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[0061] Aqueous carrier fluids may also be used, especially
those comprising hydrophilic mineral clays such as bentonite
or hectorite. The aqueous carrier fluid may comprise water or
water comprising a small amount of polar, water-miscible
organic solvents such as methanol, ethanol, propanol, dim-
ethyl sulfoxide, dimethyl formamide, ethylene carbonate,
propylene carbonate, acetone, tetrahydrofuran, diethyl ether,
ethylene glycol, propylene glycol, and the like. The amount of
polar organic solvents is less than or equal to about 5.0% by
volume of the total MR fluid, and preferably less than or equal
to about 3.0%. Also, the amount of polar organic solvents is
preferably greater than or equal to about 0.1%, and more
preferably greater than or equal to about 1.0% by volume of
the total MR fluid. The pH of the aqueous carrier fluid is
preferably less than or equal to about 13, and preferably less
than or equal to about 9.0. Also, the pH of the aqueous carrier
fluid is greater than or equal to about 5.0, and preferably
greater than or equal to about 8.0.

[0062] Natural or synthetic bentonite or hectorite may be
used. The amount of bentonite or hectorite in the MR fluid is
less than or equal to about 10 percent by weight of the total
MR fluid, preferably less than or equal to about 8.0 percent by
weight, and more preferably less than or equal to about 6.0
percent by weight. Preferably, the bentonite or hectorite is
present in greater than or equal to about 0.1 percent by weight,
more preferably greater than or equal to about 1.0 percent by
weight, and especially preferred greater than or equal to about
2.0 percent by weight of the total MR fluid.

[0063] Optional components in the MR fluid include clays,
organoclays, carboxylate soaps, dispersants, corrosion
inhibitors, lubricants, extreme pressure anti-wear additives,
antioxidants, thixotropic agents and conventional suspension
agents. Carboxylate soaps include ferrous oleate, ferrous
naphthenate, ferrous stearate, aluminum di- and tri-stearate,
lithium stearate, calcium stearate, zinc stearate and sodium
stearate, and surfactants such as sulfonates, phosphate esters,
stearic acid, glycerol mono-oleate, sorbitan sesquioleate, lau-
rates, fatty acids, fatty alcohols, fluoroaliphatic polymeric
esters, and titanate, aluminate and zirconate coupling agents
and the like. Polyalkylene diols, such as polyethylene glycol,
and partially esterified polyols can also be included.

[0064] Suitable MR elastomer materials include, but are
not intended to be limited to, an elastic polymer matrix com-
prising a suspension of ferromagnetic or paramagnetic par-
ticles, wherein the particles are described above. Suitable
polymer matrices include, but are not limited to, poly-alpha-
olefins, natural rubber, silicone, polybutadiene, polyethylene,
polyisoprene, and the like.

[0065] Electroactive polymers include those polymeric
materials that exhibit piezoelectric, pyroelectric, or electros-
trictive properties in response to electrical or mechanical
fields. Of particular suitability to the present invention are
dielectric elastomers, which include a dielectric elastic film
sandwiched in between two electrodes. One example of a
dielectric elastomer is an electrostrictive-grafted elastomer
with a piezoelectric poly(vinylidene fluoride-trifluoro-ethyl-
ene) copolymer. This combination has the ability to produce
a varied amount of ferroelectric-electrostrictive, molecular
composite systems, and may be operated as a piezoelectric
sensor or even an electrostrictive actuator.

[0066] Materials suitable for use as an electroactive poly-
mer may include any substantially insulating polymer or rub-
ber (or combination thereof) that deforms in response to an
electrostatic force or whose deformation results in a change in
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electric field. Exemplary materials suitable for use as a pre-
strained polymer include silicone elastomers, acrylic elas-
tomers, polyurethanes, thermoplastic elastomers, copoly-
mers comprising PVDF, pressure-sensitive adhesives,
fluoroelastomers, polymers comprising silicone and acrylic
moieties, and the like. Polymers comprising silicone and
acrylic moieties may include copolymers comprising silicone
and acrylic moieties, polymer blends comprising a silicone
elastomer and an acrylic elastomer, for example.

[0067] Materials used as an electroactive polymer may be
selected based on one or more material properties such as a
high electrical breakdown strength, a low modulus of elastic-
ity--(for large or small deformations), a high dielectric con-
stant, and the like. In one embodiment, the polymer is
selected such that is has an elastic modulus at most about 100
MPa. In another embodiment, the polymer is selected such
that is has a maximum actuation pressure between about 0.05
MPa and about 10 MPa, and preferably between about 0.3
MPa and about 3 MPa. In another embodiment, the polymer
is selected such that is has a dielectric constant between about
2 and about 20, and preferably between about 2.5 and about
12. The present disclosure is not intended to be limited to
these ranges. Ideally, materials with a higher dielectric con-
stant than the ranges given above would be desirable if the
materials had both a high dielectric constant and a high
dielectric strength. In many cases, electroactive polymers
may be fabricated and implemented as thin films. Thickness
suitable for these thin films may be below 50 micrometers.

[0068] As electroactive polymers may deflect at high
strains, electrodes attached to the polymers should also
deflect without compromising mechanical or electrical per-
formance. Generally, electrodes suitable for use may be of
any shape and material provided that they are able to supply
a suitable voltage to, or receive a suitable voltage from, an
electroactive polymer. The voltage may be either constant or
varying over time. In one embodiment, the electrodes adhere
to a surface of the polymer. Electrodes adhering to the poly-
mer are preferably compliant and conform to the changing
shape ofthe polymer. Correspondingly, the present disclosure
may include compliant electrodes that conform to the shape
of an electroactive polymer to which they are attached. The
electrodes may be only applied to a portion of an electroactive
polymer and define an active area according to their geom-
etry. Various types of electrodes suitable for use with the
present disclosure include structured electrodes comprising
metal traces and charge distribution layers, textured elec-
trodes comprising varying out of plane dimensions, conduc-
tive greases such as carbon greases or silver greases, colloidal
suspensions, high aspect ratio conductive materials such as
carbon fibrils and carbon nanotubes, and mixtures of ionically
conductive materials.

[0069] Materials used for electrodes of the present disclo-
sure may vary. Suitable materials used in an electrode may
include graphite, carbon black, colloidal suspensions, thin
metals including silver and gold, silver filled and carbon filled
gels and polymers, and ionically or electronically conductive
polymers. It is understood that certain electrode materials
may work well with particular polymers and may not work as
well for others. By way of example, carbon fibrils work well
with acrylic elastomer polymers while not as well with sili-
cone polymers.



