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A Study on Structural Intensity Measurement of 2-dimensional Structure
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ABSTRACT
In order to control vibration in structures, it is desirable to be able to identify dominant paths of
vibration transmission from sources through the structure to some points of interest. Structural
intensity vector (power flow per width of cross section) using cross spectra is able to measure the
vibration power flow at a point in a structure. This paper describes the structural intensity measure-
ment of 2-dimensional structure. Structural intensity of 2-dimensional structure can be obtained from
eight point cross spectral measurement per axis, or two point measurement per axis on the assumption
of far field. Approximate formulation of the relation between bending waves in structures and struc-
tural intensity makes it possible to separate the wave components by which one can get a state of the
vibration field. Experimental results are obtained on an infinite plate at the near and far field in
flexural vibration. The measurement error of two point measurement is rather bigger than eight point
measurement on account of the assumption that Poisson’s ratio is 1. The structural intensity vectors on
the plate are checked the ability to identify the path of vibration power flow in random excitation and
200Hz sine excitation, the result of two point measurememt is almost the same as the result of eight
point measurement in 200Hz sine excitation.
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Table 1 Structural intensity on the plate(excited by
200Hz sine wave)

Position | Magnitude (dB) Direction

{(x, yymm| (ref. 107?W/m) ((°between intensity and x axis)

8pts 2pts 8pts 2pts Theory
(100,00 | 93.8 | 93.5 | 0.67° | 3.9 | 0.0°

(150.00 | 93.1 | 9.8 | -1.&2 | 0.0° | 0.0°

(200,00 | 9.3 | 92.0 | -3.2 | 2.2° | 0.0°

(50,500 | 93.5 | 93.8 | 48.2° | 47.8° | 45.0°
(100,50 | 92.0 | 91.9 | 26.7° | 29.9° | 26.6°
(150,500 | 92.0 | o1.7 | 8.1° | 9.1° | 18.4°
200,50) | 90.2 | 89.9 | 9.3° | 1.4 | 14.0°
(50,1000 | 92.7 | 92.6 | 71.8° | 68.4° | 63.4°
(100,100)| 91.5 | 91.3 | 43.5° | 43.0° | 45.0°
(150,1000| 90.2 | 90.0 | 27.6° | 27.3° | 33.7°
(200,1000| 89.7 | 89.4 | 29.7° | 32.5° | 26.6°
(50,150) | 90.9 | 90.5 | 80.2° | 80.9° | 71.6°
(100,150) | 90.3 | 89.1 | 60.0° | 56.9° | 56.3°
(150,150) | 88.1 | 87.0 | 48.6° | 48.2° | 45.0°
(200,150 | 88.2 | 88.2 | 40.1° | 41.9° | 36.9°
(50,2000 | 90.4 | 90.1 | 78.4° | 74.1° | 76.0°
(100,2000| 89.5 | 89.2 | 59.0° | 56.0° | 63.4°
(150,200 | 88.4 | 88.0 | 52.7° | 54.1° | 53.1°
(200,2000| 88.7 | 88.3 | 46.0° | 46.4° | 45.0°

486/ 24 SXSBEEX/A 7A A3 F, 1997

Reflection coefficient - |

12 T T T T T T

o o o =
S o @ o
T T T T

i [l ']

o

N
T
1

00 1 " L 1 ! N I L
0 200 400 600 800 1000

at x=200mm, y=150mm Frequency(Hz)

Fig. 17 Reflection coefficient of the plate
at (x=200 mm, y=150 mm)-random input.

2E gl whakg mhetdd
T uss E}ﬂ’% al .

& Fig. 172 A A5 7Halol] disle] 4
(1)l 2% 5 g Fd x=200mm, y=
150 mm Xl A x, y 35}5&——‘:1‘01] Nk WAL AFE
To) Hejgo g HA WAL A | o | E F7 A
Folch, 250 Hzo|3}e] zﬁ»ﬁ FdoA 1.1 ¥
o] & Holed, ole 74 HIEH AL AFE
T2 o o8 AxF ek ZAAE A% A
o 2J3te] 1M} AR Ao PR}, 23 250
Hz~450 Hz 73k A= 0.9 AF, 450 Hz~600 Hz
FRAAE 0.5 AF, 600 Hzol4e] 2Fshs 77
ol 0.3 AF WAL A FGE Ze AL B
U »} vl zZFe) Z Ak HYE & F A

+ %91 2217} FA ] FFo] AR A
o= S&D&%u}. Fa FeE AFE HAe] #
% YA FFEE Fol ®WebA
wkAb Al g7} %MXM HbEgrR e A gol] vl =
2 A% Uz 7l 83 FrEAe g AL

-i)

|

4. 8 E

B2k A% A 19 4BE D
A% ouA) 5% 54 AL
2 Fss] Asl AR Agesd w22
sHEYE olgsled TY AT e FE FB
Y AE QA AZe] A B AFelM de

