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The authors of @�%B%.�'%�
 �� ���
 ����C
 	%-�D 2�
 %�&
	�%.��%
���:Ainvestigated the dynamic response of an MR
sandwich plate. They considered a fully treated plate struc-
ture with an MR fluid layer along the entire plate length.
Alternatively, MR fluid can be applied only over a critical
plate’s section to achieve more effective vibration damping.
While sandwich plate structures are studied extensively,
there are fewer reports on applications of controllable fluids
such as magnetorheological and electrorheological fluids in
sandwich plates @=�'
%�&
�'��
���;A.

Testing is done on a three-layer sandwich plate con-
sisting of two aluminium layers and a MR fluid layer in

between. The purpose of the testing is to explore the po-
tential applications of a MR fluid layer to reduction of the
plate’s transverse vibration through the action of controlled
magnetic field. The testing covers the free and damped
vibration of a plate fabricated specially for the purpose of
the research program measured at the test facility.

�����������������

The cross-section of the sandwich plate is shown in Figu-
re 1. Its outer layers are made of aluminium (AP 11) with
MR fluid in between (140 CG Lord Corporation). The outer
layers 450 × 550 mm are made of the aluminium sheet 1 mm
in thickness. On the edges, fixed in clamps, the outer layers
are separated with adhesive spacers 2 × 5 mm, made of the
same aluminium sheet. The plate’s free edges, those not
fixed in clamps, are sealed with silicone rubber with the
hardness of 50 ShA. The sealing dimensions are 2 × 5 mm.
The prepared sandwich plate is filled with MR fluid.
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Testing is done in the test facility shown schematically in
Figure 2. The free and forced vibrations of the plate are inve-
stigated, by measuring the displacement of the plate’s free
corner. Measurements are taken when the position of the
electromagnet and current supplying the electromagnet are
varied. Depending on the adopted boundary conditions, spe-
cial clamps are used to fix one, two or four edges of the plate,
connecting them to the shaker core TIRA S514. The clamp
construction is adjusted to the requirements imposed by the
given boundary conditions. The shaker is controlled via the
module LMS SCADAS III, supported by the computer with
dedicated software TestLab. The shaker control uses a piezo-
electric acceleration meter manufactured by PCB Piezoelec-
tronics M345C03. The steering signal to the shaker is ampli-

fied by the amplifier TIRA BAA500. The displacement of
the plate’s free corner is measured with a laser sensor
SENSOPART FT50RLA. The measurement system is used
incorporating a portable computer and a dedicated card Na-
tional Instruments. Data acquisition is effected using the
card and the dedicated software DasyLab. The facility for
testing sandwich plates is shown in Figure 3.

The load-bearing structure in the test facility is a metal
frame made of aluminium profiles. A system of guides is
attached to the frame allowing the control of the electroma-
gnet’s position with respect to the plate. The plate’s edges
are fixed in specially designed clamps, to account for the
assumed boundary conditions.  The clamp holds the plate
and connects it to the shaker. A laser displacement sensor is
attached to the frame and its position can be varied with
respect to the plate.
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According to the assumed boundary conditions, the pla-
te’s edges are secured in one of the designed clamps. The
clamps (Fig. 4) are made of aluminium alloy PA 38 using
the welding techniques.

����������������������

Measurements are taken of free and forced vibrations of
plate. Its two edges are fixed in clamps. Free vibrations are
induced by moving the free corner of the plate from the
position of static equilibrium. Forced vibrations are induced
using an electromagnetic shaker and displacements of

a plate’s free corner are registered. In the course of the
measurement procedure, the electromagnet’s position with
respect to the plate and the current supplying the electro-
magnet are varied.

Selected results of measurements of free vibrations are
shown in Figures 5 and 6. They are registered during
the measurements taken while the magnetic field is absent
(Fig. 5) and under the action of a magnetic field generated
by an electromagnet supplied with current 2 A (Fig. 6). If
higher current were applied whilst the spacing between the
electromagnet poles remained the same, the plate would be
attracted to one of the poles and would not vibrate at all.
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Vibration damping is much more effective under the
action of a magnetic field than when the MR fluid inside
the sandwich plate is not activated by magnetic fields. As
expected, the increased current leads to enhanced damping.
Variations of the period of free vibration appear to follow
the same pattern. Under the action of a magnetic field, the
period of free vibration is larger. Therefore, the action
of MR fluids activated by magnetic fields leads to variation
of both the plate’s damping and stiffness.

Selected forced vibrations data are shown in Figures 7
and 8. Results are obtained under the applied kinematic
excitations. Displacements of the plate’s edges fixed to the
shaker are sine displacements of constant amplitude and
slow-growing frequency. The frequency interval is chosen
such that it should coincide with the neighbourhood of the
first natural frequency of the plate. By analogy to free vibra-
tion measurements, the procedure consists in varying the
current supplying the electromagnet. Displacements of
the plate’s free corner are shown in Figure 7 (the electro-
magnet being off) and Figure 8 (the electromagnet being
supplied with the current I = 2 A).

When the magnetic field is generated (it covers a plate
section only) the vibration amplitude is decidedly smaller.
When the electromagnet is supplied with controlled current,
variations of amplitude and frequency become less sensiti-
ve to slightly non-uniform operation of the shaker system.

Graphed plots represent the vibrations registered in frequ-
ency intervals, associated with natural frequency of plate.

������������������������	���������

Registered data provide the backgrounds for calculating the
basic parameters of the first mode vibrations of the plate:
frequency and a dimensionless damping coefficient. Be-
sides, it is estimated how viscous damping and Coulomb
friction contribute to decrease of plate vibration. The actual
proportions between the viscous damping and Coulomb
friction can be analysed taking into account different geo-
metries of the damped vibration enveloped in the two cases.
Taking into account the proportions between the two types
of damping, the formula expressing the amplitude decrease
in the function of time can be written in the form:

( ) ( )0 0
0( ) 1 1t t

c

t t
A t A e

T
−α −⎡ ⎤⎛ ⎞−

= β + −β −⎢ ⎥⎜ ⎟
⎢ ⎥⎝ ⎠⎣ ⎦

(1)

where β describes the contribution of the viscous damping
whereas 1-β describes the contribution of the Coulomb fric-
tion in whole vibration damping. Parameters α and Tc are
associated with the level of decrease of amplitude due to
viscous damping and Coulomb friction. The parameters β,
α and Tc can be calculated using results of experiments.



89

��������	
���
������
����
 ��
 ���
 �
 ����

Using the minimum mean square error method the
unknown parameters are estimated. The value of parameter
β is equal to 0.96 in the case when the current was equal to
I = 2 A. The registered displacements seem to confirm the
expectation that the damping is not purely viscous but the
contribution of Coulomb friction is small.

����	������	��

The test facility has been designed specially for the purpose
of the experiment involving the measurements of free and
forced vibrations of a three-layer sandwich plate filled with
MR fluid. The design of the test facility enables the electro-
magnet to be moved with respect the plate in such a manner
that the magnetic field should be applied to the selected
plate’s sections. The facility incorporates the shaker and
a measurement and data recording circuit.

Functional tests have been performed as well as measu-
rements of free and forced vibrations of the plate under
the action of a magnetic field and when no magnetic field
was applied. As anticipated, the internal damping of the
plate tends to increase when the MR fluid layer is affected

by the magnetic field. Free vibrations tend to be reduced
more effectively and amplitudes of forced vibrations in
the neighbourhood of the resonance frequency tend to be
smaller. The analysis of the damping process reveals its
complex nature, involving viscous and dry friction.

This study is financed through the research program
no N501 223337.
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