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ABSTRACT

This paper investigated the practical use for measuring the structural intensity (power flow per
width of cross section) in a uniform semi-infinite beam in flexural vibration. The structural intensity
is obtained as a vector at a measurement point, One-dimensional structural intensity can be obtained
from 4point cross spectral measurement, or 2-point measurement on the assumption of far field, The
measurement errors due to finite difference approximation and phase mismatch of accelerometers are
examined, For precise measurements, it would be better to make the value of &8 (wave number X space
between accelerometers) between 0.5 and 1.0, Formulation of the relation between bending waves in
structures and structural intensity makes it possible to separate the wave components by which one can
get a state of the vibration field. Experimental results are obtained from 2-and 4-point measurement
performed at 200mm (near field) and 400mm (far field) apart from excitation point in random excita-
tion, The results are compared with the theoretical values and measured values of input power
spectrum in order to verify the accuracy of structural intensity method, 2-point method is suggested as
the practical structural intensity method.

JEAMY w 2}21 %4> (circular frequency)
7 4F A% wW¢ (normal displacement) W Z% A g
i EES(=/TD) T CENF AR
a HRAR A toLAR
& 5}HE2= (wavenumber) B =% A
m A% (mass per unit length) 5§ 7MEEA AdzA 74
E %1% (Young's modulus) o AESs
[ = 23 mRele Re 1AF¥
Im @ ¥TF
Gy ¢FHW azx ~dEes
A3, SPEHE o)A P 1 S1¥ 5]
“gabdl ek A5 Ao Po o2 3%

BILEXNSSEHEX /A TH A 1F, 1997 /43



o) o o

-} 4

L M £
1A FxE e 2= d3 wY}e 2T
A <-S (structure borne sound) o] 23t 2&& A7
A17171 $1E eFA ALz AT s A
o A ARE Fol FoE AdHE AF oy
A5 Fdtd Aefste whge] ok &, 1A T

2% e AE A AgHs FHEE o}
Y ARE Al 5 AFHOR A5 A
= 7|dWeleh o] w2 oo F E=o} 3y
Foppdel A FEG wpgelmR Ho) kgt ¥
ofell 432 Aow =}
z¥e) 54 75& shelaped $83 o)
542 serst oz A g ot
et 2F el FAHNeRE o2 Aol w
o}, sfvksid zlE o] oy #HwWe] 2A rM]
A 7] WEolch webs g s Al
ARohs FEEY AFe o8 HAHE oA
£ $EE Fog & Yt AT A
(structural intensity or vibrational intensity) £
Hate Aol felst o714 AT e}
A Azl F2E e 29 & dHs s2s
AUA & ke elixe] =27)9 WL A4a)

_11)1

rﬁ

ol @ebd AE Ay HAge Tx
B A 89 A28 DR Gy g
2 Aol Jers T2EAGS A
ek ASs HT AT Pl wm
5% 2% A o] (active vibration control) H-ofe
2 22 %R o) AW AL,
F2Ee oux 58 A¥doz FHsit

T A E A3 FAH-2 1970 Noiseuxel o] s
g 2R}, 1= e FF (biaxial) 7}
EAZ Hos Y AF AAAEE YA,
o) whe AA EQE 9] F83] HeAl
A7 (free field) o] vt &4 4+ Qo) A
Pavic & 2 % J49 9 AF A9 5o s}
o £ A (near field)-& E&3F Uutdql 2FAol
AeT & ot AE AWAY YL o3
@ vlE Ad AxEL dFskA gy 3
a8 A (finite difference approximations) -3 &
29 2443 34¢ A% A5 A FHSL 4
A3l ofskgict, zelx Verheije= 2 o] 7tA] 4]
ZF Aol A FA W A7 HFE Fil= AT #E

o e A rr a LE oft (fL o T ol

Lzz

H/H=L5US %ﬂilxl/xﬂ W AL1ZE, 19979

HAE FIg AdYer] zZEX AHEY YU
(cross spectral density) 2 T3l vhH-& A7l sle]
W FFT¥A71 8 A48 A% dAe] A2

sl sholeh 2 ol F Hud dl¥Ee] NE A
] 27 Pavico] Aty 4

GAAA o) H BEF TEES AHOE Fd
ovjeon, qlole] e bt wuiit Al (shell) So
daf A= o] 22l A A o} AME HipEo]
EasEa oo, 223 Linjamas F3b4-347]
H (frequency response technique)-& A7 8Fg3 o},
o] 7l Pavico] A<t 4% FH4e 7Roz
slo] S-3F Ql€lA| €] (sound intensity) &4 4
3k 13 w#7] (-transducer) F3le3Y& &
@ 7oz, maAel 2Ad FFTE47E Ahgst
o 1he] NEEAS $AROR o Fale] AF o
HAJE & &A% 4 9]}, Arl A Ab(stationary)
el % slsfob sk TG Aol ek,

