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A Dynamic Unstable Behavior in Nonlinear Responses of Cable Systems
by Hiroki YAMAGUCHI*, Toshio MIYATA** and Manabu ITO***

It has been experienced the fact that a suspended cable vibrated in
lateral, out-of-plane direction as well when it made a vertical motion excited
by a periodic loading in vertical, in-plane direction. This is one of dynamic
nonlinear behaviors of a suspended cable, mathematically caused by geometrically
nonlinear coupling terms in governing equations of in-plane and out-of-plane
motions. In this paper, starting with the derivation of nonlinear basic
equations to describe the dynamic three dimensional motion, the occurrence of the
above-mentioned out-of-plane motion is analysed from a viewpoint of dynamic
instability of a parametric oscillation. It is also analysed as an in-plane and
out-of-plane coupled forced oscillation. As a result, a theoretical inter-
pretation of the phenomenon can be done at least qualitatively. The content of
this paper and some explanation are as follows:

1. Introduction

2. Basic equations of three dimensional motion;

2.1: Definition of strain

2.2: Constitutive equation

2.3: Equation of motion

2.4: Strain displacement relation

3. Equations to govern the vertical and lateral coupled motion (v, w) of
suspended cables with small sag (Eqs.l10, 11 and 12 for 6, and Eqs.16 and
17 for 6 = 0)

4. Nonlinear response due to vertical, in-plane loading;

4.1: Derivation of Hill type equation (Eq.22) to describe the out-of-~
plane parametric oscillation and determination of unstable region
(Figs.3 and 4)

4.2: In-plane and out-of-plane coupled forced oscillation (Eqs.27 and
28, Figs.3 and 4)

5. Considerations of the occurrence of dynamic unstable behavior, the
effect of span-sag ratio v (Figs.3, 4 and 5) and damping constant h
(Figs.6 and 7), and the existence range (Eqs.31 and 32) of statiomary
coupled oscillations (Fig. 8)

6. Concluding remarks

* Graduate Student, Fac. of Engineering, the University of Tokyo.
*% Assoc. Professor, ditto.
*%* Professor, ditto.



