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A Study on the Acoustical Characteristics of the Absorbent
Materials Using Two Microphones
q A g A g
Sung-Soo Jung and Cheol-Ho Hwang
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ABSTRACT

A free field method using two microphones is used for measuring surface impedance and absorption
coefficient of the absorbent materials. It is shown that this method can be performed in a large non
-anechoic room. Precise values of the surface impedance can be obtained by changing the spaces
between the two microphones. Comparison between experimental values of the surface impedance of
the glass wool and the mineral wool and Miki’s empirical model shows agreement.

Aol Fedel g Ew es)elzel FoASe o

1. M = Fol 753},
ol2gt o] EA S HE T oHE Aywe
7+ g HEHo g AgEiE o] 7hA] 8 & shtEldmel Adubgel gloide EFoFA
Holl et FFshA ol 2ol AHAE thoFalA HEHoZ AbgEo] & Ay v apy@a Has
o] Folx grow, i+ MIFo A ksl of MR whogA Zguty gle T fe] nlo)
Aol mzxel 2} L FRAe] % AR 9} IARES o]&3 2demyidly 9k Chungd}
oY SEEHoRE 54 gloldael Ampab Blasero]| oJgF ek upbyt” )3 g}l 2 whygav
A2 SR W FAT 5 5 ¢ eled %] stk
o] AME WAHI dAZE 7R glen, B35 & ATl e T 2e B AAds 9.
Ao dEA BEAozA AEEE FSAFE 28 A S FaEdo) olyl odul AlE Al
FEAel 5 A (flow resistivity) of] zA] o} &7k}, A A gske] mig-gA A FeAle Ew Jduds
gl ALl FE5Ael g F2AleE oA =3hA W ESATe FH e AE dolhgith Alge
W ES 5588 M A N gl HEAH AL felgy g thatos Hdost
FoAel ek o]E Al sfrle] 2T o]z g T e ol g-slgl om, Mikio] o4& 1} g
A= olul 1940 el Zwikkers} KostenVel] 2] sto] 3w JH Rl wl ESAF g vage
A dAEHOZ #A=lgdn Biot®, Lambert® 24 2 Ao 43 A5Ee §EAEgks T3}
z2]an Allard Sl ols] =g, &9, F& sdch
Aol g v Ras) S E GEAFE AL
sfol EslHom 343 4 oliz o 34o] Delanyst 2. Eol omu el 2N 9 sh4
Bazley™, Miki® =2]3 Allarde} Champoux” %
of os] A==l f5 kel AR 9o F Mg W Il e Al WiE &9 ulb
AHAlFRAE 8 4 9ln), AJEe] Wbl E &
sy, SR EFIA Y SR atr] Sl& olEAel whgel Garsl ] we o



] A
zo] Aé I

3

o

[

& Abgstme ghe] x5t Aol wep &
A e Ay Fubeel Aleke]l EAEHAl s &

=
o] glct, ol wHE /IAl3S

i = QR o H T o H
omA Fusd] obE Aok @Ok YulEsg
ol wls) AR} Am TR 2 §5 Aol
a7,

Fig. 1ol 4 2z 23 o] 488 24 914 4%
@ ¥ AE mHosye Hgs el F A4
27t 5 ole) vlelazES AAew o F vhela
RES M, M2 dx), AEwowyE g 9

A Fol S AHspe] Aie] FAE S
Y7 feh, gUozyE o EAs)
Aelo) Fs) Webd AR b % gt

2 HFT 7 e ) i
@A Sl olelgue Abe e A
ek o] AF F vpolaREeld SHuE Sk
gl aubel wbapube] gro g A7kE oxpl—ael) &
Aol shm zhzk v Alo g 2% 4 glrit®
(z/e,r; )z/mrw
Pu=n{ R, M
st 18V
Cz/mrz ()z/ml 1
Pu=R{" R )
12 Jua
A7 A iy, s SYOENE FovlelmEE M,
Mo7bA el Aglela, s, we o3 2}-8-%1 (image
sound source) & 2H-E] M, M7bA| ] Aglelch P
0 910] E E A of| o]z 3= Aol 3, R u}/k} A

