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The asymptotic method of solution of the equations describing the small nonaxisymmetric
vibrations of a closed thin cylindrical shell is discussed in this report. The linear shell theory of
Kirchhoff-Love type is applied. After separating the nondimensional variables in the equations for
shell vibrations the singularly perturbed boundary value problem is obtained

y′(s) = A(s;h, λ,m)y(s),

where y(s) is a vector-function of size, A(s) is matrix, s is the length of arc of the meridian
(0 ≤ s ≤ s1), λ is the parameters of natural frequency and m is the wave number in the circum-
ferential direction. The relative shell thickness, h, is considered to be the main small parameter
and the rest of parameters are expressed through h. The algorithm for solving this boundary value
problem is based on the method developed in [1] and is realized with the computer algebra package
Mathematica 3.0. For axisymmetric vibrations of a cylindrical shell such an algorithm has been
reported in [2].

First, the asymptotic solution is constructed. Each solution is represented in the exponential
form
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where the values of pi are determined from the characteristic equation

P8(p;h, λ,m) =
∑
i

aip
ihαiλβimγi

To find the roots pi for different values of parameters the generalization of the Newton polygon
method is used. The representative points (i, αi, βi, γi) are plotted in the diagram and then the
convex hull is constructed. Each facet of the convex hull determines the relations between the pa-
rameters (the separative points) where the asymptotic character of solutions changes. For example,
the facets of the convex hull plotted for m ∼ 1 determine the critical points λ ∼ 1, λ ∼ h4, λ ∼ h−4.
All these cases together with the intermediate zones have been considered and the corresponding
solutions have been constructed for each case. For example, for the low frequency vibrations λ ∼ hκ
(4 > κ > 0) four roots have the order h−1 and four the order of hκ/4.

Then, after obtaining the values of pi, the solution is substituted into the boundary conditions
to form the characteristic equation for the frequency λ. In several cases for some types of boundary
conditions the determinant obtained may be simplified as h→ 0, to get the analytical formulas for
λ [1,2]. For other cases λ should be found numerically from the 8th order equation.
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