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ABSTRACT

The objective of this paper is to perform measurements of vibration intensity of a coupled beam.
The propagation of flexural waves generates the out-of-plane vibration of the coupled beam. The
longitudinal waves are generated due to the mode conversion at the structural joint of the coupled
beam. The propagation of longitudinal waves generates the in-plane vibration of the coupled beam. In
order to identify the direction of vibrational power on the coupled beam, the in-plane vibration intensity
as well as the out-of-plane vibration intensity needs to be measured. The cross spectral method has
been implemented to measure the in-plane vibration intensity as well as out-of-plane vibration
intensity. The results showed that the experimental method can be effectively used to measure the
in-plane vibration intensity as well as the out-of-plane vibration intensity of coupled beams.

1. M &

A 722 A% oD Aste] WASNE nAS
& AN daAE, AEA 97 2 AT oA
g 222 setgozd ARHOT BAT + U AE
g9 94 2 AFAUAY AL 2= AFAUNHE =
RPoeA dekd & gt o AFAANEE Fx
Wel w9l T NE siele) mvls wade 2= uy
S Jepanh 2g7zE A9 T ol4d whE(dz
W YR} 3 ) Aspol st AEN7 Ao
AT NEEL AATE RedAe Ay A¥ez We
AE7 BUYAE] FAo] Bagsie, AEAUNE T3 W
) wrbo] ohz WMUNEORE WA} A 17
og Agse BYrzEdA AFUY 9K 2 AT oy
Aol AT AZE dehsb] AMHE  ARE AWAE

i:3
o mn 4

* FAdEGR 7)AFEG gt
E-mail  naya978@naver.com
T : (081) 25856, Fax - ((B1) 20-24H4
= ST AENAI|¢Y
sax Zgljeka 7)) T ek
L L LEELE DSt

2alo] ohg} Wy AFAUNEE 2AY Yar} 9o
Uol7b Fojzl 1B5dd M2 e 33e e 7t 3
B9 4ae mejstciol & Wart Yok

7129 AFANE 25 7go] e APE 22 1
s ko) WY AFo) tlste] o] FolA o1 Y, @y
AEAHAY ZHo] Ud dAFE HTol Fuj9o
A NEgn en, F2 1% 9 galyxne n
U ASARAEE 2 $iste] o]Fojxa gl
2grzge A4 d4uo] ow AE AdAE =gy
g 7% 2oy HA2 Nedn Yoy, oulg A
Holth, o]l WMul Y VEFAEAEY =3 7|yo]
Ug dTE A4 2xe 2gTzee AU 27
719 7] ATEA Toluch Ba g Aol

2 ATNE BgTEE d4Re AEddAEE &
Astdeh. AR e 74HQ A, FYY Fool
oJste] WFo| WAt AF W7t AvAh AE QAEIA]
A7) SaeiiE oS BEH D FEo] By

FAUAHE 24FoM, AYn F2E dsel 1%
JANE 54 /e BET 4 U2 ny

-728 -



2. TWEAHAE

Wl shAd g A4 AFe A% AYNS
webo] opye A7 AFoINe BEF W 28t
RS Aol AR "Ee UL
dstel BAHY, WUAEY ¢ 22 S o8
o AV oA WANE (AFHS wFH By
AZRERY wol Sddte] & wgoz Hune
99 Z 2 ASAUAEE BeAT ol 247 ¥@
A,

_ ) Ow 0% _ 8%w 3w
L= Q54+ M Gy = BICT = S0 50
: (D

- _p Ou _ _po 0u du
I,,=-F,%=-EsL o
A7 @, M, F.© A4y, FI=xdESY IF
¥g deum, g ne 4 ZEE yehdo

E.I,St w474, @9 23 2dE 221 ©Y

WA A7 ed

FYTel g AFAWAEE AN 2ol
WeAE WY P WNE Wl ¥ MBS 5
Jgoed 7¢ & Aok, B¢ Eno o8 A5
WAEE A(2)elA9) gol WA Wl % Wl
F usle B3 MR e 2APeEH 78 4 9
o =@ Fdel 4@ W AFAANEE Fa7)
AN E FYTol Jste] BYSE AUAEY I

