7-6 HT A~ XBIEE ¢ 4.0 thickness 10mm — ¢ 2.0 thickness 40mm

1 —experiment T

A e

20811705 &2 0mm thickhess 30mm

% -

20.61

Lo

=t

204

& 1

=

S0.2-

A, i

1 i L T Y A | 1 1 )

%{) 160 500 1000 50006400

Frequency [Hz]
7-7 HIF A —XBEE ¢ 4.0 thickness 20mm — ¢ 2.0 thickness 30mm

—experiment

" —C—theoretical analysis

|_upper ¢ 4.0mm thickness 30mm
lower ¢ 2.0mm thickness 26mm

ot
%0

e
o

tion Coefficient

1—‘1151_1__§t:)1‘p$:>
Tt

O ="T6 300 100050006400
Frequency [Hz]
K 7-8 HF7RA—XBFEE ¢ 4.0 thickness 30mm — ¢ 2.0 thickness 20mm

134



Chapter 7. ER 25 BOV S A v — B BB LEBED
WERIZBET 5 RAME - ERAET O ik b e

1 —experiment
= [ —C—theoretical analysis
ﬁ{) § 1. upper ¢ 4.0mm thickness 40mm
‘5| lower ¢ 2.0mm thickness 10mm
EE‘ -
80.6-
U L
50 4
E 4
20.2
..40: .
L T 1 1 1 | L
%0 100 500 1000 5000 6400

Frequency [Hz]
7-9 HI7 A —XEBIEE ¢ 4.0 thickness 40mm — ¢ 2.0 thickness 10mm

o

—experiment
[ —O—theoretical analysis
| upper ¢ 4.0mm thickness 10mm
lower ¢ 1.0mm thickness 40mm

e
oo

<
>

tion Coefficient

Algorpp
i

il ;..I....I 1 P TR R
% 100 500 1000 5000 6400

Frequency [Hz]
B 7-10 HF7 A —XEHEE ¢4.0 thickness 10mm — ¢ 1.0 thickness 40mm

—_—

w-—-—experiment
[-—C—theoretical analysis
| upper ¢ 4.0mm thickness 20mm
lower ¢ I.0mm thickness 30mm

S S
= o0
|

e
I~
T

tion Coefficient

At-gorp
P

I T ' L
S(I)O IOIOO 50006400

Ut
o
—
<
==

Frequency [Hz]
711 H5AE—REHB 4.0 thickness 20mm — ¢ 1.0 thickness 30mm

135



Chapter 7. BRABBEOH T A - ABErERLEESED
% SRIC B D I L AT O bR b B

[a—y

—~——experiment

[ —C—theoretical analysis

| _upper ¢ 4.0mm thickness 30mm
ower ¢ 1.0mm thickness 20mm

<
o0

=
o

tion Coefficient

rp.O
.
L

Abso
=
b

(¥ =
o]
[y
<
<

1 | I T T B | 1 l
500 1000 50006400

Frequency [Hz]

7-12 T A —XEFERE ¢ 4.0 thickness 30mm — ¢ 1.0 thickness 20mm

fam—y

—experiment

- —O—theoretical analysis

| upper ¢ 4.0mm thickness 40mm
lower ¢ 1.0mm thickness 10mm

S S
=) @0
|

t&__c;)n Coefficient
=

Alésorp
ba

¥ =]
=

D
—f
<
]

4

1 TR S | L] 1 1 1
500 1000 50006400
Frequency [Hz]

7-13 A7 A —XEfEE ¢ 4.0 thickness 40mm — ¢ 1.0 thickness 10mm

—experiment

[ —C—theoretical analysis

| upper ¢ 4.0mm thickness 10mm
lower ¢ 0.8mm thickness 40rom

&
o0

b
=2
T

tion CoefTicient

Algorpp
b

L | IR B | L [ L
500 1000 50006400

Frequency [Hz]

7-14 HI5 A —XBFHERE ¢ 4.0 thickness 10mm — ¢ 0.8 thickness 40mm

136



Chapter 7. R RBONS 2 —RBEHEE L-ESD
BB EE T D ERNE & AR R Ot b 5

—

——experiment

&
2o

g
o
i

tion Coefficient

rpp
-+
T

Abso
S
T2

i
L]
—
L
Lo

- —O—theoretical analysis
| upper ¢ 4.0mm thickness 20mm
l. lower ¢ 0.8mm thickness 30mm

L | T T T | I B
500 1600 50006400

Frequency [Hz]

K715 HTAE—-ZXERE ¢ 4.0 thickness 20mm — ¢ 0.8 thickness 30mm

——experiment

S S
= o]

=
-~

tion Coefficient

Al.)osorp
[\

I —O—theoretical analysis
| upper ¢ 4.0mm thickness 30mm
fower ¢ 0.8mm thickness 20mm

P P
500 1000 50006400

Frequency [Hz]

7-16 HFZAE—XBEE ¢ 4.0 thickness 30mm — ¢ 0.8 thickness 20mm

—experiment

o
)

o]
N

t{ign Coefficient
=

Algorp
()
T

- —O—theoretical analysis
| upper ¢ 4.0mm thickness 40mm
lower ¢ 0.8mm thickness 10mm

E

i L3 1 1 : 1 1
500 IOIOO 5000 6400
Frequency [Hz] |

M 7-17 H5 A —XBEE ¢ 4.0 thickness 40mm — ¢ 0.8 thickness 10mm

137



Chapter 7. BRAWMBOFF AL —XEE#BELFBED
W E R BT D RN & B AR b R

[a—y

—experiment

- —C—theoretical analysis

| .upper ¢ 4.0mpm thickness 10mm
lower ¢ 0.4mm thickness 40mm

&
oo

=
o

tion Coefficient

rp.°
.

Abso
[am
to

1 1 { | I T T A | 1 1 1
(}0 100 500 1000 50006400

Frequency [Hz]
Xl 7-18 HF7 AP —X@EHERE ¢ 4.0 thickness 10mm — ¢ 0.4 thickness 40mm

—_—

—experiment

[ —O—theoretical analysis
| upper ¢ 4.0mm thickness 20mm
lower ¢ 0.4mm thickness 30mm

e 2
-

<
=~

tion Coefficient

Algorp
)

1 | T T T T I | 1 l
500 1000 5000 6400

¥, =}
<
fu—
<
(=]