Wt A4 ¥ow e A ¥l wve}
pHoR FAo) Frhsh: A& WAs] Slstel T
24, 2ee] ASEAS Y P dnE AF
LHAMEE FAE ¢ e #Helx A (laser
interferometer method) "*~'"93} 2.3k 1z A}z
e wlx 2 WA (gap sensor) ' F-o] AT
Qo dal A AgHoz Bashrlels V)T
21} AAdeR Aoke] i),

o] 43} o] AF QlHMAE AZL 3 A
o A E2A Jides Pavice] os) Aid
o] 8 TAE o7 7k A¥AH Wb Ee] AEFH
UAEE A s B rEE iR
o) A7) wEel AA HHol 2 ol ol
e, 3 Pavic o] o] gl EFHS sle #
PATY e ARHoE AT dejel e e
A% 24} 2.2} (phase mismatching error) &} 7.3}
el o] f3+ AE ez} (finite difference spac-
ing error)ell oj8) Al# =7} W)k, ol A
skoz qls) AE AWAEe S8& u@H e
T HedT Qon, T Es AR
of F9 A4 s A A, LA A3 9
ol4s o] gk A7} Sol WA HelE
Al 7] WEel AFEF whgezA A43e HA
oty 9Jek® gehvd FHE oAl (Multi-channel)
FFT#47], 2A= A&7], AHFE §& o843 o
ole] Xe]e] whdel| Fgdtel F4T AHE Heln
et

£ AtelMe 2F JHAE ASe] A43E S

_{

P



MR AE QIRAE ASe] He 1T

g 72 A2 dad €T3 R (semi-infinite

beam)& djAte =z F2Ee] #H3 AlE(flexural

vibration)o]] Fredxl ZEo )=o) Al Sl il o] =

 ddEe 23k E £4 Y A dAe
R [

)

oA 4 sielsh AF AWAE AZE Fo
Ag S E Adstel o]F ANE wlm Prstel
AHAE AZe] e S8 QAT FFe A4

stmat g,

2. ZIs QIHAE| Ol & sy

—_ =

2.1 mssfet s AHAE|
F-RebA AR HellAo] Filste) sy WA

o s chgst 2ol 4 (DB EATT,

77(1‘v t):{ A{’ﬂ.kx‘}“CYA@UZX‘fA__,'Q‘kx
+A+J€kx} Siwt (1)

A4 k=(m/EN"e'"* 2 A ¥} % 9 (wavenum-
ber), m-& A % ¥ (mass per unit length of the
beam)olch, 41 (1ol 4], $uie] 3 A & 72l
Qo ool 1% W
WA e A ik PSlRYE wabse] o
x % waroz ekt FHS, A AN $e Y
A, o WA e Aol warEE AA
A weigle] wel A% Yz sEse] she 24
Zb g} (near field waves) 5 viehlin, o] ZHAE]
de A AW ohlz AA YT FEE
o] d¥dda Wb e THeME dejdrh
Pavic o] A|k®3} o] &b A% AT Abgsi
g JHAE] = ohg A (2)9F o] FAME &

At

Wiz, 1) :g{ 773(7]1“2772+ 73)
‘7?2(77242773*”7]4)} (2)

o714 B+ F3% 744 (bending stiffness), 6+ «x
= A, o B4 s
:

of
o &7 39 Y 58 % &3 29 AF
B depdch, add X AR §8 AT 7
Bt FAHnR A2be] WY FFhon HFe
7;\] 3

EdHch
_ B, . .
Wiz, t)>—y<7)2(4773—774)_7717]3> (3)

TeirmE AE Qe

_J[)l'
ok
XN
do
=
R
i
=
X, )’l".]

o) ohE AAel A FAe] 1) —z—%—g— 2qale 7
o) Waay, zaH 4] (3)e] @ AF A
2 A4y AL 19 o 27 s ol
22 /MER Fstel, nrt 2usdl Fas o
Aol FHo] o) FfA + YEF 4 (3)& Feol
¥ 3} (Fourier transform)&}i., Verheij o] HA#}-& o]
gapm

Wiz, y=ss["

