EEA4 E—F U REIE3)
-SLIZERT - B - TR

6 SEA VE—FURAIE

6.6. N EMHDAE
B—0450 1 RRAES
KA LOBE (x #)
HIBBRNEBTOBE (z )
YU hEIZKEBHE

4 50 3 RREH

YU NELDLE

6.7. Ry MIENRRILREMDBIE
6.8. FlEA YE—4 RDAIE
6.9. REFIRE

FERERE AT XDOEE
BRFRE BEOFE
6.10. & Xk

2026 £10 A 21 H



6.6. FEBEMFIDBIE

ARERII28)DEHRITH D . —EROMENTIL, T OFTERHENLEIC L > TRRDGEVRH 5.
REVEMEIOREEL, RlA v E—F o RAEEZHOTIESND. 22Tl SEICBIT DK
SHREZ RO D JRETA =2 ZE DR R AR 5. 2 b ORPTHIEMEIE R 4
B Eh, L0 IRWEREOFE R ELZRET S PU 7 > MEE (PU Kundt’s tube method)
IRk ofER LS D.

R CIEE SR EIR & 22 2728, PU Kl A v B — X U AEEZAWTEHIER NI L 72 5.
7272 L, ARBFETHRIG &3 5 B EII R WEIRICH 572, TG OMIEIFEA L T
A%

114 KR *IRES

A E—F L ADRFTHIREB Z TR 572012, B— M4y D — R B 2 2 72l AR

DPRE ST (% 6.52). 115x115mm O 78081, £ X 62mm, B 5.5mm O 3E Y f+iF

HNTWND. ZOFIX, W0 EENEORE & BT 2 (BLOZEOERE) 1280
TR 5 21T 5 . B ORR B KON E ERT D701, /IO TPU ~ v T |

Ta—7RMEHINS.

X652 : 45D 1RV T KL, ZEFIEEEZFFO>PURAS L E— X AT n—7,

KELOBE (x &)

Fa—713RO 3mm EHFICEEISN, BEOREE (x=0mm) 7ORIZH> TEEISELND.
ZORREK 6.53 BLOK 6.54 1T, 22 TORENDA— b AT hVEHHE TlE72e <,
HHREHKEIC L > TEFRILSNTZT P~ IVBALORZETH 5. 0dB L) i, A B ESHIRE
THHZLBRT. 2B, O LEFIIRBT A4 0 E—F U AT TR FREIC L > THREY, &
JERIZE—EIR TN D Z EICHET D2 L



Mormalised autospectrum Pressure

X = 0mm
X =5mm
X =7mm
% =9mm
x = 12mm

Autospactrum [ dB |

Frequency [ Hz |
Normalised autospactrum Velocity

x = 0mm
X = 5mm
X =7mm
X = 9mm
X% = 12mm

Autcspectrum [ dB |

Frequency [ Hz |
Impedance ( Magnitude )

X = 0mm
X =5mm
X =7mm
* =9mm
x = 12mm

abs 7 [ Pa/imis) |

Frequency [ Hz ]
Impedance ( Phase )

180
g ag ¥ = 0mm
= ® =5mm
Z 0 ¥ =7mm
N ¥ = omm
8 < X = 12mm
= 180

Frequency [ Hz ]

6.53 : REMND 3mm OB OMEICBITDLHECARY MBI OA v E—F X,

4 6.54 TiX, 1330Hz IZHB W THIRIEWBIRABIZ S5, HRESAHT (x=7mm) TIEWIE
2 100%ICE#ET H— T, HIRFHFOE E (x=0mm) TIXIFIFE 100%DKFBELTND. ZOF
W TIIERREr ThH D72, EROLEZBETII A THD. EO LHICTBIT DR,
REZT 1 EBPMHEPKEE L TWATZD, fliX-1 £, ERNHTIRIRE TR TOZ R LT —
DR ESNDZ EZ2BE 2, ZHTBRICHh 2o TH D BT RCWIR 2 3 5 B
WZIEESHEDS W e A 728, 29 LIEAEICEET AfE#IZkb T LE 9.



Reflection ( Magnitude )

2 5

3 L | X = 0mm

5 [ X = 5mm

T 05|ttt x=7mm

E 05'__|__|__|__|_T _____________ CTTTTTITTTYTTA I X = 9mm
[ N | 1 1 1 1 =

2 [ | 1 1 1 1 1 [ 12

2 [ N 1 1 1 1 1 1 X = 12mm

= D 1 1 1 1 1 1 1 1 I3 1 1

7]

