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Abstract:

The behaviour of an idealised magnetic micro-actuator is modelled and analysed.  The device consists of a circular elastic membrane suspended above a rigid plate with a magnet attached on top of the centre of the membrane (see figure 1).  A coil of wire is located beneath the plate and when a DC current is passed through it the resulting magnetic field causes the plate to deflect from its equilibrium position.  

A two parameter mass-spring model is shown to exhibit a bifurcation from one to three steady states as the geometry of the model is altered (see figure 2).  A similar model was developed to describe experimental results in [1], however a fixed geometry was examined and only one steady state was reported. In addition, we obtain numerical solutions of the differential equation governing the motion of a forced elastic membrane and find similar phenomena.  Stability analysis determines that in the case of three steady states that two are stable and one unstable (see figure 3).  The bifurcation analysis for an elecrostatic micro-actuator has been addressed in [2, 3]: it was found that zero to two steady solutions may exist, only one of which is stable. Thus magnetic actuation is shown to have qualitatively different behaviour to electrostatic actuation.

Magnetic micro-actuators are able to produce large forces, which can give rise to large deflections. By constructing a device of a suitable geometry it may be possible to observe hysteresis effects that would allow for novel applications.
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Figure 1. Diagram of Magnetic Microactuator
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Figure 2. Bifurcation Diagram.  (note: ( is a geometrical factor and ( is the ratio between magnetic and mechanical forces.)


[image: image3.png]



Figure 3. Phase Diagram
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