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ABSTRACT

This paper Concerns with an Experimental and Computational vibration
analysis of piezo-laminated cantilever beam. Since vibration is an important
parameter is need to consider will design an structural component specially in
turbo machinery and automobile sector where main structure such as wings of
aircraft, naval vessel etc are subjected to static as well as dynamic loads if
these loads are not counter balance this may leads to catastrophic failure. In
this analysis a rectangular aluminum beam and there surface is bounded with
piezoelectric patches. The bean is subjected to CFFF boundary condition
because the cantilever position governs this B.C is modeled with the help of
ANSYS 14.5. The obtained result shows good agreement with the experimental
result.
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INTRODUCTION

The process of counter balancing the vibration is known as AVS i.e. Active
vibration control in this technique the vibration of a structure is reduced or
controlled by applying counter force to the structure that is appropriately out
of phase but equal in amplitude to the original vibration. As a result two
opposite force cancel each other and structure stops vibrating.

In past passive techniques are used to counteract the vibration of
component of structure such techniques are traditional vibration dampers,
base isolation and Shock absorbers. But now a day enormous research and
development in the field of vibration control modern techniques are
implemented such as piezo-electric, pneumatics, voice coils.

Mace (1987) give a method for active control of disturbances propagating
along a waveguide in thin beams two active control systems are incorporated
in his method. First C.S measure displacement and rotation and other evaluate
displacement measurements at two points.

Rashidi (1990) proposed an computation strategy for undesirable vibration
control. In this strategy consist of an black-box is coupled with dynamic
system. Response of vibration system is computed and the decision variables
of the formulated optimization problem are taken in consideration to control
vibration of rotor system.
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Prakah-Asante and Craig (1995) use total energy
absorption (TEA) in wave type energy-field
measurement system. In their method TEA formulation
considers vibration energy fields in the structure are
sensed by piezoelectric materials.

Jac-Eung et al. (1998) applied Filtered-X LMS
algorithm and piezo ceramic actuator in flexible
cantilever beam vibration control. They revealed that
the reduction in vibration can be achieved in a few
seconds with this integration.

Chen et al. (2003) use Individual Blade Control
(IBC) technique for controlling vibration of Helicopter.
In this technique Smart Spring are used which is an
active tunable vibration absorber. A closed loop test is
performed to check its harmonic response and the
obtained response shows good agreement on suppress
multiple harmonic of blade.

Daley et al. (2004) present the problem
encountered in marine application also with new
hybrid active/passive mounting system for vibration
control and gives a new method for active vibration
control in their method is fully developed for damping
flexural modes of vibration in the receiving structure

Belouettar et al. (2008) gives a simplified approach

for analysis non liner vibration of sandwich

piezoelectric beams. Their approach consists of
galerkin and harmonic balance method. And amplitude
loss factor and nonlinear frequency relationship are

derived and discussed.

Chunchuan et al. (2010) studied AVC of a finite L-
shaped beam by the travelling wave approach and
conclude that the power flow method get affected by
changing location of sensor and due to some small
error occurred in control forces

Shirazi et al. (2011) use fuzzy logic control in ACV
of a simply supported rectangular plate. The obtained
result are show good agreement with the PID control
result and use double Fourier series to obtained
natural frequency of a plate.

Ram and Mottershead (2013) states the problem
occurred during AVC and gives a new methodology
which is valid to both single-input and multiple-input-
multiple-output vibration control of practical
engineering structures.

Kumar (2013) suggests systematic design for PPF
controller. The controller is designed in such a way
that it can provide uniform damping to all the modes,
even in instrumental phase lead and lag, and he also
revealed that the time delay in control loop will be fully
eliminated.

Int. Res. J. of Science & Engineering, 2014; Volume 2, No. 3. May-June 2014.

Xianglong et al, 2014 present an analytical
approach for ACV of a cylindrical shell. His model
consist of two-stage isolation system, in order to
validate the approach obtained result are compared
with other optical control forces and the effect of

number, location of actuator are well discussed

Kecik et al,, 2014 present a numerical study on the
application of magneto-rheological (MR) damper for
semi-active control. And proposed two closed loop
algorithm for dynamic control based on velocity and
amplitude of pendulum and on-off
commencement of MR damper.

impulse

RESULTS AND DISCUSSION

In order to validate Ansys model experimental step
is done and the different mode shapes are generated
and the frequency of the beam is measure with
oscilloscope and the beam which is subject to CFFF
condition.