{ 4ImGoz— ImGas— ImGs } df (4)

o] "k, 71 ImGy = NVEE g, 7,9 ¥EH
Az~ A~x8Ed WX (one-sided cross spectral den-
sity) o] &H& onlghch A (e & AF <l
HAE] S-S 44 (dpts) ol dch wapba] A
A& EZEF AukHQl AF AHAE Y

s F3he Aeld, 439 AAHAAM FAl 7}
& o] AR~ ~HEy WUEE A4l

1=
=]

HE
rH
N

4

L
B

N L
o

o m}:]
ok
2 4
N
§‘
=
>
\/

o
2
ot
-
ok,
(g "
o

Wiz, /)>=wBk[A*QA—|al?
_2IA-JHA+J[SH1(¢ J ¢w ]
(5)

A71H A,=[Ale® An=|Aule?volt 1
HEuz A% JduAEE 4 )9} Zo] 7IEE AT
Ajole) mBA AHE 7103 Fali aby 9o
9 A (5) 8} 2ol HJrE%M 7t 74]—’{—&.%131 zﬂj Z
g T2 gk olE
ez Res HE AL 17;}3}] 1:5_ q
Zt,

AL ()Y A 9E s g A ()R 2kt
A 28 5 9lon, o)F #eId A (NH 2L

94E 2e F o
7](1‘) :Z++Z—-+Z—j+Z+j (6)

A7V Zi=Ae ™, Z_.=gAe™, Z.,=A_e "
Zi;=Aye* ol

HALZTUSSHEX/A7H A 15, 19973/45



o]\:jlog.

o 4 o)

7

a7 1 1 1 1 Z,

‘92" N N A

A e

N B o—ik —k kS Z

8377 2 i +J

ox
A (DA ke ateTEA FI5, B AYe
HE AA AR DR 4x 4§l AR, w FHH
o] 7t v E-Ee AlE AlE dolEl2XE #3 2
¥ AR Y Foom 4 (99 7 27}
A}, ol o] 7 E 4PE BT 4 glow
A, T B OAAS 93 2 g 2
gt 2A% B 37 5 T 5 donz A5
< I} 4= gjr}

2.2 Yr2|EdMel ZE QHAE]

g WAL & (DelA] HA B AHelo] #3¥
Aol gk vz} 1o]ade] =Hw Al (1) e A
HA 2 ] A sto] Al melo vlAEe FIg
1%1317h B2 FA% 5 olok®, oha] el 54
o] 7ot AA A 3 do] e} We] Wol
A FRE9 AR = °J71ﬂ%}(free field or far
field o 4} ol Foixe 41 (1)) 55 wpdAle] o

=+ A (8)5124%"314

77(37, t)y= (Ae—z'kx+gAeikx)e[wt (8)

o] 73—%01]% Akeol of&t duAlelsh FY EAlE
of g AF ANAE} PBolEE FE W T
@ g %iol 9% Qe o 208 a1 9 A
5 QRAIE 7 TR, Dols} el aulal &
Qe AT A AU gL G 2w

2 E Ao o3bd

1/2547 o] FHE AA= A Wéol A g,

ek ZFE A"RAE (Wi, HOE A (5)2HE
&3 ze] A (9)2 FHHL]

{Wix, /HId>=wBFlA*Q—-]|a|?] (9)

=g AN F7 AR 2AE Boed AF
QWAEE e A (107 o] 2As & & 9l

(2)

T

We, =255 10)

9 4 (10)& F2)o] wW3stw, Verheijo] Ax=
o] 835 H® YA Ao 4] AE aldlAg] AHEY

46/ BXUSSEHEX/ATH A 1E, 1997

& ge A (Dol =

_24yBm [~

[)] 0
o714 G v 7R 74, 7.9 ¢FW magx AdE
Y Adxolo, Al (D 23 AF HAle] FHE

279 (2pts) o] 2} A g},

2 olr}h. uwield Al B 2o
We gwt pelstd HEg ulEgne] shgubx Al
< oge A (122 2"

plx, t)Y={Ae ™+ A e }e'* (12)
ate] R zhfwte] Eote] o] m7E MRS s}
A5, AAZRZACZEE A (12)9 e AS
344,

o i

Fy
BEG-D 13
o] Stk webd WRAR AF VAAEHE T
o A (st o] Yok,

A:A~j:

Wz, =524 (14)

3. ™ 2Xtol| st HE

AAG A AE QAAEE A 92 73

S 9end, A (e A ADl &% A A

2o V| EAOR §3 AE ZApel] g 27}

2 zgstw 9lr}l. Shibatao] 2)atHa? g xp-

2AHE ke A (15), (163 o] HES 244
Q k3 9] F5E el 5 ok

(W _ 2sinkS(1—coskd) _ 1 (15)