T 11 @® Sound source

H
d r
i
\ -
. M, Sample
Rigld material
Tor \Yir
1 1

© Image source
Fig. 1 The geometry of the sound souirce and the image

source

226 /stZASREZstE(X] /A 6 A2 E, 1996

Zeolv, ke B7] FolAS] o) sHolrh,
g, § oelolamiE AlEole] AHUFE Hw)

ook At g

T

o1y thar
¢’ ‘ ¢
- -+ R -
H () — [jm(ll ) [}k:“ f}/f,'m . (3)
P, () ¢° R
S
}‘1 Vit
. . - .
aeba wbAAl s oy Ao R el S glrh
()zhu‘rz ()1/‘“"‘
77—;—— —H (i) o
Rs - T Czkolu i Uz/uﬂu * (4)
HGw) — :

L8V} Yoy

el AR e s ey 2o F5A
T e o el vk 7# R gl
) 1*1\’9 .
2= ARy -1/ Gl T (5)
a=1—|(Z;—1) ,/(/.,»+1) I (6)
oAbz} 7o whlo] o) FalA FA¢hEel HE
Az A fEAE g g9 ekl el o %
S 917 AFHA e mZe] Hasih, FEAel 5A
@ Zof| &= Delany¢} Bazleyo] #lo] & Ap§w]o]
gko}, A Tk od o of] 2] g rize] ey
(resistive part) 7} 8-9] & iz 457} #A 3tk
Eeldael Aol zbalrpe while] gqlch Mikix
o] A& Hghslo] thgul o] AR AFAHYE

Z AN/ Zo= 1400700/ 6) " =0 107 (f/0) "% (T)
ke lo=0.160(f/ ) "+ [1+0.109(//5) ™

(8)

o7 A, Zt kA= AES 5 oludse
rZmolm],  g= Alg el £ g (flow resitivity:

mks rays/mj)ojt}, o] 2]

"1 1
Bl Wl e HAI) gFe] A bal
o vlz el AL £ AL Asel Ed
daeis zis ARe) B4 QAEs Z. AsAS
keob vhg $HAE 7FAA "t
Z.s:i (ZL‘//Z(J)COth (Ill)('b), (9)
old A (D3 @AM FrEdeF oF HIAA
7hA Al (99 Adgte] s 23R dAsEE
A geeldatel oF Agch o7 AW Zot
b AREEE A O3 4 ©)F ol4se] F8



o) mlo) ARE S o] 43

S FYPgo g v Faaloqe] Ay s <
TFatgdeh, AlEe FeldE AR 140, 48kg/m?)
ok (A AYE 50, 100kg/mY) 224 FAE Z
= 72 2m, AE Im

e 271% Fi3) 3] 9

_H
Jo
o
1:‘1 -
1o
14
~

le

; £8 vlebe] A7 2 A A A3
stdar, e A= feld Rob 3 vtE 1m,
AR 0.5melmE 2070 & i chi A -5

Aus A Fob Al AR F dE A R
gl Y sfo] 1/4-in Fdla] vlo]|ZRES AR B
w9 %ol A slgdv). olwf wle]aEEE 7l
g FoA Ewlel Al A ste]l slelel o7
o] ka5 Hagslgich olEBMo R vlejaRE
& Feld el dAsh: 7401 7bg FAE Uy

Az skA 5)d vul T A2 HFAHZ &
Zpo] Wzt Zx ko] Sapr} A EA w2 A
& Eslo] HAFE 9)2: Al sbedch

o g4drie] Awed AF 2.5cm, FA
Z

mm, Zeo] 30cme U&EdH g Fztsle]

o

o]
'Ex_%

}
Speaker Personal
Computer
Signal 4
Generator
Oscilloscope

Fig. 2 Experimental set-up for measuring the surface

impedance of the absorbent materials

+ e A =¥, 4
7 2o sk SAte] 27 a] é%oﬂ Sl ¥ef
< Hsha]7Im A ok3] x]
3

of A2 Ak Wb diAlel] o] okA¥l

NES e 5 ol vkl Fuhg Als w7 (LFG

1300, LEADERAD) & 2}&3algith, = njo] = o
A A% AsE e AR~z HP 54502
Aol ] Az o] qt A S ghalsla W A7) 58 o] &

slof of 2008 W A5 T Hwak F oo AskE )

o8 Airele dEstden, AHireldl A o] dle]