(1

1000 1330 10000
Frequency [ Hz |
= Reflection ( Phase )
[
= 180 X = omm
ﬁ 20 ¥ = 5mm
5 0 X =7mm
5 -90 ¥ = 9mm
2 a0 ¥ = 12mm
]
(1 8
Frequency [ Hz ]
Reflection ( Imaginary part )
11— —J— b T -1
oy oo 1 1 1 1 1 1 1 X = 0mm
g oo i i i T ARE X = 5mm
E 0 [ u'ﬁ‘\_ | | IR\Y x_?rnm
c 0 Tt - == Sl T ™= = =
Ty 5‘\%;}$~ WAW! X = smm
% .]w__l __________ [EEp, = J ISR, __i:\ﬁl_l X = 12mm
il 1 1 1 1 1 1 1 ] 1 1
1000 1330 10000
Frequency [ Hz |
Reflection ( Real part )
D PO iy By B P — A - _I_
— T T | ] X = Omm
= “x‘ T
E: : V : ¥ = 5mm
= OF--—- X =7mm
= ¥ = 9mm
@
S 1b---- X = 12mm
@

Frequency [ Hz |
Absorption coefficient

¥ = 0mm
¥ = 5mm
¥ =7mm
X = 9mm
X =12mm

Absorption [ - ]

Frequency [ Hz |

6.54 : FZE M D 3mm OBBONEIZIT D S & WL,

1330Hz (23T, FUHO THREL) 23112720 #5001, EOMEOATHS. &b K
EXGL LIS, -1 LIERARD, K0 PHLSAEESIESND Z LI, DEY, 0
FIEOZEMAMAILI U A— VR TH 5 LER B 5.

HIRSBADOEE (z &)
Wiz, a—T%F 2—TNEH (z=-14mm) 67— FEH (z=0mm), I HIZETL—

FES (z=6mm) ~&zHFRICBEISES (FRisH).



Nomalised autospectrum Pressure

Ee

mmmmm
= E E E
TP SN @
wm unw n n
MO N

[ gp | wnysedsony

10000

Frequency [ Hz ]
Mormalised autospectrum Veloc

ity

14mm

-emm
z = 0mm
Z = 2mm

Bmm

z

Z
z

10000

1000 1330

Frequency [ Hz |
Impedance ( Magnitude )

=-6mm

Omm
= 2mm
= 6mm

z

Z=
Z=
Z=
Z=

=-14mm
= -6mm
= 0mm

Z =2mm
Z = 6mm

Z
Z
z

10000

1000 1330

I

Hz

Frequency [
Impedance ( Phase )

[ gp ] wrujsed sony

&

[(sp)ed ]z sqe

[ seeifiep | z eseyd

10000

1000 1330

Frequency [ Hz |
X 6.55: z#h M GERBLOESN) OHEAXS MLif B —F U,



1
1
1
-
1
1
1
1
1

Z =-14mm
Z =-Bmm
Z = 0mm
Z =2mm
Z=6&mm

Reflection magnitude | - |
=]
o

1000 1330
Frequency [ Hz ]
Reflection { Phase )

gy 2y g ny ——

Z =-14mm
Z =-6mm
z = 0mm
Z=2mm
Z = 6mm

Reflection phase [ deg ]

Frequency [ Hz ]

Reflection ( Imaginary part )

Z =-14mm
Z =-Bmm
z = 0mm
Z=2mm
Z = 6mm

Reflection Imag [ - ]

| 1 1
1000 1330
Frequency [ Hz ]

Reflection ( Real part )

Reflection Real [ - ]

Z =-14mm
Z =-6mm
z = 0mm
Z=2mm
Z = B6mm

Frequency [ Hz ]
Absorption coefiicient

Absorption [ - ]

1000 1330
Fraguency [ Hz ]

Z =-14mm
Z =-Bmm
z = 0mm
Z=2mm
Z = 6mm

6.56 : zWhJ7IA] (B~DAF I LOE NS OHS) (21T 5 4T & I,

EHADENTHEVEL LRV DIZH L, ERNTIIRERENEHNELD. Z0Z LT, E
THEDHZIESNTESIOA = F o 22 fET D28 (B - AFHE) PNRETH DB M A
AL TWD2b Lty —J, BNTHORIAT I v 7 L URHERTE S, HEEIE

RETHD (7 MEIR).

JULDE (BF)

D=, F—0iEE PU 70— (7 v MEE [11,[4],[5], X 6.57 B/) % HWCHIE
ZDU v MNEIX 46x46 mm O IE S EWIH A A LTIV, 3500 Hz OHERTE RS (7 v M4
7 JEREE) R T, BRI RIS OB T D . ISR E O E 7 v NE O EEE
BT ENTE DD, MEBOBFREIC S BFEREORILE WoTlo U X7 Z AT X

L.
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2.

BE LIRER O RHEI, EOER EER ORI E ORRITKFT 5 [8]. HIEDFE, It
AR & AT BLE S AL — DL, FRE OIS (1320 Hz) IZBWTRET X TOEER
T 5 Z &R, ZOREEEIE, RETHBESREC X > TE O CTRIE S L7285
(1330 Hz) &S1FF—HLTW5.

