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Abstract

An Axially moving string is an important mechanical model
both in engineering design and in the study of mechanics. The
main purpose of this dissertation is to develop numerical
algorithms based on the dynamical models of a moving
viscoelestic string; and analyze transverse nonlinear vibrations
through computer simulations. The main approach adopted in
this dissertation is numerical analysis.

In the first chapter, a brief review of the recent progresses
is surveyed on the relative topics including the dynamical models
of an axially moving string and the conservative quantities and
energy formulations, the numerical methods for simulating the
transverse vibrations of an axially moving string, and the
nonlinear vibration analysis of moving strings.

In chapter two, dynamical models of an axially moving
string and their conservative quantities are investigated.
Fractional derivatives and fractional integrals are employed to
describe the constitutive law of a viscoelastic axially moving
string, and dynamical models obeying the constitutive law are
deduced. By means of convulsion product, the integral
constitutive model and the fractional differential constitutive
model for axially moving viscoelastice strings are described in

a united way. Conservative quantities of axially moving elastic

Te —



2005 £F_F#g K%
e |

strings and beams are also found in this chapter. Several
conservative quantities with their applications both in theory
and in numerical computation are presented.

In chapter three, the Galerkin’s method for transverse
vibrations of axially moving strings is analyzed. Although
Galerkin’s method is one of the most useful approaches in the
numerical studies, the discretization of the state variable leads
to a large nonlinear differential equation system, and the
great number of nonlinear terms of which causes a heavy
computational burden. Since there are similar terms and zero-
coefficient terms in the equations, efficient algorithms are
designed to regroup the like terms and omit the zero-
coefficient terms, which makes the resulting Galerkin’s
truncated equations much simpler. Computer algorithms are
provided to generate the coefficients of the truncated
equations and numerical examples of high order Galerkin’s
method are given. Based on the conservative quantities
derived in chapter two, a method for estimating the
numerical errors of the Galerkin’s method is given, and the
error of the Galerkin’s method is analyzed.

In chapter four, the nonlinear transverse vibrations of
axially moving viscoelastic strings obeying the differential
constitutive laws are studied. Two finite difference methods
are proposed to numerically simulate the model. One is a simi-
discrete method, which can be used to deal with different
linear constitutive models such as the standard model and the
Maxwell-Kelvin Model. The other, an alternating difference
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method for the standard model, descreticizes the governing
equation and the differential constitutive equation at different
fractional nodes, so the nonlinear partial differential equation
system is approximated by two linear finite difference
operators alternatively used in numerical computation. The
method is not only simple in computation, but also stable and
precise. The parametric vibrations of an axially moving string
are studied via the algorithms.

In chapter five, we study the nonlinear transverse
vibrations of an axially moving viscoelastic string obeying the
integral constitutive law. Using finite element method or
Galerkin’s method to the state variables of the model leads to
a large differential/integral equation system, which result in a
heavy task of computation while time ¢ is large. To reduce
the amount of the computation, an iterative process of the
integral terms is designed, by which the integral terms are
computed in a simple iterative process instead of a large
number of numerical integrations at each time step. The new
method not only greatly reduces the amount of computation,
but also increases the precision. Using the numerical
approach, the parametric vibrations of the axially moving
string with integral constitutive model are analyzed, including
transient vibration and long time vibration, the effects of the
axially velocity and the tension on moving strings, and the
stability of the vibration when the axial speed of a string
reaches or exceeds the critical speed.

In chapter six, we study the nonlinear transverse
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vibrations of an axially moving viscoelastic string constituted
by the fractional differential constitutive law. Since the
integrals in the fractional differential constitutive model are
improper integrals, the iterative technique in chapter five can
not be directly used to solve them. By separating the singular
point from the main integral and approximating the kernel of
the integral operator by exponential functions, the integrals
are transformed into a new form that can be iteratively
computed, and an iterative method is presented to simplify
the computation. By using the iterative technique, the
parametric vibration of an axially moving string constituted by
the fractional differential constitutive law is studied.

Key words. axially moving string, viscoelasticity, nonlinearity,
partial differential/integral equation, numerical algorithms,
vibration analysis
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