Frequency [Hz]
7-19 HZ7 A —XEFEE ¢ 4.0 thickness 20mm — ¢ 0.4 thickness 30mm

—experiment

[ —O—theoretical analysis

| wpper ¢ 4.0mm thickness 30min
lower ¢ 0.4mm thickness 20mm

tion Coefficient
c oS @
= =y o0
T T T

Alésorp
==

il 1 1 PRI 1 i i 1
500 1000 5000 6400

i
<o
—_
=
=l

Frequency [Hz]
720 HF AV —RXEFRE ¢ 4.0 thickness 30mm — ¢ 0.4 thickness 20mm

138



Chapter 7. R 2RBEONVF A —ABEHEB L -HEHED
0B i B 2 S & BT O bl &

[a—y

—experiment

[ —C—theoretical analysis

| upper ¢ 4.0mm thickness 40mm
fower ¢ 0.4mm thickness 10mm

=
%

tion C(c):efﬁcient
=3

Al?Dsorp i
[ -

L TR | 1 1 1 |
500 1000 50006400

LV, =]
o
[
[an] o]
[}

Frequency [Hz]
X 7-21 IR —XIBHEFE ¢ 4.0 thickness 40mm — ¢ 0.4 thickness 10mm

—

~——experiment

[ —C—theoretical analysis

| _upper ¢ 2.0mm thickness 10mm
- lower ¢ 1.0mm thickness 40mm

<
o

Absorption Coefficient
e e 2
e

8100 500 1000 5000 6400
Frequency [Hz]
X 7-22 H7AE—XFEFERE ¢ 2.0 thickness 10mm — ¢ 1.0 thickness 40mm

1
~——experiment

- F —O—theoretical analysis
%O |- upper ¢ 2.0min thickness 20mm
‘S0 ower ¢ 1.0mm thickness 30mm
5
c0.
oo
s
.80,
£
20 5
ol
<

T 1 i 1 Lo : L
% 100 500 1000 50006400

Frequency [Hz]
B 723 H5 AP —XBEE ¢ 2.0 thickness 20mm — ¢ 1.0 thickness 30mm

139



Chapter 7. RUGELHBEOHNF AL - XBEEB LIEBEO
BERICHE T 5 EE & EARETTEO - B8

—

—expenment

- —O—theoretical analysis

| upper ¢ 2.0mm thickness 30mm
lower ¢ 1.0mm thickness 20mm

e 2
o™
|

tgm Coefficient
=

rp

Abso
o
b

i

: 1 . 1
5000 6400

Y% 100 500 1000
Frequency [Hz]
B 7-24 HIAE—XBFEE ¢ 2.0 thickness 30mm — ¢ 1.0 thickness 20mm

—expetiment

[ —C—theoretical analysis

| upper ¢ 2.0mm thickness 40mm
lower ¢ 1.0mm thickness 10mm

e 2
o o
T

tion Coefficient

e
-

Abso
o
b

T 1 I I T T S S 2 | ' 11y
%0 100 500 1000 50006400

Frequency [Hz] '
X 7-25 Ho7AE—XEHERE $2.0 thickness 40mm — ¢ 1.0 thickness 10mm

[

—experiment ‘
- —O—theoretical analysis

| upper ¢ 2.0mm thickness 10mm
lower ¢ 0.8mm thickness 40mm

&
o

o
=)
L

tion Coefficient

A?:sorp-c
T

T L 4 1 111 I 1 E
% 100 500 1000 5000 6400

Frequency [Hz|
726 HF AL —XEBIEE ¢ 2.0 thickness 10mm— ¢ 0.8 thickness 40mm

140



Chapter 7. £ DRBOHF T2 —ABEAEBELEHGO
BRI 5 ENN & BRI L EE

[y

—experiment

[ —O—theoretical analysis

|_upper ¢ 2.0mm thickness 20mm
L lower ¢ 0,8mm thickness 30mm

o
)

o
>

tion Coefficient

p

=
T

Abso
Lo
to

1 DS T S T N L 1
500 1000 50006400

¥ =]
o
—_
<
=1

Frequency [Hz]
727 HoAE—ZXBHERE ¢2.0thickness 20mm — ¢ 0.8 thickness 30mm

[y

———experiment
—O—theoretical analysis

| upper ¢ 2.0mm thickness 30mm
lower ¢ 0.8mm thickness 20mm

e
%0

=
o)

<
NN
T

tion Coefficient

p

Abso
=
o]

)
L ;l

: 1 1 : o1 o] 1 .
T 5001000 5000 6400

Frequency [Hz]
728 7 AUV —XEBHERE ¢ 2.0 thickness 30mm — ¢ 0.8 thickness 20mm

—_

—experment

- —O—theoretical analysis

i upper ¢ 2.0mm thickness 40mm
fower ¢ 0.8mm thickness T0mm

&
s

tion C%efﬁcient
>

AE;"OI‘P o
T

L | R T S T 1 1 L 1 11
500 1060 50006400

[V, =]
<
—
=
=]

Frequency [Hz]
K729 H5 A —XBERE ¢2.0 thickness 40mm — ¢ 0.8 thickness 10mm

141



Chapter 7. B2 2R EOI T A —XBXHEB LHED
W M B 5 LM b PR AT (LoD bl & T

[y

——exXpetiment

[ —C—theoretical analysis

| upper ¢ 2.0mmn thickness 10mm
lower ¢ 0.4mm thickness 40mm

S S
= =]
|

_CD
~
T

tion Coefficient

Y

Abso
(]
o

I L] 1 | Lo | 1 | L
%0 100 500 1000 50006400

Frequency [Hz]
730 HI7AE—XEERE ¢ 2.0 thickness 10mm — ¢ 0.4 thickness 40mm

—

—experiment

I —O—thegretical analysis

|_upper ¢ 2.0mm thickness 20mm
lower ¢ 0.4mm thickness 30mm

=
)

=
=)

tion Coefficient

rpc
~

Abso
o
b

1 kI T R S i | 1 .2
500 1600 50006400

i
<>
—
=
=

Frequency [Hz]
7-31 H7AE—XERERE ¢ 2.0 thickness 20mm — ¢ 0.4 thickness 30mm

[

—experiment
 —C—theoretical analysis
| upper ¢ 2.0mm thickness 30mm
lower ¢ 0.4mm thickness 20mm

S
£o

g
o

tion Coefficient

rpO
=

Abso
(e}

uf-‘—*,i?
<
k.
=
o

) P T ) 1
500 1000 50006400

Frequency [Hz]
7-32 HI A —XEFERE ¢ 2.0 thickness 30mm — ¢ 0.4 thickness 20mm

142



Chapter 7. RROKWBOH I A v —XBErHEE LI-He0
WEEICET D RHE » FRAIT O s L 25

ot

—experitment

—O—theoretical analysis
upper $ 2.0mux thickness 40mm
lower ¢ 0.4mm thickness 1¢mm

o
oy

<
o

tion Coefficient

rpO
I

Abso
=
[

I 1 3 T R ST 2 | 1 1 1,
(%0 160 500 1000 50006400

Frequency [Hz]
7-33 7R~ XEfEE ¢ 2.0 thickness 40mm — ¢ 0.4 thickness 10mm

1 —-—experimeni
= I —C—theoretical analysis
5{) || upper ¢ 1.0mm thickness 10mm
‘S| lower ¢ 0.3mm thickness 40mm,
= L
20.6
59
=
So.4
2 L
g0 2+
<1
q L L L 1 ] 1 1 |;|)
0 100 500 1000 50006400

Frequency [Hz]
X 7-34 Ho7 A —XBERE ¢ 1.0 thickness 10mm — ¢ 0.8 thickness 40mm

—experiment
|- —O—theoretical analysis
| upper ¢ 1.0mm thickness 20mm
lower ¢ 0.8mm thickness 30mm