——d— e ——

1000 1320
Frequency [ Hz]

6.57 : 7 > MEIZEBT D 1/4 P RILGIR O .

4503 RERYUTIL

4 6.58 (2T L 912, F—iEtOEMEIZONT, KD 3mm OFFEET 5x5mm O 27 Y » K
G 81 /8) ZHWTHIEEITS. ZOKE, &F 2—71%, ThENoEAILEEEEICHEVT
AEHZEZ RN ST TN D,

ARELOB BN SN 5720, 2 b ORERREMAGDOED Z LT, EHRRDZEE) )R
RENDITTE. TOFRRIE, 72 MEICEHMEREE TS ZENTAETHD.

6.58 : 4 3D 3 WRMRRE W2 -V T AOREZ Y v K.

7



T TIL, £EOF 1 LIERNE (121 1330 Hz, 1841 Hz, 2218 Hz) 28T AHFEHEMN
7uy FENTWS., 2T, YEOFITBW TR OEIN-1 bl LRI T
W5, ZOMETIE, KEOHEMEBIORERITIEe 5.

Hormalized pressure [dB] @1330Hz Impedance magnitude [Fafmds)] @1330Hz Reflecfion magnitude [-] @1330Hz

10

Ll k‘ ﬁ-

e B e
8 [ ST B
§ e &
2 2 4
Impedance phase [deg] @1330Hz Reflection phase [deg] @1330Hz
1804 P
a0
o
-an -~
=180
a - . o B el e B el S
[ i 8 P e 8 - R 8
4 el 3 4 e [ § Tl &
2 4 2 2 4 2 2 4

Reflection imaginary part [-] @&1330Hz

X 6.59 : 1330 Hz IZ8B1F 5 3 A%, EHOEN K LXEMNTHS (1=62mm), NHE [7,7]

Normakzed pressure [dB) @1841Hz Impedance magnitude [Pa/(nvs)) @1841Hz Reflection magnitude ] @1841Hz
20
10
o-a__ : ik
5 ‘\-5_'_3'2_,,_.;— SR
Normalized perticle velocity [dE] @184 1Hz Impedance phase [deg] @164 1Hz Reflection phase [deg] @1841Hz

o) LB ‘c _,_vg-'“‘e

: T e

o
>/
\
\
!
i

% %0 1804
e %
0{ 0 - 0
-390
SR e e
S 4 e |

2
Refloction Real part [-] @1841Hz Reflaction kmaginary part [] @1841Hz Absorplion -] @1841Hz
1 14
0 S . 05 °
= —
= PO €
T 13
2

oD B
ey D=

6.60 : 1841 Hz 1ZBIT 5 3 KDE. THIOENKLXEMTHD (1=45mm, (E[3,3]).



Mormalizsd pressure [4B] @2218Hz Fnpdance magnilude [Padmisi] @2218Hz Reflaction magnilude [-] @2218Hz

10 -
s 4 -"
-
»
ol :
8 e e
6 e T e
4T

[ .6 8

a

bl

MNomalized particls velocity [d8] @2218Hz Impedance phase [deg) @2218Hz Reflection phase [deg] @2218Hz
so 904 180 :
£ : S0
o) . A ol MM o
. »~— =30
ol i -804 ¢ . -180 — .
P e P k e - : o
B e B § el B B
2 g 4 - 2 T, 4
Refeclion Real part [] @2218Hz Reflection Imaginary parl [-] @2218Hz Absorption [ @2216Hz

i\ 2 al

6
4 g
2H_ b3

8 S
5

2

X 6.61 : 2218 Hz IZ8I1F 25 3 KDE. TOENKLXEMTHD (1=37mm, {7#E[7,3]).

72 FDEDLE
BOEBHZ BT 2 EHEER K ORI EOMEZ HWT, #EEOAA v v —F 2 A& HH

THZENTED.

7o 2lple”
D Ju

E%

(6.43)

ZOHEMA v E—F A E RO, BEFRERO ST LW EREEZ RS D 2 ERFHET
H5. X6.62127 > Mg (Kundt’s tube) Z /RT3, RFTRHENSELNTZANA L E—4F
VAL, ING EEAETOMEERL TN,



Frequency [ Hz |

X 6.62 : 3 RKDENGRDHEBEED 7 o NEILE (B BLORIMEIZL 2681 v E—F 2 R
)

ARELORIE ICINT DRREZ BT 5720, 7 L— MIZ7 v MNEORICEERE SN D, LrL,
7 v NENTITRBI OB B L Z T 5720, BORMENZEN L TLE . BERIZERE S
7o WA LIRS O BRI, BOERLERLOEKE ORRICE > TIRES. 7 MEDHEIC
R T 2REHEEOBER LRWERD, E— 7B 2 FEROERO K ERo>TND
AREMEN B D .

