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Nomenclature
b : width of a PVDF
CE : stiffness matrix
C; : capacitance of a sensor
E, : electric field
D; : electric displacement

dy, e : piezo coefficients

E : effective young's modulus

i, J, k subscript of piezo elements(=1,:-,3)

I : inertia moment

K, : constant of a PVDF(= Y,dyby./C; )

K, : constant of a PZT (= (1/2)bdy, Y, (t,+ 1))
b,q : subscript of piezo elements(=1,::+,6)

7 : radius of curvature

s& : compliance matrix

S : sensitivity function(= (J+ G,.,K) ")

S, : strain matrix

T, : stress matrix

T : complementary sensitivity(= KG om(I+ KGpom) ")
y. : distance from the sensor to neutral axis
Y, : young's modulus of piezoelectric materials
¥'(x) : modal function of a normalized beam
v,(H : output voltage of a PVDF sensor

P : density of a beam

el : permeability cocfficient

7{P : generalized modal coordinate

¢{H : modal function of a composite beam

B; : satisfaction coefficient( 8! = pAw?/EI )

w; : natural frequencies of a cantilever beam

Abstract

A study on the robust control of a composite beam
with a distributed PVDF sensor and piezo-ceramic
actuator is presented in this paper. 1% and 2™ natural
frequencies are considered in the modeling, because
robust control theory which has robustness to
structured uncertainty is adopted to suppress the
vibration. If the controllers designed by H. theory do
not satisfy control performance, it is improved by g
-synthesis method with D-K iteration so that the g
—-controller based on the structured singular value
satisfles the nominal performance and robust
performance. Simulation and experiment were carried
out with the designed controller and the verification of
the robust control properties was presented by results.
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1. Introduction

Glass-Fiber-Reinforced(GFR)  polymeric  composite
materials provides the desirable properties of high stiffness
and strength as well as low specific weight. Therefore, this
material is now used in a variety of components for
automotive, aerospace, marine, and architectural structure.
Smart structure incorporating piezoelectric sensors and
actuators have found a wide range of applications in the
fields of active vibration control[l], shape control[2],
self-sensing control[3] and noise control in the past decade.
Piezoelectric elements have been used successfully in the
closed loop control of a variety of active structures
including beams[4], plates[5], and shell[6]. Through a
number of studies have been reported on the vibration
control using these materials, but there are few studies
concerning the active robust vibration control of a random
directional glass fiber reinforced thermoplastic composite.

In this work, using a PVDF sensor and piezo-ceramic
actuator, a study on the robust control of a cantilever
composite beam is presented. The state equation of a
composite beam is obtained by using a modal approach and
modal coordinates. A robust controller is designed to
suppress the vibration of a reinforced beam using u«
-synthesis theory. Experiment was carried out and the
results were compared with the simulation results.

2. Theoretical Analysis

The PVDF sensor and piezo-ceramic actuator are
embedded to a random directional glass fiber reinforced
thermoplastic composite. The properties of materials used
in this study are shown in Table 1. Assuming that
piezo-material is isotropic, the general piezo-material
equations can be expressed in the following form.

S, = s&T, + dyE, 1
D; = d,T, + ekE, 2
T, = c&S, + enE,s (3
D, = e,S, + exE, 4

Supposed that composite material is a Bernoulli-Euler
beam, the Eq. (1) and Eq. (2) can be written by:



