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Measurement of Near Field Sound Intensity and Loss Factor
Using Plate Intensity Measurement

AR
Yong-Joe Kim and Yang-Hann Kim
(199611 1149 8 A< 1997 3Y 31 A A}e+g)

Key Words :Sound Intensity (&3F <lelA|g]), Structural Intensity (+% <ol€l]€]), Loss Factor(£4l 7
2=y, Strain Gauge Bridge, SGB(A~E#|q]l Alo]x] H.g]x])

ABSTRACT

A energy equation for a thin plate and surrounding fluid is derived. The equation essentially
determines the relation between internal loss of thin plate, energy of acoustic radiation, and structure
intensity. We attempted to use this relation to measure internal loss of thin plate. The significance of
this approach is that internal loss at any point of a thin plate can be measured. The quality of this
measure is dictated by the accuracy of associated measurement systems such as structure and acoustic
intensity measurements. A strain gauge bridge system has been developed to measure structure
intensity of thin plate. Its performance is tested by experiments.

el X)e] 9] wxl(divergence of structural intensity) ¢

LM E ek 84 25k, E. G Williams: §-4

S8k Sl ok ARt S8 <ldAE Y} F2

SFA L NdA sgal F3F QEAE Y E2F AEIAE S FAE Aty ot o= Y- &4

Ql omjo} 8o diste] B A+ vl AAA A = sle AR AREA®, AEH ] Aoz

2.8 HPEe]E AL A el Ao, AFA = o83kl Sk Holul B FwWHeA FHAH

9] ozl EFaQ F3 dElA e g AT =3t 2EH Q2 AF WYL T o)z vjiE® £

ks A Ea ek 53] o] EFQl sAje] 7 o}, ejmR W FALY 1A w|EE E

35l B S8 AE /A oS W3] A Sl o e R AHE T Aol wdE o] 83t

&3 D. U. Noiseux®} G. Pavic® Tz QlelA]g]E FA4% 5 vt G Pavicd 23] ¢l A AHAA

FAA R Ao o FA Wb S AAI% bt A4 §-8kel Fx2 AHE FAE ¢ de A &

e} gt J. C. Pascalg o] AA & whxu}r} Ed Q] Alelx] ¢ o]zjgt EA B R 52F o4
= e o9 1A o A7 H FHed 72 sto] Hao] 7p&EEE A3,

2 Jl

& =RedAe &3 WA, 72 JEAE, 2
gz aalr| 4l VAT AL EA o] od TAIE 25l &4 AR wdd " g 40 SIS A
A8, BFIErE 7 AT mate Fwel JduA WA fEsT, 1 &

<]

H2ASTSHE|X /A 7 A 43, 1997/589



BN

o
o2
%

oz e 2 +F AW
27 wye Aok,

AlE]o} &4 A2
2 Apz)o] E3HE e
]_

(84

IEE T

- -
gu Ay oA My Sds 9 Hee
s 24 Aade] wdg olgatt) @ Wl
A Ak 2AY &3 QuAle Y e ol s

sho] 243

slagtel, w8 0% W &% 44 Aog BY @

& e Aokl Wlew FAd A AeE

CEE S
Ak B A % QA 24 e
QeAE sk W £AE ZHs) e sed

= Sqto zxE] oHAE] S =
o}, &9} &A= FR wlo]|mE Eol AR5 =)
=<
g

Aol A HASE ZHsht 84 FoR skl
Qe gEAe] A $AY FA BT &
£ ARG ofe] A TR ol REE alste] u
olzzELT 20| Prlsd ASE WAD) A
A9 A% $EE 24T F AFE(Helm
holtz) AEAA & o] gste] A4S shAlah Wy
& AFA WA AF HEF WL shvl 24

o] 7lstetA HAbst
(Green’s function) & 2
47 18" g5 AREER] geE
shabal Yah, AAxR, a9 §F
o] &3 QlElXElE FAF 5 gt
Ag &3 vy ~efe AolR