6.7. XY v MFE/NRIILREERDAIE

AFFETIE, 2V v PRI (BAZ5) MLHHE S A7 SR VR SR 25k 5 & LTl
TEITH. ZOWEMIX [Topakustik-eco (h/X7 27 ¢ w7 «xa) | LRI, A X VT O
Fantoni (77 > h—=) Z—FICL o TRIESN TN D, A=V —I2& DL, AR ITEEDRK
FZH#EHATHE Td 5. Topakustik-eco (2% 4 FEEHOREL Z 4 TR H 0, ZILHITEFL/ SRV DIR
DY A AR EZE 2D Z ETEV T 6N TN S.

Topakustik-eco 1%, ZEFL/SFIL & Tz~ L Lk L ey LIERIIG Ebf b [FRE O 58 2079, Bk
IZE A, ZORILASKVEEMIL, NEO—ICZILEM IR RE SN EAZRE, 20k
M Z 78D FIARNE THERESN TS, ROPFOZERIE, ZHRNOZEROERRENHE S [T
Wt L CIRENS 2 &) & LToREIZ RS, ZIEMBHC L 2 B8Rk, RAET
IZBT A OB G RN, FERNOER L7225,

Topakustik-eco X% D& I, XV #EMEREHZRT. ZORMIICXLY, WERMBITITHE
BepILg (v¥—7) BAELD. A—Dh—I2XiiX, Topakustik-eco D EFEIL, BEHATHHY
T HEC L > TEMSEDL I ENARETH H. AU THEA L& Ok A K 6.63 121
I I, ZHUEMENOE O I Topakustik-eco D2 — F A FLE L7k L 72> TV, 2D
MERRIRNE, BE 2R MmO AT Sz, BEIRREM ORI O TEFETIrhh, W&
MER EOZEORICBWTRENEf Sz, LERn-> T, 2SRl FRPENZERMIC E D
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FOCENT 2 ERETE 5130, FEREA LV E—F X, R, B IOREROZERF

HEEHHTHZ L HARETH .

]

6.63 = W R DR,

6.64 : WMV RFHEITE DO PU KRS o —7.

6.65 1%, ZEFMEEHEE QMM /B A2 R LD, HIEAREE (8 —72 @ 1400 Hz)
L CTEWEFERDZFED 5ND51ED, ZOMOMLE (B—7) SKEHE () bALNhD. X6
N6, 9 LIEWEREL, KHIENGIZEBT 2L LONVHEEICER T2 Z Enbns.

FHAHR (1400 Hz) 1118 TIE, SHREDOALFRD 0 BTV Z & s, BORE I5IIE T
ENECTND.

Average Reflection coefficient

Magnitude Z
Magnitude R

Phase Z
Magnitude R

1
Frequency [Hz] Frequency [Hz]

6.65 : WINARRmITFHICHE SN-HEHPUES T v —7.

9 — OO BRI RIL, WIRENZEMICED L DICELT 20 E VNI HTHD. WY
ROEBBEIZI 72 10 AT 2WIRER AR T A ZENTE D, mREINTTNTOH
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JITBWT, IR DO T a7 7 A LN EEIL TWAS Z L IZAOHTH D (ZIUTHRNE S -
DT RTCOMETHRIRTZ 72D, T2 TRHTRNTOEREIERL TWAE DI TR, £0
— 5T, WINOEIX, 7V v FEORIERIC L - THERT 5.

Absorption :500[Hz]
4

ikl

8 10 12 14 16 18 20

Absorption :15000[Hz]

14
08
12
0.75
10 v 07
’ 0.65
8
06
6 0.55
05
4
0.45
2\ 0.4
2 4 6 8 10 12 14 16 18 20

>

=)

©

)

IS

)

0.35

%] 6.66 : W ROZEMEIZAL (K : 500Hz, & : 1500Hz).

Zmy b BIAED) O ETREETTS EWERIIEL 2D, —F, FAROEEKAHO LT
HEZITH EWMGERITEL 225 LHER SN D, ZhERIET 5720, WEROD T —~< v T &k
B L7z (BRI OWT T 290). 2k Y, BEOBBEHICENT, REH OERaf
TRENEDL VBT DN EMHRTLZENTE D, INHON T —~ v ZIIRATH %k
BEREZRTHOTHY, RERKOWERMELRT O TIERU.