FWo] 7}7te] AEE vielz:
ZEN Al oF 1.5~3cm A Eo4] kil 4]
35 45 4 Uden, #Adviel ARmuizte] 7y
£ 30~40em Hlevh ok Al E e 4 gl
Tk 25cm winke] Aufo iz 4l g ko] o] &gk
o

.l

T
B wol Woluh 4 ol gliz FaF viel)

=y L
vl 50em o 4bel 4= S/N Bl7} £ ekgkel,
Agel eleld 7hg Fad el shiel §

ololz ¥ Aol 7HAL Adlgiel AdAel %
|

H
Sl AR Gl i ool

% ) :
spol o] zkAo] wolok FEAe] % YWHAE 4
Sop 3Y + Aom wioe gl 4 07
o] Folok iulvizs] o] Alwl4E spHA =

Fig. 3& ole]lmaa & 7145 5cmz A Ao A
AR agkg/mial felge] EW QaEsE T
7 og7)e] Asldas 4Asie e vhehd el
o o elelx) A%} ki Ao 7tz A
I AR AE veh, AL glela dF3gk wt
o} o] o &A1 EAgre] J1A A AdAIEE K
A o8 AAsIe] 7 iYW JudaE e

[
Zoleh, glel A Miz upe} gre

| Ak 7k 400
Hzell 4 2,600 Hz H-<27hx]s= wlad qbg sl Aok
A ol Loele] Fab dddel s &
AgkEel ol&gteld wol Moyt Fxsof algd

St=ASTSTEX A6 W A 23, 1996 13,7227



s A 7 2 & Ast
7l flef M= = ulelarEzite] A Fabp 4o

RESISTANCE

5000

8 | sttt TR IRt
S A AA A
ko] A

2 -

E° : W

8 W PR T

«© d

t -11 ,

T

a2

g REACTANCE

E ]

g -3

=4

_4‘.
-5 ~— T T u
0 1000 2000 3000 4000
Frequency (Hz)

Fig. 3 Normalized surface impedance of the glass wool
(bulk density 48 kg/m* with 5 cm microphone
space. Comparison of resistance(a) and
reactance(*) of the surface impedance and
theoretical values(solid line)

3
2 RESISTANCE
A
14 MW\W
[¢] P I I

HoyHe K *

Normalized Surface Impedance

REACTANCE
-2
-3-
4
-5 v v v v
[o] 1000 2000 3000 4000
Frequency (Hz)
Fig. 4 Normalized surface impedance of the glass wool

(bulk density 48 kg/m® with 2 cm microphone

space. Comparison of resistance(A) and
reactance(x) of the surface impedance and

theoretical values(solid line)

28/t 2 8TESEE R /A6 A 23, 19964

5000

of wel HAE) wHrRa Aol shel, 53 400
Hz o)ste] Fab edelo] tiajli nlo]22E 7
As sl =ZA ol A=l gl dielHlE: dS
QTR '
B Aol A 400 Hzell 4 5kHzrzbxe) Fups
edol] disf 29 oJudAs FAHsIEos, ¥ oo}
o]|ARE Atole] AL 1,300 HzE 7|F2o 2 8o
3
o RESISTANCE

& 1] —m ,MW‘M“

g

g o

‘©

8

€ -1

a REACTANCE

T

N 2]

q

£

3 -3

=
-4
5 - r T r

0 1000 2000 3000 4000 5000
Frequency (Hz)

Fig. 5 Normalized surface impedance of the glass wool

Normalized Surface impedance

(bulk density 48 kg/m?® . Comparison of resis-

tance (&) and reactance(*) of the surface

impedance and theoretical values(solid line)

3

21 RESISTANCE

11 A{M TR T AT

¢}

-1

.24 REACTANCE
-3
-4
-5 . . , :

0 1000 2000 3000 4000 5000
Frequency (Hz)
Fig. 6 Normalized surface impedance of the glass wool

(bulk density 40 kg/m?®). Comparison of resis-
tance (A) and reactance(*) of the surface
impedance and theoretical values(solid line)



