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Study of sound absorbing mechanism for perforated panel and porous material
Interface of mechanical vibration engineer and noise control engineer
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Sound absorbing mechanism of perforated panels and porous materials is discussed from the viewpoint of
both mechanical vibration engineers and noise control engineers. Firstly, several sound absorbing indexes are
described, comparing with one degree of freedom vibration system. Secondly, sound absorption coefficient o:
perforated panels are studied. Damping mechanism of that panel consists of both pn:ssure loss caused by particle
velocity and viscasity in boundary layer. Four microphone technique is applied to measure both damping
mechanisms and theoretical damping are compared with measured one. Thirdly, sound absorbing mechanism for
porous material is described. Finally, porous materials are tested t o measure complex sound propagation speed and
complex effective density of the material. Measured data is used to analyze sound field with bulk reacting sound

absorbing material.
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Fig. 1 Sound absorbing material on rigid wall
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Fig. 2 Equivalent model of sound absorbing material
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Fig. 3 Sound propagation in a rigid cylindrical tube
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Fig. 4 Single hole model of perforated panel
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Fig. 5 Experimental apparatus for sound absorbing material
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Fig.6 Sound Absorption Coefficient( perforated panel 1)
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Fig. 7 Sound Absorption Coefﬁcient(perforafed panel2)
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Fig. 9 Real part of identified element [A3]
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Fig. 8 Identified element [A4] in complex plane Fig. 10 Imaginary part of identified element [A3]

Table2 Identified parameters at 60Hz by four microphone technique

P 7048 ] 80dB | 1008 | 1104B |
p1 [Pa] 6.79E-02 2.22E-01 2.28E+00 7.24E+00

i [m/s] 2.67E-04 8.79E-04 8.57E-03 2.47E-02

ip2 [Pa] 9.00E-02 2.83E-01 2.76E+00 7.98E+00

luz [m/s] 2.78E-04 8.74E-04 8.56E-03 2.50E-02

| ” Real u Imaginary I Real | Imaginary I Real || Imaginary | Real I Imaginary |
A3 24.0 80.9 25.1 72.1 42.1 59.2 100.2 48.6

A4 0.959 -0.001 1.005 -0.002 1.002 -0.001 0.989 0.001

a 0.19 0.19 0.27 0.51

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

160
140 — Melling's Equati

’_|120 ) 7048
2100 U 80dB
JAY
X

[}

— 80 t60dB -
d:gGO 110dB. //A
40 =7
20 o | e
o I D S B N
0 20 40 . 60 80 100

Frequency[Hz]
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Fig. 12 Comparison of Sound absorption coefficient
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TRBAIIE, D DEMRAE AL S 3.

A. Seybert®> J. Chung & D. Blaser?dfffgsiz kb,
2RBA4 7074V MESLERAWAI T,
IREMEEOHEAS L C—F > A%, KE2EREIRC
blEb—ELTRET 2 2 L DTl 2o, FRLHE
L, ZOFikL two-thickness k& BHEAL, WL
B L WRE M DR G b % i L R
AETZZLCRIL TS, SHES YLREH 2RIEE
(u, =0 NCHESY, BISRHELOEE p, LIREHEIE
DEE p, D SEMEE S EE T 2 FEAREL TS,
AR S RN E A RIBE 2R OB T ¥ D it
BEATBI LT, SHOHERE,S T Lp 2EET
BFHEERELTVWS. CITCRESESLIERELE
Improved two—cavity ¥ ¥ &R 9.

5.1 BILEREMAEGEDZER HSITRUERE
BBICBVTEIURORD D ICEX d DS ILEREH

REZD. SLEREMAOTHE, SIREHCIREH
B BRI A AR T, BEicL bR
¥—REET 5. BCHBEREREED 2 THOIR
SRBARERE, BHERF LY RO, BRGNS
EETLTBLRATEING.

’e 0%

=C 47
ot? ox? “n
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BEp LETEEuIE® 2AVTRATERINS.
p=pd . (48)
od

u=—-—— (49)
ox

TP IREMOBRREICH > TEHT XD
BEREDHBEETHS. RO B % (48), (49)ic
AT 2L, BREMAEGRAE 1) LREWRZIE 2)D
REEp L uid, RADEETHITCHRFRESITISNS.

[ o~ . @ '
(pl)= COSEd JPCSIHEC] (Pz) (50)

. @ »
v ) | Lsin24 cos—d |\"2

pc ¢ c

REMAIHE & BEORER p,,u,,p,,u, ZEENE T3
, FROBERGHHET LU Y E—FVRZ I
DNTHL I DN S. $Rbb,
cos—d = Pl *Polly (51)
c Py, + Pty

7 plz _pZ (52)

A (42)-(45) R LAk, BBEMOFIEEI RIRFIC
2RXA VERHERAL, BE4RDOEEAET—4 D5
NAEERZ 2D T p,u,p,u, 2EETHIE, X
(61),(52)2RALTC & p PEERREERS.

AR CERERIET S LEEtERADP S, BEMERD
RIBEEREGER2HB LT VEERS THLADFE
DPEHUTESE. T TREHFS DBRE L= Inproved
two-cavityik &9, RFER, 2H~A VETREM
HIEOEEA Y U—F U R Z, B2UEFOBREMEEZL
S[BRILLL THIEL, SLp 2BETEIFET
H3. A0 EERTZLEEMABAOEES L E—

FURZ BFRATRINS.
Z,c0s 2d + jpEsin —d
z, =2 —E < (63)
b ‘L—jsingd-é-oosgd
pc c c

CZCREMBEEEI VE—F L RRZ, =p,/u,
THs. RON2EISIIEFRLTERRAR2ES.
Z,-7,

lez - (55)2

2B TCRG)DELIBREMERED T LIREMES
d OB ER Y, BEMRIBREOTEA Y E—F X
s, 22T, BREMBREOEES L ¥—5F >
AERIL LU OFRBEE LEBARSMELUTRAEE
3. ELZ EHABRI L OBAOREMITEOE
B E—FURTHSD.

(54)

jtan 2d = pE
C

Z,-7, = Z,-7,
Z,Z,-(%)"  Z,'Z,'-(pc)’
¥, ABOEEM L ¥V RARRATEZI6NS.
Z,= —jpccotEL, Z,'= -jpccotgL' (56),(57)
c c
ZZTp REREE, cRERPDOEETHE. R
(65) &2 & U THRHEKICRX 2§53,

55 - tJZIZI'(ZZ - Zz')‘ ZZZZ'(ZI - Zl') (58)
(Zz - Zz') - (Zl - Zl')

(55)

EWEEBICBIT B jranx - TRI) ~exPCIX) gy
exp(jx) + exp{-jx)

FEHETZL, AGDERACEEINS.

¢ =—2jod /[ Lr=PC L +pT (59)
Z,+pc Z,-pc

H(68), (0N EFATIIE, FREVFRIEEZATH
ELUEREMEREOEEAN VE—F U RZ,Z2,'B6,

EEMOBRGIHEEC LIREMOERENEEp &
RHEABBICODE> TR UTRET2EHTES.

RBSHOFERKIZ, Yaniv 5HRE L= Two-cavity
BE—BELULEFELELERXDS. HKEFZ,=w,

Z,'=0 Z2aiRIc, FBRIICIE(58), (59)% @Emslt L
EADPEHINTWEDZ,)'=02ERTIEHIC
L'=c/(4f) £ T2 REDH D, BEERE Z L%
SJBEIZEMLIVTCVE., ZOEDREEE, EXRE
T 1 BT icr b, RFRICIREM
FEF— Y REIET L IBOTEETH - 1=,

52 HIEREMORBEAEER RSIIRLE
BEEBOERDS Y RAC—A— Do RHEHME RS
5L, K(58),(59)ic &% Improved two-cavity &,
H(61), (822 & B 4 R Y EDOHEERTT I RAY—
IVIEEH (BE 24ke/n’ ) DEREIEE & HRENEE
ZRE L. RIICHEEMERY. K13 ICHFREIC
LHPRCBREERIEER 2T, 2RADPELTH
78, YURTEH 22 BAUVGREEFEONRT
W3, X 14 K17 B OFELV~ILE 80dB &
120dB IZ&%E LU, Improved two-cavity ¥:CHIEL =
BEREHEEZ2TT. QEHRCRITERESRZ