S o
-
I

e
o
|

tion Coefficient

'Alggorp
2

1 1 t | S S | 1 ! ' |-
(%LO 100 500 1000 5000 6400
Frequency [Hz]

7-35 HI7 A —XEIERE ¢ 1.0 thickness 20mm — ¢ 0.8 thickness 30mm

143



Chapter 7. RIEDWBOH G 2 v — ZFEB L8B4 0
W I T D BB & R o o b 2

[a—y

—experiment

[ —O—theoretical analysis

| wpper ¢ 1.0mm thickness 30mm
lower ¢ 0.8mm thickness 20mm

=
5o

o
=)

tion Coefficient

rpo
—

Abso
[
B

= 1 1 L |- L | L ! 1 l
g-O 100 500 1000 50006400

Frequency [Hz]
7-36 T AL —XJBFEBE ¢ 1.0 thickness 30mm — ¢ 0.8 thickness 20mm

—experiment

[ —C—theoretical analysis
| upper ¢ 1.0mm thickness 40mm
lower ¢ 0.8mm thickness 10mm

tion Coefficient
S TSTS
o (=) o -]

I I

A‘tgorp
=

T —""S00 1000 5000 6400
Frequency [Hz]
7-37 7 A —XEFERE ¢ 1.0 thickness 40mm — ¢ 0.8 thickness 10mm

—experiment

—O—theoretical analysis

L upper ¢ 1.0mm thickness 10mm
lower ¢ 0.4mm thickness 40mm

e =
-

tion Coefficient

P8
~

Abso
=)
1o

]

T L L L [ . i R L.
%0 100 500 10600 50006400

Frequency [Hz]
738 HIF R —ABFER ¢ 1.0 thickness 10mm — ¢ 0.4 thickness 40mm

144



—_—

Chapter 7. B OHBOTT A —XBR»EBLEESD
WERICBET LRI L BRirEOlek L 55

——experiment

I —0—theoretical analysis

| upper ¢ 1.0mm thickness 20mm
lower ¢ 0.4mm thickness 30mm

o
&

=
o
T

tion Coefficient

Alggorp io
I
T

500" 1000 T T 5500 6400
Frequency [Hz]

7-39 HT7AE—ZXBEE ¢ 1.0 thickness 20mm — ¢ 0.4 thickness 30mm

—experiment

I —O—theoretical analysis

| upper ¢ 1.0mm thickness 30mm
. lower ¢ 0.4mm thickness 20mm

<
o0

e
o
T

tion Coefficient

A‘%sorp io
b B
L

500 1000 T 50006400
Frequency [Hz]

7-40 HIF7AE—XEHERE ¢ 1.0 thickness 30mm — ¢ 0.4 thickness 20mm

—experiment
[ —O—theoretical analysis

o
oo

lower ¢ 0.4mrm thickness 10mm

=
&
il

tion Coefficient

:‘.‘3
=
T [

Abso
e
&

|_upper ¢ 1.0mm thickness 40mm

e
=
]
o
=

300 1000 350006400

Frequency [Hz]

7-41 HF5A—XBEE ¢ 1.0 thickness 40mm — ¢ 0.4 thickness 10mm

145



Chapter 7. B2 5RBON T A v B HB L-EEO
WeE R8T D EPUE & AT O ik - B

[a—

—experiment

[- —>—theoretical analysis

| upper ¢ 0.8mm thickness 10mm
lower ¢ 0.4mm thickness 40mm

e
e

tion Coefficient
e @

£ (=%

I T

p

Abso
=
)

3500 1000 T 50006400
' Frequency [Hz]

7-42 HF7 A —XBIERE ¢ 0.8 thickness 10mm — ¢ 0.4 thickness 40mm

—experiment

[ —C—theoretical analysis

| upper ¢ 0.8mm thickness 20mm
lower ¢ 0.4mm thickness 30mm

<
o0

e
=y
T

tion Coefficient

Atés;.orp o
o
I L

% 100 30001000 50006400

Frequency [Hz]

7-43 HT AT —XEEE ¢ 0.8 thickness 20mm — ¢ 0.4 thickness 30mm

—experiment

[ —C—theoretical analysis

| upper ¢ 0.8mm thickness 30mm
lower ¢ 0.4mm thickness 20mm

e
&o

<
>

tion Coefficient

Aggorpi
[N
| 1 ‘r T

T 500 1000 50006400
Frequency [Hz]

X 7-44 HT7AE—XEFERE ¢ 0.8 thickness 30mm— ¢ 0.4 thickness 20mm

146



Chapter 7. R 50ROV Z 20— XBEEE LESEO
WERITBG S HHE & BT O ol - e

—

——experiment

- —C—theoretical analysis

| _upper ¢ 0.8mm thickness 40mm
lower ¢ 0.4mm thickness 10mm

< o)
N o0
T

=
N
T

tion Coefficient

p

Abso
&S
[

5001000 “5000 6400

e
of T
.
<
S

Frequency [Hz]

X 7-45 HTFAE—XEHERE ¢ 0.8 thickness 40mm — ¢ 0.4 thickness 10mm

147



Chapter 7. B 5BEON 7 A v — X g+ EE L= BE&O
W RITRT D HANE - AT Ol L B R

[a—

———experiment
[F—O—theoretical analysis

; upper ¢ 2.0mm thickness 10mm
lower ¢ 4.0nmm thickness 40mm

S S
=) o0
i

ti_gm Coefficient
£ .

Al.:c)'s«;orp
L

' | I TR S W I
500 1000

¥, ==}
<
—_
o
o

Frequency [Hz]

SR T L
5000 6400

7-46 H5 A —RXBIEB ¢ 2.0 thickness 10mm — ¢ 4.0 thickness 40mm

! —experiment
= [ —O—theoretical analysis
50 8l vpper ¢ 2.0mm thickness 20mm
o 7| lower ¢ 4.0mm thickness 30mm
E L
80.6-
&
.§o.4£
£
Q
Boa e
< L
NG SR ST R T S |
%O 100 500 1000

Frequency [Hz]

50006400

7-47 HZ A —ZXIBFREE ¢ 2.0 thickness 20mm — ¢ 4.0 thickness 30mm

[a—ry

—expenment
[ —C—theoretical analysis
|_upper ¢ 2.0mm thickness 30mm
fower ¢ 4.0mm thickness 20mm

©
20

e
&
2

tion Coefficient

Alc):sorpc
SN

¥, =)
o

T E 1 1 | I T T |
100 500 1000
Frequency [Hz]

PR 1
5000 6400

748 HI7AE—XEEE ¢ 2.0 thickness 30mm — ¢ 4.0 thickness 20mm

148



tion Coefficient

=
£

Abosorp

@
e

<
=

—

Chapter 7. B ORBEOHZ A —XBEHB LI-BED
RE RIS R L BB O L e

—experiment
[ —O—theoretical apalysis
| upper ¢ 2.0mm thickness 40mm
lower ¢ 4.0mm thickness 10mm

