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A typical magnetorheological (MR) fluid consists of a
suspension of solid magnetic particles of micrometer
size in a liquid with surfactants added to decrease the
settling rate. The particles align in the magnetic field
direction to form chains under the magnetic field.
When a magnetic field is applied, MR fluid shows Bin-
gham flow, and the yield stress of the fluid increases
dramatically to approximately 100 kPa as the field
strength rises. This process is reversible, and the re-
sponse time is in the order of milliseconds. Currently
many kinds of applications for MR fluids have been
developed, including damping devices, clutches, ac-
tuators, polishing devices and seals.
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Fig. 1 Numbers of papers on MRF at ERMRF
(ER fluid and MRF) international conferences.
characteristics of MRF, Bl applications of
MRF, [] others.

Table 1 Classification of intelligent (smart)

fluids
Name of fluid Driving force | Applications
(fields)
Magnetorheological (MR) | Magnetic Damper, clutch, polishing, ete.
fluid (suspension)
MER fluid Magnetic &
electronic
Magnetic powder dispersed | Magnetic
in gas
MR elastmers (sponge) Magnetic
Magnetic fluid Magnetic Seal, speaker. bearing,
(MF or ferrofluid) accelerometer sink & float separation etc.
Magnetic fluid emulsion Magnetic
Nonmagnetic particles in MF | Magnetic
ER magnetic fluid Magnetic &
o electronic
Electrorheological (ER) fluid | Electronic Damper etc.
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Table 2 Viscosity changes in intelligent fluids
resulting from application of magnetic or
electric fields

Shear stress change at 100 s'! of shear
rate when a magnetic or electric field
is applied

Magnetic fluid 1-10 Paat0.3T

Magnetic fluid with nonmagnetic particles | 10-50 Pa at 0.3 7T

MR fluid 10,000-100,000 Pa at 0.3 T

ER fluid 1,000-5,000 Pa at 3 kV/mm

Fluid name

Table 3 Qualities of intelligent (smart) fluids

Electromagnetic field Magnetization

Dielectric constant

Conductivity

Temperature dependence of quality

Response

{ Fluid Viscosity
| Stability
Density
| Surface tension
i Expansion coefficient
Compressibility
Thermal Thermal conductivity
Heat capacity
Specific heat
Melting point and beiling point
Vapor pressure
Flash point and ignition point

Optical Color

Reflective index

Acoustic Velocity

Chemical pH

Hydrophobic or hydrophilic
Solubility

Phase separation

Reaction

Toxicity

Economic Cost
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Fig. 2 Shear stress vs. shear rate for a typical
MR fluid (for example, Lord Co.).
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Fig. 3 Effect of magnetic field strength on the
yield stress of MR fluids (iron particle size um
order, 40-50 vol%; magnetite particle size 30
nm, 50 vol%).
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Fig. 4 Stress versus strain for MR elastomers
containing 15vol% of 2um sized iron
particles. (Unstructured: cured without a
magnetic field; structured: cured in the
presence of a magnetic fluid)
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Fig. 5 Shear stress vs. shear rate of an MR fluid
containing dispersed iron particles (spherical
iron particle size, 4-5 um, 35 vol%).
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Fig. 6 Yield stress of MR fluid versus applied
magnetic flux density (spherical iron particles
4-5 ym).
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Fig. 7 Comparison of the frequency characteristics
of passive and semi-active dampers.
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Fig. 8 Static pressure of MR fluid, magnetic
fluid, and MCF.
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(b) Large mass concentration of MR fluid

Fig. 9 Schematic diagram of the formation of particles in MR fluid.
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Fig. 10 Schematic diagram of a non-
sedimentation magnetic viscous damper.
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Fig. 11 Frequency characteristics of a non-sedimentation magnetic viscous damper.
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Fig. 12 Coordinates of the Bernoulli equation.
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Fig. 13 Measured surface roughness of the
plate.
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Fig. 14 Schematic diagram of polishing near the
material surface.
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measure the burst pressure and torque.
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Fig. 16 Burst pressure of MR fluid and magnetic fluid vs. seal gap between 0.1 MA/m (H,) and 0.2 MA/m

(He).
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