2 w5 EFEAE
ol &-3lct |22 Hak £4 A & ukat
o % elji]x] £AS 17
A%

T3y

o

sefol star o]l Ax] FA
A 274 TEstelel e AlkR W
FdEAe Ae &
o3t olvfz] &4
A A Al E4
AA A A A
T F3E Y

arbitrary boundary condition of sound field

-

fluid \

7%,

sound pressure, p and
external force, f,

intemnai stress ‘@/ h: Tr;icllcgtess
of plate

control
volume

Fig. 1 A fluid-loaded plate.

arbitrary boundary
condition of Plate

2. 7|2 ol gEte] ol Xx] LEA

N

Fig. 12 qlele] 24 #A A% 999 7]
A ZAE AN FAZ Eedde] ot BHe
spdich, olefst AgHoRYE Fmael qe
Aol ARl 7 olix AL vhew o] B
A,

g o O ood

%f(e'ﬁre}#e;)dV:fn,-v,-nz-dA. (1
v A
o714, W en e ens M7 W9 F¥

1
FEoUA, 91A oA, HF A A AE et
Wi d/di= A|Z3¥el oigk An])E-(material deriva-
tive) & yepdch, e e iHell AHEshe W
& 33, o Y X, 293 ne Aol AH
o) wRE el £ W o w4 e
gel, e AAp F o gEEm 2 Axe s
of 14E] 3707 uhste] F3t= AS onidoh 4
(1)o] #FH-& )73} (convective term)S FA] &3]
S 4, #HolE=e] W3 Al (Reynolds transport
theorem)ol| 2]&}e] A|7kel] oigt Hw|E& X373}
E ARAEo s wgEu, F#e] FAE kel Hst
o] AR-& sty dsle] HP FHA HEg A
Ao gl A Q) Y e Ale] AH #A
AN &b —pot A f, FHAA WHF &



B Y ZHE 5¢ 24

1Ll

_Z-_/!H
b

Ao} £4 A5

[e3

o oyE vebdr) Wiy SHel 2%
Az (Gauss’s theorem)% 0]%-3].0:]

b%(ex+€p+€d) =-V- f’Aperfev.

I
atb

05,7]/(1, }}.1159/] €ry  E€ps
A o FEUA, $1A oA,
viepdc}, o) v=w=0u/dt, uv

V= 0/ox1&,+0/0x:&, 18]x HI FH
2
3 oA BE2 1._‘./—.):/2 OVl =

A Eol &) Hsi= Ao AHL
Fo) AMAE R A on]

ers 77t WA w3
B, A A Oﬂ

o=
A&

4R D

9l

BEEIE =S
wAHe shel &
g,

el

o2

7} (Bernoulli-Euler plate) 2]
E] (instantaneous structural
FHE D,

Fu\ Fu
39(32/35{131‘

aﬁhz
FPu\ Fu
ox:? | dxs0t

o’
o] 7|4, v Foldo] u)(Poisson’s ratio) o]
39 24 Afelh. & AAAES 22 g
w89, vEy, 2=y AxkHd 23 ¢3|
= vepdo EA AR W A4S 2Y
o, oA WA (@)l £F A, 93 A
A, 2o A (3)8] 72 AR EE it «,

+(1—-v)
Fu\ ou
toxs )W]
(3-1)
+1-v)

22)%)

0x3
(3-2)

du Fu
axu?)@ 8x381
Fu

D[( FI +v
Fu  Fu
0X10x3 0x10t

P=—

fr

A=N~]

o ot rf

5
3.
!

b fa Dﬂ]}ﬂoﬂ ba de'™t, p_eiwt feimt D
(=D& AU %, ARkl Hstel FFE Ao
o 2 Fag 499 oAl wAAe e

=

%’le[ (V27 7%= —?Re[ (V2 3) %]

—%Re[ﬁi*]-?——%Re[ Fe7*] 4)

A7, v 79 FAELSolrh, HHe &4
Agz s g W EMolw el Zhzhe] g}
52 T2 JEAE] Ak, ZAHA &3 QEA]E,
el el o3k Az g A9 E vehdeh

Byl A% (random vibration) 2] A%, ¢]He] ¢
= AAANA A (el FAE ¥ I (ensemble

average) & F3hal 44
o zdsky o5 ),

% QA g A

Re[Sup]= — S Re[Sl —DLIm[Su]  (3)