Table 3 Experimental condition of sound absorbing material

Sound Absorbing Material - | Glass Fiber 24kg/m’
Material thickness d=50mm

Sound pressure level Mic. B 100dB

Four microphones method s1 =70mm, sO=30mm
rl =70mm, 0= -100mm
Improved two-cavity method | s1=70 mm, sO =30 mm
=20 mm, L’ =70mm
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Fig. 13 Comparison of Complex propagation speed
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Fig. 14 Complex Effective density measured at 80 and 120dB

Rohd, 2<RAUVETEEIESNTNS. —Hf)
TidH D, —MICHEEIIAREICHE LTI R
8, ZILHABREMOBEIIHMEIZENL 2D, RIS
DR NERICH B

RERBROZUM R TS5 Ay —VES
50m, HHESEREY 20m & 70m EETROEE &
p ZRAWT, /YZAU—)VEX 25, 75, 125mm DEHE
ARRERZHEL, ERICZOEICYH LRSS
MOREMBE LB U=, BEEX o DFHEIEK (151K
BT & p BLUREMED 2RAL, REHFIEA

YE—=FURZ 2REL, RA)ICRALUCEHELLE.

X 15 CIREER2X 16 IHFE( L C—F U AT
305, WX & HEEEL REERXEREFBEHICIE> T
BL—BULTHEY, ZFEORLMERERTES.

%1 Improved two-cavity ¥EZHWBIHEAD 2D
DBRAETRT. A(GBB)TZ,-2,'=0DFMTIE,
EMAIEOTEA L E—F U ADBMRENTLES.
ZDEGEEEET B =010, ZXBREXOEZIIRA
T oELSS.

(L-LY =nc/2 , n=12.-- (60)

1.8

Sound Absorption Coefficient a

25 D experiment
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8.8 T R VT 1568 2888
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Fig. 15 Comparison of Sound absorption coefficient -
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Fig. 16 Comparison of normal acoustic impedance

FEEVERRT, REMOES dDIREMHDH

BOLHEERBI BHATE, R()DEDHRON
BEBOEMERAC 2T EME 5 L ICGET 08
BH 5.
5:3 LREREEHOBEMT  EELREHMIE
9 3 SRTORESHOMITIC, HRBEHE M99
BRERE "ERAVWERELZEREIhTVWS., 2
T CIRATE TR U REM OERGEE & E8EE % A
WTEHE S DEM L IR SHOIBE SR O S
PIEENT S,

ELEOFEBEREMOEHZZ TR ZAFZ
P17 ) 2 TRTEEEERT, RRTRTAV LK
WY HBRRDRIIT S,

V¢, +(w/c,)*¢, =0
V9, + (@/c;), = 0
EAEERBILT 2L, 22007 M) 7 XABALED

ha. RATIERE EOFE LR THE DR
2ERBTDL, 2ARREWMIBHTES.

P19, = Pz‘bz, 99, /on +d¢,/on =0

(61),(62)
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KITICRT o RA0—NVkEH2NET 25ERES
WAL, EXMURONTFRE V &FHiR# 208EE
P L OHOERBICEEEEFELE. X 18 CAEE
L ERER HET 2 Y, RESHOHBEAFEPRK
IEEDPEBCLLSFHTCETNS. K19 IREMT
IS hi= 3 |IEOEHZME, X 20 i FHEUcE B
BOE L EZRL OB ERT, REMEZ TR
T2 & Rx U, Improved two-cavity % CHIE L=
CHRoEE L BB R AT —FE UTHWS L, R
EEBORFHMERBERESR AV TEHEICERETEE
L3,

6. #& B

AT, BMEMOREICHETIER2EEL,
1ERERDIRBEF N EN LI ERDBSFAL .
RIIRGRBIZHBEFRICHEHRADH 2BIMERD L
i, ¥ e BT A EkOmBR/BREEMH L= L
T, 4RV VHEILZERT P ERUVURBEL
EBOERRE . BT XY —BRRIREMTCH
BYSAG—NRILEY T 4 — LR ESIEREMN
DOEEHETEHLUE. BB, SEREMORED
HAR 2R EIRRTH 5 MEMOENEE L HA G
HERGHTZ2FEEERRL, EAEENRESHEOA
HhTF—H & UTERTHZLERLE.
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Fig. 17 Sound field in cavity with bulk material
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Fig. 18 Frequency response function for cavity
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Fig. 19 Sound field in cavity with bulk material
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Fig. 20 Frequency response function for cavity
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