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1. Introduction

Reduction of vibrations may be performed using
different methods, depending on the desired dynamic be-
havior: damping, isolation or stiffening of mechanical sys-
tems. It is known that it is possible to create controlled vi-
bration protection systems using liquid-dispersed materials
that change their damping characteristics as a result of
changes in the internal structural interactions of the particles
of the disperse phase under the influence of an external elec-
tric or magnetic field [1-6]. The designs of damping devices
for the vibration control and protection systems are actively
being developed. Applications of materials with controlla-
ble properties enables development of semi-active vibra-
tions control systems. Those devices may work in the modes
of pressure flow, shear, compression or combined mode [3-
13]. Recently researchers of different countries are develop-
ing new compositions of electrically controlled damping
materials (ECDM). The use of ECDM in vibroisolation ele-
ments (fluid-flow dampers) of various vibroprotection sys-
tems can significantly reduce the amplitude of forced oscil-
lations of the protected object and the decay time of its free
oscillations. Vibrations control is performed by changing
the viscoplasticity of the working fluid in the damper chan-
nel for oscillatory systems containing both elastic elements
and dampers. As a rule, the damping of oscillations is effec-
tive in the direction of the action of an external shear force
in the perpendicular direction to the external electric field
strength vector [6-11], which does not allow the same effect
on simultaneous oscillations in other directions.

The aim of this work is the development of damp-
ing devise with the elastic element of dual purpose (enabling
damping of vibrations in two directions) and experimental
investigation of its application in a single-mass oscillatory
system.

2. Setup for experiments

A single-mass scheme with an elastic element con-
trolled by an external electric field was chosen as an oscil-
lation system.

The scheme of an experimental “sky hook™ system
with the elastic element of composite construction “double
flat spring” and with electric field controlled stiffness is
shown in the Figure 1. The elastic “double flat spring” ele-
ment is composed of two coaxial-cylindrical flat springs,
serving as electrodes. The gap between spring elements may
be filled with ECDM. Each flat spring has thickness of 1
mm and is made of aluminum alloy. The outer diameter of

springs is 55 mm, and the inner diameter is 51 mm, the
height of the springs is 130 mm. The surface of flat springs,
facing to the inside of the gap, is covered with hard-ano-
dized film of aluminum oxide with a thickness of approxi-
mately 20 um.
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Fig. 1 Scheme of vibration protection system with the elas-
tic “double flat spring” element: 1 is a base, 2 is an
elastic element, 3 is a displacement sensor, 4 is a
power supply of the displacement sensor, 5 is an o0s-
cilloscope, 6 is a mass (load), 7 is a high-voltage
power supply unit, 8 is a magnetic fixture (Table)

Experiments are performed in such sequence: one
end (Fig. 1) of the elastic “double flat spring” element 2 is
rigidly attached to the base 1, and the other is loaded with
load of 2 kg in the form of a steel cylinder 6 and a displace-
ment sensor 3. The power supply of the displacement sensor
is carried out from the power supply unit 4, and the sensor
signal is recorded with an oscilloscope. A high voltage is
applied to one of the springs from the power supply unit 7,
and the other one is grounded. The contact points are care-
fully isolated. When the magnetic fixture 8 is turned on, the
load mass is attracted to its surface and fixed. When the
magnetic fixture is turned off, the load mass attached to the
vibroprotection system performs vertical oscillations meas-
ured by the vertical displacement sensor.

To study the horizontal oscillations, the place of
contact of the load mass with the magnetic table is horizon-
tally displaced in a certain distance and the position of the
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load is fixed by the activation of a magnetic fixture. The free
horizontal oscillations of the system are measured by the
horizontal displacement sensor after turning off the mag-
netic fixture. Amplitudes of oscillations in the horizontal di-
rection are recorded.

Maintaining of the thickness of the ECDM layer is
possible by placing the mesh material or particles of a cali-
brated particle size or a dielectric layer with a high electrical
resistance of materials such as polyethylene, glass or insu-
lating ceramics between the electrodes. A calibrated dielec-
tric stripe is used to assure the gap of 1 mm between springs
filled with an electrically controlled damping material in the
experimental setup. Fig. 2 shows the photo of the experi-
mental setup.

Fig. 2 Photo of the experimental setup: 1 - high-voltage
power supply, 2 - power supply of the displacement
sensor, 3 - oscilloscope, 4 - double flat spring elastic
element with ECDM, 5 - displacement sensor, 6 -
mass (load)

Electro rheological slurry containing 58 wt% alu-
minum phosphate in a synthetic oil is developed as an elec-
trically controllable damping material. The damping char-
acteristics of a vibration protection system with an elastic
element depend on the mechanical properties of the constit-
uent electrodes, their combination, on the viscoelastic prop-
erties of the ECDM and on the magnitude of the external
electric field [2].

3. Results of experimental research

Analysis of damping properties of electrically con-
trolled damping material. The yield stress 1o of ECDM was
determined on the rheometer "Physica MCR 301" (Anton
Paar) in the mode of linear growth of the shear stress. A
plate-plate measuring cell with a plate radius of 12.5 mm
and a gap between the plates of 1 mm in an electric field of
strength E = 0+2.5 kVV/mm were used. The yield stress char-
acterizes the strength of the material structure. The depend-
ence of the yield strength of ECDM on the electric field
strength is shown in the Fig. 3. Yield stress 1o of ECDM
reaches 1,7 kPa in an electric field of strength E =
= 2.5 kV/mm, which gives an increase in yield stress more
than 300 times than in the absence of electric field enabling
control of the material damping properties.

