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ABSTRACT

ABSTRACT

Keywords: ISO 354, Acoustic barrel, Sound absorption coefficient,

Measuring uncertainty, ISO GUM

The popular testing method of sound absorption coefficient is
reverberation room method whose theories are very strong and complete.
ISO 354, a standard of reverberation room method, is the principal
reference in the research whose target is to study the sound absorption
coefficient lab in ABRI. Because the standard of ISO 354 hasn’t regulated
the appropriate quantities of acoustic barrel and the configuration of these
acoustic barrels, eight kinds of configuration are studied in the research
with sixteen acoustic barrels. Those configurations include 1.absorbers
suspend regularly, 2.absorbers suspend arbitrarily, 3.absorbers stand
regularly, 4.absorbers stand arbitrarily, 5.absorbers stand close(type 1),
6.absorbers stand close(type 2), 7.horizontal absorbers place regularly, and
8.horizontal absorbers place arbitrarily. From the result, the best
absorptive performance is that acoustic barrels are placed horizontally
and closely to a reflective surface. The absorptive effect of high frequency
tone performs better about 30% as acoustic barrels are suspended than as
they are placed horizontally and closely to a reflective surface.

With regard to the evaluation of measuring uncertainties on sound
absorption coefficient testing procedures, the standard of ISO GUM is
adopted to evaluate the ranges of uncertainties in type A and type B. The
expanded uncertainty of Ugs of testing result is proposed. From the results,
the main uncertainty of reverberation room method comes from the

uncertainty of spatial factor.
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RSNy EAT R S AL A R S AR 0 i
FANEELFEIRZ ARSI FEAF FER A BEEED FTR T

e o fFHR G GEEREAY REZREH TR I mTAE S R LR

pul

B THEHEAEIRIFFTLEE ZAELAT - AGHRFI TR G

:,§

B e

@I s AH#HY o BEEEIRIAGTEN LR KE 2 AR
TRAF G AH B TR R R TR B T E (Uncertainty
Propagation Law)3* & & & &% % #z & (Combined Standard Uncertainty)

2 4 o 7 72 & (Expanded Uncertainty) e

I8 AEREIREIATRG

b

A FEREA IR GRBEAFERTELERERF AT
(Frequency Distribution) 52> £ £ ¥ 114 5 % & S #i(P.D.F) k- 5 &% 7

FET R ~CATRZAR LY g LM IR IR E TR TR
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Mo Gl AGIREZRIRIAE > Firt* et 0d 2030 e

Py PER L UEINFERE L2 B0k g 2 THESE
WA R ANRER AR LTRSS -

ERHMAN ST 2 2 amEk A E RER AT EF A7 1/3 B
T AR S 2R Tl A BeT
(1) rAp b mg MR (7 30 = chie SBpF £ RI(5 3 HALS A 5 11.72m?)

4o 20 #77 0 I R L K REHBE o

(B) MMzt 2 E 30k LAF MR E o g b 2 BT iog s R

L(FFEEAR) 4ok 3o

L BAMRER AR B S R e
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)
J=
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T
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ml4

100 125 160 | 200 250 | 315, 400| 500 630

180 1.78| 3.40| 521 | 568 | 854 914 1022 | 9.77

0.059 | 0.056 | 0.057 | 0.062 | 0.054 | 0.064 | 0.104 | 0.129 | 0.124

800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000

11.02 | 10.67 | 10.58 | 10.38 | 10.66 | 10.60 | 10.69 | 11.98 | 11.98

0.085 | 0.061 | 0.066 | 0.084 | 0.071 | 0.090 | 0.090 | 0.176 | 0.238
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2. BERIFFFHF O EITAE
3. ERlEcERITR PR
4, FEHARJEITHFE SR A3
5. RFkiEMAT BBE CBRRE X FRAZER
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AR LA FERRF]F he 52 2 2 A TR SR
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TR L 008dB o M & A ped B oL F A pe oo k=20 F ¢
U, =+0.08/2==0.04dB -

