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Abstract

Magnetorheological (MR) rubber materials are the solid analogue of
magnetorheological fluids; i.e. their rheological properties can be controlled
continously, rapidly, and reversibly by an applied magnetic field. They consist
of magnetically polarisable particles in an elastomer matrix and they can be
made to respond to changes in their environment; hence, they are considered
as "smart" materials. Examples of potential applications for these materials
are adaptive tuned vibration absorbers, stiffness-tuneable mounts and
suspensions, and automotive bushings.

The purpose of this work was to increase the knowledge relating to
magnetorheological materials for damping applications. The materials should
exhibit a large response to an applied magnetic field, and have good mechanical
and long-term properties.

MR rubber materials were made from nitrile, natural and silicone rubber,
with irregularly shaped iron particles several micrometres in size. The particles
were not aligned by a magnetic field prior to the vulcanisation; hence, the
materials can be considered to be isotropic. These materials show a large MR
effect, i.e. an increase in the shear modulus when a magnetic field is applied,
although the particles are not aligned within the material. This is explained
by the low critical particle volume concentration (CPVC) of such particles.
Similar behaviour can be obtained with materials containing carbonyl iron, if
the particles are aggregated so that they behave like large irregular particles.
The iron particle concentration must be very close to the CPVC in order to
obtain a large MR effect without alignment of the particles.

The absolute MR effect (MPa) in an isotropic MR rubber material with large
irregular iron particles is independent of the matrix material, and the relative
MR effect (%) can thus be increased by the addition of plasticisers. However,
the obtainable effect is limited by the reinforcement of the particles and by
friction between the particles. Therefore, it is very difficult, if not impossible, to
achieve an MR effect larger than 60%.

Other ways of increasing the MR effect are to increase the strength of the
magnetic field, although the materials saturate magnetically at high field
strengths, or to use small strain amplitudes. The strong strain amplitude
dependence of the MR effect suggests that MR rubber materials are most
suitable for low amplitude applications, such as sound and vibration insulation.
Measurements at frequencies within the audible frequency range show that this
is a promising application for MR rubber materials.

The incorporation of large amounts of iron into the rubber matrix decreases
the oxidative stability dramatically. This is probably due to iron oxides on the
surface of the particles, and to the fact that the oxidation rate is enhanced by
iron ions, which are able to diffuse into the matrix. Standard antioxidants do
not provide sufficient stabilisation for MR rubbers. Thus, proper stabilisation
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systems have to be found in order for these materials to be successful in
applications.
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