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Non linear dynamics and stability of
chains of permanent magnets

One of the equilibrium configurations of a set of spherical or cylindrical magnets (magnetized along their
diameter)  is  the  straight  chain,  as  illustrated  in  Fig.  1a.  The  stability  of  this  equilibrium configuration
depends on various parameters such as the external magnetic field,  the gravity and the geometry of the
elements of the chain. Fig. 1b thus illustrates the loss of equilibrium by buckling of a chain of cylinders when
the stiffness induced by the magnetic interactions no longer succeeds in compensating for the gravity. If the
magnets under consideration are now rectangular thin plates magnetized according to their thickness, a stable
straight structure can be formed by holding the magnets with hinges. This structure can lose its stability by
floating when it is immersed in an axial flow, as illustrated in Fig. 1c.
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Figure 1 : (a,b) Buckling instability of a chain of cylindrical magnets. (c) Flutter instability of a chain of
plane magnets in a water flow.

One of the research themes at IMSIA concerns the analysis of the dynamics and stability of these different
types of chains made up of magnetized elements. A first  application targeted by this work concerns the
vibratory control. Indeed, by playing on the shape and properties of magnetization, the dynamic properties of
these structures can be controlled. A second application concerns the harvesting of energy from the flows: by
placing an induction loop in the oscillating magnetic field created by the fluttering structure of Fig. 1c, it is
possible to convert the kinetic energy of the structure into electrical energy in a circuit.

The dynamics and stability of these systems have been studied in the linear framework during a recent PhD
thesis in the laboratory [1, 2]. We now want to address the nonlinear modeling. First, we wish to focus our
attention on the nonlinear dynamics of cylindrical magnet chains and their use as dampers.

Profile
The candidate should hold a PhD in structural mechanics, dynamics or fluid-structure interaction, possess a
good knowledge of analytical tools and be interested by experimental works.
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