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Abstract

A cantilever beam with a mass and a spring at the end can be used to model a miniature flexible
arm. It is necessary to know the natural frequencies and mode shapes to discuss its free vibration,
especially when modal analysis is employed. A beam is clamped-free. In this paper we look at the
lateral vibration of beams that have step changes in the properties of their cross sections. The
frequency equation is derived by Bernoulli-Euler formulation and is solved by the separation of
variable. The parameters of the beam, 'mass and spring stiffness’ are defined as nondimensionl-
ized parameters for wide application of the results. According to the change of a mass, a spring
stiffness, and the position of the stepped part, the changes of eigenvalue and mode shape are
presented for this beam. The results presented are the eigenvalues and the natural frequencies for
the first three modes of vibration. Results show that the parameters have a significant effect on

the natural frequencies.
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Table 1 Physical parameters of bimorph cell and 1.00
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Table 2 The comparison of frequencies between
our result and S. Chonan’s result

Present result Ref.(3)
Case Mode
Theory | Exp. | Theory | Exp.
M=3.066] 1st 71.6 71.5 71.5
K=0 2nd 596.9 596
M=3.066| 1st 124.5 123
K=104.9 2nd 597 596
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Table 3 Physical parameters of bimorph cell and
beam (three-stepped)

Beam Piezoelectric cell

a(length) =40.9 mm
b(width) =12.2 mm
h, (height}) =0.65 mm
Po=T7.8x10° kg/m?
E,=58.03x10° N/m*

L (length) =168.4 mm
b (width) =12.2 mm
h, (height) =0.3 mm
Po=8.67x10° kg/m?
E,=102.47x10° N/m?

Li=10 mm, m=8.7 g, c=4.08x10"* sec
¢=0.6721, «=0.328, 1,=0.0593, 1.=0.3023
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Table 4 The comparision of frequencies between
our result and S. Chonan’s result

Present result Ref.(3)
Mode
Theory Exp. Theory Exp.
Ist 2.983 2.97 2.85
2nd 27.01 27.0 26.0
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Table 5 The comparision of the first three fre-
quencies for 1; between our result and S.
Chonan’s result

Frequency (Hz)
Case| 1 Mode
Present Ref.(3)
1st 3.2431 3.24
1 0.0 2nd 45.2216 45.15
3rd 141.1685 139.87
1st 2.9822 2.97
2 10.0593 2nd 27.0045
3rd 74.0207
1st 2.2507 2.21
3 10.38 2nd 78.0338 19.57
3rd 21.8540 73.62
1st 1.8892 1.79
4 10.7 2nd 24.8888 23.60
3rd 92.2706 89.23
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