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Abstract

Microgravity conditions o!er the natural environment for the research and applications of magnetic #uids, in
particular for magnetic #uid composites. The nonmagnetic solid component of the composite needs no more magnetic
stabilization, and the material becomes macroscopically homogeneous. Small external physical "elds may produce
relevant e!ects of ordering and act upon the internal organization and the properties of the #uid. Results are given for
applications in inertial and gravitational sensors. ( 1999 Published by Elsevier Science B.V. All rights reserved.
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1. General

It was shown that the physical properties of
magnetic #uids might be altered and the "eld of
applications enlarged if deals with the magneto-
#uidic composites. Brie#y, they are mixtures of
magnetic liquid (stable suspension of small
&10 nm solid magnetic particles in a carrier
liquid) and larger nonmagnetic particles
(&100}5000 nm) made of di!erent types of mater-
ials. If the large particles are also electroconductive
(metal or metal-coated), the resulting macroscopic
medium manifests itself as a liquid with special
attributes as optical, electromagnetic and mechan-
ical}rheological properties [1].
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Microgravity environment o!ers favourable con-
ditions for magnetic #uid composites science and
applications. To use composites in terrestrial con-
ditions, magnetic "elds with gradient are needed to
create the opposite force to gravity. The nonmag-
netic particles would settle to the bottom or to the
top of the liquid in the vessel, except for the case
when they have the same mass density as the mag-
netic liquid. In microgravity, the nonmagnetic
solid component of the composite needs no more
magnetic gradient stabilization, and the material
becomes macroscopically homogeneous. In this
case, small external physical "elds may produce
relevant e!ects of ordering on the internal structure
and properties of the #uid. This property could be
used both for scienti"c purposes and applications
development.

The paper presents results, developed mainly by
GRL Bucharest and ICF Timis7 oara, which suggest
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possible applications of the magneto#uidic com-
posites in microgravity #uid science and space tech-
nologies, in particular for applications in inertial
and gravity gradient sensors.

2. Magnetic 6uid composite accelerometer

For inertial sensors, the use of magnetic #uid
composites is important not only for the possibility
to modify the rheology. The magnetic #uid com-
posite becomes a macroscopic #uid with a variable
mass density, in the same time the particular elec-
tric properties allow the easier transducing of iner-
tial "elds in the electrical signal [2].

Several sensors for acceleration and slope using
composites were developed during the last decade
by the authors' research groups [3]. A brief descrip-
tion of the two-axis miniature accelerometer with
magnetic #uid composites is given (Fig. 1).

The sensor was developed initially for low-fre-
quency uses, as automotive applications: real speed

Fig. 1. Two-axis accelerometer.

measurement and braking control [4]. Due to the
small dimensions of the demonstration unit (6 mm
in diameter and 4 mm height), the "eld of applica-
tion may extend to operational motion movement
onboard a small orbital spacecraft.

The measurements performed in laboratory have
proved a wide sensitivity range, between 10~3 and
10 m/s2, with a deviation from linearity of 1}1.5%
in the 0}10 m/s2 range [5].

3. Angular speed measurement

An interesting e!ect is that of internal rotation of
the nonmagnetic component. Tungsten quasi-
spherical particles of diameters between 5 and
20 lm were levitated by means of the two perma-
nent magnets in a container "lled with a dielectric
kerosene based magnetic liquid, as shown in Fig. 2.
The system has been excited by means of a rotating
magnetic "eld generated by three coils with fer-
romagnetic cores disposed at 1203 to each other.
Applying a variable frequency rotating "eld and
measuring the electromagnetic quality factor of the
exciting electromagnets, a minimum has been ob-
served at frequencies of 25}45 Hz.

The internal rotation stresses in the magnetic
#uid create a couple on the surface of the nonmag-
netic particles and so lead to their spin rotation,
according to the mechanism described in Refs. [6]
and [7]. The shear #ow around the rotating par-
ticles produces the opposite couple of the ordinary
viscous forces.

Fig. 2. Composite rotation experiment.
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Fig. 3. Quality factor dependence on angular speed.

To indirectly evidence the mechanical rotation of
the inner system of nonmagnetic inclusions, the
inductances which generate the rotating "eld were
connected as components of a parametric circuit.

Due to the internal viscous losses of the com-
posite #uid, e!ective power consumption appeared.
Performing a slight rotation of the container
around an axis normal to the rotating "eld axis,
a transient variation of the circuit quality factor
appeared [8]. The dependence of this variation on
the magnitude of the angular rotation speed of the
container has been determined gravitationally, by
suspending the system as a pendulum. The correla-
tion between the angular rotation speed, as cal-
culated by time integration of the angular
acceleration, and the measured quality factor of the
system, is given in Fig. 3.

An explanation has been given, as follows: due to
the conservation of the angular momentum, a tran-
sient nonparallelism between the particles momen-
ta and the symmetry axis of the rotating magnetic
"eld occurs, and this nonparallelism directs to
a variation of the impedance of the sensor. To
con"rm it, we performed a gravitational calibration
of the system, by suspending it as a pendulum, the
correlation between the axial angular acceleration
and the Q factor has been measured.

This e!ect is due to individual stable rotations of
the inclusions which occur in a manner such that
the liquid seems to acquire a global angular mo-
mentum. Such property could be developed for
gyration sensors, or for gyrostabilization of attitude
for small spacecraft.
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