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Experimental Modal Analysis of Perforated Rectangular Plates
Submerged in Water

FAG - ol

AAE

3 g E

Gye-Hyoung Yoo, Myung-Gyu Lee, Kyeong-Hoon Jeong, and Seong-Cheol Lee

Key Words :experimental modal analysis(3¥2% 2= 3]4]), flid-structure interaction(+3]- 7% A& 2-E), perforated
rectangular plate(THs ZA}5), added mass(¥-7} &), triangular hole pattern (38 74 wi4d)

ABSTRACT

This paper dealt with an experimental study on the hydro-elastic vibration of clamped perforated rectangular

plates submerged in water. The penetration of holes in the plates had a triangular pattern with P/D (pitch to
diameter) 1.750, 2.125, 2.500, 3.000 and 3.750. The natural frequencies of the perforated plates 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 plates in air. It was empirically found that the natural frequencies of the perforated plate in air

increase with an increase of P/D, on the other hand, the natural frequencies of the perforated plate in contact with

water decrease with an increase of P/D. Additionally, the effect of the submerged depth on the natural frequency

was investigated.
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Fig. 1 A perforated rectangular plate with p/d = 2.500
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Table 1 Material properties of solid rectangular plate

LengthX Thickness| Poisson’s Young's Mass
Width ratio modulus density
aX b (mm) h (om) u E(GPa) | p (kg/m')

400X 300 39 0.3 68.00 27300

Table 2 Equivalent material properties of the perforated
rectangular plates

Ligament | Equivalent | Equivalent | Equivalent
Pitch efficiency | Poisson’s | Young's mass
(mm) PID ratio modulus density
n uo* E* (GPa) |p * (kg/m’)
14 1.750 0.4286 0.3383 29.61 1921.6
17 2.125 0.5294 0.3182 38.69 21817
20 2.500 0.6000 03154 45.18 23339
24 3.000 0.6667 0.3105 50.85 2454.9
30 3.750 0.7333 0.3042 55.85 2553.9
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Fig.2 A perforated rectangular plate submerged in
water
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(b) Experimental setup

Fig. 3 The experimental apparatus and setup
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Table 3 Natural frequency(Hz) of the perforated
rectangular plates in air

Mode Number (nXm)

P/D | Method
X1 X2 %1 X3 2X2
1750 Theory 2392 | 4019 | 5632 | 6693 | 714.1
Experiment | 2129 | 3773 | 5402 | 6564 | 6973
2125 Theory 254.7 | 4279 | 5998 | 7127 | 7604
Experiment | 2315 | 4045 | 569.9 | 695.0 | 7409
2500 Theory 2658 | 4467 | 6260 | 7439 | 7937
Experiment | 2590 | 4447 | 617.2 | 749.6 | 7999
3,000 Theory 2745 | 4612 | 6465 | 768.2 | 819.6
Experiment | 256.5 | 4483 | 6158 | 774.1 807.6
3750 Theory 2814 | 4729 | 6628 | 787.6 | 8403
Experiment | 265.1 458.7 637.6 | 774.0 830.5




e 3718 2719 ARl Hlgiste) AXA Bk, we}
A, FeAtole] BX7} Z7hel mie} Agmrkes Z4ol o
27 F7eka, o2 sl mRWFIIE AAA Be,

(2) Bl 3 9T AR

Table 4 B 1 o3 A9 240555
PIDF ho /el 8l BESE wle) AHeEldk Aotk &
N ho /o= BEE I ol Yehlis FHoZ Hort
400umQ! ¥ oo Zolo|| izt Ezlolo} viE UEhIt

ho /a7t 04 ™, & tF FAXRETe] B3 Ha] AR
g wjo] uREFE vlasiBd p/DRko] SIS wE
IR 2AEE € ¢ ok ol FF ARIET
o} v|wdle] JepH Fig. 49} 2t} B3 A= dF 3
AR AR F7] F ARETE v RH
12 RRFTFAX 1)) B9 P/D =1750004% 57]
Z 2RSS vl o 16%35 ZASA|T P/D =3.750
e oF 50%AH=E Zasl P/D o] 718 w1
FRET Zago] AAA k. o}x3 P/D kel F7Kl
we} 253547 A e ofe B 7 Aleld]
A7} 371l we}t B9 Hake Wjo] AR Hue] 3
B ks FAle] Frdse] 71| wideth Bd,
E9] ZH3H H3o] Zasl fAlEEo] v s o

Table 4 Natural frequency (Hz) of the perforated
rectangular plates in water

Mode Number (nXm)

PID| hula
X1 X2 21 X3 2X2
0.00 179.0 3144 450.5 548.6 581.7
175 0.05 140.5 252.6 367.0 4374 474.6
0.10 139.6 250.1 364.5 4332 470.5
0 0.15 139.3 249.0 3633 4313 469.1
0.20 139.3 248.9 362.9 430.0 468.3
0.00 172.6 303.1 432.7 530.0 559.6
112 0.05 127.0 2344 3384 405.7 415
0.10 1272 233.3 3340 4022 436.7
3 0.15 126.6 2313 3320 399.6 4340
0.20 126.5 230.9 330.8 3984 433.1
0.00 155.7 280.5 4032 473.6 5234
2.50 0.05 1233 231.7 3292 3982 436.0
0.10 1225 227.6 3229 390.2 426.6
0 0.15 121.6 2252 3214 386.6 423.1
0.20 1214 223.8 319.7 385.1 421.0
0.00 1453 269.3 386.1 463.0 507.9
300 0.05 107.1 213.2 3009 3712 407.7
0.10 106.1 208.2 293.8 362.3 3972
0 0.15 105.0 204.8 288.9 357.2 3904
0.20 104.6 203.2 2874 355.3 3884
0.00 133.7 2524 3702 436.8 484.0
375 0.05 90.2 196.5 280.1 3424 3853
0.10 89.0 189.4 270.5 3294 369.0
0 0.15 88.6 185.9 2673 325.0 363.9
0.20 88.3 183.2 264.5 3226 360.4
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Fig. 4 Natural frequency of the perforated rectanguls
plate in air and on water(hv /a = 0)
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2.500 099 | 027 | 008 | 009 | 005 £ ua
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3750 0.61 017 | 009 | 015 0.26
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