1
2

047]/(%- E:VAo]‘DVZMO]J—L Sie= A% ¢} ]9’] A5
~ 3 e & (cross-spectrum) o]t} H-A}EHA] A (4 E
3E £4 AR 284S 2 5 o
_ Re[své] _ Re[svp] (6)
Im[S.e]  DIm[Se]
A1 (5)2] WR £A go] mx|i= o skS T r}aly)
slsfe] chest e A5E A,
_ Im[Své]
= Re[Sus] (7)
ot W BRI 24 5T Felgo T
o2 &3 a9l dig R EA ghele) =7
& &4 ASR e gelth o] AxEE &4 A
S g wlste] vl % e Wi & b A9
o Wlste] Ul &4 g7} WS 2 =e] 4] (5)
o e vhAE G FAE 5 oA ek A
(6)2] 53 AelAJelet AAE 9 w2t g o
Fe Bk Ael et e A5E W),
_ | DIm[Se]
= | R | ®

o] A5 A FHE £4 AF
$ 2 Aol A (©)°) 39
A% g Pag 4 AFE

F ol ulato] o
e
243 3+ Qi Ak

3.

AER

2% gy
2Rol4 =R AEL 2% W) Tae 43

e Eatste] nlzA
=V Vs EFF}, 22} gL

2EHQlo] xF ¥ o]z} mRolog FHEHBE

lo

2EH Q] AolAE o83 &5 vlmA AHL Fo
2EH] A2 FAF 5 Advk =¥ 2EHAY

Aolx] BAE olgaka o Welshe shie 2

#2225 E

S5 X/A) 74 Al 435, 19974/591



DL

/— strain gage

AMP Y
2 _{(gainia)] ¥
+
d
e 3
d
+
V, e

z 4
L, bt

Fig. 2 A strain gauge bridge®,

=
L 6% 248 % 25
:

R;=RY%(1+ Kyei)) (10)
of7]A, R°E Ae]A A ¥ (gauge resistance) o] i
K= Alo]A A4 (gauge factor)o]w, e Hzl:

WEgs ojujshx] @y, AudQl Ao Helx|
o g7 Aste Y Ak oL e AT )
Ak,

(RZXRZZ | RSxRSz >< Rllez | R3xR43 >_R R
V — RZxRZz v R3x +R32 R1x+Rlz - R4x+R4z oxies
? ( RZIRZZ 1 RaxRaz ‘|‘R )( Rllez i R4XR4Z +R >
R2x+R22 ! R3x+R3z . R11+Rlz ‘ R4x+R4z ~

(11

A7)A, e 2 AolA Ml Fewe] A7
2 ZEs)e) AQleldt, AEdsl Aelx HulAE
Rt LE sEdd AojHTe] e Alolxl A
3 e AolA ASE T, AEdded] o
~EQ AolAe) ARG W} wf§ gom
. SRR g Ak oshe] thewt 3
WA Alo] AR,

flo fu & ot Yt

32

X272, — V&4
§=VN U=~ KV

Vo (12)

592/tR LS SFeS|X|/A7TH A 43, 19974

simply
supported

Fig. 3 1-D plate which is simply supported.

AL G eF (NS Hak 2 A
M E o] gste] HHI &9t A
olgste] HAY vEyE THA IERIES
295 we Aga 4 ©% ®¢ 3B
Aol 4 2EdQl Aolx nelAE olfste FY
& AT EE GEAS ol gstel FHY v, 12w
A% ol gele] AT pRyE £4 AF
S e AEEh

oo
%
o ot

of
—
£
>

ulx)=A*""+A_ e * 4 B.e**

+B_oe™, 0<x</
ulx)=Cie™+C e *+D,e*”

+D.e*, [<x<L (13)

A7te] Ae e AXE x=03 x=Lold W
o} FRo] 0olehe 2A x=/o4 WY, A
9l o] Q%o HMwreo] wrE W