2. ZEFHI TR G R HRG AEFHE G- 3 RBD- G
et ez T4 RAPHLF G § 3T 7 NELRRDES o %7
BB iR 5399 58 TLRM L8RP 3 REOBERIE - KA 0 %
e X as RATEEREE AR $R2H G A P2 33
350m3 > S iRl HE N 5 gk LEF AT E w0 Z LN LA P T

FRES 2B E > 2 BEFF R RS MA T2 ToE4od 4977 o« HP

w7 p 500Hz ~ 1000Hz 2 2 2000Hz 2 3% 58P B % 5 b 540 ) 21~23 »

s

PIRERG MN  PPER S R R B AN T OGRS A M A

A

P=aT +b (4.1)

F¢ o P=3 BRi=E(dB); a=i FREFERY LS (dB/sec) T

H

f

f(sec.) ; b=% i d REFE(AB) » Fo » ZF H 2L ERIF LA U, &

2 )
Up =0 :Kd_Pj 'O'Tz} (4.2)
dT

HA4s 2%k dod 59557 o
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# 4 i g K

LA S0

PRRE L 2 R g MA

F2(Hz) | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630
£ 7

EZC;'T} =1 072| 043| 050| 027] 038| 019| 025! 021| 017

RT % @ o

MM | 389 3.68| -385| 3.74| 447 | -4.62| -5.65| -6.26 | -7.40

(dB/sec)

#7 2 (Hz) | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000
Lo ¥

ggc;”“}’l 015| 019| 013| 015| 013| 010| 0.10| 0.09| 0.06

RT % o

MM | 686 -652| -713| -819| -9.03 | -102| -12.1| -15.0| -20.2

(dB/sec)

%5 2B HSREERP AR

#3MHz) | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630
U,(dB)t | 281 | 158| 191| 1.01| 1.71| 085| 143| 1.29| 1.25
3 (Hz) | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000

Up (AB)E | 104| 126 093] 1.25| 118| 1.00| 1.19| 1.29| 1.22

\SOOHZ RT curve(empty chamber)\

100

SPL (dB)

P=-6.26T+99.65

o

IS

RT (sec.)

B 21 ie %3 500HZ 4 % 3 i & &




2 GER R R AT

1000Hz RT curve(empty chamber)\

100 —

SPL (dB)

P=-6.52T+104.12

100
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RT (sec.)

w W% 1000HZ 4F F % o 4

[2000Hz RT curve(empty chamber)]

SPL (dB)

P=-9.03T+110.49
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RAEERILEN > GEWAFA LT EESRRL R KL A KEFE &
Fo MMREHREFEARLALZIREIA TR OV MNERBRE I ETAL )

moLvE o
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5. BB Z R CBRARZ A FRAFRE S0 [ HWERTFF NI EEA D

moo R EF LR RET AT FRAAEIFERZERTFAF

bull'™

—0.01dB/°C (-10°C~50C) ~ /& & 2 2 %]+ % /| »* 0.1dB/RH100% > & + §
B4 F]F 4 —0.008dB/kPa ; i 5 SO 3741[25] %+ £ B4z i Bx 2 B A&
ZRRRMERI ok 6907 0 B KB R 2 813 FAZELSC - Ap5HE
Boihsgg i 2 BAZiEE10% 5 ek F B4 RS G ] 5 £1.5kPa o F o R

B FlF 2. A AR LEHF R 5 20.05dB ; RAR B LTS 27 LR VLR
520.01dB 5 * § B4 FF 2 7 FE 2R LR 5 +0.012dB » B E A 4R

$HRRZ X F B4 283 AR5 B PLER F1F 2 3 FETA L
Ugp = £0.05//3=40.03dB ; 4p % B & % + 2 % & L A 3
Ug, =10.01/4/3=40.006dB ; =+ # /B 4 % 3 2 % f& % B 5

am =+0.012/\/3=40.007dB « s+ 445> £ FIRHE FIF KR Td S 0T AL
REE G

u,, = J_r[utemp2 F Uy + U, ]/ =+0.03dB (4.3)
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ol

%6 1 % F R BAR % FI(ISO 3741 TABLE 4)