W) (k8)® Ca

(We> _sinkd _ 1

Wy~ kG (16)
Fig. 12 F34A Ale]9] 214 & 7l5xA 9] A

2] A6l wE A5 FAES7] 95ted koo gl
mE A (15), (16)9] 2AHE w]awgk a7oelr},

Fig. loﬂﬂ kd 9] 3to]l F/HETE exv) HXIL
A& £ 7 Uk e 2389 gQoz A4F
2] el %ﬂﬂﬂi 7VEEA A 6F Frhehd i
A7 B4 o ARE AL & F o gde =3



Mg A JHA

JE] Al Zof gk A+

10 - T Ll

o
@
T

o
@
T

<W2> 1 <W>, <W4> ] <W>
o
s
T

<W2> 1 <W>
02k | ----- <W‘> ] <W>
0.0 1 1 L L 1 =
0.0 0.5 1.0 1.5 2.0 25 3.0
ks

Fig. 1 Error due to finite difference approximation

A Yt FR5 G9S At JHEEA S
AR Bert ok, 28z o]EAClEw 4ol
Agsh} Fig 1o4 Fd& k59 Ftoll Hdle] 4
(16)2] ztel A (152t} o & I 7He A=
Bol 48 A Tkl o7 b= 238 2Rl
o e g B 5 Utk 2R OF 4 AD
zre) RE QElAlElS] AF el A (15, (16) 9
Ci 2 CE Fotod 3 A Sk A7 23E
wAslel A 2% A EE Tt

Wactuar= Wheasurea = Calor C2) 17

= 2(/@5)31(1—{1/2) [4sin{ 6 — (p2— ¢3) }

—4dPsin{ k6 + (¢2— ¢s) } —sin{ 2k — (@1 — ¢3)}
+a%sin{ 2k8 + (¢ — ) }—sin{ 2k6 — (¢o— ¢4) }
+aPsin{ 28+ (da— @) } (18)
—2al4cos{ 2kx — (p. — P-) }sin (P2 — ¢3)
—cos{ (2kx+ k8) — (¢ — ¢_) }sin (¢ — ¢3)
—cos{(2kr—kS) — (¢ — ¢-) }sin(¢2— ¢a) ]

%; sy lsinlk = (di— g0}
—sin{ kS + (1 — o)} (19)
—2acos{2kr— 0, — 0.) }sin (¢, — ¢2} ]

3714 6, 6-

A At aA 8] $14deld 1

232 4t o eabs W o FAAHY A

1.0 T T T T

o
3
T

o
L3
T

<W2>t/ <W>‘, W,/ <W>,
[=]
S
T

13
:.‘ <W2>' 1<W>, * ]
0z} P Bt <W,>, /<W>, i
00 : A L L
0.0 0.5 1.0 1.5 2.0
ks

Fig. 2 Error due to phase mismatch

Az, 2RI kSl AEFA AFE & F Atk

Fig. 2 & $]242b7h 1° 24" 735, WAk 0.5
tHated kool Wi 225 2™ ayelo} Fig 24
A B 5 e Heh 2ol k6 8 gro]l IS E
A, 4d¥ 25 2ap7h grasiAuth, k69 kel
0.758 ¢} =A HY 238)8 eapt FEE & F
ek & AFI FAkdAE k09 gel AAFE
227k Hom, A ko gl daixMe A
1A 6% A T4E felstga 2@ 5 qdth
azls A Fae FAkedlA] Az o 23tw
F& 2E Lakeh viApA R 23We] #EdE &
F ek w2k Gt o 225 ket &
HAA ZAE M Ave e S
0.25~1.0, 434 A= k5o F& 0.5~1.09
Helol Exs AdAshs Ao wihHde & ¢ 3
22

olabe] 2xtell 3l M Ao 9wl o]EH L

2t 4ol Usht 2Rl 48 & e 2
5% & AGGIA AE QA FF AP

2apol & abeh Aol g Lo ko] 4
gl 299 el 2 Al 2AY S ASE
& 4 gleh

PN
ke
o

2
o
i

4.1 AF iy

hEgkE o] 215 QA E L] AEE 3 AE o
o2+ F 30mm, ¥4 6mm, Ze] 1.5me o
BE AR, B WRERE MAE 7 R
E Agart or] wbAbEA] g3 FFHES 8]
HE A Aol B FF Eodo] F3

)
o
£
fa

HRASXRSEEHE X /A 7TH A 13, 19973/47



;}m Accelerators

—— t ]

