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Nonlinear Anti-symmetric Flexural Vibration of Spherical Shell

* *% . *%%
Haruo Kunieda Junichi Murata Yoshibumi Sakumoto

It may by expected that for thin-walled spherical shells, especially non-
shallow ones, analysis on the basis of nonlinear theory will reveal such pheno-
mena of response that can not be provided by linear theory. By introducing
some assumptions and approximations, the governing equations for anti-symmetric
vibration of spherical shell can be derived as egs.{1),(2) from ref[L]. In the
solution of the nonlinear equations treated herein application of Galerkin's
procedure seems most sultable, despite of its approximity, provided the deflec-
tion mode which satisfy boundary conditions. But, if eigen vectors of linear
vibration are employed as deflection modes, equations can not be integrated
easily in Galerkin's procedure since eigen vectors appear generally as the sum
of Legendre functions with real fructional and complex conjugate orders for non-
shallow spherical shell[2]. Thence, in this report the deflections are set as
the truncated series of Legendre bi-polynomials to satisfy ordinary boundary
conditions as represented in eq.(5). Two types of response mode are taken into
consideration, refering [6],: one is exciting mode which is coincident to the
direction of excitation and another is adjoint mode induced in the direction
perpendicular to the excitation. If both response modes satisfy some conditions
response deflection mode of the shell travels in circumferential direction. By
substitution of eq.(5) into compatibility condition (2), stress function ¥ can
be obtained as (6). Thence with application of Galerkin's procedure, ordinary
nonlinear simultaneous differential equations in regard to time function are
finally derived as (7) and (8). If the shell is subject to a very specific
type of exciting as fo = Pgeosit, fg = PgoosQit, solutions of (7) and (8) are
obtained approximately in the form eq.(9) with (10) in the steady state of re-
sponse, and the stability of the response can be discussed from these solutions.
If small disturbances are added to the steady response in such form as shown in
eq.{(11) and with the neglection of higher order terms with respect to disturbance
parameter, the condition that non-trivial disturbance parameter exist is repre-
sented as the eq.(12) with respect to A. If a root of this equation, A, has a
real part of positive value, the response is divergent, that is, unstable. The
unstable and stable regions of the response were examined about two cases as,

I. the case only exciting mode exists:
(i) wunstsble region caused by self disturbance =<-<--+ eq.(1l)
(ii) unsteble region caused by appearance of adjoint mode ++-++ eq.(15)
II. the case travering mode exists: stable region can be calculated as the
region where roots of eq.(18) are all negative only.

As an example the case of clumped boundary at ¢, = 135° and the selection of
orders of Legendre function as I; < ( i{=I~5 ) was calculated numerically and
the response curves and the limitation of the unstable or stable region of case I
and II were depicted in Fig.2 and 3, respectively. Fig.2 shows the increase of
unstable region of exciting mode due to the appearance of adjoint mode. The
region bounded by LL and UL in Fig.3 implies stable region of traveling mode, and
in the right hand side of point & the traveling mode does not exist. The point
@ coincides to the point § in Fig.2. This indicates that unstable region of
exciting mode due to appearance of adjoint mode is coincident to stable region of
traveling mode. That is, traveling mode appears in this region as the response.

The formation of orthogonal deflection modes and a numerical example of the
characteristics of the response of these orthogonal modes were also shown, and
moreover, the case with fully filled liquid was examined.
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