FERRIFFRBRR PR
BRI IEBRR T FF(%)
O_#E~ C <30% 30% to 50% >50%
-5=0<10 +1°C +1°C £5% +3°C
10=0<20 +3% +3°C 5% +10%
20=0<50 +2°C 3% +5C 5% +5C +10%

BATF R BBORRRLRETERR 2 R YRG0 FRRER
B FS LR o 0 IS0 AL Bk > AT R

ol ) ETE KGR TR E AT REASIERER > wFRE e Pz

2R RFE R AR BRI A 2 e 2 3N hikdy [SO 354 2 iERAK o
Bz s P $h B3 R2ERET S 2ms Fih i By R AR e
BE 0 E Im-~ Fohk FIED S 15mo #FHRLEEFFEEZLIEY 10 12 A&

25 R A26] 0 R ERRLE R AFHEERE 5 L P
B FRipl 0 0 W RRARA L
% 432 4452 BHAMARBFIS 2 AR OREE > LT b
RBERITRZ BRFIFE 2 FETALENS L ELpEFY o

Fp 58S BREE B AR L[]

Upiey = /5 -0.04 = +0.09dB (4.4)

mic,V
585 h ERHEEfEITRZEEIILETR S

U,y = 2+/5 -0.003 =+0.007dB (4.5)

res,V

u +4/5-0.03 = +0.07dB (4.6)

envyv

FEM AR LB PR R BUGER BT 2 B A



S MR iR iR Bl 2 FR -0 S B
TROBEEIREI AR 7 M7 0 AP E o 4eT
' 2 2 2 2]%
UB :iumic,v +usp +ures,v +uenv,v (47)

d & 78T sg GlikpEAL BREEE I TR M OHERE SR

FRE L 9E1282dB - ¢~ FH LA ATARMFEY L +1.2dB -

#5MHz) | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630

UsdB)x | 282 159| 191| 1.02| 1.71| 086| 143| 1.29| 1.5

#3(Hz) | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000

Us@B) | 104| 127| 094| 126| 118 1.00| 1.20| 1.29| 1.23

(=)B B2 R R 2 E30%F o
2 7 20 %R EAY B iz B EE R R
$

Boe B AGFREZI T 250335 FRERFIETURE AR 2K

27 R REERERFEIAEHES B a2 S G R AT
Beoed (A1) g e g R MG T RiFe By gt aa
G SRR R TR 0 r(48)

ar =97 (4.8)

XA s dT =3 (% )@tz FHFERI LA = sec.s a=3 (7

Jor
{

)it By 2w MR R & Bt dB/sec. o £ ¢ (3.3)543
FREEZRZREIAREEIF o MADZH G S afidze Fie
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Wy o FEER (T2 B %S 4T
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ol
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oA,  —553V
o, T
oA, 553V
o,  ¢,T,’
2 2
Uy’ =0,’ =(%] dT,’ +(5ATJ dT,’
oT, oT,

(4.9)E (410)N ¥ B 87 F it ad By B3 2

ool xR 5 225C3 % > Blc =c,=3445m/sec. > ¥ B F 2

% i

ek

R A Ty

(4.9)

(4.10)

V=350m3 - (4.8)~(4.10)5% 2.3+ B Z % 4ok 8 #7177 - @ BB 1 me B2 &

TBF R fF AT EEU, A 9

28 (% 3)iFtdie Mg 2w MpFF 2 L E K

#3MHz) | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630
dTi(sec.) | 0.72| 043| 050| 027| 038| 019| 025| 021| 017
Ti(sec) | 1542 | 1631 1559 | 16.05 | 13.43 | 12.99 | 10.62| 9.58 | 8.11
dTx(sec.) | 058 | 028| 029| 013| 018| 007| 0.10| 0.08| 0.07
To(sec) | 1227 1078 | 9.00| 7.57| 638| 4.63| 4.05| 3.56| 3.40
#3(Hz) | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000
dTi(sec) | 015| 019| 013| 015| 0.13| 0.10| 0.10| 0.09| 0.6
Ti(sec.) 875| 920| 841| 733| 6.64| 586| 497| 4.00| 297
dTa(sec.) | 0.06| 0.07| 005| 007| 006| 005| 005| 005| 0.04
Ta(sec.) 335| 337| 338| 322| 312| 293| 264| 222| 1.99
# OBRHETI TR 2 5033 6 M

