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Experimental Modal Analysis of Perforated Rectangular Plates
Coupled with Fluid

Gye-Hyoung, Yoo', Myung-Gyu, Lee'(Graduate School, Chonbuk Univ.), Kyeong-Hoon, Jeong  (KAERI),
and Seong-Cheol, Lee’ (Chonbuk Univ. RCIT)

ABSTRACT

This study dealt with the experimental modal analysis of the perforated rectangular plate coupled with fluid. The
natural frequencies of the perforated plate and solid plate in air were obtained by the analytical method based on the
relation between the reference kinetic and maximum potential energy and compared with the experimental results.
Good agreement between the results was found for the natural frequencies of the perforated plate in air. It was
empirically found the natural frequencies of the perforated plate coupled with fluid. The transverse vibration modes,
in-phase and out-of-phase, were observed alternately in the fluid-coupled system. Additionally, the effect of distance
between perforated plate and solid plate on the fluid-coupled natural frequency was investigated.
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Fig. 1 A perforated rectangular plate
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Table 1 Material properties of rectangular plate

Lengthx | Thickness| Poisson’s| Young's Mass
Width ratio modulus density

axb(am) h(tm) u E(GPa) | plke/m")

320%240 3.0 0.3 72.00 2700.0

Table 2 Equivalent material properties of perforated
rectangular plate '

i i i ivalent | Equi
Pitch/ | Ligarnent Equivalent | Equivalent | Equivalent

. cioncy | Poisson’s | Young’s mass
Diameter | efficicncy ratio modnne | density
(mm) 1 'y E"(GPa) | p"(ke/m')

22/8 | 06364 | 03127 | 5111 | 24170
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(a) Experimental apparatus

Impact Hammer

Zonic Medallion
8ch FFT Analyzer

{b) Experimental setup

Accelerometer

Fig. 2 Experimental apparatus and setup
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Table 3 Modal parameters of solid and perforated
rectangular plate in air

Mode Natural frequency (Hz) damping

n(L:nﬂll:Sr Theory iExperiment| Deviation | (%)

%1 373.0 351.2 6.2 0.60

Solid  L_2X1 626.8 619.2 1.2 0.62
1X2 | 878.5 826.8 6.3 0.39

plate ™37 [ 1043.9 | 981.0 6.4 011
2x2 | 1113.8 | 1041.7 6.9 0.23

X1 333.6 333.4 0.1 0.07

2x1 560.6 554.8 1.0 0.05
Perforated = 785.7 778.3 0.9 0.07
plate ™37 | 9336 | 913.2 2.2 0.07
2x2 | 9961 985.5 11 0.05

Table 4 Modal parameters of perforated rectangular
plate coupled with water

D=20mn D = 40 mm D =80

.| mode natural damp.| mode natural damp.| mode natural damp.

shape tlrs_c’;\. (%) |shape [ (%) |shape 585y (%)

4
e

1X10[128.2]0.78 [1X10]|123.9|0.68 [1X10[115.4]0.22

2X10[225.0]0.53 |1x1i [201.0]0.30 [1X1i | 200.9] 0.49

1X2i 1235.3]0.19 |2x10|225.7|0.38 [2X10]222.9 0.45

1X20{317.8]|0.46 |1X20| 325.0{0.34 |2X1i [335.5|0.33

2X1i 1395.6[0.13 |2x1i | 358.3| 0.25 |2X20{446.4| 0.23

2X20[421.5[{0.73 [3X10|416.1[0.26 [1X2i | 466.2| 0.31

3X20[601.9|0.41 |2X20|436.4| 0.26 |[3%1/ |556.2| 0.26

3X1i 1652.70.36 [1X2i |505.5{0.21 {2%x2i |606.8|0.23

éoll Mol Y Kool Kd ) NN KA RN B Y

2x2i [701.0]0.11 [3x1i{]|601.4]10.18 |3X20|663.6|0.28

-
(=]

2%30]759.0]0.43 {2X2| | 645.8| 0.254X10|719.7|0.32
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(c) 2x1 out-of-phase mode (d) 1><2 out- of phase mode
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(f) 2x2 in-phase mode

(e) 3x1 in-phase mode
Fig. 3 Mode shape of perforated rectangular plate

coupled with water (D =40 mm)
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