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Study on Method of Crack Detection of L-beams with Coupled
Vibration
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ABSTRACT

This paper aims to investigate the natural frequency of a cracked cantilever L-beams with a coupled
bending and torsional vibrations. In addition, a theoretical method for detection of the crack position and size in
a cantilever L-beams is presented based on natural frequencies. Based on the Euler-Bernoulli beam theory, the
equation of motion is derived by using extended Hamilton's Principle. The dynamic transfer matrix method is
used for calculation of a exact natural frequencies of L-beams. In order to detect the crack of L-beams, the
effect of spring coefficients for bending moment and torsional force is included. In this study, the differences
between the actual data and predicted positions and sizes of crack are less than 0.5 % and 6.7 % respectively.

Key Words : L-beams(LE ©H ) Natural Frequency(2L-f3%%55%), Crack Detection(Z# 7 Z), Open Crack
W78 =), Coupled Vibration(4d X %)
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Table 1 Theory and FE analysis results of natural
frequencies of cantilever L-beams (a = 0.9

Dimensionless natural frequencies
& Theory
Wy Wy W3 Wy W W3 Wy Wy Wy

0.1 118.6 753.9 2120.5 118.9 750.3 2035.9 0.3 0.5 4.2

Error(%
FE analysis tror(%)

0.3 120.2 757.9 2095.9 122.9 755.1 2018.8 2.3 0.4 3.8

0.5 121.0 748.0 2124.3 124.3 739.4 2037.5 2.6 1.2 4.3

0.7 121.5753.6 2086.3 125.2 747.8 1994.3 3.0 0.8 4.6
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Fig. 4 Effects of crack on natural frequency of

cracked L-beams
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Table 2 Comparison between actual and predicted
crack for &,

Actual data Predicted data

o

a & a*  error(%) §j error(%)
1 0.1 0.3 0.090 1.0 0.303 0.3
2 0.3 0.1 0.298 0.2 0.097 0.3
3 0.3 0.3 0.302 0.2 0.301 0.1
4 03 0.5 0.301 0.1 0.505 0.5
5 0.3 0.7 0.301 0.1 0.699 0.1
6 05 0.1 0.570 7.0 0.097 0.3
7 0.5 0.3 0.576 7.6 0.302 0.2
8 0.5 0.5 0.572 7.2 0.504 04
9 05 0.7 0.574 7.4 0.699 0.1

Table 3 Comparison between actual and predicted

crack for &, and k,

Actual data Predicted data

No a & a* error(%) £ error(%)
1 0.1 0.3 0.088 1.2 0.303 0.3
2 0.3 0.1 0.296 0.4 0.097 0.3
3 0.3 0.3 0.294 0.6 0.300 0
4 03 0.5 0.299 0.1 0.503 0.2
5 0.3 0.7 0.295 0.5 0.695 0.5
6 05 0.1 0.564 6.4 0.098 0.2
7 05 0.3 0.558 5.8 0.299 0.1
8 05 0.5 0.567 6.7 0.503 0.3
9 05 0.7 0.548 4.8 0.696 0.4
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