¥

N P A 1 1 I
500 1000 5000 6400

Frequency [Hz]

7-49 H T A X@BfgEE ¢ 2.0 thickness 40mm — ¢ 4.0 thickness 10mm

o
o

o
o
T

tion Coefficient

@
B
T

A‘tgorp

[
T

“gXperinent
- —O—theoretical analysis
| upper ¢ 1.0mm thickness 10mm
lower ¢ 4.0mm thickness 40mm

1 E S N S SR S | 1 1 3 I 1
500 1000 50006400
Frequency [Hz] - |

7-50 H7 AP —XBFERE ¢ 1.0 thickness 10mm — ¢ 4.0 thickness 40mm

tion Coefficient

e
~

Al?:sorp

7-51

e
%0

@
o

b

ot

-——experiment

[ —O—theoretical analysis

| upper ¢ 1.0mm thickness 20mm
lower ¢ 4.0mm thickness 30mm

N R . L1
500 1000 50006400
Frequency [Hz]

H5 A —XBHERE ¢ 1.0 thickness 20mm — ¢ 4.0 thickness 30mm

149



Chapter 7. ERDRBOI T AV —XB2EBLE-HSO
RFERICET D EAE L HmEATE O hEk b s

[a—y

——eXperiment

[ —C—theoretical analysis

| upper ¢ 1.0mm thickness 30mm
lower ¢ 4.0mm thickness 20mm

=
%0

tion C%efﬁcient
o
I T

Al‘):sorpo
R

L | R S I | L ! ! | S
500 1000 50006400
Frequency [Hz]

7-52 HT7AE—XREREE ¢ 1.0 thickness 30mm — ¢ 4.0 thickness 20mm

—experiment

I —O—theoretical analysis

upper ¢ 1.0min thickness 40mm
lower ¢ 4.0mm thickness 10mm

e 2
[~
N

ticcbm CoefTicient
'
T

Al:ésorp
S

iy
(=1
—_
<
=

1 | F I N N A | 1 ] 1 I 1
500 1000 5000 6400
Frequency [Hz] '

7-53 HI7AE—XBHERE ¢ 1.0 thickness 40mm — ¢ 4.0 thickness 10mm

1 ———experiment

o - —O—theoretical amtl;n}y;is 0
0.8

208155057 & 4 0mm thickness 40mm
g L
80.61-
Q -
c
S0.4f
B |
=]
8021
< |

g = s " I T T Y T 1 1 L 1 JJ

0 100 500 1000 50006400

Frequency [Hz]

7-54 HT7 AV —XEFERE ¢ 0.8 thickness 10mm — ¢ 4.0 thickness 40mm

150



Chapter 7. BRB8BONT Ar— X BB LEESD
RE BT 5 BAME & R E O L

p—t

—experiment

[ —O—theoretical analysis

| upper ¢ 0.8mm thickness 20mm
lewer ¢ 4.0mm thickness 30mm

<
oo

tion Coefficient
<
(=)

T3
T

Abso
<
>

e
<
—
<
<

3 I IO U S | 1 1
500 1000 50006400

Frequency [Hz]

7-55 HI7AE—ABHERE ¢ 0.8 thickness 20mm — ¢ 4.0 thickness 30mm

———experiment

[- —O—theoretical analysis

| upper ¢ 0.8mm thickness 30mm
lower ¢ 4.0mm thickness 20mm

e
o0

rption Coefficient
o o
—

Abso
)
[\

1 I Y T T B | I 3 1 I
500 1000 50006400
Frequency [Hz]

7-56 HT7 A —XJ@fEE ¢ 0.8 thickness 30mm — ¢ 4.0 thickness 20mm

oy

—experiment

[ —C—theoretical analysis

| upper ¢ 0.8mm thickress 40mm
lower ¢ 4.0mm thickness 10mm

o
o

o
o

<
.
T

tion Coefficient

Algorp
=

R
<l
o
=

1 I S I 3
560 IOb() 50006400

Frequency [Hz]

7-57 HF5 A —XBHEE ¢ 0.8 thickness 40mm — ¢ 4.0 thickness 10mm

151



Chapter 7. BRBBBON T AL — BB LEBED
IR BT 5 R - ER AR o bl b g

[

—eXperiment

[ —C—theoretical analysis

| upper ¢ 0.4mm thickness 10mm
lower ¢ 4,0mm thickness 40mm

nt
[
o0

tion Coefficie
fon}
o

LY
N

Abso
o
[

U
SN
—
[
L]

1 | I T T ] 1 i 1
500 1000 50006400

Frequency [Hz]

7-58 HF7 A —AXBFERE ¢ 0.4 thickness 10mm — ¢ 4.0 thickness 40mm

—experiment

[ —C—theoretical analysis

| wpper ¢ 0.4mm thickness 20mm
lower ¢ 4.0mm thickness 30mm

tion Coefficient

i
= o> oo
I [

Alcabsorp
(&)

7500 1000 T 50006400
Frequency [Hz]

7-59 HIF A —XBFEE ¢ 0.4 thickness 20mm — ¢ 4.0 thickness 30mm

—experiment

I —O—theoretical analysis

| upper ¢ 0.4mm thickness 30mm
lower ¢ 4.0mm thickness 20mm

2
)

<
+a
T

tion Cooefﬁcient
N
[

TP

_Absor
=)
)
I

¥ =
[
[
[an]
)

3500 1000 T 50006400
Frequency [Hz]

7-60 HFAE—ABFERE ¢ 0.4 thickness 30mm — ¢ 4.0 thickness 20mm

152



Chapter 7. B2 58BEOFF A - A8 LEESD
WE RIS KR L AR E O e

o)

——experiment

[ —O—theoretical analysis

|_upper ¢ 0.4mm thickness 40mm
lower ¢ 4.0mm thickness 10mm

o
o0

g
o
T

tion Coefficient

Algorp o
o
L |

100 500 1000 506006400
Frequency [Hz]
7-61 HF AL —XEEE ¢ 0.4 thickness 40mm — ¢ 4.0 thickness 10mm

———experiment
[ —O—theoretical analysis
| upper ¢ 1.0mm thickness 10mm
lower ¢ 2.0mm thickness 40mm

e
@

tion Cg}efﬁcien’t
o
I T

AlS):sorp.o
ST

%100 300 1000 —'5000 6400
Frequency [Hz]
7-62 H7 A —XEfERE ¢ 1.0 thickness 10mm — ¢ 2.0 thickness 40mm

—

—experiment

- —O—theoretical analysis

| upper ¢ 1.0mun thickness 20mm
lower ¢ 2.0mm thickness 30mm

S
oc

o
o

o
=

tion Coefficient

A?_gorp
7

iged
<

100 500 1000 50006400
Frequency [Hz]
X 7-63 H7 A —XBERE ¢ 1.0 thickness 20mm — ¢ 2.0 thickness 30mm