Absorption :4135[Hz] Absorption :1350[Hz]

14 0.65 4 1
06 0.8
2
0.55 0.96
05 0.94
045 0.92
04 0.9
035 0.88
03 0.86
025 0.84
0.2 0.82
0.15
6

8 10 12 14 16 18 20 : 20 9

>

=)
>

o
=)

)
)

>
IS

o
n

X 6.67 : WIURE D22 L (£ : 4135 Hz, : 1550 Hz)

AAY FHOA VE—F R
Zny MHORKEA w E—F U AbiHA LT (X 6.68 ZH).
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\

% 6.68 : A1 FNOHIE.

BANDL TR —T £ TOHHE 3BVICEZTEEZTo72. £7, L3 << (h=1mm)
THIEL, HTAr Yy FOAY AT CRIEZIT o 72, &ZRIS, RAIORE & [F CRERECRIE
EATo0z. ZORBOMET, HEZ R 5720 LARTORIERE T L ik 5 B TOHE
EN7F-bDThD. ZORRIZRR L TWORWR, LIETORIEREE & e LTV,

ZIH 3 DOHREDENZENIZONT, 10 BT OREEITo72. £DHH 5 FUTFALOE L
T, RO DS sITAT Yy NNORSHE (2 2Tk TR EES) o ECRIES iz, Zhic
LY, LOEETA U E—F U ADORE IPET D0 E I D EHRTE 5.

4 6.69 |2, 4 DOWERIZIIT HFERERT. FLOBE L& O ETHlESNZA v E—H
VRIZIE, RERENRNZ EBRDNS. ZHUL, Ay hOAY OTHEEIToT2720, 7'r
— T IO EILE CORBN LRI K E D722 LI2L Db D THD. ILOE E (FEROMB) <
AV E—F U RADREENNEL o5 TND I EIIRENT WD, ZHUTHLOIT < Thi -
EOMENFEL o220 TH Y, HI/ KL OWHEFPEE S PRI ZEY OFRETH S.

7272L, Ary RN TORERBRN D, SRV RROWRFRIECONCTRERA X T2 &1
TE7R0, RERAOEFE, L, 2Auy b, BLXOSRAVOKFHEROMEERIZE > TEL S0
5THDH. LEEB-T, Ay NNTOREE, RO H-#HEOE#Z T HOTHY, /1
INVEEROWEREZTT L OTIERV. 2D OWEE, ILEDLDODA v E—F 2 AT
LRI AEHEZ D HDTHD.
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Magnitude Z
Magnitude Z

haole 1
non hole 1
hole 2

non hole 2

10 10° 10* 10° 10° 10t

Frequency [Hz] Frequency [Hz]

Phase Z
Phase Z

o 5
10 10° 10
Frequency [Hz] Frequency [Hz]

X 6.69: 7/ : Ay NNOBEBAL L E—X LA, A: Ay NAOOFEAL L E—F L R,

6.8. FENA Y E—4 U RBIE

A= 2R EOFARISAB & LT, FELBORENET LD, ZOFIETI ,%
EA~OIZ A 22T BHIRE L, @l OSBRI TON . KikiL, HECREEIC
FFOBFITH L%ﬂ%f%é.D@%D%@m:E%Lkﬁ@ﬂw%m6x4w7%ﬁ(it
RUA NI AR) L, FRHCZDOE 2587 5. B e#ER L FE2HAND 2 &
T, AGIZBITFEAS v E— X U AR EHEAETE D [25]. £7-, BBk FHE 24 S
DRI EREHNT, ROA =X U AZRETHZLHARETH D [24].

COWEDHL 2D DL, FE (APHRRE) OFEA v —Z U ZOMER. FIERED
JER ARy e R OB LOMVERR L7228, ZHUCIIAME O ERNME LD, b LEFED /) A X
Rz WA, A B =2 RTINS LR E TE R0, IREIRIC b5 4 v B —4
VAR RS D 0TI, RUA A XFESEH SRS,

BRI RT DA v B2 AN HIB T, BRI 2 SOSRBER NS, EOREN
EEINTWDOINEHETE S (K670 HE2Z5M).

ZOFEE, BEEEUICEE T HIOICMERAERT — KNy 7 (BHORE ORI -
%ﬁ%%ﬁ)mﬁ:<w%ﬁ&%%ﬁoAﬁ®%ﬁm%&j01wé.
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E 400
oy

g 500 3

=3
ol

2 600

Loud- @ «

[&]

speaker £ 700
=
2

Power - = 800 4
amplifier i 2
i

a00

sweep d=1
P -
PC vV 1000 T T T T T T T 1
with 2400 2000 1600 1200 800
sound card Second resonance frequency (Hz)

K 6.70: f£: A E—F U REDEY T v ([25] &V). A FilE 7T UAEERELTD T AD
BN FED IS ([24] Xk 9).

