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Nonlinear Vibration of a Cantilever Beam
Subjected to Electromagnetic Forces
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Abstract

This study presents nonlinear vibration of a cantilever beam subjected to electromagnetic forces. The

dynamic responses of the beam show various nonlinear phenomena with the variation of the system

parameters, such as the jump phenomenon, multiple solutions, and the movement of the natural
frequency. In this study the nonlinear stiffness due to electromagnetic forces which depends on air gap
size is measured experimentally, and the system is modeled by a single degree of freedom nonlinear
dynamic system and solutions are solved numerically. The numerical results show good agreements
with the experimental results, which demonstrate the nonlinearity of electromagnetic force. Finally the

occurrences of the jump phenomenon and the first, second and fourth harmonic components are

confirmed in using the method of multiple scales.
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Fig. 1 Model of electromagnet
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Fig. 2 Magnetic force vs. air gap

Table 1 Parameters of an electromagnet

Cross-sectional No. of Diameter
Length .
area turns of wire
(mm)
(mm) (mm)
60 15 x 10 1000 0.6
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Fig. 3 Directions of magnetic forces

Fig. 4 Photo of the experimental set-up

Table 2 Dimensions of the beam

{ (length) 150mm
h (thickness) Imm
b (width) 15mm
o (density) 7800kg/ m*
E (Young's modulus) 250GPa
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Table 3 System parameters of the cantilever

beam
Natural frequency, w, 345 Hz
Damping ratio, & 0.0175
Mass, m 0.0047 kg
Damping constant, ¢ 0.0181 N- s/m
Spring constant, k 228.8 N/m
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