153



Chapter 7. BB ABBONTF A —XB3EE LEAESD
W B S M L AT R O b B

i
——exXperiment
E 'ﬂ—theoreﬁcalag’axlisis ”
1.0 i mm &
-%O-S-Epﬁé’f $z.o$m§§§2mm 30
£t s
4 J
50.6- G
oo
ﬁ 1
20.4}-
g2 |
(=
£0.2-
< L
PR BT |
%(O 100 500 1000

i | 1
50006400
Frequency [Hz]

X 7-64 WA —X[@BHERE ¢ 1.0 thickness 30mm — ¢ 2.0 thickness 20mm

~——experiment

[ —C-—theoretical analysis

| upper ¢ I.0mm thickness 40mm
lower ¢ 2.0mm thickness 10mm

S o
=) =]
_

o
£
T

tion Coefficient

Alg:sorp
'.I\J T

e
o
—_
=%
S

1 SO T S S 1 1l
500 1000 50006400

Frequency [Hz]

7-65 W7 AE—XBRERE ¢ 1.0 thickness 40mm — ¢ 2.0 thickness 10mm

—experiment
[ —O—theoretical analysis
| upper ¢ 0.8mm thickness 10mm
lower ¢ 2.0mm thickness 40mm

@
%0

tion ch:fﬁcient
o
T Y

Al'ggorp i
(%] e
T

L N Y N T | '3 1 1 I
500 1000 50006400
Frequency [Hz]

X 7-66 HFAE—XBIERB ¢0.8 thickness 10mm — ¢ 2.0 thickness 40mm

154



[

Chapter 7. AR 2HBEOF S R~ XBLEB LEESD
WEFRIZHETSEHNE L BRI RO L 28

——expeTiment

2
%o

rption Coefficient
e 2
N o)

Abso
o
[ =]

—O—theoretical analysis
upper ¢ 0.8mrm thickness 20mm
lower ¢ 2.0mm thickness 30mm

f | IS WA | 1 ' I i
500 1000 50006400
Frequency [Hz]

B 7-67 HT7AE--XEIERE ¢ 0.8 thickness 20mm — ¢ 2.0 thickness 30mm

—experiment

o
)

tion chfficient
o

Allzgorpp
R

[ —C—theoretical analysis
| upper & 0.8rmm thickness 30mm
lower ¢ 2.0mm thickpess 20mm

1 | S T I | Il ’ L 1 I
500 1000 50006400
Frequency [Hz] '

X 7-68 AT A —XBERE ¢ 0.8 thickness 30mm — ¢ 2.0 thickness 20mm

—experiment
I- —O—theoretical analysis

=
e

o
o
T

tion Coefficient

Abgorpc
B

| upper ¢ 0.8mm thickness 40mm
lower ¢ 2.0mm thickness J0mm

U
[
—H
fan Tg!
<

1 | R ST S | 3 L 1 i
500 1000 50006400
Frequency [Hz]

X 7-69 HF A —XJBFERE ¢ 0.8 thickness 40mm — ¢ 2.0 thickness 10mm

155



—_—

Chapter 7. B DRBEOTZ 2 v — B BB LEREESD
WeBr SR B35 SR IE & FRAGARIT(E D Heils & 22

—experiment

F —o—theoretical analysis

i _upper ¢ 0.4mm thickness 10mm
lower ¢ 2.0mm thickness 40mm

£ L
[ o]
T

tion Coefficient

'CD
=
T

Abso
S
[

%%

1 PR R R | i L 1
500 1000 5000 6400

Frequency {Hz]

B 7-70 HF AP —XBEEE ¢ 0.4 thickness 10mm — ¢ 2.0 thickness 40mm

——experiment

F —C—theoretical analysis

|_upper ¢ 0.4mm thickness 20mm
lower ¢ 2.0mm thickness 30mm

e
)

=
&
T

tion Coefficient

I‘pp
—

Abso
=]
P

%

7-71

—_—

L | S I | 1 I
500 1000 50006400

Frequency [Hz]

HF7 A —XEBERE ¢ 0.4 thickness 20mm — ¢ 2.0 thickness 30mm

—exXperiment

- —O—theoretical analysis

| upper ¢ 0.4mm thickness 30mm
lower ¢ 2.0mm thickness 20mm

e
o6

=
Lo}
T

tion Coefficient

) e
[\ -
T |

Abso
=

1 TR R 1 1
5(30 IObO 50006400

Frequency [Hz]

X 7-72 HT7AE—XEFE=E ¢ 0.4 thickness 30mm — ¢ 2.0 thickness 20mm

156



Chapter 7. BRABEBROVT A —ABEME L BED
W R B 5 SR & B AT IR O b - 2R

[

~——experiment

[ —C—theoretical analysis

|_upper ¢ 0.4mm thickness 40mm
lower ¢ 2,0rmm thickness 10mm

e
o

e
o

tion Coefficient

P <
=
T

Abso
=
3]

{ SRR TV SR O A

S0

L I I
500 1000 50006400

Frequency [Hz]

7-73 HZ A —Xj@EHEE ¢ 0.4 thickness 40mm - ¢ 2.0 thickness 10mm

—experiment

—O—theoretical analysis
upper ¢ 0.8mim thickness 1 0min
I~ lower ¢ 1.0mm thickness 40mm

e e
&

<
=~

tion Coefficient

Alggorp
[y

A

| [ TR | e
500 1000 50006400

Frequency [Hz]

7-74 7 AE—XBEfERE ¢ 0.8 thickness 10mm — ¢ 1.0 thickness 40mm

————experiment
I —O—theoretical analysis
|_upper ¢ .8mm thickness 20mm
lower ¢ 1.0mm thickness 30mm

S S
(= o0
|

=
i,
T

tion Coefficient

Atg:sorp
2

1 | L1

i L 1
500 1000 3000 6400

Frequency [Hz]

7-75 HI7AE—XEHRE ¢ 0.8 thickness 20mm — ¢ 1.0 thickness 30mm

157



Chapter 7. ER5NBEOF S 2 —XBEHEB L -E4D
W FET D FREHE & MR i - £

[

—experiment

" —CO—theoretical analysis

| upper ¢ 0.8mm thickness 30mm
lower ¢ 1.0mm thickness 20mm

=
o0

=
o

tion Coefficient

P
—

Abso
<
N

1 | S T | 1 1 I
500 1000 50006400

o
=t
—_
o
(]

Frequency [Hz]
776 H5 A —XERE ¢ 0.8 thickness 30mm — ¢ 1.0 thickness 20mm

1

—experiment

- —C—theoretical analysis

| upper ¢ 0.8mm thickness 40mm
* lower ¢ 1.0mm thickness 10mm

o]
o0

&
o

=
'Y

tion Coefficient

Algor_p
to

L | T S S| t I !
500 1000 50006400

W7, el
<
—_
<
[]

Frequency [Hz]

Ed7-77 5 A —XEHERE ¢ 0.8 thickness 40mm — ¢ 1.0 thickness 10mm

——experiment

- —C—theoretical analysis

|_upper ¢ 0.4mm thickness 10mm
. lower ¢ 1.0mm thickness 40mm

o)
o0

tion chfﬁcient
o>
T

l’pc
=

Abso
[ear]
)

