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Introduction


Smart structures have been extensively studied in recent years. This new structural concept requires the use of sensors and actuators to control the mechanical behavior of structural systems when using the converse piezoelectric effect to induce control forces and moments. Piezoelectric materials exhibit both direct and converse piezoelectric effects. The direct effect (electric field generation as a response to mechanical strains) is used in piezoelectric sensors; the converse effect (mechanical strain is produced as a result of an electric field) is used in piezoelectric actuators. Piezoelectric materials such as Lead Zirconate Titanate (PZT) ceramics can be used in smart structures as sensors and/or actuators in applications such as shape control, active damping and acoustic noise suppression (1). The design of such systems requires accurate electromechanical models to simulate the interaction between the structure and the piezoelectric elements. 

Piezoelectric materials can offer several advantages as high precision, high sensibility low weight, relatively low cost, small size and good frequency response make them an attractive alternative to conventional point actuators commonly used. In all these applications, piezoelectric actuators are used to enhance the performance of a structural system by inducing a favorable structural deformation.

Using piezoelectric actuators and sensors to form self-controlling and self-monitoring systems to improve performance of aircraft and space structures has attracted interest in the research community.

The subject of this paper is to investigate a reduction of vibration in plate under variable harmonic pressure loading using piezoelectric actuators. The results obtained by using ANSYS finite element code (5). Influence of piezoelectric actuators on a plate is considered with the help of temperature analogy. High efficiency piezoelectric actuator for decrease of vibration of a plate is shown. Most effective arrangements of piezoelectric actuators and required amount of an electric voltage are found.
1. Problem formulation

Modeling of a structure with piezoelectric actuators using finite element elements can be performed like any conventional finite element model formulation (2). However, to include piezo effects, element that expand or contract as voltage is applied, the thermal strain capability within the element formulation needs to be used to evaluate voltage induced internal forces (3,4). The governing equation of motion is written as:
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where Fp represents internal loads due to actuation, M is the mass matrix, K is the stiffness matrix, and x contains node displacements. 


To incorporate the voltage effects into the model, a simple thermal analogy was used. The piezoelectric charge constant divided by the PZT ceramic thickness was an equivalent coefficient of thermal expansion, and voltage V is equivalent to a temperature difference 
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Induced forces are computed by first defining an artificial coefficient of thermal expansion 
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using the piezoelectric strain to voltage parameter d31 and the piezo material thickness tpzt.

2. Structural model

2.1 Geometry and material properties of aluminum plate and piezoelectric actuators

In the present example an aluminum plate with piezoelectric actuators is considered. 

The fixed geometric dimensions of aluminum plate are as follows:

lAl = 0.5 m, bAl = 0.05 m, tAl = 0.002 m

where lA and bAl is plate dimensions and tAl is thickness of plate (Figure 1).
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Figure 1. Geometry of aluminum plate and piezoelectric actuators

where

d = 0.01 m, distance between clamped edge and piezoelectric actuators;

r = 0.01 m, distance between free edge and piezoelectric actuators;

a = 0.01 m, distance between two and piezoelectric actuators.

Material properties of aluminum plate are as follows:
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The fixed geometric dimensions of piezoelectric actuators are as follows:

lpzt = 0.02 m, bpzt = 0.01 m, tpzt = 0.001 m

where lpzt  and bpzt is piezoelectric actuators dimensions and tpzt is thickness of piezoelectric actuators.

Material properties of piezoelectric actuators PZT4 are as follows:

Table 1.  Material properties of the piezoelectric actuators PZT4.

	Young modulus
	Ex=Ey
	7.86E+10
	N/m2

	Young modulus
	Ez
	6.25E+10
	N/m2

	Shear modulus
	Gxy
	3.00E+10
	N/m2

	Shear modulus
	Gxz=Gyz
	2.60E+10
	N/m2

	Poisson ratio
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2.2 Finite element model 

The finite element model of aluminum plate and piezoelectric actuators is designed and analyzed employing the finite element software code ANSYS 8.1. 8-node finite element SHELL 99 has been chosen from library of computer code ANSYS 8.1. 

The boundary condition for aluminum plate is shown in Figure 1. One edge of plate is clamped. Fragment of meshing of the aluminum plate and piezoelectric actuators is shown in Figure 2. 
The plane pressure load is 
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, where q0=1Pa. This load is considered for the bending and twisting vibration analysis of plate. Constant damping ratio is 0.005.
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Figure 2. Fragment of meshing of the aluminium plate and piezoelectric actuators.

3. Numerical results and discussion

For the same finite element model the vibration analysis has been performed. The modal parameters, including natural frequency and shape of frequency are presented in Table 2. ANSYS analysis results under plane pressure load q with using the thermal analogy are shown in Figure 3 for the two plate/actuator mode shape deformations with corresponding frequencies of 227.09, 386.24 Hz.
Table 2.  Frequency of aluminum plate with piezoelectric actuators

	Number of mode
	Frequency (Hz)
	Shape of frequency

	1
	6.6085
	bending

	2
	41.411
	bending

	3
	115.94
	bending

	4
	127.38
	twisting

	5
	154.40
	bending+twisting

	6
	227.09
	bending

	7
	375.37
	bending

	8
	386.24
	twisting
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Figure 3. Mode Shapes of aluminum plate with piezoelectric actuators

The following step is to study of an aluminum plate under harmonic pressure loading using piezoelectric actuators in a range of resonant frequencies. The actuators are activated in series with the application of an electric field on the every pair of piezoelectric actuators. The applied voltage is modeled as a thermal load according to thermal analogy. Due to application of a thermal loads (voltage) on the pair of piezoelectric actuators the amplitude is decrease. 

