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ABSTRACT

In this paper, the vibration characteristics of the trapezoidal corrugated plate with axial stiffeners and
lumped masses are investigated by the analytical method. The corrugated plate can be treated as an

equivalent orthotropic plate as this plate has different flexure properties in two perpendicular direc-

tions; flexible in the corrugation direction and stiff in the transverse direction. The effective extensional

and flexural stiffness of the equivalent plate are considered to obtain the precise solution in the

analysis. The plate is stiffened by concentric stiffeners horizontally to the corrugation direction. The
discrete stiffener theory is adopted to consider the position of stiffener. To demonstrate the validity
of the proposed approach, the comparison is made with the results of 3D ANSYS finite element

solutions. Some numerical results are presented to check the effect of the geometric properties.
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(c) Equivalent plate
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Fig. 1 Trapezoidal corrugated plate, its corrugation unit and its equivalent plate

(b) Corrugation unit
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Table 1 Frequency comparison of corrugated plate
with two stiffeners

Mode Analytic, fi 3D ANSYS, f re.
(a) Not consider lumped mass
1 71.941(1,1) 72.565(1,1) -0.86
2 141.24(2,1) 148.25(2,1) -4.73
3 153.38(1,2) 148.84(1,2) 3.05
4 205.47(2,2) 212.712,2) -3.40
5 249.71(3,1) 257.76(3,1) -3.12
6 291.84(1,3) 278.47(1,3) 4.80
7 315.33(2,3) 303.76(2,3) 3.81
8 307.68(3.2) 322.40(3,2) -4.57
9 359.83(3,3) 354.86(3,3) 1.40
10 367.44(4,1) 368.85(4,1) -0.38
(b) Consider lumped mass
1 69.366(1,1) 69.997(1,1) -0.90
2 136.47(2,1) 141.97(1,2) -4.92
3 146.21(1,2) 143.53(2,1) 2.99
4 196.40(2,2) 203.82(2,2) -3.64
5 243.09(3,1) 252.09(3,1) -3.57
6 290.52(1,3) 277.49(1,3) 4.70
7 314.25(2,3) 302.56(2,3) 3.86
8 297.11(3,2) 312.82(3,2) -5.02
9 358.25(3.3) 352.55(3,3) 1.62
10 363.00(4,1) 365.92(4,1) -0.80
" relative error:Mxloo

2

Table 2 Natural frequency of corrugated plates with-
out/with stiffener

No. of stiffener, N;

Mode 0 ] 2 3

(1,1) 33.525 44.031 46.634 49.848
(1,2) 71.154 72.567 77.067 78.292
(1,3) 133.42 132.07 135.90 130.27
(1,4) 217.91 219.33 214.88 219.99
2,1 67.550 95.685 109.21 121.47
2,2) 93.583 97.316 133.49 138.98
2,3) 147.97 164.65 158.94 182.46
(2,4) 228.33 233.40 238.53 243.66
3,1 125.15 153.69 209.89 223.75
3,2) 142.33 147.08 208.82 233.37
3.3) 184.47 241.81 185.79 277.70
(3,4) 255.22 264.49 311.30 292.09
4,1) 203.76 225.90 285.32 332.84
4,2) 216.01 220.73 280.97 325.46
4,3) 247.59 324.47 260.81 373.22
4,4) 305.94 318.54 439.54 371.78
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Fig. 2 Finite element model of corrugated plate with
2 stiffeners and 40 lumped masses
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(a) N~=0 (184.47 Hz)
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(c) N&=2 (185.79 Hz) (d) N=3 (277.70 Hz)

Fig. 3 Mode shapes of (3,3) mode for the corrugated
plates in Table 2
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(b) Ni=1 (241.81 Hz)

| &=tk 3 92 (m,n)=33) REA W%E
7 A STk el S7RA dlde] H

15 A& B F Stk ol BEAAS A7t
537l %‘f‘z}% F7] witel v ddoR
H7} AE A= 5571 184.47

) A5 4H(Fig. 3 F2)S 24
s Bg-ell= BTt ‘i‘?ﬂﬂh 7l
THEE 2 rqhoﬂ 2557} 241.81 Hz2
7kl ev BAAY 7H %‘%Oﬂ: E}
A

>~l

A FEF7E 18579 Hz2 §43] #HAE 3t o=
NE@AMAT BT = o] Wo] #|uj3
o]7] wjioltk BAAZE Al JHQl Agele 2EF
oA BAA WwEgo] AA Yehr] witel s
7} ThAl 277.70 Hz 2 5712 3o

Ak Bol HA @2 At Hde] A4
L e G = S ) 7P AATE Asre 7

A ol9} pe @y 1A
© et Eht WAz el ook B BY
of Uil g S gleh HolH WE W PR

418 | Transactions of the KSNVE, 24(5) : 414~420, 2014

‘ (3,1
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Fig. 4 Mode shapes for the corrugated plate with one
stiffener in Table 2
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