2 2% Bes} ok o A% Yl stelA
£ 2o W obRWe] ME BE WY By 2
¥ Eg B4 A dvts He ol8¥ 4 Utk
o A TSt AL 74 A5 9@ AEAd
AEE BET 2e PPoR 238 & 3t
(T | @
| | |
@ - N >
z =E | =k
L. | |
[:9_[4 ! =B
? k”‘-ﬁ

a1, x , ARA (a) FEGo] 3 HY
AEAAAE Y (b) Fopoll o3 AR BB EE &4
at7] Y3 4w uhy

2434

Z2QAY AHAA FYs} Foo] 9@ A9
FAggAE e Ay AU EE 28] 43 HEE
A v e B £k 233 x, AFAA 4Q), @
oA Fojxe AP MY T =FF A F4) 9
3o, ZAA F9 2XHM9 WYl AF L WY AF
AE ojgste FIAE AL WYL ol g gd. g
I FYPgel g N AFE 7Zute dFE ¥y YE
LAGZE ngt AR 24 BT =3 Fag
49L& Y, TG oA AFTAHAEL Az HF
e e Ao o3t mEY P

I3 1&

vV Bm
a g (2nh?

I, fx,9,)>p5=2 Im{G (i, it,, H) (3)

T, (xP>, = G+ Uy, i+ iy, p) (4

E%mlm{
7NN Gy, i, AT Y 1@M A 13 20049
HeRlE MR NIzl Az2sdEYHURCY
G+ iy, & 29 1b)lA B S 1 A7 olHw
2X oA H ZEEe] § Az B 99 3 AHFHY o}
P 4 AAAA B 7t § A3 AR2AHE
ol o] A$ F IEEA 7+ A s FolR
Fupeo A gYntet Fae B3-S nestd ARE F Q)
on, sl BEe dg kol didtd 0.25<k4<1.0
9 Weg zY 4 Yo

3.4 H

3142834

A% AQUAE 2Hg 4§ 48 2 LAY din)
F aAEEN 74L& ((1+1.2)%0.3x0.008 m)ojrh
(29 2. 18 3& IR AFUHAE 4 & 98 4
d A WES By £t 94 He Al Edd= vt
F7|(B&KABN)E AXAA W 7pxe} HEE 3y 1
g3 JHEY B €9 BHE AL A EI=
£ 3l delA At oA wilelR] ga e
gt

3243 %4

A4uel AFAVNEE 24571 Akl H3),@el4
Zoje aprrgEPY's AgHdt A7z e
FRATEA kel B A

$ASEA 2 AREAEE
A(B&K4708, W&Fs W& A 3% B 7tExr &

B 5% oF AIWA WY 2 AU AL ST,
¥ A A2t WANEAWAEY WyUE
WAEE E457] Aeted 27 a=2omst 4 =30om

- 729 -



A4, obE 2 AHAA °
Eéézﬂew A o) A
ARAEE FEH 7 AERAE ¥ A;lt}a 7} o
£ ol&3tsln.

-
191
Generator . I
Beam A
Beam B

393 AR AFALAE A S A%
2d A wd

3349 23
a8 4@% be FIF 1100 HzoA 33 d4dne
Bel 2 ¥l ASAWAE AHE 22wz ag
sae FYstel o Wl VEAWAE A AWAY
o2RE dyye A" QAEVE BRrE (N¥Fez
Asslo] Urke @48 Hel EZTHAAR 22 "A"SH B!
ad 3 #AF). £ OY AbEFEEHE Fye F¢ 44
xzu S5 A4l slate] WAsel B AT 229 A$
) %oz B 8a 'BY A% (1) ¥goz A%l
»m: e A T 4 9ok 29 5@ B FAs
1900 Hzold 22% 4ol 9ol 2 ) Asdan

