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Vibration Analysis of a Rotating Cantilever Beam
Having Tapered Cross Section
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ABSTRACT

A vibration analysis for a rotating cantilever beam with the tapered cross section is presented in this study. The stiffness
changes due to the stretching caused by centrifugal inertia forces when a tapered cantilever beam rotates about the axis
perpendicular to its longitudinal axis. When the cross section of cantilever beam are assumed to decrease constantly, the mass
and stiffness also change according to the variation of the thickness and width ratio of a tapered cantilever beam. Such
phenomena result in variations of natural frequencies and mode shapes. Therefore it is important to the equations of motion in
order to be obtained accurate predictions of these variations. The equations of motion of a rotating tapered cantilever beam are
derived by using hybrid deformation variable modeling method and numerical results are obtained along with the angular

velocity and the thickness and width ratio.
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Fig. 2 A cantilever beam with tapered cross section
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Table 1 Properties of the cantilever beam

L A E I, 2o
[m] [mz] [N/mz] [m"] [kg/m’]
10 | 4x10™ | 7x10" | 1.33x10°® | 3000

Table 2 comparison of the natural frequencies
obtained by the proposed EOM and ANSYS

(r=0, Q=0rad/s)

Natural (04 1.0 1.0 0.8
Freq.(Hz) B 1.0 0.8 1.0
Ist Present 0.9804 0.9975 1.0465
ANSYS 0.9804 1.0063 1.0494
2nd Present 6.1444 5.7157 6.2656
ANSYS 6.1443 5.7508 | 6.2753
3rd Present 17.2044 | 15.6129 | 17.3198
ANSYS 17.2040 | 15.6709 | 17.3328
4th Present 33.7137 ] 304048 | 33.8281
ANSYS 33.7131 | 30.4848 | 33.8425
Sth Present 55.7312 | 50.8059 | 55.8832
ANSYS 55.7293 | 50.2385 | 55.8575




Table 3 comparison of the natural frequencies
obtained by the proposed EOM and ANSYS

(r=0, Q:6rad/s)

Natural o 1.0 1.0 0.8
Freq(Hz) | g 1.0 0.8 1.0
Ist Present 6.0796 | 6.1543 6.1595
ANSYS 6.3102 | 6.3366 | 6.3391
nd Present 16.2806 | 15.7632 | 15.9817
ANSYS 16.3382 | 15.9090 | 16.1120
3rd Present 30.2312 | 28.4947 | 29.6266
ANSYS 30.2303 | 28.6576 | 29.7521
4th Present 49.1577 | 45.8760 | 48.3541
ANSYS 48.9133 | 45.5851 | 48.1958
Sth Present 73.0467 | 68.5157 | 72.1981
ANSYS 724326 | 66.8091 | 71.5278
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