6.9. SHRIFE

KifiA =X U AEEZRNT, RONTZZEBNTRIEZIT O 2 L ITIXRENRES . 2 OR
DL, AR 1 O, REIZBT DR FHERERICRDEVWI R ThHD. £z, X
FROBmWEE TIE, ZOFEIIMAAREDRELZ T TV E WS fiE b H 5[23]. £D720,
PR DR WRECIR H 7 S COREERIZ E Liz, BIOFIENBFRE ST,

ZOFIRIFBUEE AR OBEBICH Y, ZORMETFEEICITMI I TR0,

BERSE O IZHBER (£ / A—LEHRH) Q ZiEL, HfgER Qe TELLE
TMET B, ZOREPOI < IZ Microflown Chi & ) ZELE T 5B, 2 OKE RN
BB A X, EEEH AN EHRERZR X2 T 5. 2k v, B ixsEgEiio s
x5 ZEiTk5.

BEGREIN AT 2 EGE, ERERIC L2 BRI IR E R LD EE LS.

ZOFETIEIHEGERIC L DR FHEDOLZRET D720, KFERORmWMEHIR L TR b
BINHERET 5. REOWEEREWGES, KFEE~A 7 R A HHETE RV, Z20E
R, RFETIRAA VE—F U RAEEMTET D TIELE SR 5.

HRRERIC X DR ES IR cREIND (F2EBLIVUEIELSR)

I‘k +| i o —kr ) ‘!‘- +] i ar—k&r)
Q' ikr+1 s _p Q K+l

uir,r)= — 3 T'_ 5
47 r 4 r (644)

HE SN DRFHEEE, BRI SCRFREC Rs, BB r, 6 L OVERGREL ITIRIET 5.
RYERE L LT, BRRIFEDD & 25 HHEn OME CRFEELZHIET 5.
FEY TR () TOWEEEENENLELNL I, KATEREND
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Q ikr,+1 o

u(ry) _ ’4_;1'. rn _ r,_zikn'"_?+1€m,,&_,(Ijl
w)l,,  LHnFl w7 ikl
4T r?
(6.45)

ZZCRMBUTEERRE n BEXO n 0B THD. bnd ko, BERME E (n=r2)
R TIE, 2 DOMERIEE O ISR R EE BRI R T RE L 725,

MR OUTEE CRIEZAT 2 S, WIEEBEIZAMRICER S ND. —F5, KOO EHEM & 31
ET LTI, WEEMALRET 200NN ERGERH 5.
HETFNEILLTFD 3 SDORT v FnbRE S5 ¢

ATy BEETOEREANTE
HERZERERICRE L, FFEENR/NERD L HICHEST S, ZOIRETIL, Microflown
(A 77— ) IZAE—T—0OHTEITEAEHETE RV, b b A A, BELOHE 7

Ja A N—7 WNEIZHEET D7D, Microflown O I ERICE Rl b 2 LiT7eu.

ATy T2 REATE
HIER 2 TR ROE < ICRET S &, AE SR #EFRATERSND.

Q ikn +1 o
(6.46)

Hpy = 3
dr

L] ‘gl rAY 'EIE_ N} v{ ’#l R=I E
om —
omt
nam 2
FEIB=0E
1
G 0 T ik
Frequemcy Hzl

X 6.71 :3 DO AT v FIZBIFHHEH T, LB (B, R=1) Ot : BEKHFRIZIEWE T, B K)
R=0) Of} : WAL TOHT)

ATy T3 BEYUTILDOAIE
ZOWERZEWRFROITL (D> ri=r2 72 H00E) ICEE L2SHE, WE SR -3

RATERSND.
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(6.47)

3 ODHEEREREK 6.71 ITRT.

BERMTORBERE (A7 v 7)) &, BRI ETORE RIERE) Lotk 74
U7 ¢ (quality) ] EPFFEND. ZOIE, RFEICKT 2 EKREBINRERPAZ <7, lLOE S
W BT, AETRICET AR EE Y Y oY n S AETNIThR TS D LA ERT S,
IAVT 4 2K 672 1ZRT.

= 1 [ 1 g p = [TTT
b= 1 [N 1 I A 5 L
= 1 IR | I N1 = oL
=g L el RN}
g 1 R 1 o 2 L
1 o I 1 3 L
1 [T, i I FIN FE+
_____ ——d—d -+ Fr——— ¥ = [
1 [ Y. 1 H ::::
1 (BN A 1 [ o =
"_/"A.Il\\L\I BN 1 o R
ajr\/“’ . N — . — I'ﬁ Lo
| [ IR | R RE
1 1 .v.... 1 [ FrET
! 1 Forran 1 [ 1AL
_____ IR pU G A NG T M M B o |{|
1 [N 1 [N [P EEAVIF
1 Lo 1 [N [N
1 Lo 1 Lo oo
il i I i i i S
10 ik iy o * el
Frequency [He] Frequeny [Ha

X6.72: T —Y—RIEICBITH Y o DK,
K673 : IT7—YV—REZLVESNTREBI ORI

APEEIC BT D B EUT, FEM BN 2 EE & AR ERREM GERRKFRIZHT 5
PIEME) Lok bROLNT. 728, K671 12825 ZDHOERILIB HALL 2> TN 5.
5o TR E R R A [ 6.73 12"

T 2P FE B Be I B\ T, el 0 2 FRE O BB (ABEAGHEM B LA 7 I 7 4 —
L) ZOWTE, EEREZAWCER R L ERIC—BT D 2 LRI, —JF, ho%
S OMEFCIE BN RN hoTz. TOEHBIZOWTE, BELHETTHD.