L i I S T X i L r I i
500 1000 50006400

LD
="
—
<
=)

Frequency [Hz]
7-78 HF A —XEBFEE ¢ 0.4 thickness 10mm — ¢ 1.0 thickness 40mm

158



Pt

Chapter 7. B 5RBONFF AL —XBA BB LIEAED
W EITEE T 5 EHIE L BRI RO B

~——experiment

- —C—theoretical analysis

| upper ¢ 0.4mm thickness 20mm
lower ¢ 1.0mm thickness 30mm

& 2
o %o
I

<
Foy
T

tion Coefficient

Alésorp
b
i T

=

0 100

1 L 1 M| ] ' 5 ] A
500 1000 50006400
Frequency [Hz]

7-79 HZ A —XEHER ¢ 0.4 thickness 20mm — ¢ 1.0 thickness 30mm

—experiment

I —C—theoretical analysis

| upper ¢ 0.4mm thickness 20mm
lower ¢ 1.0mm thickness 30mm

e
o0

tion Coefficient
[
o
1

0.4+
2 L
=]
£0.2
<€
: s " | IS R | L " L 1
%0 100 500 1000 50006400

Frequency [Hz]

7-80 7 AV —ZXEBFEE ¢ 0.4 thickness 30mm — ¢ 1.0 thickness 20mm

———experment

[ —C—theoretical analysis

|_upper ¢ 0.4mm thickness 30mm
lower ¢ 1.0mm thickness 20mm

tion Coefficient
e e »
iy N o0

H T

Algorp
®

5001000 50006400
Frequency [Hz]

X 7-81 HTF7AE—XEHEE ¢ 0.4 thickness 40mm — ¢ 1.0 thickness 10mm

159



Chapter 7. B2 BRBEOHFA Y —AB2EB L-HEEOD
W FRICBET 5 A & HRAEATE O Lk &

]

——experiment

I —©—thecoretical analysis

[_upper ¢ 0.4mm thickness 10mm
. lower ¢ 0.8mm thickness 40mm

<
&0

<
=
T

tion Coefficient

Al?:sorpo
b ;Im

U2
)
o
[an] Wy
<

1 | 1 T | i 1 £ | L
500 1060 50006400
Frequency [Hz]

X 7-82 HZ7 A —XBFERE ¢ 0.4 thickness 10mm — ¢ 0.8 thickness 40mm

—experiment

- —C—theoretical analysis

| upper ¢ 0.4mm thickness 20mm
. lower ¢ 0.8mm thickness 30mm

tion Coefficient
‘O .Cb fen]
B [= Y o0
El —I' T I

Alcapscrp
¥

—

¥, =)
<
]
=
<

300 1000 50006400

Frequency [Hz]

7-83 HT AV —XBFERE ¢ 0.4 thickness 20mm — ¢ 0.8 thickness 30mm

—experiment

|- —O—theoretical analysis

|_upper ¢ 0.4mm thickness 30mm
lower ¢ 0.8mm thickness 20mm

S S
N =]
I

S
£
I

tion Coefficient

Atgorp
[

500 1000 T 50006400
Frequency [Hz]

7-84 HF A —XEFEE $0.4 thickness 30mm — ¢ 0.8 thickness 20mm

160



Chapter 7. 2 ARBOVI A —ABEREE LEESD
W B B 5 HANE & BT E O el & B

[a—y

—experiment

[ —C—theoretical analysis

|_upper ¢ 0.4mm thickness 40mm
O lower ¢ 0.8mm thickness 10mm

=]
o0

tion chfﬁcient
=N
[

Al%s.orpo
[N '4l;

i 1 L L 2 | PR | . s L L.
%0 100 500 1000 50006400
Frequency [Hz]

7-85 A7 A —XEFEE ¢ 0.4 thickness 40mm — ¢ 0.8 thickness 10mm

161



Chapter 8. ZILEMBOBAEELIC £ 5 WERO FHIIHE DT

E8E ZILEMEIOBAKREMIC L2 BREROE BRSO

8-1 mEBEEOHE

HFGAE—ZXOEKBENIZLDIRGTELRODAMOER L LT, EEEE
DR EISE 2 HET 5.

X 8-1 IIEFEBEERIEICER L EE R K UVE OHERROERE ~T
0y 7B CHS. FFT 7F 74 FICHB SN TWAESRBER LV NEEHE
T 500~6.4kHz DY OIS SHAHIER 20 L THFEENICER Sh, 0
JBREBUSE R 2 RO 7 aRkrEFRNTH—RUET 5. ZOBEOHIERE
i 16 FIOMEFEEZIT-o TS, wf 7 akr AL v FATORETCHE, A—
BB RTERO~A 7 a Ry O BEFEEENRFFTI T F 74 FDATF ¥
2, FHRMBBF ¥ RVIZATEND. v 7 aiky AL v FHEIZTRMA
AF v R, ERABBF v FfNERD.FFT T4 PRITIIAF v %
N~DAFBEERFEL LT, 77—V oEHBETH, TONT—« AT b,
VA« AR M BIREBRERB Lo — L AR EOT— 20355
N5, FOBEEEEF AV T A=Y FA B a —FIT Lo TRAEOSERM:
WOWTHEEITS.

8-2 WERDOEH

HE SN EEREN LR ETRERD L. WERIIGEEENOGERERD S Z
ERTE, kOIS ICEINS.

a=1-|R/

CEEEHET AR, A TRy AL vy F Uo7 B#i7H92¢ T, w471
FUBOEEE SR T S, BERIIFTHCAHREIT > EOEEEEI LR

DIEHDTHY, A v Fr 7HiB L OB OREEED bROZREFEE L
LTROBZHDTIIARNI & & Z Tl THEL.
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HERTHY, BBOBEESCTERRBIZHIKET S OEKEORERKEITILT L
B 100%IZI3 74 B2, fixd, HETRICBOWTRAEOEKRERRAZ LITE
Bl L THDIN, TR UREIEEINNESL, £, AEPKSE
W T BT, BREKRBIIEBERICHOIED. KRR TIE, HRHETSHRELT
HZAE—XeERA L), K82 TRIZRTRIIKKDOEERE H 7 A —X
FEPERSE AT, BRBHREREDOK 25%L 5.

AFETHE, K82 EHIZTT L3I, SARUWOTI A —X, +4hbb
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B RE 0%,5%,10%,15%ICOVWCIERT5 &, SAFRELICLIRNEFROE—
TEOBERITIZEA LR, FREFLOEY— 7 BERICBWT, BVWRERY
BoHITWS, BE—7BEREICOWTIE, 8KE 0B EKE %~ 13&
AEELERD Z LR TERND, FKE %O FZAKE 10%~TE—7 B
PEEEEAIZBE L THWAZ N5, £EEKE 10%1 5 EKE 15%IT
DNTH, B— 7 BEKE10%L Y L EEREIICBH LTV Z 2 Rbhd.
T, BRI 20%IZOVTIE, 500~6400Hz /NIRRT X A EE R RE A LI
BOTHERRN IZES RoTWA. ZOBE, SKEIS%L D L X5ITHEE
FEMIZE— 7 BBE L TWAZ EBEZBNDE. FKEBWRIOWVWTIE, ¥
TR —XOERMEEAKTCEZINZZ LV ERESIIT L RoTnk
B, FORBEEICBNTY, BREENZIZ0IZR--TWNBEEEFEZLLIL.

