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Vibration Analysis of Cantilever Beams
Having a Concentrated Tip Mass and a Crack
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ABSTRACT

In this paper the vibration analysis of cantilever beams having a concentrated tip mass and an open crack are performed.
The influences of a concentrated tip mass, the crack depth, and the crack position on the natural frequencies of the cracked
cantilever beam are investigated by a numerical method. The cracked cantilever beam is modeled based on the Euler-Bernoulli
beam theory. The flexibility due to crack is calculated using a fracture mechanics theory. The crack is assumed to be opened
during the vibrations. The results obtained by the present method were compared with experimental results to verify the theory.
As inspected, as the crack depth and the concentrated tip mass increase, the natural frequencies of the beam decrease. In general,
the natural frequencies of the cantilever beam are more sensitive to the depth of the crack than the position of the crack.
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Fig. 1 Cantilever beam with crack.
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Fig. 2 Two—segment cracked beam model.
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Segment 1: 0<x<x,
W,(x) = 4, cos(4,%)+ 4, sin(4, %)
+ 4, cosh(4,%)+ 4, sinh(1,%) (3

Segment 2: x, <x<L
W, (x) = A, cos(A, %)+ 4, sin(4,%)
+ A, cosh(4,%)+ 4, sinh(4,%) (4)
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Fig. 3 Geometry of the cracked section.
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Table 1 Numerical data used for the simulation.

Notation Description Data
P Mass per unit length 1.2 kg/m
E Young’s modulus 70GPa
A Cross section area 40E-4 m?
1 Area moment of inertia | 2.0 E-7 m*
L Length 10m
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Fig. 5 Effect of the tip mass on the natural
frequencies of cracked cantilever beam.
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