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Vibration Control of a Smart Cantilevered Beam Using Electro-
Rheological Fluids and Piezoelectric Films Actuators

Yong-Kun Park®, Seung-Bok Choi™*

ABSTRACT

This paper deals with an experimental investigation on an active vibration control of a hybrid smart
strueture(HSS) via an electro-rheological fluid actuator(ERFA) and a piezoelectric film actuator(PFA),
Firstly, an HSS is constructed by inserting a silicone oil-based electro-rheological fluid into a hollow can-
tileverad beam and perfectly bonding piezoelectric films on the upper and lower surfaces of the beam as an
actuator and a sensor, respectively. The control scheme of the ERFA tuning stiffness and damping charac-
teristics of the HSS with imposed electric flelds is formulated as a function of excitation frequencies on the
basis of field-dependent responses. On the other hand, as for the control scheme of the PFA permitting
control voltages to generate axial forces or bending moments for suppressing deflections of the HSS, a
neuro sliding mode controller(NSC) is employed. Furthermore, an experimental implementation activating
the ERFA and the PFA independently is established to carry out an active vibration control in both the
transient and forced vibrations. The experimental results exhibit a superior ability of the hybrid actuation
system to tailor elastodynamic response characteristics of the HSS rather than a single class of actuator
system alone. ‘

Key Words : Hybrid Smart Structure(ste]Ba = AulE F2%), Electro-Rheological Fluid Actuator
(A7|EFA A%del8]), Piezoelectric Film Actuator (A E AR o|H),
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Fig. 1 Control strategy for the ERFA
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Table. 1 Dimensional and mechanical properties of
the proposed smart structure

Composite laminates(glass/epoxy)
Thickness( /) | Density( p3) | Width( 8

Young's

modulus( Ey) Length( L)
32 GPa 0.6 mm | 1850 ke/mm®| 250 mm | 260.0 mm
Piezofilm(PVDE'
Young*
modlest £y [Thicknesst ) | Density( p1) | Width(5) | Length( L,)
2 GPg 0.052 mm | 1780 ka/mm’| 250 mm_ | 1750 mm

Piezoelectric strain constant( dy)) 23 X10 ™ (m/m)/ (V] m)

Aluminum foil

Young's

modulus( ) |THicknesst ) | Density pg) | Width( &) | Length( L)
70 GPa 0.018 mm_| 2700 kgl mms®| 250 mm__| 260.0 mm
Electro—theological fluid
Based off | yolume | Particle | wign(s) | Particle
Silicone oil 449 % 55 % 19.0 mm Starch

hy=2.0mm
by =3mm

Fig. 3 Schematic diagram of the proposed HSS beam
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Fig. 4 Experimental apparatus for the vibration. control
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Fig. 5 Transient responses for the HSS beam
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Fig. 7 Forced vibration responses at the first mode of 12Hz
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