5 A



HA e FAS B A £ ddx g 24 A EAY
100 300 T
250 —— K =2.13+0.00%
——KF213+0.01%
50 200 —K =2.13+0.10%
7 ———K-z 13+0.50%
) =150
o e
o u 100
Input Power 50
Output Power Spectrum
-50 4 — . — . 07 . : : .
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Frequency [Hz] Frequency [Hz]
(a) (a)
120 300 I
100 250 — R0=120+0.0%
—— RO =120+0.1%
80 !
200 —— RO =120405%
g 60 £150 —— RO=120+20%
5 5
= 40 w 100
20 50
0
0
T T L} L] L} L} T T L} T v L Ll L} T
0 500 1000 1500 2000 2500 3000 o] 500 1000 1500 2000 2500 3000
Frequency [Hz] Frequency [Hz]
(b) (b)

Fig. 4 Steel plate: =1.2mm, L =0.8m, /=0.5m, p=0.
01, Position of strain gauge bridge: (0.24. 0.0) (a)
Input power and output power spectrum (b)
Finite difference approximation error with
respect to gauge distance(d)

(13) & disd3t
(9) ol A 5-¢
x| "]z E /\}_8_
e Anse

z}-;— PR

(12)

to,
8

2

Lo

3

é°—ﬂ°ﬂH Ex »}EMEI XHE%
A7 A Fahael A °i}7} a
A %E}‘%} Aoty 4ol AA Fuhgoa £

7b Z2A vehds ol AL FHAHE HAA
o] W7} Ao g vehe], 72 Aoz 7k
ol A mpo] 7] A Fap e} YA Ade) K
o} 24 Jehtr] dfelr, Fig 5 el Al
A B AE A _Jﬂlﬂ Alo) 2] 9] Ale]x] A
3t AlolA] Al BAFe o HAH exF
epdich Fig. 4o vtepd nie} zro] ZA3e] #3]7}

1A D A U |+ Ao = A - R N A 1

é.}}m_&}ﬂj‘i

rir

"

uy
T
- £ 3

_L4

=
=

Fig. 5 Errors of loss factor measurement due to the
mismatch of the transfer functions of each
strain gauge (a) Error due to the different gauge
factor (b) Error due to the different gauge resis-

tance
2000
1500
—&8— d=1Tom
= —e—o=2cm
§1ooo- ¥ d=dom
500 /\
—
0 e e 1
0 500 1000 1500 2000 2500 3000 3500
Frequency [Hz)

Fig. 6 Errors of loss factor measurement at nodal
points with respect to gauge distance (4) when
strain gauges have different gauge factro (K,,=
2.134+0.1%

gl Fopgol A AL 2A vhepe] Alo]A]

Aol olgt 227t At ofodoA Hel A )

Bhde melFnh e Aelx A W, A%

dodel A T Aolsl AX Amelal o] A7)

wep A4S Ao)E ol shr sxdal A
oAES] BA Aol AT dedeln 2 eAE
Suee A4d 2 4 ok Fig 62 A=de A

2

xIE
=

ro

SsSBX|/A 7H A4z, 19971/593



& .
f *‘r—@ H, —30——»;;
+
n > H,
y
w, > H L T
+
> HHV

Fig. 7 A model of measuremet system which include
extraneous noise, f=excitation force, n=exer-
aneous noise

Eal
L
=

oA BelAE TAskT ot 2ELQl AlCIAER
o Aol AFE o)} 9 A4 F3el
A Aol 47 st ME LA viehdek Aol
A AT B ARE W AT SqA) AAY

o3} A% Wold 2F3) doleldt {9 Aes
o oI 22E FMIIE AFE HolFrh

T

12 Wy 2
nlo]ej~ 9.3} (bias error) 7} glebw 7P E of,
A sl 2~Ed el Alolr] BE|r] ZHAZ 9
E & Age] A5 ~HEy FAHA LGAYsE =2
719} gJAkel A ¢ 3= vhew) zho] T,

1

e Ve

e[AS:v]:ep:Jﬁ (14)
A71A, i 2EHQ AR Bz ¥ A5
AE £% X359 7]99x 4 (coherence function)
oliL ne= ~HEF H ok o] AlEellA K
oj x| o] AWM A5 Fol7l 3| HT IATE F
7F A171a = Fe kg 1ol Bl A4 A
of & o F otk 7= &9 oulE sAst
7] f1sled As A3E N ASS w1 FA A
28-S Fig. 7o Yvepligdct, 2EdQl AlojA] B
o] AL F(H) e &5 ©@Expe] Ad 3
(Ho) 7} 25 191 o] 4AQl gh&xjepd, Fig 79] &
A A 2"l A 7|5 e ohg) 3ol RS,

