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Solid piezoelectric - shell inverse piezoelectric partitioned analysis method
for thin piezoelectric bimorph with conductor layers
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Piezoelectric bimorph for actuators and sensors is usually thin and includes conductor layers such as the electrode and the
shim plate. Therefore, this study deals with the coupled piezoelectric and inverse-piezoelectric analysis of thin piezoelectric
bimorph with the conductor layers. Solid elements can describe the various types of distributions of electric potential along the
thickness, while shell elements are more appropriate to analyze the thin structures. Therefore, instead of using piezoelectric solid
elements or piezoelectric shell elements for both the piezoelectric and inverse-piezoelectric analyses, the solid and shell elements
are used to simulate the electrical and structural fields, respectively. The coupled algorithm is based on the block Gauss-Seidel
method and the transformation method between the solid and shell variables. In the structural analysis, the rule of mixtures for the
bending rigidity and the mass is used. A pseudo-piezoelectric evaluation method for the conductor is proposed in order to use the
existing programs for the piezoelectric and inverse-piezoelectric analyses without any modification. Finally, it is demonstrated
that the proposed method shows very accurate potential distributions in the actuator and sensor modes of the thin piezoelectric

bimorph with the conductor layers.
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Fig. 1. Piezoelectric bimorph with a metal shim.
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Fig. 2. Schematic of solid piezoelectric - shell inverse piezoelectric

partitioned analysis method.
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Table 1. Material properties of PVDF and Brass.

PVDF Brass
Young’s modulus [GPa] 20 110
Poisson’s ratio 0.29 0.35
Piezoelectric constant [C/m?] 0.046 -

Dielectric constant (Permittivity) [F/m] 1.063Xx10%° 0.01
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Fig. 3. Problem setup in actuator mode.
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Fig. 4. Problem setup in sensor mode.

Fig. 5. xy plane view of element division.



Fig. 6. Potential distribution along the thickness in the sensor mode.

Fig. 7. Detail of the potential distribution along the thickness near

the fixed end in the sensor mode.

Fig. 8. Detail of the potential distribution along the thickness near

the free end in the sensor mode.
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Fig. 9. Potential distribution in the present sensor mode. The solid
line expresses that at the fixed end, and the dotted line expresses

that at the free end.
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Fig. 10. Potential distribution in the actuator mode.
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Table 2. Comparison between numerical solution and theoretical

solution: Tip deflection in actuator mode.

Numerical Theoretical Relative
solution [m]  solution® [m]  error [%]

7439X10%  7.473x10%® 0.460

Table 3. Comparison between numerical solution and theoretical

solution: Potential at metal shim in sensor mode.

Numerical Theoretical Relative
solution [V]  solution® [\V]  error [%)]

3474x101  3524Xx107? 1417
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Fig. 11. Parametric study of the dielectric constant of the metal shim
in the present actuator mode. The white, blue, and red squares
correspond to & = 10719, 10, and 1072, respectively, and the black,
blue, red, and white circles correspond to & = 10°, 107, 10° and 10'°,

respectively.
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Fig. 12. Comparison between Shell-Solid and Solid-Solid in the

actuator mode.
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Fig. 13. Comparison between Shell-Solid and Solid-Solid the

sensor mode.
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