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An Equivalent Plate Model for the High-Frequency Dynamic
Characteristics of Cylindrical Shells

Joonkeun Lee*, Usik Lee**

ABSTRACT

For cylindrical shells, the closed-form solutions are confined to the specific boundary and/or loading conditions.
Though the finite element method is certainly a powerful solution approach for the structural dynamics problems, it
has been well known to provide the solution reliable only in the low frequency region due to the inherent high
sensitivities of structural and numerical modeling errors. Instead, the spectral element method has been proved to
provide accurate dynamic characteristics of a structure even at the ultrasonic frequency region. Since the wave
characteristics of a cylindrical shell becomes identical to that of a flat plate as the frequency increases, an
equivalent plate model (EPM) representing the high-frequency dynamic characteristics of the cylindrical shell is
introduced herein. The EPM-based spectral element analysis solutions are compared with the known analytical
solutions for the cylindrical shells to confirm the validity of the present modeling approach.
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Cylindrical shell element
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Table 1. Geometry and structural properties of a

cylindrical shell model

ss density) = 7500 kg/m’
sson's ratio) = 0.28
mg's modulus) =  2X 10° kKN/m’
18 of shell) = 02 m
h (thickness of shell) = 0.004 m
} L (length of shell) = 03 m
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Fig. 2 Propagating waves in cylindrical shell
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Fig. 3 Equivalent plate model
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Fig. 4 Comparisons of the dynamic responses from
analytical approach, SEM and FEM
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cylindrical shell, (b) its equivalent plate model

Zh el W §H8ge] vng vzt 1
BN BRo] AFAQo M o] Hrbx] W
of 2% FHgge Aozt wlmAy 3% ko)
LFRrddes 242 fhasfd o AH
= ol 93 Asto ulg) o7t F=eF

[

Hueo Feoe AY SrAgge] n4A%
Aoz} GhEA =eigg

EE ZAFF A ZAY
ST Aol WA Folm

At

fo M
ft g

112

13 Erron% Shell Theory- Equiv_PlateModel
17 iice SpellTheory *
o

100

n (circumferential mode)

m (axial mode)

Fig. 6 Accuracy of the equivalent plate model
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