Force|Transducer

/ AY
Wood .
v Exciter
1
i Z 5 4(\ Signal Charge

A } Conditioner L Amplifier
\ Beam
\ //

Power Amplifier
Mac. PC
(FFT)
ZONIC+AND

S |

Fig. 3 Semi-infinite beam ’ Signal Analyzer

12 8 5% =l wy
A =

4y AAl= Fig 49k o] wAze, Az A

(B & K 4808) 2 ub7-3td o] =lfohe]l ExdollA 10
mmEelzl Held A s R 7128 o), ojd 1
Sy A B &K 82009 71454 (B & K

Fig. 5 Overview of the measurement set-up

437D 2 FFRAHA A K, 2% duEAEE & 2 EAlo] dEste] ohe Al (2002 o]astel =
& 7A=F(1.8g) 9 7H5=A (PCB 353B14)4 70 & <47 & 2= 9jpe
;}_ijicj;i:;ilj;ﬁ:’}j ;;3; e A Pu=Rel }--Gra 20
e = THE AT
Egojal ZONIC ALe] ZETA & o]&3}e] ] e]gic}, A7)A] Res SR Gt As]ddr ool 717
7HE 5o FFT A4 Aele 032709 7kl 93 7145 ass ~de Uxold),
313 F37k 40 Hzolm 2, 40Hz~1,000 Hz ¢ Wz 9l mie] Amede] e A=t
2] 1024 AAIE dHeolelE #Yd Qx-$(hanning A @09 e Zxsho] o] % aldlale] gl
window) gk ¥ 100 3] HF& st A (14) 9} vlmaleh, 2e)lm FE QelA]g= 2 Yy
2 4oz Al (176 28] &2Agc}, o] w &=
43 Ay e 92 AR 3 e Blalr] 9ste] s} A
FaAd Aegsle A% ouAlY Afeds v A 200mm Wolxl Yoz ek bW Arjele
ZHE V1EROBE oJBR A Q09 AR AN ser] 9% 54 AAzE £ AHeA
2 99 B9 2dMEde 474Y & Aok AW F ALEG BFRRe] spge] 100HzelH 680 mme)
9 2"ER Z Jpxlv]el] ot} FxAl Y= 2 oF 12947 A% wWolxl $1x]Ql 400 mm= A
Z1AAH] 9] P, & o]E3E FEFT £ gl dut v}, mwak 22 A 9§ 8§ AE a2
Mol Afol® B4 gl wr} AMAA F ARl g oo dHe HAsy] 9T SR
#oeer s Ho Zele 7RHEs slEE Ao 3 AL o—domm el @ 1,000 Hool 4 2

18/ 2ASTETSHEX/A 7TH A1, 1997



U

HEEENS) AE SlEIA

JE] Al Sl gk oA

Aol A ARERE WHEEER O] kS 9] ghe] 1.15% =9
< 7HREE 20mm 9 40mmE FAAsle] 2%

JHAE S FA4 gl

2 4 o F Helstm
s -r(coherence function) & 3o},
He E1 400 mm G Rl 9] =] of) A 4()mm7J
2 Ag JurEE F4g A, Y gy ~
Eé% 6}7] fste] H4% 7px1A el 2] 7hal
A3} slge, AAAE 20H 939 7}¢C
WA 939 7tERE AlE Aolel mlefis 3
4 Asts} Fig. 6. 7. 8 3 2o},

2 9o FA Aen Zieys g

-{> >4E
(TN

o

7} w5t

i

Coherence

Q.00

1.0

d.so
Frequency

0.00
(kH2)

Fig. 6 Coherence function between input force and
accelerometer

i

4
¢ 3
s @
5
b
(&) -

g

o T ™ ™

doo dso 1.00
Frequency (kHz)

Fig. 7 Coherence function between input force and 2nd
point accelerometer

e el ZAA 200mm 9ol 20 mm
AAer ZHF AAYI} 3R slEE AE Alo]
o F3|ojrd g5 ko]l 200 Hz~300Hz T 7hol] 4]
0.95 =2 g&e Mol Z& Aslut AAdo
2100 Hzo] ko] Falg F7hol| 4] 1o A8} 3
< dermg A gl AEst EFEA B
g 5 g

149 3 *4 20)
olc}l, 200 Hz o]&}e] =l u}
gto]l dojxle Falgrt oF
A oletnes Ao AFas

ik

¢ 3
g o
g
3
(=2
d.oo dso 1.00
Frequency (kHz)
Fig. 8 Coherence function between input force and 3rd
point accelerometer
80 T T T ¥ T T
‘;— 70 e
3 Theoretical power
'-(':' ----- Measured power
e
T 60 i
)
2
]
50 - i
H
a
40 L 1 J

