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Nonplanar vibration Phenomenon of the Quadrangle Cantilever Beam
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ABSTRACT

In this paper, nonlinear nonplanar vibration of a flexible rectangular cantilever beam is analyzed when one-to-one resonance
occurs to the beam. The planar and nonplanar motions of the beam are analyzed in time and frequency domains. In frequency
domain, FFT analyzer is used to perform autospectrum and cepstrum analyses for nonlinear response of the beam. In time domain,
an oscilloscope is used to investigate the phase difference between the planar and nonplanar motions and to perform Torus analysis
in the phase space. Through those analyzing process, the main frequencies of superhamonic, subharmonic, and super-subharmonic
motions are investigated in the nonplanar motion due to one-to-one resonance. Analyzing the phase difference between the planar
and nonplanar motions, it is observed that the phase difference varies in time. .
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Fig. 1 Phase portrate on the same frequency
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Fig. 2 Phase space and Extended phase space
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Fig. 3 Accelerometer position on the quadrangie
cantilever beam

Fig. 4 Nonplanar motions on the one-to-one
resonance in the second mode of the cantilever beam

Table 1 Measured natural frequency and damping
coefficient of the quadrangle cantilever beam

Mode A Theory(Hz) | Meas.(Hz) | Damping
1 1.8751 8.80 8.50 2.1100%

2 4.6941 55.15 53.50 0.3440%
7.8548 154.42 149.50 0.4610%
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Fig. 5 Autospectrum of the planar and nonplanar in
the second mode
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Fig. 6 Cepstrum of the planar and nonplanar in the
second mode
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Fig. 7 Phase change in phase portrate of the second
mode (x-planar, y-nonplanar)
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Fig. 8 Torus analysis in the second mode (x-velocity,
y-displacement)
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