T he] mpo]aR TS o] &gt
AFsks dee] HeAE somz, BFoE Gl
A= 2emB AdAsled S slqgidl, Fig 59
Fig. 6 #AAHUx7} 48 kg/m®, 40 kg/m’el H-8]&
of g xw sEs 24 Azveld, Fig 73
Fig. 8- A A= 100 kg/m*, 50kg/m?q] <tuio)
A3k A Aafelr), 1Rlo A Hi uvle} 7o) Al
ol ol&gt FAe A veprla gl ojAe
3
o] RESISTANCE
s Mw‘— ":tA*T% B

Normalized Surface Impedance

e
W ad ™M TN ¥

2] REACTANCE
-31
-44
.5 - T g T
0 1000 2000 3000 4000 5000
Frequency (Hz)

Fig. 7 Normalized surface impedance of the mineral
wool (bulk density 100 kg/m*). Comparison of
resistance (A) and reactance( %) of the surface
impedance and theoretical values (solid line)

3
o] RESISTANCE

3

g 1

hel

g

£ 0

o

3

€ -1

3

w

2 2 REACTANCE

N

=

€

S 31

z

_4-
5 ™ T T T
o] 1000 2000 3000 4000 5000
Frequency (Hz)
Fig. 8 Normalized surface impedance of the mineral

wool (bulk density 50 kg/m*). Comparison of
resistance (&) and reactance( %) of the surface

impedance and theoretical values (soild line)

o] oby oyt AYA ZAIHE $U3} AR

2 M43 gozy Abf- LA 9] 24_9.0]
ez Allarde} Champoux®%
7 3
A3 AAAE 40 kg/m*3h 48 kg/mPel fela] A
§- z+zk 16,000 (mks rayls/m) =} 20,000 (mks rayls/
m), AHEE 50 kg/m*zk 100 kg/m?*Q] opwi e zpz}h
15,000 (mks rayls/m) 2 25,000 (mks rayls/m) o] <l
th o] TGES BY 2E EFAH s A)

BA 2 &2

Hak 4 F5AE g

flo

Ahgaa A a Py 4
A AA

0.91
0.81
0.71
0.61
0.51
0.41

0.31

Normalized Surface Impedance

2000 3000 4000

Frequency (Hz)

0 1000 5000

Fig. 9 Absorption coefficient of the glass wool (bulk
density 48 kg/m?)

Ay A%,

Aadar A AT AT

0.91
0.81
0.71
0.6
0.5

0.4

Absorption Coefficient

0.3

0.21

0.11

2000 3000 4000 5000

Frequency (Hz)

0 1000

Fig. 10 Absorption coefficient of the mineral wool (bulk
density 100 kg/m®)

S=LZTUESSEEX A 6H A 2E, 19963,7229



ol
i
}014

o

. ol
24
o,

5 o
o
R
2
ad ©
(@]
[an)
= o\
SN
)
o,
B3
=

L)
b
o
[e3
o,
ey
o
hi¥
¥ RO
[e3
o,

Lo

2
£ % g

Horle 1o T ool (B do

AT O 3
)
N
N,
S
=
il
fo
SO,
o
-2
szil"n‘
e
<
N N
03
s
Bw
2
K 4o
RC)
o B

Fo
ol
2
ot
rlo
Y
22
e)
St
2

o
o
i
[y
B
>
bt
N
)

B

el

o

ulo

o mi 1o
N
[o3h

x W

% o

o &
of

T >

l“o )

ol

g o
b
r

o

B R

£ 8 Ly o 2
r 5

vhagle] 2z A slo] FEEo
vl 2 A dle] U] Ax AR
T HhAbE o] Alad =
FoEo] A =

AHME 48kg/miql SelHy AAMYE 100 kg/
m®q] oldle] tlg &A% Fig 99} Fig. 10 7+
7t vepigle=dl AR 2 800Hz o] el Ae
FL5AT7E 0.9 o] 2 F8ES Helx gl

p

oft
o
2
1
o o
_1.84

[}
= 4

Fol 7}

o7& F A&\ XF 7]F=(porosity) 7} (.95 o]
olm A U7l A deixl FxE sk oA
A WE Fol7t ol Arpeg zk Adgd £ gle
o, AgPA A8EE FAsE d5E 2o iAkE
o] wpag Qlah dofljzjre] Al zela W
TFEREEY] 2T P 48 o2 o] uger
&l & oo EAe] AA WAFeEHN F2

(1) W@y & Tt s A Este
AR AV gomd ¥ A el 48
slolel, whebd FAlA o R
AR A

o o X
—10
2
'..T.