L 1 L
800 800 1000

Frequency(Hz)

0 200 400

Fig. 9 Theoretical power and measured power at 200
mm

BZLETE

SSEIX/AT7HE A1E, 1997 3/49



w L} T T 1 L T
; or Theoretical power 7
S - e Measured power
(=]
-
ERdy .
@
2
g wp ]
O
a

‘0 1 1 1. L 1 I

0 200 400 600 800 1000
Frequency(Hz)

Fig. 10 Theoretical power and measured power at 400

mm

100 T T T T T T

90+ s
E lnput power
o~ 8oF  :E.] eee-- Power flow by 2pts 4
o Loige ] e Power flow by 4pts
e T0n 4
oy H
g 80 4
o I
5
a SoF 4

40 1 H L 1 1 L

0 200 400 800 800 1000
Frequency(Hz)

Fig. 11 Input power and power flow at 200mm by 6=20

mm

F7ell 4] o]27k7 1dB W E 2 YA, 3y g
9] ~AEH S AE AuAE 2] =4
2 Az A Eow S 5 Yk

Fig. 11, 12%& 2A3be) daks galstnzl 73l
Qo 4] 200mm Wolzl $1H el A A AL 20
mm, 40 mmzE 3}ed 7tEw A3 E EAste] 43l
AE AuAje] Axfelr, Fig. 11-& 300 Hz o5}
Fopg Qdodeld AT A o7 AL 597}

de ST Z A%E Holkul ot THe
wbsl ko] grel 0.25Mc} WO AW A4 &
abe) Qg we ASR Brew, ofge W =
A AR Bald, o2 o) asjelais 34

= s, YA A
S=40mm <] 7% 300 Hz o]
27, 4y =¥ 99 %
WAE) ghe] 1dB oy el

50/s=2ag8x=Easts x| /4 79 A 1%, 1997

90 1 L] ¥ + T L
1

_ 8o w 4
= 3 g Input power
o N Power flow by 2pts
o 70+ P Power flow by 4pts .
i o
80} ; .
@
T
g
& 50 B

‘0 L 1 i L L 1

0 200 400 800 800 1000
Frequency(Hz)

Fig. 12 Input power and power flow at 200mm by §=40

mm

100 T T T T T T

Q0 . 4
=
o~
‘.‘o 80 (- Input power B
- L eeaes Power flow by 2pts
E’ oL &y [ Power flow by 4pts j
o 1
2
5 60 | e
3
<)
Q.

50 | -

40 1 1 1 1 L i

0 200 400 600 800 1000
Frequency(Hz)

Fig. 13 Input power and power flow at 400mm by §=20

mm

g& 2 4 Aok ek 950 Hzolake] Fahdol
A eA7} R wAse] Fkske A% S 9
=, ol 900 HzolH k3ol grol 1lelmz 24
WA A ghel F7hgel et BAsHE 4 Al
ot exe] Fes wwgch WY AN 7
Aol 20mmal A4t As] A Fos FAAA o
o sb9) sdeguc 2 34 23 ¥ 53
AFA5 deolA, Fig 2004 44" 944 23
o Azz vFel B oW, k3o gol M Gl
Adale s AbEsL A Aoz Bk

Fig. 13, 14+ A=A x5 getsir] 813t
of 7hxR1A 64 400 mm GojAl A A ST A
olth, Fig. 139] §=40mm ] AF}E B™ 900 Hz
ol abell A, A AL AF Az WAYH, =
A A A F7tel wpE s|AFAb] o3 2xke}
Fo o}, 200 Hz o)abe] Fub b4 2 4

o



RHF-3he] A% Q)

BIALE] A Fofl gt o

W, 48 2% 99 selsh 2dB oz g g
off THIE 24 ARE vk FUAA Ao

0=20mm<) A Fol= 230 79 3dB W& H)
A A dXes B o grl. zeERg B X#E)
A A3 wiRgtE o] dAe- 100 Hz oﬂxa 680 mm

N
o~
N

o
o)

go]zl 400 mm 2] o] A

olnz 1/2 %% A A
49 T UeE i}%ﬁa‘ T

LA A 71A o]
o},

olabe] Az ME] B Aol ARLE ubaiyo)
A M ksd A% g
bEEAL AN 7
200 Hz o] 4ke] s odod
W2 dAste dsprh deigeh 200Hz o wf ko=
0.515 0] 2 g]Abxate]| thgt 2218 el Fig. 2 o)
A A AR wbel zro] k6 9] e 0.5~1.0 Abolo]
o] Hlx g FAAA 1AL HAstE o) nlekA 3}
< & 5 ok

