
THE ANNALS OF “DUNĂREA DE JOS”  UNIVERSITY OF GALAŢI 
FASCICLE X, APPLIED MECHANICS, ISSN 1221-4612 

2010 
 
 
 

Finite Element Model of Plate with  
Shunted Piezoelectric Patches 

 
 

Asist. Bogdan Ionita  
Faculty of Mechanical Engineering, Galati, Romania 

 
 

ABSTRACT 

 
The need for passive damping techniques arises from the complexities, added weight, and  
energy requirements associated with the implementation of various active control techniques.  
A novel passive damping approach for the attenuation and localization of the vibration of  
plates is presented in this study. The introduction of distributed piezoelectric patches with  
passively shunted circuits is presented. A numerical model that describes the coupling of  
shunted circuit with flexible plates is developed using spectral finite element approach.  
In  this  work ,  the  finite  element  model  of  a  plate  element  with  surface-bonded  
piezoelectric  patches  will  be  derived. The element’s   interpolation   functions   will   be  
exponential functions instead of the traditionally-used polynomial functions. 
 
Keywords: vibration of plates, composite plate, piezoelectric 
 

  

References 
1. Lesieutre, G. A. Vibration Damping and Control Using Shunted 

Piezoelectric Materials, The Shock and Vibration Digest, 30 (3), 
187-195, (1998).  

2. Hagood, N. W., and von Flotow, A. Damping of Structural 
Vibration with Piezoelctric Materials and Passive Electrical 
Networks, Journal of Sound and Vibration, 146, (2),  
243-264, (1991).  

3. Law, H. H., Rossiter, P. L., Simon, G. P., and Koss, L. L. 
Characterization of Mechanical Vibration Damping by 
Piezoelectric Material, Journal of Sound and Vibration, 197 (4),  
489-513, (1996).  

4. Wu,  S.  Broadband  Piezoelectric  Shunts  for  Passive  Structural  
Vibration  Control, Proceedings of SPIE 2001, 4331, 251-261, 
(2001).  

5. Behrens, S., Fleming, A. J., and Moheimani, S. O. R. New 
Method for Multiple-Mode Shunt  Damping  of  Structural  
Vibration  Using  Single  Piezoelectric  Transducer,  
Proceedings of SPIE, 4331, 239-250, (2001).  

6. Park, C. H., Baz, A., and Toso, M. Modeling of A Negative 
Capacitance Shunt Damper with IDE Piezoceramics, Submitted for 
publication AIAA Journal.  

7. Davis, C. L. and Lesieutre, G. A. A Modal Strain Energy Approach 
To The Prediction of Resistively Shunted Piezoelectric Damping, 
Journal of Sound and Vibration, 184 (1), 129-139, (1995).  

8. Saravanos, D. A. and Christoforou, A. P. Impact Response of 
Adaptive Piezoelectric Laminated  Plates,  AIAA-2000-1498, 
41st AIAA/ASME/ASCE/AHS/ASC  Structures, 

          Structural Dynamics, and Materials Conference and 
         Exhibit, Atlanta, GA, 3-6 April (2000).  
9. Park, C. H. and Inman D. J. A Uniform Model for Series R-

L and Parallel R-L Shunt Circuits and Power Consumption, SPIE 
Conference Proceedings on Smart Structure and  
Integrated Systems, Newport Beach, CA, 3668, 797-804, (1999).  

10. Caruso, G. A Critical Analysis of Electric Shunt Circuits 
Employed in Piezoelectric Passive Vibration Damping, Smart 
Material and Structures, 10 (5), 1059-1068, (2001).  

11. Benjeddou, A. Advances in Piezoelectric Finite Element Modeling 

of Adaptive Structural Elements: A Survey, Computers and 
Structures, 76, 347-363, (2000).  

12. Tzou, H. S. and Tseng, C. I. Distributed Piezoelectric 
Sensor/Actuator Design For Dynamic Measurement/Control of 
Distributed Parameter Systems: A Piezoelectric Finite Element 
Approach, Journal of Sound and Vibration, 138 (1), 17-34 (1990).  

