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Simulation of Dynamic Energy Harvesting of Gradient Structure Piezoelectric Fiber
Composites
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(1. School of Chemistry and Materials Science, Hubei Engineering University, Xiaogan 432000, Hubei, China; 2. School of
Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China; 3. Unit 96901 of the People's
Liberation Army of China)

Abstract: A gradient structure piezoelectric fiber composite dynamic simulation model for energy harvesting was built using a
multiphasics simulation software, and the effects of the interdigitated electrode structure, applied load and piezoelectric active layer
parameter on the energy harvesting behavior were studied. The results show that under the same active layer structure parameters,
gradient structure piezoelectric fiber composites can obtain larger output voltage than traditional structures. Under the fixed gradient
structure parameters, the polymer elastic modulus is smaller, the higher the output voltage. And the output voltage increases first and
then decreases as the volume fraction of the piezoelectric fiber increases. The larger the elastic modulus of the polymer, the higher the
volume fraction of the piezoelectric fiber when the maximum output voltage is obtained. Reasonable adjustment of the mechanical load
frequency and load resistance of the system can effectively enhance the electrical output performance of the energy harvesting model.
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Fig. 2 Electrode and component structure parameters of
gradient structure piezoelectric fiber composites
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Table 1

Identification symbols and initial values of

structural parameters of gradient composites

Structure

Initial

Items Symbol
parameter value
Interdigitated Initial electrode spacing/mm So 0.50
electrode
Interdigitated Electrode width/ mm Wige 0.01
electrode
Interdigitated Number of electrodes Nige 11.00
electrode
Piezoelectric fiber Length/mm Leer 18.00
Piezoelectric fiber Width/mm Weer 0.20
Piezoelectric fiber Height/mm Hee: 0.20
Piezoelectric layer Piezoelectric fiber volume fraction/% Veper 40.00
Piezoelectric layer Piezoelectric layer width/mm Whiczo 3.00
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Table 2 Component performance parameters of gradient
structure piezoelectric fiber composite

Material ~ Density/ Dielectric ~ Elastic stiffness coefficient/
type (kg'm™) constant GPa
PZT-5H 7750 &11 €33 C11 C12 C33 C44 Co6

1960 1700 1430 12 75 11 21 23
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Cu 8960 120
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Table 3 Parameters of gradient structure at the peak
values of output voltage

Preconditions Nige So/mm AS/mm Vinax/V
Nige 1s fixed 11 1.0 0.176 0 434
Nige 1s fixed 13 1.0 0.890 0 451
Nige is fixed 15 0.9 0.580 0 4.44
S is fixed 13 0.5 0.180 0 4.30
S is fixed 13 1.0 0.890 0 451
S is fixed 13 1.5 —-0.0015 438
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Table 4 Elastic modulus of polymer fiber and piezoelectric
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Ey0/GPa Viiver/ Y0 Vinax/V
1 26.7 433
2 30.0 4.16
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10 433 3.42
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