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Effects of Slenderness ratio on Dynamic Behavior of Cantilever Beam
Subjected to Follower Force
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ABSTRACT

In this paper, the purpose is to investigate the stability and variation of natural frequency of a Timoshenko
cantilever beam subjected to follower force and tip mass. In addition, an analysis of the flutter instability(flutter
critical follower force) of a cantilever beam as slenderness ratio is investigated. The governing differential equations
of a Timoshenko beam subjected to an end tangential follower force is derived via Hamilton;s principle. The two
coupled governing differential equations are reduced to one fourth order ordinary differential equation in terms of the
flexural displacement. Finally, the influence of the slenderness ratio and tip mass on the critical follower force and

the natural frequency of a Timoshenko beam are investigated.
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Table 1 Natural frequency of Timoshenko cantilever
uniform beam

" Present  Ref.(7) Present  Ref.(7)
10-7 3.52 3.51 22.03 22.03
0.0004 3.50 3.50 21.46 21.47
0.0016 3.46 3.46 19.98 20.01
0.0036 3.40 3.40 18.09 18.14
0.0064 3.32 3.32 16.16 16.23
0.01 3.22 3.22 14.39 14.46
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Fig. 1 Influence of shear force and rotary motion on
natural frequencies of cantilever uniform beam
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Table 2 Critical follower force as slenderness ratio

Critical follower force (p,,)

r
uw=20 uw= 0.2 uw= 0.5
0.02 19.21 16.17 15.56
0.04 17.15 14.77 14.33
0.06 14.53 12.91 12.63
0.08 12.03 11.01 10.83
0.1 9.91 9.27 8.65
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(b) Second mode
Fig. 2 Natural frequencies of Timoshenko cantilever
beam according to the follower force(p= 0)
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Fig. 3 Influence of tip mass on natural frequencies of
Timoshenko cantilever beam(p= 5)
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Fig. 4 Influence of follower force on natural

frequencies of Timoshenko beam(pu= 0.2)
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