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In this paper, the vibration of an annular disk with a
linearly varying cross-section is analyzed by means of
Bessel’s functions and an equivalent electro-mechanical
circuit method. By using the equivalent electrical equa-
tions, natural frequencies and magnification factors are
obtained.This is done by writing the equations of mo-
tion for the disk vibration and rewriting the equation
to make it similar to a three component Kirchhoff cir-
cuit.The method can be used to obtain the resonance
frequency of an ultrasonic transducer as well as the res-
onance frequency of a circuit. In this method, the vibra-
tion of an annular disk is investigated separately in ra-
dial and torsional components.The results of the method
were first verified for the cylindrical disks with uniform

thickness and proved to be compatible with the previ-
ously developed methods for extracting natural frequen-

cies of such shapes. Then, the effects of variations of
geometrical parameters, namely; the ratio of the outer
radius over the inner radius and the relation between
the angular and radial displacement amplitude magni-
fication on the natural frequencies, are studied. The
results show that by fixing the inner radius, the tor-
sional and radial resonance frequencies are decreased as
the outer radius is increased. Although the inner ra-
dius affects the natural frequencies, it is observed that
the primary factor is the outer radius. The relation-
ship between the magnifications and the geometrical ra-
dius ratio is also analyzed, which shows a weak rela-
tionship between them. Correspondingly, the finite el-
ement method is used to analyze the modal shapes by
ANSYS software. It is shown that the frequency values
calculated by applying the presented theory are in good
agreement with the simulation results by ANSYS. The
method is also capable of providing benchmark values
for researchers to validate other variable thickness an-
nular plates. The drawback of this analysis is that it
assumes a very thin annular disk. For thick disks, the
vibrations are complex and the method of this paper is
not applicable.

Key Words: analytical vibrations, annular disks, electro-
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