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Piezoelectric Simulation and Structural Optimization of PVDF Films
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[ Abstract] PVDF has a great potential to be a core material for designing flexible pressure sensors fit on the human body.
However, the piezoelectric constant of PVDF is low and the sensor sensitivity is limited. In order to study the piezoelectric properties
of PVDF films when applied to pressure sensors, a piezoelectric simulation model is established using COMSOL to calculate the
potential, surface charge density and stress generated by PVDF film under a low-pressure load in steady state. The correctness of the
simulation method and model is verified by comparing the simulation results with the piezoelectric equation calculation results. It is
found the stress generated in the length and width directions of PVDF film using rigid substrate weakens the piezoelectric properties,
then a structural optimization method is verified to improve piezoelectric properties by reducing the length and width of PVDF films.
In addition, the stress state of PVDF film using rigid and flexible substrate is compared, and it is found that the stress state of flexible
substrate can lead to significantly higher piezoelectric output. This research combining simulation method with piezoelectric theory,
can provide reference for other basic research of PVDF materials in terms of methods, and the research results may provide
inspiration for the structural design and optimization of PVDF flexible pressure sensors, to obtain higher sensor sensitivity.
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Fig.1 Two typical crystalline forms of PVDF
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Fig.3 Detection principle of PVDF pressure sensor
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Fig. 5 Simulation model of the PVDF film
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Fig. 7 Surface charge density of the PVDF film
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Tab.1 Summary of the surface average calculation results
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Tab.2 Parameters of PVDF set in the simulation model
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Fig. 8 Stress generated in the upper surface of PVDF film
(a) REETFIAINTT X5 (b) SEEETT MBI X

(a) Stress X, along length direction; (b) Stress X, along width direction

2.3 Ltk

Wt DL B EATLUR L, 4 PVDF JRRAZ ISR
] R By, A" A T W R EE DT N Iy, i
FEAETWR . S mEN Sy, BN ER R, TTE
PVDF PR E SO M, 4 ds, L dsy MIE
B, UL X X XA Ds IS 1ER, BEAG
T PVDF A4t o A58 N PVDF BRF JLaT 2%
ik, D5ELBFSE T PVDF BEEGK . SEXHE . SE7 1)
[N 7T Xi . X Sz PVDF R R L ERER RE M . R T
PRUEDs B AR R ME—E, D5 B AR A i . D
¥ PVDF B B | M — Ry AR i, i LS R ank 3
Ji7R; ¥4 PVDF B TERE w /R ME— A8 6, 51T
S5RANER 4 FoR. $AT USSR DL FRE, BRILAAT
ReFekAsoh, HAb G A RAEA A, AdEabkL
Wb drm , RS E R MRERS, 5 1.3 R
BLRE 5L

#3 KEHM PVDF EER AT HER

Tab.3 Simulation results of the effect of length
on the piezoelectric properties of PVDF film

I/mm Uymv o/ (Cm?) X/ (Nm?) X/ (Nm?)
5.0 71.05 241x10°° -559.62 -511.21
45 71.34 2.42x10°° -547.21 -507.43
4.0 71.72 243x10°° -531.57 -501.66
35 72.20 245%10°° -512.11 -494.95
3.0 72.84 247x10°° -487.21 -487.07
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Tab. 4 Simulation results of the effect of width
on the piezoelectric properties of PVDF film

w/mm Us/mV o/ (Cm?) X/ (Nm?) X/ (N-m?)
3.0 71.05 241x10°° ~559.62 -511.21
2.5 71.34 2.42x10°° -547.21 -507.43
2.0 72.13 245%10°° ~526.66 -416.10
15 73.18 2.48x10°* -494.55 -323.34
1.0 75.05 2.55%10°° ~440.63 -165.67
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Tab.5 Material parameters of two kinds of substrate

Rk} 44 Fk )/ (kgm™) ) KA/ MPa JHALL
Nylon 1150 2 000 0.40
PDMS 970 0.75 0.49

< 6 EJEFN PVDF [REBMEMNHEZER
Tab. 6 Simulation results of the effect of substrate

on the piezoelectric properties of PVDF film
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Fig. 9 Displacement generated in the upper surface of PVDF film
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Fig. 10 Direct piezoelectric effect mechanism of PVDF
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