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Vibration characteristics analysis of underwater combined
shells based on Ritz-Legendre spectral element method
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Abstract: In view of the fact that it is difficult to obtain analytical solutions for vibration problems of
combined shells and it is hard to solve strongly coupled acoustic and vibration control equations, a Ritz-
Legendre spectral element method was proposed to discuss the vibration characteristics of underwater
conical—cylindrical-spherical shells. Based on Reissner shell theory, virtual spring technology and the
displacement angle relationship of adjacent subshells, the theoretical structural model of the combined shells
was established. The Legendre spectral element method was introduced to avoid the problem of discontinuity
of normal derivative and discretize the Kirchhoff-Helmholtz boundary integral equation, then the theoretical
model of underwater external sound field was constructed. Based on Fourier transform and coupled surface
Euler equation, the coupled vibration control equation of underwater combined shells was obtained.
Compared with FEM simulation results, the convergence, reliability and correctness of this method were
verified. This method can provide theoretical reference for engineering application in the design stage.
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Tab.2 First eight dimensionless frequencies of free vibration of conical-cylindrical-spherical
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Tab.3 First eight dimensionless frequencies of free vibration of underwater conical-
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8 0.078 26 0.078 92 0.849% 0.096 97 0.097 38 0.416%
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