#AMH2) | 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630
Us(m?)+ | 027| 017| 023| 014| 028 0.18| 036| 036| 037
#4(Hz) | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000
Us(m?)t | 031| 037| 028| 040| 0.39| 036| 048| 0.62| 0.70
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d £ 32 ARSI AT AZ £ 92 BigHRE T FER R A 79710 2 Bk
SF e fh o AMARMTALLEE TR NG H IG5 L BRI AT
BRoBEEZJBAAMURAR 10 #7n » B P A thiv 95962 i kT

gﬁf«é:}}%fu%ﬁ"“)ﬁ s ;}‘l\;}}%fu f,/?‘giﬁ"k=20 °

47 & (Hz) 100 | 125 | 160 | 200 | 250 | 315 | 400 | 500 | 630
&I mETAMmM?) | 028 017 024 015 028 | 0.19 | 037 | 0.39 | 0.39
#HLr T AE(mM?) | 056 035| 047 030 057 0.39| 0.74 0.77 | 0.79
#E & (Hz) 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000
AT AMmM?) | 032 038 029| 041 | 040 | 037 | 049 | 0.65| 0.74
HoerFETAR(mM?) | 0.65| 0.76 | 0.58 | 0.82| 0.80| 0.74 | 0.98 | 1.29 | 1.47

AT R 2k e AF S 11.72m2 > (32N B et & 4
2 BB B RIE > 1R b 95961 kBT 2 JFA A AR TR AT T 2 4
11002 1/3 B#F4 77 233 w2 n g Al pld @2 UsHf®? Fi i A 47

FRACR 24 “07 0  1SO 11654 w4 GHGER EEF 22 hefin g Hlks

3

a, =085(H) » 3% F LB M f bk RE L2233 53 L= d

o

4B 25 -




B GEERFARTRZLAY
2011 =d Hong il U7 i
#f 5 (Hz) | 100 125 160 200 250 315 400 500 630
% 28 | 015 015, 029 044 | 048| 073 0.78| 0.87| 0.83
P W
;P?f i 005 003, 004| 003 005, 003| 0.06| 0.07| 0.07
& Uogs
# 3 (Hz) | 800 | 1000 | 1250 | 1600 | 2000 | 2500 | 3150 | 4000 | 5000
s ¥ | 094 091 090| 089 091| 090| 091 1.02| 1.02
P Y 3
. 006 006, 005| 007| 0.07| 006| 0.08| 0.11 0.13
2 & Uogs
R A % B %ﬂ(as)
1.2 — T —
T T T I
11 } SR ﬁ77k7L747
1.0 | | ‘
0.9 1 |
- 0.8 1
§ 0.7 1
¥ o061
= 0.5 1
b
O4 1711 /T 11 1T 1T e e
0311 -1 F-t—4--H . =t l&iﬁ
[ I 1 || —e— Ugdlh 3 ek
0.2; 4———t—4————F—+——4——H — ‘
0.1 ; '
0.0 ;

B 24 =% 7%

1/3 1 45 (Hz)
DS Bl
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ISO 354, 2003, Acoustics- Measurement of sound absorption in a

T

reverberation room.

ASTM-C423, Standard Test Method for Sound Absorption and sound
Absorption Coefficients by the Reverberation Room Method.

JIS-A1409, Method for measurement of sound absorption coefficients in
a reverberation room.

JIS-A6301, Sound absorbing materials

CNS 9056(A3165) > 1986 » 458z 2w I ip| 22

J.Y. Chung and D.A. Blaser, Sept. 1980, Transfer function method of
measuring in-duct acoustic properties I Theory, J. Acoust. Soc. Am.
68(3), 907-913.

J.Y. Chung and D.A. Blaser, Sept. 1980, Transfer function method of
measuring in-duct acoustic properties II Experiment, J. Acoust. Soc. Am.
68(3), 914-921.

Han Boden and Mats Abom, Feb. 1986, Influence of errors on the two
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