13. Bathe, K. J and Wilson, E. L. Numerical Methods in Finite 
Element Analysis, Prentice Hall Inc., New Jersey, (1976). 

14. Hwang, W., and Park, H. C. Finite Element Modeling of 
Piezoelectric Sensors and Actuators, AIAA Journal, 31 (5), 
930-937, (1993).  

15. Kim, S. J. and Moon, S. H. Comparison of Active and Passive 
Suppressions of Non-Linear   Panel   Flutter   Using   Finite   
Element   Method,   AIAA-2000-1426, 41st  

         AIAA/ASME/ASCE/AHS/ASC Structures, Structural  
          Dynamics, and Materials Conference and Exhibit, Atlanta, GA, 
           3-6 April (2000).  
16. Moon, S. H and Kim, S. J. Active and Passive Suppression of 

Nonlinear Panel Flutter Using Finite Element Method, AIAA 
Journal, 39 (11), 2042-2050, (2001).  

17. Saravanos, D. A. Mixed Laminate Theory and Finite Element 
for Smart Piezoelectric  Composite Shell Structures, AIAA 
Journal, 35 (8), 1327-1333, (1997).  

18. Saravanos,  D.  A.  Passively  Damped  Laminated  Piezoelectric  
Shell  Structures with Integrated Electric Networks, AIAA Journal, 
38 (7), 1260-1268, (2000).  

19. Chen, S., Yao, G., and Huang, C. A New Intelligent Thin-Shell 
          Element, Smart Materials and Structures, 9, 10-18, (2000). 
20. Greiner, M., Faulkner, R. J., Van, V. T., Tufo, H. M., and 

Fischer, P. F. Simulations of three-dimensional flow and 
augmented heat transfer in a symmetrically grooved channel, 

          Journal of Heat Transfer, Transactions ASME , 122 (4),  653-660,  
         (2000). 
21. Doyle, J. F. Wave Propagation in Structures: Spectral Analysis 

Using Fast Discrete Fourier Transforms, Mechanical Engineering 
Series, 2nd ed., Springer-Verlag, (1997).  

22. Lee, U. and Lee, J. Spectral-Element Method for Levy-Type 
Plates Subject to Dynamic Loads, Journal of Engineering 
Mechanics, 125 (2), 243-247, (1999).  

23. Lee, U. and Kim, J. Determination of non-ideal beam boundary 
conditions: A spectral element approach, AIAA Journal, 38 (2), 



THE ANNALS OF ‘DUNĂREA DE JOS” UNIVERSITY OF GALAŢI                                       FASCICLE X 

 54

309-316,  
         (2000). 
24. Lee, U. Vibration analysis of one-dimensional structures 

using the spectral transfer 
          matrix method, Engineering Structures, 22 (6), 681-690, (2000). 
25. Lee,  U.  and  Kim,  J.  Spectral  element  modeling  for  the  

beams  treated  with  active constrained layer damping, 
International Journal of Solids and Structures, 38 (32), 5679-5702, 
(2001). 

26. Baz, A. Spectral Finite Element Modeling of Longitudinal 
Wave Propagation in Rods with Active Constrained Layer 
Damping, Smart Materials and Structures, 9 (3), 372-377,  
(2000).  

27. Golla, D. F. and Hughes, P. C. Dynamics of Viscoelastic 
Structures: A Time-Domain Finite Element Formulation, ASME 
Journals of Applied Mechanics, 53, 897-600, (1985).  

28. Wang, G. and Wereley, N. M. Spectral Finite Element analysis of 
Sandwitch Beams with Passive  Constrained  Layer  Damping, 
40th AIAA/ASME/ASCE/AHS/A SC Structures, Structural 
Dynamics, and Materials Conference and Exhibit, St. Louis, MO, 
Apr. 12-15, Collection of Technical Papers. 4 (A99-24601 05-39), 
Reston, VA, American Institute of  Aeronautics and Astronautics, 
p. 2681-2694, (1999). 

29. Leissa, A. Vibration of Plates, 2nd edition, Acoustical Society of 
America, (1993).  

30. Chen,W.Passive and Active Filters,Theory and Implementation, 1st 
edition, John Wiley and Sons, (1986). 

31. Zienkiewicz,  O.  C.  and  Taylor, R. L. The  FiniteElement  
Method,  4th  ed, Vol. 2, McGraw-Hill Book Company,  

 
 