Changes of amplitude from voltages for every pair of piezoelectric actuators of 6 Mode Shape is shown in Figure 4. 
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Figure 4. Changes of amplitude from voltages for every pair of piezoelectric actuators for 6 Mode Shape.

Result of amplitude is fixed in the corner of plate on free edge. Dependence on location of piezoelectric actuators and decrease of vibration for 6 Mode Shape (bending) may see in Figure 5.

[image: image19.png](HA1A0)100%

10000
om0
om0
4000
2000
000





Figure 5. Dependence on location of piezoelectric actuators and decrease of vibration

 for 6 Mode Shape.

The pair of piezoelectric actuators not effective in the point of inflexion (position 4). The same result is to correspond with other shapes. For example, in the point of inflexion 8 Mode Shape (twisting) the pair of piezoelectric actuators (position 4) also not effective (Figure 6). 
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Figure 6. Dependence on location of piezoelectric actuators and decrease of vibration

for 6 Mode Shape.
Influence dimensional sizes and orientation of piezoelectric actuators on decrease of voltage in order to decrease amplitude also is studied. The sizes and orientation of piezoelectric actuators are shown in Figure 7.
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Figure 7. The different sizes and orientations of piezoelectric actuators on the plate.

Results of dependence on location of piezoelectric actuators and decrease of vibration for 8 Mode Shape (2 twisting) may see in Figure 8. Where an axis х is relative length of piezoelectric actuators and length of plate. And axis y is relative decrease of amplitude in percentages. From comparison between four variants may see that variant D is better than others. Optimal relative length of piezoelectric actuators and length of plate is equal 0.2 for all variants.
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Figure 8. Dependence on location of piezoelectric actuators and decrease of vibration

 for 8 Mode Shape (2 twisting).

4. Conclusion

This paper describes the reduction of vibration in plate under variable harmonic pressure loading using piezoelectric actuators. Influence of piezoelectric actuators on a plate is considered with the help of temperature analogy. A procedure for modeling structures containing piezoelectric actuators using ANSYS is presented. 

The received result may use for solving problems of optimization i.e. effective arrangements of piezoelectric actuators on the plate for further research reduction of the vibration wings of airplane and blades of helicopter.
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PLĀTŅU VIBRĀCIJU SLĀPĒŠANA IZMANTOJOT PIEZOELEKTRISKUS AKTUĀTORUS 

S. Gluhihs, A. Kovaļovs

Anotācija

Šajā darbā tiek apskatīta plātņu vibrāciju slāpēšana, kas pakļauta mainīgai harmoniskai slodzei, izmantojot piezoelektriskus  aktuātorus. Lai samazinātu rezonējošo frekvenču amplitūdu, piezoelektriskie  aktuātori tiek izvietoti plātnes augšpusē. Skaitliskie aprēķini tiek veikti ar galīgo elementu aprēķinu programmu ANSYS. Ar temperatūras analoģijas palīdzību, darbā tiek simulēta mainīga spiediena slodze. Iegūtie skaitliskie rezultāti ir par pamatu parametru ietekmes analīzei, kas uzrāda augstu efektivitāti, plātņu vibrāciju slāpēšā, izmantojot piezoelektriskos aktuātorus. Darbā tika noformulēts optimāls piezoelektrisko aktuātoru izvietojums uz plātnes,  un nepieciešamais strāvas sprieguma apjoms, kas spētu slāpēt rezonējošās frekvences plātnē.

REDUCTION OF THE VIBRATION IN PLATE DUE TO PIEZOELECTRIC ACTUATOR 

S. Gluhihs, A. Kovaļovs

Abstract

This paper presents a reduction of vibration in plate under variable harmonic pressure loading using piezoelectric actuators. To decrease amplitude in a range of resonant frequencies piezoelectric actuators are set on the top of the plate. The results obtained by using ANSYS finite element code. Temperature analogy method instead of variable pressure load is assumed for numerical analysis. Influence of piezoelectric actuators on a plate is considered and high efficiency piezoelectric actuator for decrease of vibration of a plate is shown. Most effective arrangements of piezoelectric actuators and required amount of an electric voltage are found
УМЕНЬШЕНИЕ ВИБРАЦИИ В ПЛАСТИНЕ С ПОМОЩЬЮ ПЬЕЗОЭЛЕКТРИЧЕСКИХ АКТУАТОРОВ 

С. Глухих, А. Ковалев

Аннотация

В данной статье рассматривается уменьшение вибрации алюминевой пластины под действием распределенной гармонической нагрузки в пределах резонансных частот. Для этого используются  пьезо актуаторы из PZT материала, установленные на поверхности  пластины. Задача решалась методом конечных элементов с применением ANSYS. Пьезо электрические свойства актуаторов моделировались с помощью метода температурной аналогии. Показана зависимость степени гашения колебаний от расположения актуаторов. Установлена связь оптимального расположения актуаторов от формы колебания. А также рассмотренно влияние размеров и ориентации актуаторов на степень гашения колебаний. 
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