1
2
YYo=
[1+ | Ho | 25'""][1+ | Ho | g—}

(15)

2eB2 el ¥4 1 /A s e, %
& A2E AdsAY Asd FLuE A ol

594/5t= 4 SXNESEEX)/A 7H A4 E, 19974

B&K typed134 microphone
B&K type2639 mic. preamplifier

ﬂ microphone
strain gage bridge
— -

B&K typed374
accelerometer
microphone2

B&K type8202 impact hammer

B&K type8200 force-transducer

B&K type2807
microphone
power supply

B&K type2635 -
— charge
amplifier

Measurement Group model 2350
signal condlitioning amplifier

HP 3566A
—_— Analyzer
PC
Fig. 8 Experimental setup.
140 —

= 120 —[ | A 4 A
E 100 ; }‘I T LN AR T i +
'Q—‘E 80 T Iv blﬁ ‘L
) eo],” i
x 407

0 500 1000 1500 2000 2500 3000

Frequency [Hz]
(a)

g 12 ! t A
= 120
T 10 i A ' P e
“y v LA L T ¥ ! i
v 80 L T
)
2 60
§ w1
- T ¥

0 500 1000 1500 2000 2500 3000

Frequency [Hz]
(b)

Fig. 9 (a) Near field sound intensity using surface
intensity method (b) Near field sound intensity
using the suggested method

Fig. 82 ajcks uphfy} %9 Ql€lA]g wbg$& o]
43 2AHA 53¢ AWAIE 9 Al e o] &7
£A AT 2AS A Ay AHE BAFETh o
2 &4 Azt Axola =717} 0.385mx0.55m X
12mmgl $F2 7ZFAE gl Ae)A] 7kHe] d=1.5cmsl



5 <lulAle] 54

o

o SAY 3 AuAlEs 24 A5 24y

rEd Aelx] BelAE Agstsinh AHSE AE ~107%0]nR Ao] dEHE £AATe] o5l sl
dlal Ae]AE2 Ao)A] A7t 2.13£0.1%, Ale] of w3 zto} Hpe] W A4S FAIY 9SS
A Age] 120,410 4Q, 12l Alo]x| Hol(active o 4 Yok WM Aoh e xr} 90% FHTob] £
gauge length) 7} 1mm<gl & KYOWAx}e] KFG =)o) 7)o % 7l 0.990] 4]zl 4] o)k o}
ﬁ1*12()*clo]r,}. 5:1;1 74]_/}: 2-1_@2. 7]—7‘:4_\7,].01 —é‘}%\:ﬂ E}“X}:t}‘- :lg-]L¥ Z-LO_ /‘\o] AEI]EEJ rjg-ﬁ-,g i]g],oﬂ
of 29wl AntiphonAte] LDI13o)eb+= 28 2 2% 7] Wl 90%°] AlE| 77 7o x gha=r) 0.999]
2] =g Fgsle] 1Y SAstach 9 W ) A hebu,

Fig 9% % 7)) wlelaaEst & Al 7H4en Fig 12t 2E g3a52] 7)elxr} oj4el T3
5 ol83te] W QlulAE] Wy or HAsl A ol A Aot AFE when HH% 4 AgE R
S QAL G £AS Ao 2Ed A GEeh LERE 5% WAl og £48 A
o] Bez|e} & Mo 7[ETAE AMgsle] HAH T s E T ‘ilﬂ} wg Fotgrt S7bghe o
AY S AN EE depiginh Fig 102 7o) o £4 ASE Svlsle 49e wolFu 1eHzel
% g7E 0,983 0.990) 441 Fabpel Al Axt ww Fpgrell A zba] Al ek 0,22 7] sl= A=)
ARMAE] Wer FHY £ QWAEE 1Fe A9 AF AP YA AR BT,

