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FREE VIBRATION OF THE SYSTEM OF TWO STRINGS COUPLED 
BY A VISCOELASTIC INTERLAYER 

K. C A B A Ń S K A - P Ł A C Z K I E W I C Z (BYDGOSZCZ)

This paper introduces an analytical method of solving the free vibration problem for a 
continuous system of two strings coupled by a viscoelastic interlayer. The phenomenon of free 
vibration has been described using a homogenous system of conjugate partia! differentia! equa
tions. After separation of variables in the system of differentia! equations, the boundary problem 
has been solved and two complex sequences have been obtained: the sequence of frequency, and 
the sequence of modes of free vibration. Then, the property of orthogonality of complex modes 
of free vibration has been demonstrated. Based on complex eigenfunctions, the polyharmonic 
free vibration has been expanded into the complex Fourier series, coefficients of which have 
been determined for arbitrarily assumed initial conditions. 

1. INTRODUCTION

String systems coupled together by viscoelastic constraints play an important 
role in various engineering and building structures. Such structures are used in 
railway and tram tractions with live load [12, 13). They can also be found in 
some ski lifts and cable car systems. Strings can work together with beams, 
slabs and membranes in various structures. A light roof structure of a sport 
arena is an example of mating of strings and membranes. Vibration analysis of 
complex structural systems with vibration damping poses a difficult problem. In 
the above complex cases, especially where viscosity and discrete elements occur, 
it is recommended that the method of solving the dynamie problem of a system 
in the domain of a real variable complex function is adopted [6, 14). For the first 
time the property of orthogonality of free vibration complex modes for discrete 
systems with damping has been demonstrated in paper [6), and for discrete -
continuous systems with damping - in paper [14]. Using a complex function, 
a description of free vibration of a beam supported on viscoelastic, continuous 
Winkler foundation [8) has been developed in papers [l, 2), and [3). In paper 
[9], the problem of complex continuous system dynamics has been solved using 
the classical method [10) with the complete theory of non-damped vibration. 
In paper [l], the uniform method of solving a vibration problem for two beams 
























