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Fig. 1 The axially moving beam in a magnetic field
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Magneto-Elastic Vibration Equations for Axially
Moving Conductive and Magnetic Beams

HU Yu-da, ZHANG Li-bao
(Key Laboratory of Mechanical Reliability for Heavy Equipments and Large Structures
of Hebei Province, Yanshan University, Qinhuangdao ,Hebei 066004, P.R.China)

Abstract: The magneto-elastic coupled vibration theoretical model for axially moving conduc-
tive and magnetic beams in magnetic field environment was studied. Based on the Timoshenko
beam theory and with the geometric nonlinearity considered, the expressions for the deforma-
tion potential energy, kinetic energy, electromagnetic force and the virtual work of mechanical
force of the elastic beam in axial motion and lateral bidirectional vibration were gained. Then
the Hamilton variational principle was applied to get the nonlinear magneto-elastic coupled vi-
bration equations for the axially moving Timoshenko beam in a magnetic field, and get those for
the simplified Euler-Bernoulli beam. Based on the electromagnetic theory and the constitutive
relation of the corresponding electromagnetism, the expressions for the electromagnetic force
of the current-conducting elastic beam, and for the magnet force and magnet force couple of
the magneto-elastic beam based on the magnetic dipole-current loop model, were derived.
Through the numerical example, the singularity distribution and stability of the conductive and
elastic beam in axial movement were analyzed.

Key words: conductive and magnetic beam; magneto-elastic; vibration; axially moving; Ham-
ilton principle
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