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Abstract. Experimental studies of the magnetorheological elastomer
dynamic properties under the influence of vibrations and magnetic fields
have been carried out. Amplitude-frequency characteristics of these
composites were studied. The computational modeling was made and a
device for creation and control of magnetoactive composite movements
was developed. The interrelation of the obtained characteristics with the
materials microstructure features was deduced.

1 Introduction
The development of micro - and nanotechnology in many high-tech production fields needs
the devices creation for movement and active vibration isolation with extremely stringent
requirements for driving dynamic parameters [1]. At present intensive research in various
directions for the creation of controlled elastic polymer materials is being conducted. Great
attention is directed to the elastomer composites with ferromagnetic fillers. Such
composites are able to show intellectual smart properties in response to small applied
external magnetic fields. This opens wide opportunities for these materials effective use in
human health monitoring, biomedicine, adaptive optics, defense, aerospace, robotics, sports
products, etc. In particular there is great interest in the possibile application such
composites for artificial muscles creation that mimic the human muscles work. These
actuators advantage is contactless, remote action, great speed and high deformation
parameters. Some new research results on such materials properties are reported in [2-34].
In order to create and produce this type of materials controlled by a given program, we are
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conducting studies of dynamic properties [35-37] and are developing and justifying
technologies for advanced applications magnetorheological materials.

2 Experimental Methods
The magnetoactive composites preparation method was described in our works [38 - 40].
The carbonyl iron powders type P 10 modified by hydrophobisator GKZh-94 were used as
magnetic filler of CIEL brand silicone polymer matrix. The magnetic filler concentration
was 80% mass. The obtained samples have Young elasticity modulus about 50 kPa. The
different dynamic test series on a cylindrical sample 3 cm long and 2.8 cm in diameter are
carried out. The vibration characteristics was carried out at the IMASH vibration testing
complex, equipped with instruments that include a setting generator, amplifying equipment
and vibration measuring instruments. The vibration amplitude modules and frequency
control on the vibrator table at the test sample input were set using virtual programs
installed on the computer. The composites surface structure was studied using an atomic
force microscope (AFM) EasyScan (Nanosurf, Switzerland), working in a semi-contact
mode in air at room temperature. The AFM phase contrast mode was used for the filler
particles visualization in the rubber matrix.

3 Experimental results and discussion
The vibration test complex contains a dynamic bench, the tested materials - magnetoactive
elastomers - were fixed on the table shown in Fig. 1. The softest synthesized composite
with high elasticity was tested in this series. The specimen amplitude-frequency
characteristics (AFC) were obtained. The performed dynamic tests on vibrostends using the
influence of magnetic fields on the magnetorheological elastomers (MAE) samples have
shown wide opportunities for changing their resonance characteristics.

Fig. 1.The magnetoactive elastomer sample mounted on the vibrator table with equipment.

This type specimen testing included determination of the possible resonance frequencies
shift under the magnetic field action. Fig. 2 a, b shows the obtained experimental AFC.
Here, on the horizontal axis, the sample frequency in hertz (Hz) is shown; on the vertical
axis - the voltage in millivolts (mV). Voltages were recorded by piezoaccelerometers
mounted on the vibrator table: the input (lower end of the sample) and output (upper end of
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the sample). The voltage 1 mV correspond to accelerations 7,4 m/s2 The sample maximum
attraction force (tear-off) was measured in newtons (H). Fig. 2 a shows the AFC obtained
without the magnetic field influence on the test sample; red here shows the sample input
AFC; black - shows the output AFC. In this case, the resonance frequencies are close to 35
Hz. Fig. 2 b shows the amplitude-frequency characteristics obtained with relatively weak
magnetic field influence on the test sample, the sample force attraction (detachment) was
1.79 N. The black color represents the AFC at the sample input, and the red color represents
the sample output. In this experiment the resonance frequency was registered near 70 Hz.
Thus, it is shown that exposure of relatively weak magnetic field on the sample leads to a
significant resonance frequencies shift: almost twice. Fig. 3 shows the AFC when exposed
to the sample by an external load. Input signals on the amplitude-frequency response are
black here, output signals are red. The relatively small weight of 20 grams mounted on the
sample did not significantly reduce the resonance frequency to 30 Hz.
mV

Hz
a)

Amplitude - frequency characteristics without magnetic field effect on the sample.

mV

Hz
b)

Amplitude-frequency characteristics under the influence of a magnetic field on the sample.

Fig. 2. Amplitude - frequency characteristics of the tested sample.
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Fig. 3. Amplitude - frequency characteristics, when the weight is mounted on a sample.

Thus, from the conducted tests results it follows that under the insignificant magnetic
field influence on the sample the resonance frequency location zone is significantly
changed.
The use so controlled magneto-active composites is possible in the hybrid soft robots
construction for the capture and non-destructive manipulation of fragile objects, as well as
for their maintenance safety by humans. Soft elements motor activation involves moving
them in space, which is associated with elastic compression and stretching deformations of
their molecular matrix structure similar to soft elements motor activation in living
organisms muscles. For this purpose, it is possible to build into the magnetically controlled
composites matrix micro solenoids together with micro-dimensional neodymium magnets
located at an extremely small distance and coaxially, so that the magnetic induction vectors
B sol and B mag are on the same axis. The magnitude of the magnetic interaction between
solenoid and permanent magnet can be controlled by changing the solenoid magnetic
induction from zero to the maximum value. One way to apply the magnetic interaction of
solenoid and permanent magnet is to use them as the robot elastic element in the gap
between the coaxial solenoid and magnet, deforming it by compression or stretching.
magnetic force.
Solenoid and magnet interaction force formula has a form:

Fsol − mag =
where:

Bsol ⋅ Bmag ⋅ S
d2

Bsol - magnetic induction of solenoid,

Bmag - magnet induction, S −

interaction area in m2 , d − distance
in m between solenoid and magnet.
р
In the solenoid-magnet interaction force formula, the control value is:

Bsol = µ ⋅ µ 0 ⋅ H sol = µ ⋅ µ 0 ⋅ wsol I sol ,

µ−

magnetic air permeability (vacuum),

µ 0 = 4 ⋅ π ⋅ 10 −7

H
- magnetic field
m

wsol - number of solenoid turns, I sol - current in amperes
flowing through the solenoid wsol winding.

strength on the solenoid axis,
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Solenoid current I sol can be changed from zero to the maximum possible calculated value,
changing also the current flow direction, which will change the solenoid magnetic field
induction vector direction, i.e. the power lines direction. As a result the direction of the
interaction force Fsol − mag between the solenoid and the magnet will also change, which
will cause the robot soft element elastic deformation in compression or stretching. It is
possible to calculate the interaction force Fsol − mag between a solenoid and a neodymium
magnet by having the magnetic induction value of a neodymium magnet where the
maximum residual magnetic induction can, for example, be 1.21Tesla.
The proposed activation (deformation) method of the elastomers molecular matrix
structure can be made by embedding into their matrix cells ferromagnetic nanoparticles,
there movement inside the cells under the magnetic fields influence deforms the entire
matrix, and therefore the soft elements structure. In this case the movements of these
elements can be software fixed in size and direction and can be programmed to change. In
accordance with this the magnetic fields causing the motor deformation of the robot
structure parts magnetic active soft elements must be programmable both in size and
direction. Such magnetic fields can be created by solenoids or electromagnets and their
magnitude depends on the windings number and the current amount flowing through these
windings.
The MAE surface structure restructuring under the external permanent neodymium
magnet magnetic field action was investigated by atomic force microscopy (Fig. 4 a, b).

a)

b)
Fig. 4. AFM images of a magnetoactive elastomer surface structure (topography - on the left, phase
contrast - on the right): a) without magnetic field;. b) in a magnetic field. Scans: 9.12 x 9.12 microns.

Practically spherical morphology, from 1 to 5 microns dimensions of carbonyl iron
agglomerates immobilized in elastomer matrix and interatomic distances in a filler grid on
the same order were determined. Magnetostrictive displacement of the composite matrix
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together with the filler particles reaches about 2 micrometers under the magnetic field
action about 50 millitesla.
Mossbauer effect studies on the isotope nuclei 57 Fe [40] confirmed the filler microparticles multidomain structure. These data help to understand the mechanism
magnetoinduced reinforcement such composites physical and mechanical characteristics.
Iron filler microparticles magnetostrictive position redistributions in the rubber matrix
definitely cause internal stresses in the composite and, as a consequence, material
macroscopic elastic properties strengthening. This is directly visualized in the Fig. 2 a, b
AFC diagrams.
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