#igE By XoeE

VB2 ERE 2R T 5720, JEE 4em O Flamex GEFERIA 7 I T 4 —24) OY 7
NERIEL, A RE/NEL LTHENET S &) FIEEIT-7-. ZOEERE, 7 rod
A ARERHAZPEICEH S RORKREES (P TVOTERMBORES LY L& B R08) (2
2D ETHD KIS,

17



=

absaption
1
I
I
I
I
L
|
|
r
|
R -
|
N -

B &

1
/

[l

Ll Il

[} I

F 1 1H T
it 1

| [ 1

] = === == =k +
11 ﬁ’l [ 1 1 Lt
o2 T v T T T T TTT T T T T T TTT
%M--L_J_I_LJ.J.L_____I___l_J_LJJJJ.

| | 1 LA R R B | 1 1 e

w

| 1 [ ] 1 1 e

M-~~~ " T- T FrTTr =~~~ ~3"71-T7T11T
_{E i i i i i i i i i i i i i
] *® W
Fraquenacy [Hz]

6.74 : VU TN A ADE . I T —HJRIETIE, MO TNESRI TN A ARHBIEL IS,

6.74 IZARLND LI, 2T —V—AETIIWD TUNSRY TN A AR RD LS.
3.5x3.5cm OY TV ORERILE T O (1% 6.75) 1277

6.75 : X 7 —HIEEZHWT, BO NSRRI ZRIE L TV 2T AN R0EEH O BERENRE S 7
5. HFIE, PU TR —TDRIBCAZDNESRRTHD.

FRERELREROZE

HlHEA OF BRI, 0k, FEBRETHE SN TE 2. EEROMMREIZI T 5 M2 MEEd
BT, PERBROUL IR (50x50ecm) ORI Z & LTz, £ DRERIZONT, KE T
C5.

18



Absoption
=

P

1"}
IP-
= " w%lﬁf — ]
o AT WAt | ||| plate 5cm aside setup |
H T T T 11
wl L [ T[]

] ik 1k
Frequency [Hz]

6.76 : BERIEIZH T D FENBEIR O,

BRI ORBELRRDLT-0, &R RO AR O L5 Sem, 35 OEE S 1512
Sem ONZEICHLE L, BREEICXT 2EZRE L. TORRER 6.76 177, Krbbnd
E oz, EWEOFEEFMAT Sem (@K ROBRARE L THRIEITITREN 2. —F, 3
& EJ7 Sem IZELE L7235A1E, WEICOT N REERROND.

19



6.10. ZEXHR

[1] Thesis Frits van der Eerden, PhD thesis, University of Twente,
Enschede, The Netherlands, November 2000, ISBN: 90-36515211.

[2] Schurer H., Annema P., de Bree H-E., Slump C.H., Herman O.,
Comparison of two methods for measurements of horn input
impedance, J. Audio Eng. Society, 44, 649 (1996).

[3] Eerden, F.J.M., de Bree, H-E., Tijdeman, H. Experiments with a new
acoustic particle velocity sensor in an impedance tube, Sensors and
Actuators A, 69, 126-133 (1998).

[4] H-E. de Bree, F.J.M. van der Eerden, J.W. van Honschoten, A novel
technique for measuring the reflection coefficient of sound absorbing
materials, ISMA25, International Conference on Noise and Vibration,
September 13-15, 2000 - Leuven, Belgium.

[5] R. Lanoye et al, Experience with different free field techniques to
evaluate the surface impedance, ICA 2004.

[6] R. Lanoye et al, a practical device to determine the reflection
coefficient of acoustic materials in-situ based on a Microflown and
microphone sensor, ISMA, 2004.

[7] R. Lanoye et al, Measuring the free field acoustic impedance and
absorption coefficient of sound absorbing materials with a combined
particle velocity-pressure sensor, JASA 2006.

[8] M. A. Nobile and S. I. Hayek, Acoustic propagation over an
impedance plane, JASA 78, 1325-1336, 1985.

