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Abstract. In this paper. the results of numerical studies on the divergence and flutter insta-
bility and vibration of a geometrically nonlinear column subjected to generalized load are
presented. The system is loaded by axially applied external force . The direction of action
of the force is dependent on follower factor #. The Hamilton principle was used to formu-
late the boundary problem. Due to the geometric nonlinearity. the solution to the problem
was performed by means of the perturbation method. The main purpose of this paper is to
investigate the influence of the location of the crack on divergence and flutter loading as
well as natural vibration frequency. The presented results of numerical calculations also
concern the influence of rotational spring stiffness and follower factor # on the investigated
parameters.

Introduction

The study on natural vibration, divergence and flutter instability of geometrical-
ly nonlinear slender systems subjected o genceralized loading have been the sub-
ject of numerous scientific investigations. The first papers in this field already
appeared in the 1960s. Among others, the influence of the follower factor, asym-
metry ol the bending rigidity coelficient and stiffness ol the supporting springs in
the examined systems on the type ol instability, bilurcation (divergence) and criti-
cal (flutter) loading were investigated.

In this study, the problem of the natural vibration of a gecometrically nonlincar
column consisting of three rods with divergence and flutter instability is taken into
account. In the investigated system, the {irst clement is a continuous rod and rods
two and three are connected by a pin, strengthened by a rotational spring with
stiffness C. [n the physical system, the pin and the spring can represent the internal
crack or connection of two rods made of two different materials. The scientific
rescarch of columns with cracks were performed by Kukla [1] and Wang [2].The
investigated column is loaded by external force P. The direction of action of the
force is dependant on {ollower factor . The numerical caleulations of divergence
and fluller instability were performed by Przybylski [3], and Tomski [4]. The prob-
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lem of instability and natural vibration has been formulated by meuans of Hamil-
ton’s principle [5]. Due to gecometric nonlinearitics, the solution to the problem has
been performed by use of the small parameter method |6]. 'The main purpose of
this study is to investigate the influence of the location of a crack on the diver-
gence and [utter loading and natural vibration frequency. The presented results of
the numerical calculations also concern the influence of the rotational spring stiff-
ness and [ollower factor # on the investigated parameters.

1. Formulation of the problem
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Fig. 1. Nonlinear system under consideration Fig. 2. Exemplary models of real life
subjected 1o generalized load structures

In Figure 1 the nonlinear cantilever column under investigation is presented.
Mcember 7 consisis of rod (1), and member /7 clements are rods (2) and (3) con-
nceled by a pin strengthened by a rotational spring ol stiltness C. The smaller val-
ve of C, the greater the crack. The investigated system is loaded by a concentrated
axially appliced (orce P at the point of connection ol rods (1) and (3). The deflec-
tion angles of these rads are identical. The direction of action of the force is de-
pendant on follower factor #. The rods have length 7. =1,2,3 respectively. The
physical structurcs of the considered system are shown in Figure 2: a) two coaxial
tubes, b) tube and rod, ¢) flat frame.
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The problem presented in this paper has been formulated by means of the
Hamilton principle:

ST -V -L,)dr=0 (1

where kinetic 7" and potential V energy and work L, of non-conservative forces are
cxpressed by the Iollowing formulas:
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Introducing kinetic (2) and potential (3) energy and work (4) into (1) and per-
forming the variational and integration operations, and assuming that virtual longi-
tudinal and transversal displacements for i=1.2,3 are arbitrary and independent
for 0 < a; < I, the following equations of motion in a transversal direction were
obtained:
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The compressive axial force is defined as {ollows:
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Introducing the definition of axial force (6) into the equation of motion, equation
(5) has the form:
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‘T'he axial displacement in each rod is expressed by the formula:
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Introducing geometrical boundary conditions into the variational cquation:
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the lollowing set of natural boundary conditions were obtained:
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The small parameter € method [6] has been used 1o solve the boundary prob-
lem. According to this method, the longitudinal and transversal displacements.
axial force and vibration frequency of each rod are written in a power series:
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The magnitudes obtained from equations (1la-d) are introduced into the equa-
tion of motion, axial force and boundary conditions. Then., the terms are grouped
at the same power ol small parameter &, which leads to an infinite sequence of
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— Points in which, irrespective of the follower factor, the natural vibration fre-
quency is constant were [ound.

— It has been concluded that the influence on the type of instability (divergence
or flutter) also has the direction of action of the external load, which is de-
pendent on tollower factor 4.

Nomenclature

A; Cross seclion area r,  Bending stiflness raio £.7)/ EqJ;

E Young's modulus i, Bending stifthess ratio £y £,

J: Arca moment of inertia I3 Non-dimensional axial force $47E,

r External lorce w;  Non-dimensional transversal displacement W7

C Rotational spring stifthess u;  Non-dimensional axial displacement L/f

2f Axial displacement d;  Non-dimensional length of a rod /1

W, Transversal displacement &t Non-dimensional space and time variable. respectively
i Follower factar 1% Non-dimensional spring stiffness CHE S+ £u/3)
2 Densily ol a material m,~2 Non-dimensional natural requency !.?"(/),A AV EJ)
82 Natural vibration frequency p Non-dimensional external load PIAE Wi+ Ea)
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