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The Effective Modeling of Piezoelectric Actuator in Quasi-static Equilibrium Condition

. Park(Mechanical. Eng. Dept. Postech), W. Moon(Mechanical Eng. Dept., Postech)

ABSTRACT

A method to derive the constitutive relations of a piezoelectric bender actuator is developed here. The constitutive

relations are derived from the geometry, material properties of the actuator. The very complicated constitutive relations can

be easily calculated by use of symbolic function in Mathematica. The developed program can calculate the constitutive

relations for the unimorph bender made by attaching a short piezoelectric beam on a longer metal beam. The program can

also calculate the constitutive relations of a piezoelectric bender with spring at its end
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¥Y;: Young's modulus of lower plate

constant-electric-field-intensity

E
- flexibility of piezoelectric material

Fig. 1 Schematic diagram of the layers after deformation
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Fig. 2 Schematic diagram of a piezoelectric actuator
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Input parameter Size
Length of PZT4 20x107%(m)
Total length 30x107(m)
Thickness of PZT4 1x107%(m)
Compliance of Al 2.7322x10(m*/N)

Compliance of PZT4 12.3x10%(m?/N)

Piezoelectric constant 123x10™(C/N)

Dielectric constant 1300%1.00059(F/m)

Width 4x10%(m)

Thickness ratio Ty/Tu

Table 1 Comparison of measured roughness data
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Fig. 3 Simulation result by changing thickness ratio
4. 822

A A B ourg gol B 7NN 4d F
F7E o8 2dY fAA FaFd ¢AH T4
B S FEIE FAE ALstn ol FHREE
23 A5HoE AME F Y& T2IAL F}
A3k, g4d 31 Ydutdoz vFYAd H3F
& 7HAm YolA FAAE TF3 T2 43
ol FAMAAL Fa7)e g Bt 53] 7
A Z2Pol} e Aol vtAAY MEE T£
B3 A" FE HAQAE 2ES HA F2E
of FERAHNE £02 FFH FEIIIE E7Fs
Mok B ddAs 3EH MHE T 24
2 AsHe2 Fi= FFE L2 2PE Mathmat-
ica package & ©|&8iA FAA3}AUTE ol2HA =i
AYsHA FELAANE A2 ¢+ A =HReH
o]Z ojg3le] YHAE TIT TFEVIY HAHFH
FAde 44 8 7 A A olHd T2
AL zF o] B35H Multilayer bender 53 Zol
thgt FFY Bender 9 7|W EAE Fie =
ooz FANA F Yt

Sl

2 ATt SEATARY PZT %W WYY
dd P AN FEAY 472 B S99
o,

Hu2H
1. Smits, J.G. Choi, W. “The Constituent Equations of
Piezoelectric Heterogeneous Bimorphs”, Ultrasonics,
IEEE Transactions on Ferroelectrics and Frequency
Control, Vol. 38 Issue. 3 , pp. 256 —270 May 1991
2. Jan G. Smits, Susan I. Dalke and Thomas K. Cooney,
“The Constituent Equations of Piezoelectric

Bimorphs ”, Sensors and Actuators A, vol.28 pp. 41-
61 1991

=771 -



