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Universal Formula for Electric Impedance of Piezoelectric Ceramic Z,,
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Dear Sirs,
I have derived an Universal Formula for Simulation of Electric Impedance Model
Z,=VI1[Q] of piezoelectric ceramic. Formula stands for all shapes of piezoelectric bodies: circular

plate, circular-ring plate, rectangular plate, cylinder, circular-ring cylinder, circular-ring sectional
cylinder, sphere, etc. Piezoceramic bodies may have n-th number of surfaces loaded by equal or different

external loads: F;> or F (v or v{ - motion velocities of contour surfaces loaded by F;” or F) as

interaction with outer medium, i.e., external mechanical impedances: ZjD or ZJ.E.

Formula enables precise determination of resonant frequencies of numerous radial, transversal,
longitudinal, and lateral modes of oscillation even at design stage of piezoelectric transducers, and before
manufacturing of piezoceramic elements and experimental measuring.

Application field of piezo-sensors and actuators is very wide, and of special interest for military
industry and space research. It may be also used for significant improvement of existing methods of
modeling FEM, BEM, etc.

The formula is based on two constitutive system of equations:

Isothermal func. of internal energy U (S;;, D;): | Isothermal func. of electric potential H(S;;, E;):
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Formula of electric impedance Z,, for piezoelectric body with n surfaces is a function of

numerous parameters.
Sum of all forms of energy in a conservative system is constant (First Law of Thermodynamics, or

Law of Conservation of Energy):
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i+ 2 Zm Zi , 2y and z; - internal mechanical and electric impedances, transfer functions of system (black box).

Comparison of derived formula by computer simulation using software package MATLAB, with analogous
characteristic obtained by experimental measuring on Automatic Network Analyzer HP4194A, shows
results at least 50% better than all known results published until now in scientific literature available to me.
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Formula is applicable on: 1D, 2D, and 3D oscillatin models of piezoelectric ceramic bodies, whose
number of surfaces S, [m?] may extend to infinity (n —cc). Also, it can join different asumed oscillation

models (any combination of: 1D, 2D, and 3D model) of the same piezoceramic specimen loaded under
equal conditions in the same period of time.
1 - Case: n=2 - 1D model (transversal oscillation of the: circular plate, circular-ring plate, rectangular
plate etc; or longitudinal oscillation of a: free beam, cantilever, cylinder, circular-ring cylinder, circular-
ring sectional cylinder, etc.):
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2 —Case: n=3 -2D model (radial oscillation of the: circular plate, circular-ring plate, rectangular plate,
free beam, cantilever, cylinder, circular-ring cylinder, circular-ring sectional cylinder, etc.):

FovP + Fov, +V Pl =FAvE +Fvy + 15V,
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3 — Case: n=4 - 3D model (3D oscillation of the: circular plate, circular-ring plate, rectangular plate,
free beam, cantilever, cylinder, circular-ring cylinder, circular-ring sectional cylinder, etc.):

FoVP + PV, + FPvy +V P =FAv + FivE + FovE +1°V,
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For PZT8 circular plate with dimensions: 2a, =50 [mm], 2h =3[mm], p= 7600[k—%] , whose coefficients are:
m

¢, =13,7-10°[N/m?], ¢ =697-10°, c}=716-10°, c=12,4-10°, h,=-78-10°V/m], h,=26,9-10°[V/m],

co =14-10"°[N/m?], ¢2=7,28-10", c2=6,08-10°, c2=161-10°, e, =—4[C/m?], e, =138, &5/, =582,
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Formula provides following simulated characteristic of electric impedance model, which is
compared with analogous, obtained by measuring on Automatic Network Analyzer HP4194A.:
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Knowing values of resonant frequencies is an initial condition during design of piezoceramic elements.
From the picture above one may see that by this formula one may determine several exact positions of
radial resonant modes R1, Rz, Rs and R4, and transversal mode T;, which are the most frequently used in
technical practice and application.

4 — Case: n=5 - 3D model (rectangular plate, free beam, etc.):

FovP + Fov, + BV + Fov, +V P =FEvE + Fov, + FFvy + FSvy + 15V,
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5— Case: n=6 - 3D model (rectangular plate with a circular or rectangular hole, etc.):

FoVP + B2V, + FPvy + Fov, + FOve +V 2T = FRvE + Fvy + Ry + FRve + FEvE +1°V,
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If you are interested in this matter, I am willing to cooperate.

Sincerely Yours, Ljubisa Peric, D.Sc. Mech. Eng.



