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Abstract

The dynamic behavior of elastic columns under the action of the subtangential force is studied
in this paper. The subtangential force is the combination of the tip mass dead load and pure
follower thrust. In this study, the tip mass is assumed to be a rigid body rather than a point mass.
The equations of motion are derived based on the extended Hamilton’s principle and the finite
element method. Then the equations of motion are transformed into a dimensionless form, and
several parameters are identified. It is found that the critical subtangential force can be changed
subtangentially by considering the parameters related to tip mass. It is also shown that the
nonconservativeness of the applied force has a significant effect on the type of instability. The
influence of the self-weight of the column on the variation of the critical force is also investigated.
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Table 1 Types of the applied force depending on the nonconservativeness parameter
Nonconservativeness .
P. P, Kinds of force
parameter )
a=0 P.>P P.<0 Anti-tangential
a<0 P,=P P= Pure vertical
0<a<l 0<P. <P o<P,<P Subtangential
a=1 P.=0 P,=P Tangential
a>1 P.<0 P.>P Supertangential
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Table 2 Details of the column and the tip mass parameters

Column Tip mass parameters
Length L (mm) 1,000 | Magnitude M* 0.01 [ 0.1 1 10 100
Width b(mm) 30 | Rotary inertia J* | 2.52x1077 | 1.17x 105 5.437x107%10.0252 | 1.17
Thickness h(mm) 7 | The length L 0.0079 0.0171 0.0369 0.0794 | 0.1711

Density p(kg/mm?) | 2672 .2

Young’s modulus 6351.9
E (kg/mm?)
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