2 248 £% Qaee] Ao aE vehlgi,
Flg 11> 1xHzol A 2xHz2l F3k5 oddoa] 7)o 6. 2 &
% g5 wsle] wE Adeslsl Aoeare) 0%
S|P chebeleh G706 F4e 4 10 s ol &3 AR, FE Qe 2
o WHLAZ T ogel S A W, AFEE g 4 A% wdYE WS4 aAE A
Atk A @R £4 A A% 10° geRs A $EAL fEsn 1 2edd
2]l Aolx BAE o]83 A 23 e
§§ i + ]i 7‘, co;mrencelzo.sa-(l).w I K]E]Q} {“\T/g 7‘“‘}]\""] ';;T_Zé Bo]—ﬁ %‘ Xﬂo\_ —}‘c))i - . —/—K‘E

: . ™ coherence: 0.99 - 1.00
38 9 7l AolA| HelAlE FAskL Yt 2 Ao

- e 250 AolA Aggkst Alo)x] AGgkel Aold] 2

500 1000 1500 2000 2500 3000 gt L3l A FEy dgel A, 73 xE3e) o7 ¢
Frequency [Hz]
(a)

80 = : T T
R e N T o , _
g40 7 ” ﬁ - % s q
£ 20 Y .

5 % [ i L0 :
< .
500 1000 1soomquan§;}?gz] 2500 3000 20' -\h J\" ' ,.
(b) ] :
Fig. 10 A, and error 0
400 600 800 1000 1200 1400
Frequency [Hz]

100 (a)

80
= 601 0.25 " 1 T
% ~—— Maximum ervor '. /B.-//

§ ol = o0 : I
204 = ;.: /p:-:}’
0.15 4 A
0 /?/ .
080 002 0.94 09 098 1.00 010
Coherence 400 600 800 1000 1200 1400
Fig. 11 Measured error of sound intensity and estimated Frequency {Hz]
error from equation (14) with 909 confidence, (b)
Number of spectrum average: ny=20. Fig. 12 (a) A, (b) 5 and linear curve fitting

ZASNESHX/A 7Y A 43F, 19971/595

e



7]

2
u o

o

%

&

=

A mFws ddeld] 2A vhepddh Aolx M3
sk AR AGgke] Aolrh EAY W Aol
WA A S AR Geled A LA} %
st wFw deleld fa AR Tasel o
QAP 2R ww, AY FugelAdE 2xt
W AN 2o BrlsRe mAdTh wd WY ©
e Folr] g8 Axd HeHE = s 7)o
= @47 19 % RS dof s ssEd
AEre S ZANF He ndvh 4YE Fat
of Aokl wpHzh F <lulAlY whgoz 7Tl
A Ega 2R QRAEL 20%00 ) A
A g BAw AR PO 744 H=F £
Aol A 2HE £4 ASL 3] A= AR

o
i

(1) F.J. Fahy, 1995, Sound Intensity, 2ed., E & FN
Spon, an imprint of Chapman & Hall, London.
(2) D. U. Noiseux, 1970, “Measurement of Power

Flow in Uniform Beams and Plates,” J. Acoust.

596/st= 2SR SIS X /A 7H A 4%, 19974

Soc. Am., 47(1), pp. 238~247.
(3) G. Pavic, 1976,
Borne Wave Intensity, Part I: Formulation of The
Methods,” J. Sound Vib., 49(2), pp. 221~230.
(4) J. C. Pascal, T. Loyau, and J. A. Mann III, 1990,
“Structural Intensity from Spatial Fourier Trans-

“Measurement of Structure

formation and BAHIM Acoustic Holography

Method,” Proc. of the 3rd International Congress

on Intensity Techniques, Senlis, France, pp.
197~204.

(5) E. G. Williams, 1985, “Structural Intensity in
Thin Cylindrical Shells,” J. Acoust. Soc. Am.,
89(4), pp. 1615~1622.

(6) G. Pavic, 1985, “Measurement of Vibration by
Strain Gauges, Part I. Theoretical Basis,” J.
Sound Vib,, 102(2), pp. 153~163.

(7) Antiphon A% A=A (SWEDEN),
R LR

(8) 8%, A3 1992, “FHel

# 2evle e 243

SAFFT3 A, A2d, A%,

1991, &=

B ob

pp. 181~192