AHE 47 BaFEn T4 g fAR @48 &

AF = Atk
50 v v
-G- BeamA
45 —© BeamB
40 ’
35 4
50
z
>
55 N
c s SR
K v —
ig ol G— —© G G gy
15F
10+
5t 4
0 L ' L .
0 05 1 15 - 2
X(m)
(a)
40 T T
-%- Beam A
2 R —© BeamB
2 B g O
10p
g
g 0
s
£
10 4
L N
o} e ®
30}
4 I A L i
DO 05 1 . 15 2
X(m) ‘

39 4 @AEAM JAFIEAE (1100 Hz). (a)
HAXFIENY (FPHe] A4, (b B
WAFAAAE (Fotel G5,

50
-3~ BeamA
451 - BeamB
ot
35
0 > JUURE - SR
g & ° o —o— & o~ -0
5 2%
]
£ 20}
15
10
5
0

o 05 1 1.5 2
X(w)

(a)

- 730 -



AaEH

50
ol ] [1] Noiseux, D.U. 1970, "Measurement of Power Flow
af S in Uniform Beams and Plates”, JASA, 47(1), pp.
g | 238-247,
% o} 4 [2] Pavic, G., 1976, "Measurement of Structure Borne
£ qof 1 wave Intensity”, Journal of Sound and Vibration, pp.
] AN 1 221-230,
0y 1 [3] Verheij, JW. 1980, “Cross Spectral Density
-ar 1 Methods for Measuring Structure Borne Power Flow
g 35 fx(m) 15 2 on Beams and Pipes”, JASA, 70(1), pp. 133-139,
[4] Linjama, J., and Lathi,T., 1992, "Estimation of
(b) Bending Wave Intensity in Beams Usingthe
P 5. AXHEAMe AEAEAIE (1900 Hz). (a) Frequency Response Technique”, Journal of Sound
HANEUAE (F8se] 9&) (b) By and Vibration, 153(1) pp. 21-36, 1992
VEABAE (259 o8 6] 1789, TM&, 1998, “ 719348 & )&% ES’}

Pguo AsddAE 5, dR2537F5F%Y F

Ast& 824, pp. 409-414,

(6] olgi<d, w4 e, 1997, “B#F @R AF A H

Al g 477, FF2EA5TSHA, A 78 Al
£ Aol ByTaE d4ny A5UANEE & T, o0 45753,

Astgeh AGRAA e A AL FuD osted @ (71 BEH, WA, 1997 “Bo] UojH AF AdAH

ol Zgo] wAste] &4 weol A AHeM FHE wige O BYF I FIFFHA, 16(5), pp. 37-42,

dstel BAFE Fotel et Wyl A £@ aer. [ ATE, DY, A2, AR g

44 2o Wel 2 Wl A5 ADNEE BRe) el WIH FPT AXLEDEIHH pAsens =4,

TR o BANTIE A L Wy AL sl 1185-1188, 2002

of &} B AdA= ol2jdt A1REL malsle] gyuet [9] Troshin, A.G. and Sanderson, MA, 1998, “Structural

Z7t BANFE ASQAHMAES 2asle] =A3oen  Energy Flow in a Resiliently Coupled T-Shaped Beam

4 Z

ri

B

3

o?d
U%

A4y FREA st JFAAE 24 79e Ao by Wave Intensity and Mobility Approaches,” Acoustica,
2 84% 5 9&s mygch 84, pp. 860-869.
[10] Walsh, S.J. and R.G. White, 2001, "Measurement of
3 7 Vibrational Power Transmission In Curved Beams,”
B O £Fe3ESATHE dFFAe 98 Jounal of Sound and Vibration, 241(2), pp. 157-183.
Boza IWHAFATLY XNPoz FIFHULSY (111 A% A8A, AFF, o33, $4K, ‘P9 ¥y
o ASAAAE FA) GRLSA SFLH AR =8,

816-820, 2003.

-731-