AE AR FHe o]gHog 4ol Yaha
Awk FlEw Mo frp Zrlgo g als Ak o
I 5 3% 23} ¥HE $5 glon, sEdog
15 QJeiAE] Aol E3E o] 9= #3F 2HE A}
2 A EA)2 ¢kt oJgF exl2 Qs 2 W) o
& AE AHAEZ}F FaaA doiA 4 9ee o
X AYE T8 HAdF F gleh wmd AE
A=A Alz,] A Adege] 34
4 AgA AHEZ] Zlo] Al
A 5HA IR 72‘?‘ v A He 9l ‘Q‘Z]—
Bol ol & 3} o7& 42 ke, o)
A

Ky
>
©
&
H
A
e
oo
o,
joe}
2 :

A A} Bt A
S ﬂgw

B A$ A9 ofge I lv.-} 7 al
ﬂﬂwowwf 274l oIt FAe] A&Aql
F QuAE SAyoR snkeiny, ohgw H4
23 FIbp 7+ mEEle] slEnA Az A
shgaebe] Fol 0.5~1.0 el
o] wpgka sy,
vt F-FA (Dol o3 s}5 EE Eslo 2
AE stetstel v 0B FRuA s AS
449l o3 g FAstoiol k. by
Fig. 15 = 400 mm 9] 2ol 4] 6=40mm ¢l 7 %2} =
oo} FE|ste] ujgql vhAMAlG ¢ B 73§ Ao
o Faprt Zobgkel whel siae] goplez al
3 BEAFAISZL 0ol 7479 A}, wheba 450 Hz o)A
o 233} el A uhatshs Ao glu AW Hul

r
o3

FEZ 44%

rlr ok\

w L) L L} T T T

80} : 4

input Power
----- Power flow by 2pts
-------- Power flow by 4pts

~
[=]
T

Power(dB) [ ref. 102w |
wn [*:]
[=] [=]
¥ T

: "L“’l,u

40 1 1 1 i L

0 200 400 600 800 1000
Frequency(Hz)

Fig. 14 Input power and power flow at 400mm by §=40

mm
1 T T Ly T T
1.0 4
Zost i
=
8 08
g
8 E
S 04} i
s 0
3
2
& 02} 4
0'0 1 " L 1 1 1 1
0 200 400 800 800 1000

Random input - 5=40mm at 400mm Frequency(Hz)

Fig. 15 Reflection coefficient

sl wHpRrRe) sbgel gydsiRg, 200 Hz o) she)
Ao ol mehadel UE iRz} 28
3 FFEA 2o Al EAsimE # Algo)
Aget Bl g A 2L wTakie)
FEd 4 (27 gUsl AgW e
o2} o] 4xgel S %W AHE ol&

T 3lch 4
6}?‘1 IE EEE Esle] AAY AdE 2HY 5
sl 5 A 54 setd ¢ gl

TEZ WY 29 % 2 2
QRIAE T sh=dl Z7)9F Wk 7pAl wE ko)
oh dakde AT AHAlEE 4 XY TSRS
A T o glon), AAA o] 4y
3t 2 Ao M A& Eute gy T8 2 9lc)l 29

ri
r o

=T ESSEEX/A 7H A 13, 19973d/51



of & o -ut A ¢

252 ubl= ulRERel) 3k 2% olelAe]e] o]& Vibration, Vol. 112, No. 1, pp. 187~191.
B g AlZe] tlg B ATeld e ABL o (6) S B GO AIE 1991 CHE (7T
3} e} AR B9 5 SCRERTIE R 19k, #Ea@RUARED), " H

(1) AF QelAele] Aol g5 {3 2E 24 AR Eam U8 (CHR), 574, #5359,  pp.
of gk 2zb @ AEA| JAFatel] o’ L Aol oY 94~359,
& #H4e 3 Az, 25 23yl g FA] 44 (7) KH #, &% ME 1991, k#1727
Werh 453 A3RE dE F den, ofF dH AGHRNZ B 5 SRR CGR2W, HE B L UF
9o} AF AWAE AZel o A FHE A 8), 7 HAKMA fram sk (CH), SB5748  5369%,
At} mmato s gelatgch, geld HHe B pp. 122~127,
e maE u, =3 9z Y] ohs w} (8) Hong, Y., Wu, Q. and Lim, M. K., 1994, “Theo-

517 errhnd, 24e] Algde AFE retical and Experimental analysis of power flow in

5~1. 0—4 ‘”-401] 315
gq-}oa] 24 7HA

5 QaAEse A4S
qAgale] spEe 7 ASE el TY &
s 0 AR, ol Lestel el
FA WA ATE T S A @A ol

Fggss 2 5E ¢+

5 % ez A%
Sy Slebe 4 e A Al

it}
l_

Ho
ek

(1) Noiseux, D. U., 1970, “Measurement of Power
Flow in Uniform Beams and Plates,” Journal of
the Acoustical Society of America, Vol. 47, No. 1,
pp. 238~247.