-
B
e
do Jou
>



22k 72 ES AF AWAE Ao g A7

e FE2HT 8H, AN HRFT 2
o] 7 E aRs AHEYOR TAHOE 7Y
ek, AR AE shxle] T FHaie] 23y o7
A5 QAdEAE =7 8HHPEY ¢of 3~5dB 2
(el v=12 7437 W&oz #chy), W= 8
AyEc ex7l IB2 24He] 4 oFEe A4
Al 87 A= uet 2HE 5 sk

(2) BAE& 200Hz P9} 74 AS, 2%

o3t AT AWMAEl7} MY Z7]9} wigko] A9
dxsleg, 5 Fag¢ Jgoz spAg e T+
Z2EdE 24y ezr AF QlElA g HFF F33
A5 o9& 5 o

(3) Fagae] zgYue} FEge] u|EQl uA}
AFE TAMH o2 3 A3, 600 HzolAbe 33}
ddo Al ukal A7} 0.30] 7MY A B QoA
ARERE 2l ARl 2E oW R] 7t FE3] F5H A
T % AE AT 5 Qo) o]} o] I He
T 8439 A 2A& Aoz 3" 5 9

kv

223 AA Al AE A A4 A
e Fol7] Astel the AL BHF AT way
oo} @ Aoltt. ¥ QT4 AFT AY Pae
HEA gesl ol4del Fa Hwold. ey
A7 AR H ARE s e B By T
ZEL HAOE ¢ Zojuz FYFBD ope} w
WHE zejahx spew okd ez o4buch
23 A9 72T F9 FARE 44 72 5
ol upye] F-sojo} deh,

o
ad

Anes

(D) F=x2gRF5T3], 1995 “2g-2AF Hzx,”
A24 A1%, p. 226,

(2) Cremer, L., Heckl, M., and Ungar, E. E., 1988,
“Structure-Borne Sound (2nd Edition),” Springer
-Verlag, New York.

(3) 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.

(4) Pavi¢, G, 1976, “Measurement of Structure
Borne Wave Intensity, Part [ : Formul_ation of the
Methods,” Journal of Sound and Vibration, Vol.
49, No. 2, pp. 221~230.

(5) 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.

(6) %H BA, HH EBR, &F EX N#E E45,
1993, “—kIciRENA > T 2 T A FHRc BT A H
EREOZRE", BAMMEERECHE), 59
&, #5589, pp. 132~136.

(7) Carroll, G. P, 1987, “Structural Response and
Power Flow Measurements utilizing Cross Spec-
tra,” PhD Thesis, The Catholic University of
America.

(8) K &, B4 ME, 1991, “E#A 77T
A FHANC B9 2 SEREHIZE G 1R, HROWE),” H
WA R LE(CHR), #5574, $535%, pp.
54~59,

(9) Hong, Y., Wu, Q. and Lim, M. K., 1994, “Theo- .
retical and Experimental analysis of power flow in
beam structures,” Third International Congress of
Air- and Structure-borne Sound and Vibration,
Montreal, Canada, pp. 201 ~208.

(10) 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.

(11) Linjama, J., Lahti, T., 1992, “Estimation of
Bending Wave Intensity in Beams using the Fre-
quency Response Technique,” Journal of Sound
and Vibration, Vol. 153, No. 1, pp. 21~36.

(12) o)glod, ubAdel, 1997, “HbF-3hRe] AF U=
Ale] AZo) i3 A+, " SR FTTEI A,
74, A1Z, pp. 43~53,

(13) $kH &, 1Lk &, Bw 5LH, 1996, “iRE)4
¥ T 2T ARTRICEY 5 HEEHIR (B4, KT
DM, T H AR ERE (CR), $62%,
559458, pp. 35~42,

(14) Nl 2%, HB wa, #I H, 1995, “RH
ATy TACL BRI ALY —DIL," B
AR a ek (CHR), #6148,  589%, pp.
38~44,

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

(16) Allan D. P., 1990, “Structural Intensity and

ARAZTESIEHEX /A 7H A 3%, 1997 1/487



o) o o -4 4 o)

Vibration Energy Flow on Inhomogeneous Shells

of Arbitrary Shape,” CETIM 3rd International
Congress on Intensity Techniques Senlis- France,
pp. 121~128.

(17) Verheij, J. W., Hopmans, L. J. M., van Tol, F.
H., 1994, “Using Power Flow Measurements to
Quantify Gearbox Noise Transmission to Under-
water via a Propeller Shaft,” Third International
Congress on Air- and Structure-borne Sound and

488/ A SHEZEE|X| /A 7H A 3%, 1997

Vibration, Montreal, Canada, June 13-15, pp. 217
~224.

(18) Doyle, J. F., 1989, “Wave Propagations in
Structures,” Springer-Verlag, New York, chap. 6.

(19) Ref. 1., p. 287.

(20) Meirovitch, L., 1967, “Analytical Methods in
Vibration,” The Macmillan Company, chap. 5, pp.
184.