A3 A1z ete] A5 30~40cm AHE
7

@ F wlolZEE stele] AL Faki 77

400~1,300 Hzel| A = , Y = 2

em olstz sl 4 F T HYARRLE
[e]

(3]
(V%)
[—]
AN
ot
Hi
B>
o}
rﬁ
OH
Jor
ol

s|X| /A 6 A3,

1996 3

Mook Mt 2
QL
rr

- T T a
BUE AYRE B LT+ USE s

ikl

P12 8

(1) Zwikker, C. and Kosten, C. W., 1949, Sound
Absorbing Materials, Elsevier, New York.

(2) Biot, M. A, 1958, “Theory of Propagation of
Elastic Wave in a Fluid Saturated Porous Solid,”
J. Acoust. Soc. Am., Vol. 28, pp. 169~178.

(3) Lambert, R. F., 1982, “Propagation of Sound in
Highly Porous Open-Cell Foams,” J. Acoust. Soc.
Am., Vol. 73, pp. 1131~1138.

(1) Allard, J. F., Aknine, A. and Depollier, C., 1986,
“Acoustical Properties of Partially Reticulated
Foams with High and Medium Flow Resistance,”
J. Acoust. Soc. Am., Vol. 79, pp. 1734~1740.

(5) Delany, M.E. and Bazley, E. N., 1970,
tical Properties of Fibrous Absorbent Materials,”
Applied Acoustics, Vol. 3, pp. 105~116.

(6) Miki, Y., 1990, “Acoustical Properties of Porous
Materials-Modifications of Delany-Bazley
Models-,” J. Acoust. Soc. Jpn(E), Vol. 11, pp. 19
~24,

(7) Allard, J. F. and Champoux, Y., 1992, “New
Empirical Equations for Sound Propagation in

J. Acoust. Soc.

“Acous-

Rigid Frame Fibrous Materials,”
Am., Vol. 91, pp. 3346~3353.

(8) ASTM C 384-90a, 1990, “Standard Method for
Impedance and Absorption of Acoustical Mate-
rials by the Impedance Tube Method”
Society of Testing and Materials, Philadelphia,
PA, 1990).

(9) Seybert, A. F. and Ross, D. F., 1977, “Experimen-
tal Determination of Acoustic Properties Using a
Two-Microphone Random-Excitation Tech-

J. Acoust. Soc. Am., Vol. 61, pp. 1362

(American

nique,”
~1370.
(10) Chung, J. Y. and Blaser, D. A., 1980, “Transfer
Function Method of Measuring in-duct Acoustic

Properties. I. Theory,” J. Acoust. Soc. Am., Vol.



F el ol AR ES o] 48

68, pp. 907~913.

(11) Davies, J. C. and Mutholland, K. A., 1979, “An
Impulse Method of Measuring Normal Impedance
at Oblique Incidence,” J. Sound Vib., Vol. 67, pp.
135~149.

(12) Allard, J. F. and Sieben B., 1985, “Measure-
ments of Acoustic Impedance in a Free Field with
Two Microphones and a Spectrum Analyzer,” J.
Acoust. Soc. Am., Vol. 77, pp. 1617~ 1618.

(13) Allard, J. F. and Champoux, Y., 1989, “In Situ
Two-Microphone Technique for the Measurement
of the Acoustic Surface Impedance of Materials,”

Noise Control Engineering Journal, Vol. 32, pp. 15
~23.

(14) Yaniv, S. L., 1973, “Impedance Tube Measure-
ment of Propagation Constant and Characteristic
Impedance of Porous Acoustical Material,” J.
Acoust. Soc. Am., Vol. 54, pp. 1138 ~1142.

(15) Chu, W. T, 1986, “Transfer Function Tech-
nique for Impedance and Absorption Measure-
ments in an Impedance Tube Using a Single
Microphone,” J. Acoust. Soc. Am., Vol. 80, pp. 555
~560.

s2ASFEZssR /467 425, 1996 231