166



Absorption Coefficient

Chapter 8. ZHLEAMEOEKEE I L 5%FROBEHHEOE(L

%0 —"7000 75000 6400
Frequency [Hz]

X 8-3 EAKEER(LIZLHDRESE
BIEE 2.0mm, FREHE X 20mm, &K= 0~25%

167



Chapter 8. ZLEMEIOITREE I L ARFLEOFAEEBECETL

8-4-2 EATE 0%~10%DREZDHIERE - 8

BIKFE % ~10%FE TEXRE 1% L ORIEET-7. K84, K853, +h
FIVEKRE 0~5%, 5 /KL 6~10%DREFROPERRERL TS, ERIZRE
BO2EN, TREE—ZFBHIZOOTOHERETHS.

FEEFAILC L S, EAEBEMCIDIREROC— 7 EOBMITIZEA LR
<, FNFhor—7BAEKEIZBNT, BVWREELFELNTHWS. X 8-61F,
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9, K87 ERITRT X DT, SAEN 2GREEREE TIL, KIFZRAY
— AREITH—IT, KEOEIICEELTWEREEZLNS. LihL, HK=E
2 2%L Elzm< s, K87 TRITFETISIZ, BEORERIZKPEEY, ¥
A=A KELEBIHES., ZOFFTRAE—XBKELEERHESZ &
ITEBICL Y BRTCHEENTEE., ZOHTA—IXRKELEBIX, SKE
BEREAOIREE, DFEY, BKEHHN 25%DREBTHHEELLNDHN, K 8-8
WaRT L 9T, EKE 25%0DEE ERBEOCESORERIT, SKE 20%DEE
RKIZOWTHOREZTREFERED, 1FE 0 ITRoTWAZ Ebha, ok
e, BKE 5%DEFIXNTITMEL L5 P HEL EBZ NS, T4
bHH T AT —ARKZRLEBORIEEL LTI XKL, X 8-7 TRIC
AL 9, BEEORBEIIZ A THAHAN, AT LEoRBEXIZ DL
B o TN5EFEZHND.
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VAFa—TEERL, BESES L E—F VR BREEREREL, Thb
X D HBICEHE TR TV, 220, EFER S TS, REHCEEE
BSEBHRTRICA 7 R HE L 4 <A 27 3 B ER LI BBERD
B2 H ATV, BRI T — 2 OWBETT ). ENICE->T, SAHOME
MR OTERRBREREFIETE S Z L BHFESND.

183



9-2 RlEHE3R

AEBTHA L BERSBIILLTO®EY ThD.
1) BEH PC
AD EHR— F . v A 7 u¥ Az A58 ADM-686zPCI
deh R EBEL = b : w4 7 ¥4 = X8 SHU-004BRD
T AT Y 7 b 2T BT RV A4S LaBDAQ-PRO
DFFT TP H N ALY NATFFA
7 7 A R R9211C
S LY 10,20, 50, 100, 200, S00Hz
- 1,2,5,10,20, 50, 100, 200, 500Hz
1,2, 5,10, 20, 50, 100kHz
S FERE 25~3200lines (1 channel)
25~1600lines (2 channel)
3) AC—-AEEAT T
NF ELECTRONIC INSTRUMENTS 4010
" High Speed Power Amplifier / Bipolar Power Supply
Hd=wA IR A E—F L AFa—T (F9-1)
TV a2 &7 T (B&K) 5 4206T B
Frequency Range: '
Large Tube (REUHIEE): 50Hz to 1.6kHz
Small Tube (/NEHIEE): 500Hz to 6.4kHz
Weight (with accessoriés): 12kg
WA —
Max. Average Power: 10W at 20°C
Max. Pulsed Power: S50W for 2 seconds
Impedance: 4 £
Diameter: 80mm
5) <A 7 vk FiEge
B&K #8 2690 # NEXUS V'V —-X oavFqia=myi70>
Yl 4 vFvfrar RV T 7
B&K #L5¢ 2633 B
DAL v F~ef 713k
B&K #4187 7
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9-3 FJ@BAZA4o0k 2k

924 =A 7 aR EOBSMNERT. MEF LV IALEZFRICEE, TE
Al FBBAZENFN 2R D~ A Z R ZEE, 4~ 7 ok THBIZAE
bEOEEET—42 ZHET D.

.41 '%(2 X=0

>

=
o
i

MIC1

g

o B o

AR

o
)
=9

1

HIR BIR=E v rig WA

E9-2 TLEHARATLERAE
B I RRVDEEPI~P itk D X HICFKED.

P (@) = A(@)e™ ™) 4 B(w)e* (9-1a)
P, (@)= A(w)e ¥ 4 B(w)e” (9-1b)
P(w) = C(w)e "™ + D(w)e” (9-1¢)
P (@) = C(@)e ™ 4 D(w)e™ (9-1d)

FEB L TAORNHEFB L TERTH5b0L L, MEEZFALEEROE
WMAEZD. Yo7 OEEREL THBRREA~ M7 R & UTHRATEREAT
5.

[A(w))z[a(w) ﬂ(a)))(C(w)J ©9-2)
Bl@)) \y(w) d(@)\Dw)
FRBR MY 7 2A0OERE 4 TR LRAOEBARRE L TRV EREHETH

7, BREOKIREMEZ [BREGES : Open) & TBEEHEN : Close] D 2 &4
LUT, £FW GEITE) Ao~Do Ac~Dc ZHIET 5.
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[Ao(w)) _ [a(w) ﬁ(w)J[Co(W)J (9-33)

B,(@) y(w) &(w) A\ Dy(w)
[Ac(w)Jz(a(w) ﬁ(w)][CC(W)] | 9-3b)
Bo(w)) \y(@) @)\ Dc(@)
=B (9-3a)3 & (9-3b) R A AT X4, BEEAY R U 2 ROERERDD &,
(9-42) A ~(9-4d)sNTRED.
a(a)) — AO (a))DC (a)) _ AC (m)DO ((0) (9_43)
Co(@) Do (@)—Co(@)Dy(w)
Blw)= AA@)Cp (@) - Ay (0)C (@) (9-4b)
Co (@)DC‘(Q’) - Cc (Q)DO (69)
Heo)= By(@)D {w)~- B (@)D, (w) (9-4¢)
ColayD (@)~ Cp(0)D, (@)
5(&))= BC(GJ)CO(G))—BO(G))CC(C')) (9—4d)
Co@)Dp (@) - Co(@)Dy(w)
BITHE A, B, C, D IXO-1a3 R ~0O- 1)KL v kD L HIZRES.
A(@y=—2 B(w)e ™ — P, (w)e " (©9-52)