[9] www.rieter.com (ALPHA CAB[1].pdf)

[10] Rudnick, I., The propagation of an acoustic wave along a boundary,
Journal of the Acoustical Society of America, 19, (1947), pp.348-356.
[11] F.J. Fahy, ”A simple method for measuring loudspeaker cabinet
impedance,” J. Audio Eng. Soc., Vol. 41, No. 3, pp. 154-156, (1993
March).

[12] Bree, H-E. de, Leussink, P.J., Korthorst, M.T., Jansen, H.V.,
Lammerink, T., Elwenspoek, M. The Microflown: a novel device
measuring acoustical flows, Sensors and Actuators A, 54, 552-557
(1996).

[13] Tijdeman, H. On the propagation of sound waves in cylindrical tubes,
J. of Sound and Vibration, 39(1), 1-33 (1975).

[14] Beltman, W.M. Viscothermal wave propagation including acoustoelastic

20



interaction, part I: theory, J. of Sound and Vibration 227(3),

555-586 (1999).

[15] Bies, D.A., Hansen, C.H. Engineering Noise Control, theory and
practice, E&FN SPON, London (1996).

[16] Fahy, F.J. Sound intensity, E&FN SPON, London (1995)

[17] Chung, J.Y., Blaser, D.A. (1980a). Transfer function method of
measuring in-duct acoustic properties. I. Theory, Journal of the

Acoustical Society of America, 68(3), 907-913.

[18] Chung, J.Y., Blaser, D.A. (1980b). Transfer function method of
measuring in-duct acoustic properties. II. Experiment, Journal of the
Acoustical Society of America, 68(3), 914-921.

[19] Chung, J.Y., Blaser, D.A. Transfer function method of measuring induct
acoustic properties. 1. Theory, J. of the Acoust. Society of

America, 68(3), 907-913 (1980).

[20] Hans-Elias de Bree, Reinhilde Lanoye, Simon de Cock, Jos van Heck,
Broad band method to determine the normal and oblique reflection
coefficient of acoustic materials, SAE 2005

[21] De Bree, HE et al, An ultra miniature measurement tool to measure
the reflection coefficient of acoustic damping materials in situ, SAE

2007.

[22] Stefan Weyna, the shapes of sound, acoustic wave flow visualisations
in a real medium, 2006, ISBN 83-60140-58-8.

[23] Yang Liu and Finn Jacobsen, Measurement of absorption with a p-u
sound intensity probe in an impedance tube, ASA, 2005

[24] A. Dowd, J. Smith and J. Wolfe, Learning to pronounce vowel sounds
in a foreign language using acoustic measurements of the vocal tract

as feedback in real time, Language and Speech, 41, 1-20 (1998).

[25] M. Kob, C. Neuschaefer-Rube, method for measurement of the vocal
tract impedance at the mouth, Medical Engineering & Physics 24

(2002) 467471

[26] M. Tamura, “Spatial Fourier-transform method for measuring
reflection coefficients at oblique incidence. I. Theory and numerical
examples,” J. Acoust. Soc. Am. 88, 2259-2264 1990.

[27] M. Tamura, “Spatial Fourier-transform method for measuring
reflection coefficients at oblique incidence. II. Experimental results,”

J. Acoust. Soc. Am. 97, 2255-2262 1995.

21



[28] E.H.G. Tijs et al, Non destructive and in situ acoustic testing of
inhomogeneous materials, ERF33, Kazan, Russia, 2007.

[29] J.D. Alvarez, F. Jacobsen, In-situ measurements of the complex
acoustic impedance of porous materials, INTER-NOISE 2007

[30] T.E. Vigran et al., Prediction and measurements of the influence of
boundary conditions in a standing wave tube, Acta Acustica, 83, 419-

423 (1997).

[31] HE de Bree, M. Nosko, E. Tijs, A handheld device to measure the
acoustic absorption in situ, NVH GRAZ, 2008.

[32] M. Nosko, E. Tijs, HE de Bree, On the robustness of the PU surface
impedance measurement technique, DAGA 2008.

[33] David B. Nutter et al., Measurement of sound power and absorption

in reverberation chambers using energy density, JASA 2007

[34] Emiel Tijs, Hans-Elias de Bree, Piergiorgio Ferrante, Antonio Scofano,
PU surface impedance measurements on curved liner materials in the
presence of a grazing flow, CEAS, Bilbao, 2008

[35] Acoustic absorption measurements of moving structures and under influence of flow,

Emiel Tijs and Hans-Elias de Bree, ISMA, 2008

BEWE DL
ARSI T 7 = elEqEFAFI 7 A YV a—a 4
TEL : 03-3245-1058 E-mail : web-car@toyo.co.ip

BT = DB I A LBV LET,
https://forms.cloud.microsoft/r/fHpRCULbgv

22


mailto:web-car@toyo.co.jp
https://forms.cloud.microsoft/r/fHpRCULbqv

