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In the paper rectangular, simply supported, laminated plates composed of classical fiber
reinforced layers and active layers of piezoelectric properties are under consideration. The 
aim of the study is to determine the influence of anisotropic passive damping on the active 
vibration reduction achieved and the sensitivity of the system to materia! axes' orientation of 
piezocomposite actuator layers. The effects of piezoceramic fiber direction and passive damping 
intensity are illustrated by means of the amplitude-frequency characteristics. 
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1. INTR0DUCTI0N

Active composite structures with embedded piezoelectric fibers offer a great 
potentia! in modern technical implementations known as intelligent structures. 
The determination of electro-mechanical properties of such structures is of im
portance for the engineering design and control effectiveness obtained. Early the
oretical studies and experiments were reported by CLARK et al. [3] and BOGACZ 
and PoPP [2] among others. The studies addressed to the control applications 
were presented by LEE [4], MITCHELL and REDDY [5] and REDDY [9], in which 
the constitutive equations of piezoelectric laminates are derived using the classi
cal and shear deformation of laminated plate theories. The idea of using active 
composites reinforced with piezoceramic fibers has been presented by BENT and 
HAG00D [1], who also have formulated the constitutive equations for a new 
generation of piezoelectric fiber composites equipped with interdigitated elec
trodes (IDEFC). The modelling of laminated plates with such piezocomposite 
layers and a comparison of structural vibration control effectiveness depending 
on the piezocomposite configuration including the fiber direction and distribu
tion scheme, the fiber volume fraction and the poling direction applied, were 
discussed by PIETRZAK0WSKI [6, 8] and PIETRZAK0WSKI and TYLIK0WSKI [7]. 
The aim of this study is to recognise the influence of passive materiał damping 
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averaged electric field Et), it has the form 

n 

(2.2) M = [Mx, My
, Mxy] T = L [Ci, C2, C6] i)Et) zt) >. (x, y)

k=l 

225 

where: z�k) - distance of the k-th active layer from the laminate midplane, 
>. - pattern function of the activated area, Ci - actuator layer constants with 
respect to the x, y plate axes, i= 1, 2, 6. 

In the above equation the effective electromechanical coupling matrix 
eef = [ e�t, e�l, O] T is determined according to the uniform fields method 
by considering the representative volume element. Symbol ta indicates the 
actuator layer thickness. The transformation matrix R(k) relates to the angle 
between the materiał axes of the k-th active layer and the plate reference 
axes. 

Naturally, to generate the control bending loading, midplane symmetric ac
tuators of the same polarization direction have to be supplied with the opposite 
electric fields. The actuator interaction (Eq. (2.2)) can be expressed in rela
tion to the applied voltage after substituting the electric field-voltage formula 
E3(t) = V(t)/lp. The symbol l

p 
denotes the average length of electric field paths 

between the interdigitated electrode sections. The path length l
p 

can be approx
imated by the relation l

p 
= d + ta(l - v�) depending on the electrode spacing d, 

layer thickness ta and piezoelectric materiał fraction measured along the thick
ness �-

The voltage V(t) is produced by sensor layers due to their mechanical defor
mation and transformed according to the velocity feedback rule with the con
stant gain factor. The sensor equation is formulated based on the constitutive law 
of direct piezoelectric effect. In the considered case, the sensors are monolithic 
PVDF layers of the thickness t8 covered by traditional surface electrodes. After 
integrating the charge stored and using the standard equation for capacitance, 
the voltage y(k) produced by the k-th sensor is given as 

(2.3) y(k)(t) 
(k) a b [ 2 2 

= - Zo ts 
R(k)eTJJ a w a w

E33 S(k) 8x2 ' 8x2 ' 
o o 

E
P ]T 

2 ax
:

y 
>-s(x, y) dx dy

where: a, b - midplane dimensions of the laminate, As - pattern function 
of the electrode, 3(k) - effective electrode area, E33 - permittivity constant, 
e - piezoelectric coefficient matrix of the PVDF, e = [e31, e32, O]T. 
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