Complex shear modulus of the developed material
G*=G’+iG”. Here G’ is the storage (elasticity) modulus,
G 7 is the loss modulus and i is the imaginary unit [14]. The
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components of the complex shear modulus of ECDM G’ and
G” were measured in the mode of sinusoidal tangential vi-
brations with a constant frequency f = 10 Hz of the upper
plate and the strain amplitude in the range of 1-10-° - 1-10°2

(Fig. 4).
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Fig. 3 Dependence of the yield stress of ECDM on strength
of electric field
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Fig. 4 Dependence of G’ (a) and G (b) of ECDM at various
electric field strengths: 1 is 0 kV/mm; 2 is
0.5 kV/mm; 3 is 1 kV/mm; 4 is 1.5 kV/mm; 5 is
2 kV/mm; 6 is 2.5 kvV/mm

Experimental testing of vibrations reduction. The
natural oscillations of the mass attached to the vibration pro-
tection system with an elastic element (Fig. 2) were investi-
gated without filling its gap with ECDM, and with filling.
The frequency of the natural vibrations of the damping sys-
tem with an elastic “double flat spring” element without
ECDM filling was approximately 10 Hz.
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The ECDM sample is filled into the gap of elastic
element of the experimental system. Then, the influence of
the electric field intensity applied to the ECDM on the am-
plitudes of the vertical and horizontal vibrations of the load
mass attached to the vibroprotection system is determined.
Fig. 5 shows the amplitude of the vertical vibration of the
mass as a function of time when the strength of a constant
electric field varies from 0 to 1.2 kV/mm.
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Fig. 5 Dependences of the amplitude of vertical mass oscil-
lations versus time for different electric field
strengths: a) E = 0 kvV/mm; b) 0.4 kV/mm; c) 0.8
kV/mm; d) 1.2 kV/mm

The coefficients of the logarithmic decrement of
damping for the obtained dependences of the oscillation am-
plitude of mass of the vibroprotection system with the elas-
tic element and ECDM versus time (Fig. 5) are calculated

according to the formula:

A
d=I , 1
n[AHl] ()

here: A, and An+1 are the value of the two nearest amplitude
values of the measured displacement.

Fig. 6 shows the dependences of the logarithmic
damping decrement and the time of total attenuation of the
vertical natural oscillations on the strength of electric field.

Test results show that the logarithmic decrement of
damping of the vertical natural oscillations of the load mass
varies from 0.44 to 0.75. The time of total attenuation de-
creases from 1.74 s to 0.94 s when the electric field strength
increases from 0 to 1.2 kV/mm.
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Fig. 6 Dependences of the logarithmic damping decrement
d (a) and the time t;, of total attenuation of the vertical
natural oscillations (b) on the electric field strength

Fig. 7 presents the results of a study of the horizon-
tal oscillations of the load mass when a constant electric
field is applied to it and the voltage varies from 0 to
1.2 kV/imm.

Based on the results shown in Fig. 7, the depend-
ences of the logarithmic damping decrement and the time of
total attenuation of the horizontal natural oscillations of the
mass from the strength of electric field are presented in the
Fig. 8.

It can be seen in the Fig. 8 that the logarithmic dec-
rement of the damping of horizontal natural oscillations of
mass increased from 0.13 to 0.83. The time for the total at-
tenuation of the horizontal natural oscillations decreases
from 14.2 to 5.5 seconds with a change in the electric field
strength from 0 to 1.2 kV/mm.



Thus, the conducted experimental studies show the
possibility of controlling the damping of the both vertical
and horizontal vibrations of the mass of the vibration pro-
tection system using the dual-purpose elastic element with
the developed ECDM containing 58 wt% aluminum phos-
phate in a synthetic oil.
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Fig. 7 Dependence of amplitude horizontal oscillations of
mass on time for different values of electric field

strength: a) E 0 kV/mm; b) 0.4 kV/mm;
) 0. kv/mm; d) 1.2 kV/mm
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Fig. 8 Dependence of the logarithmic damping decrement d
(a) and the time of total attenuation t:, of the horizon-
tal natural oscillations (b) on the electric field
strength
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4. Conclusions

The elastic element of the original design with an
electrically controllable damping material was created. Ver-
tical and horizontal natural oscillations of the load mass at-
tached to the vibroprotection system with the elastic “double
flat spring” element are studied. It is determined that the log-
arithmic decrement of vertical natural oscillations increased
by a factor 1.7, and the horizontal natural oscillations in-
creased by a factor of 6.4 with the increase in the external
electric field applied to the EDM from 0 to 1.2 k\V/mm.
While time for the total attenuation of the vertical oscilla-
tions decreases by a factor of 1.9 and horizontal oscillations
decreases by a factor of 2.6. The results of experimental in-
vestigation show possibility to create semi-active simulta-
neously controlled vibroprotection system from bi-directed
external excitations.
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VIBROPROTECTION SYSTEM WITH THE ELASTIC
ELEMENT AND THE ELECTRICALLY
CONTROLLED DAMPING

Summary

The study is performed to investigate the damping
characteristics of the developed vibroprotection system with
the double flat spring elastic element. Damping of vertical
and horizontal natural oscillations of mass is studied under
the change in the external electric field applied to the elec-
trically controllable damping material.

It is determined that the logarithmic decrement of
vertical natural oscillations increased almost twofold, and
the logarithmic decrement of horizontal natural oscillations
increased by a factor of 6 with the change of electric field
from 0 to 1.2 kV/mm.

Keywords: vibrations, damping, electrically controlled
damping materials.
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