2 sink(X, - X,)
B(w)=_. 3(0))‘@"’“’2 —B@e (9-5b)
2 sink{(X, - X,)
P (@)™ — P (@)
sink(X, - X;)
j ﬁ(a))e—ﬁc(,&’s—d) _})B(a))e—jk(X,;—d)
2 sink(X, — X,)
I LTEE Py~Ps ALY F T A GLl~G4 KEBEH L, v/ 7 ukl ]
DEHEE G L OBREERD, 9-60)RN1DI nAARY NS ak kDS, B
27 X ABEEOE/ME, b — L AOWEI R LALEE % AT,

C{o) = (9-5¢)

B [

D(w) = (9-5d)

Gy (0) =Gy (@) Gy () (9-6)

A@)G; (@)= _i . Gy (a))e‘f’dfz -Gy, (a))e—jkx :

. (9-7a)
2 sink(X, - X,)

woo~_J Gn(‘@)ejsz -Gy (0)e™ -
B)Gi@ == kX, - X,) (5-70)
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GM (a))ejk(XJ_d) — G}S (m)ejk(X4_d)
sink(X, — X,)

C(w)G:<w>=§- (9-7¢)

D(Q)G*(m) = _i‘, m_jk(Xa_d) —-m—fk(X4—d)
1 2 sink(X, — X3)

(9-7d)

BEER~ ) 7 2] EEa(w), B(w), v(w) §(w)t, LT D(9-8a)~

(9-8)A.CHERHE 5.
(40(@)Gi @) D (@)Gr ()~ (4c (@) () Dy (@)Go (@) (9-8a)
(Co(@)Gip @) [De(0)Gi (@))- (Co(@)Gi (@) Do (0)Grp (@)
_ {4-@)G @))€, @G (@)~ (4,@)G, @)C, @) (@) (0-8b)

(Co (@G, (@)D (@)G ()~ (Co (@)l (@) Dy (0)Gp (@)
(Bo (0)Gp(@ )XDC (@)G (@ ))_ (Bc ()G, (leDO ()G, (@) (9-8¢)
(Co (@G}, (@) D (@)Gr (@)~ (Co(@)Gi (0) kD, (0)Giy (@) )
5(o) = (Bc (a))GfC (co)XCO (W)G;o (@ ))_ (Bo (Q)GIB (o )XCC (@ )G;C (a))) (9-8d)
(Co@)Gr (@)D (@)Gi (@)~ (Co(@)Gre (@) Do (@)G, (@)

FRER (0)ita(o) DFEETH LMD, TEFBRBE TLIZO-ORTEES.

a(@) =

B(@)

y(w)=

TL(w) =10log, ja(@) (9-9)
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9-4 JORARYZ bIL -FRL—=DVT

TRL—D I3 TR (FRe—D v 7Edl) #RAI FF A Sa
BT RL— T AEEEPHREL, #2nb I nReART T A Gab &3k
W, TRL—V o7& (Gab) ZFtET 5. ZZTO (Gab) [XATH 9-3. &

BEATA7ARVETOG, (0) L725.

T AANRY NF A

G =S4 - S,

an

= {Re(S,, )+ j - Im(S,, )} {Re(S,, )~ j - Im(S,, )}
= {Re(S,,)-Re(S,, )+ Im(S,,, )- Im(S,,, )} + j - {Re(S,,,)- Im(S,, } - Im(S,,, )- Re(S,,, )}

Re(G,, )= Re(S,,,)-Re(S,, )+ Im(S,, )- Im(S,,)
{Im(Gabn ) = Re(S an ) : Im(S bn ) - Im(S an ) Re(S bn )

TOAANRT FTFh« TR F
(Gab> = (Gabl + Gabz oot GabN )/N

= i W / N
= ZRe(Gab,,) N+ J- ZIm G, /N
- S Re(5 ) Ref )+ Im(s..) (s, )
3 Rl (s, ) (s, ) Refsi )}

n=1

Re(Gi) = S Rels..)-RelS,)+ m(5, ) Im(s )} i
(G) = 3 Refs..) s, - s, ) Rel5 )} /

n=1
F— A AR Y 7 b7 TRILT KA 238 LaBDAQ-PRO, 3 L OE {E

FORTRAN 712 7S A& FWTC I R RARNRT h G h TR —D 0 T R5HETH
BRoD, fEBAEENE T o —F v FFE 9-3 2R,
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.............................. LaBDAQ-PRO - ocomooomeeoeee

ADM-686zPCI + SHU004 \= L v .
Ach 43D F —F BREEY LY 7 &
F ¥ L RNA  ICH~4CH

e e EE e e e e

AT N OVHEMT E
Fy RN i

FEER Re(S1)~Re(S4)
JBER Im(S1)~Im(S4)

BHZE T 0
HBE BAERE

F ¥ RVRIEAEE :

(7 BRARY b5 KFHE) §
T RNA L U E— R
FEHE Re(G11)~Re(G14) ;

FEEE Im(G1D~Im(G14)

[ ) e e

SHHISE TR OF 5 IV RERE
T, PR R

No

T AL — VR RIE LTS

H{E FORTRAN 7' 75 AT,
R LIET — & 2 INE TS

9-3 JORARG FSL - TFPARAL—UUSHEREBIO—F¥— |k
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9-5 RIEHER

4247 RLA 2 E—H 2 AF 2T HED calibration sample % #H EFE!
&L, KB - RIS HICHIE 1T - 72, FRER 9-4 1R T
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Chapter 10. & =

2

F£10E #

ZILEEEM B OMERMICE T 26552170, UTOERESEE.

(1)

(2)

(6)

OB ERIEN, HREEDATIA Y E—F L 2EEBEL, ChahA
T35 LI DFEEMTHEOBEIE D UEETH 5.

HZREETIER S DD 2 77 PHIRABREN I BT 500 %, RiFERR
RESRD, BEBRDICEL TS, '

BREHOBMLPCREZ 2T ¥ 2 2 &I X DI ITHWA DS E M
TEHEZEHAETH 5. |

ﬁ®%%%ﬁ%§ibﬁﬁ%ﬁ%ﬁm,%ﬂ@,ﬂ%ﬁﬁﬁtﬁﬁbt%
R, AL REEZNZROMAE—B L.

SIMEM R OBBIC B 2ERT -2 L UT, BRZ2NECBIT2H
PAE-XBERBS G AOREAFTIRETEZHRIIICRD, 274
FORA v E—=F U APEEE RO EERER BB UERR, WHR
RWw—#BREsnE.

SRR DN b & 21F 5 BBOLBIF — & & LT, BRMROR
ERY— 7 AR ROERER, ©—2 ARRIZERKEOBINC EME F
THIELWHEERPIZRE.

4% 4 OB ER A L EEEANEY X T AORSE R 2. Th
kD, SLEOUEMHOBEELENETS 5.
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