(2) Pavié, G., 1976,
Borne Wave Intensity, Part I : Formulation of the
Methods,” Journal of Sound and Vibration, Vol.
49, No. 2, pp. 221~230.

(3) z1%-Al, 1994, “Structural intensity$]-2 o] &
FaAY AF AIF 24, VFLGNERS
%), #4A, A2E, pp. 231~238.

(4) Verheij, J. W., 1980, “Cross Spectral Density
Methods for Measuring Structure Borne Power
Flow on Beams and Pipes,” Journal of Sound and
Vibration, Vol. 70, No. 1, pp. 133~139.

(5) Redman-White, W., Nelson, P. A. and Curtis, A.
R. D., 1987, “Experiments of the Active Control of
Flexural Wave Power,”

“Measurement of Structure

o
B

Journal of Sound and

52 /stmASXIERSE R /A 7d A 15, 19979

2 Aol A2

beam structures,” Third International Congress of
Air- and Structure-borne Sound and Vibration,
Montreal, Canada, pp. 201 ~208.

(9) Heckl, M. 1990, “Waves, Intensities, and
Powers in Structures,” CETIM 3rd International
Congress on Intensity Techniques Senlis-France,
pp. 13~20.

(10) Kurtz, P, 1990, “Structure Borne Intensity in
Straight and Curved Bars,” CETIM 3rd Inter-
national Congress on Intensity Techniques Senlis-
France, pp. 45~51.

(11) Allan D. P., 1990, “Structural Intensity and
Vibration Energy Flow on Inhomogeneous Shells
of Arbitrary Shape,” CETIM 3rd International
Congress on Intensity Techniques Senlis-France,
pp. 121~128.

(12) Linjama, J., Lahti, T., 1992,
Bending Wave Intensity in Beams using the Fre-

“Estimation of

quency Response Technique,” Journal of Sound
and Vibration, Vol. 153, No. 1, pp. 21 ~36.

(13) Rothberg, S. J., Baker, J. R., and Halliwell, N.
A., 1989, “Laser Vibrometer : Pseudo- Vibrations,”
Journal of Sound and Vibration, Vol. 135, No. 3,
pp. 516 ~522.

(14) McDevitt, J. E., 1991, “Development and Evalu-
ation of Laser Doppler Techniques for Measure-
ments of Flexural and Longitudinal Structural
Intensity,” PhD Thesis, The Pennsylvania State
University

(15) Montgomery, D. E., West, R. L., and Burdisso,
R. A., 1994, “Application of Structural Imaging for
Acoustic Radiation Prediction using a Scanning
Laser Doppler Vibrometer,” Third International

Congress of Air- and Structure-borne Sound and



HET-ghd o) Alg <lRlA

€] Ao gk d-¢

Vibration, Montreal, Canada, pp. 301 ~308.

(16) Lee, D., Berthelot, Y. H., and Jarzynski, J.,
1990, “A Laser Probe for Measurements of in-
plane Structural Vibrations,” CETIM 3rd Interna-
tional Congress on Intensity Techniques Senlis-
France, pp. 181 ~188.

(17) % B, @ E%, &Sd 5K nE EH,
1993, “—RICIRENA > T L T AFHANZ BT S E
ERTFORE, " BAREME &R CE (CR), $59%

5589, pp. 132~136.

(18) Graff, K. F,, 1975, “Wave Motion in Elastic
Solids,” Ohio State University Press, Chapter 3.

(19) ol=9<d, =bAdel, 1995, “1ak) F2E uloA
AE AHAE Y AZo] g A7, " SAYstw
FdAF=F4, Vol 26, No. 2, pp. 143~155,

(20) Seybert, A. F., 1981, “Statistical Errors in
Acoustic Intensity Measurements,” Journal of
Sound and Vibration, Vol. 75, No. 4, pp. 519~526.

ILFNESBEEX /A 7H A1 &, 19973/ 53

re