Fig. 1 shows the experimental setup which all
instrument and Fig. 2 shows the symmetric layout of
the experimental setup. During experiment different
frequency are measured and there mode shapes are
shown in Fig. 3 and the frequency related wave pattern
in oscilloscope is shown in Fig. 4.

Fig. 1: Experiment Setup.

Due to vibration electrical signal is generated by
piezo electric patch and it is coupled with oscilloscope
and all essential parameters are recorded, since
maximum voltage is taken under consideration during
this complete experiment. Five observation are taken
during experimentation and with the help of that
several graphs are plotted and discussed.
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Fig. 2: Experimental layout
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Fig. 3: Mode shapes of beam at different frequency

At 12.5 Hz the maximum voltage is rerecorded with
P.E material of 1.760V with amplitude of 2.210V at a
peak voltage of 79.94mV and RMS value of
1.122mv.Similarly at 15Hz 0.02% increase in maximum
voltage along with 0.196 % increase in maximum
voltage is recorded at peak value of 3.72mV and RMS
value of 0.01258% increase in voltage is measured.

At 20 Hz the maximum voltage is rerecorded with
P.E material of 2.56V with amplitude of 2.440V at a
peak voltage of 54mV and RMS value of
1.611mv.Similarly at 22.5Hz 0.5187% increase in
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maximum voltage along with 0.4052 % increase in
maximum voltage is recorded at peak value of 9.08mV
and RMS value of 0.1543% increase in voltage is
measured.

In the present study, we control the vibration in an
aluminum beam element by applying counterforce. In
finite element modelling using ANSYS, the location of
piezo sensor was first determined. In the modelling,
cantilever aluminum beam was subjected to a constant
force of 9 N at the free end.
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Fig. 4: Signal pattern due to vibration at different
frequency in oscilloscope
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Fig. 8: Variation of area of the voltage signal with
respect to input frequency
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with respect to input frequency.
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Fig.10: Variation of Amplitude of the voltage signal
with respect to input frequency

The beam was divided into 1320 nodes. On a frequency
variation of 0-100 Hz in 100 sub-steps, the readings of
shear stress and displacement at each node was
recorded. For 100 Hz frequency, it was found that the
minimum value of shear stress was minimum at node
49. The maximum deflection was 0.0273 m. At different
frequencies the voltage generated by piezo-electric
patch was observed and noted down. Fig. 5 is a plot
between the maximum voltage generated and
frequency input for the set of observation. Frequencies
used were 12.5 Hz, 15 Hz, 17.5 Hz, 20 Hz, 22.5 Hz and
25 Hz. The voltages generated were in the range of 1.7
V to 5.3 V. The graph obtained signifies that for increase
in frequency input the maximum voltage value
generated by the piezo-patch increases. Fig. 6 is a plot
between the mean voltage and frequency. For the same
set of frequencies the mean voltage ranges were found
to be between 90 to 170 mV. Here we obtain a
decreasing trend. Fig. 8 is a plot between the area of
Voltage signal and input frequency where we find a
decreasing trend. With decrease in frequency the area
of voltage signal increased and the range was between
30 to 70 for the same set of frequency values. Fig. 10 is
a plot between the amplitude of voltage signal
generated by piezo-electric patch and frequency input.
The graph shows an increasing trend. As frequency
increases, amplitude of vibration obtained is greater.

CONCLUSION

From the finite element analysis the location where
the maximum value of shear stress is obtained was
determined. From this, the optimal location of the
sensor and actuator was found by taking into
clamping From the
experimental process, the volatage generated by the
piezo-electric patch was obtained in variation with

consideration the area.

frequency input. It was found that if a sinusoidal
waveform is provided, with increase in frequency the
voltage generated by the piezo-electric patch increased.

The plot between voltage generated and frequency
input was almost an exponential curve. When we feed
the voltage response of sensor into a control system, we
generate a controlled output through the actuator,
which can be used to control beam vibration actively.
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