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Electromechanical Coupling Modelling and
Experimental Study of Piezoelectric
Cantilever Beam Under Water Droplet Impact

LI Zhinan, HAO Guannan, YU Ran, ZHANG Shuai, LU Lixin

(College of Mechanical and Electrical Engineering, Qingdao University, Qingdao 266071, Shandong, China)

Abstract: For the dynamic process of harvesting energy from water droplet impact by using piezoelectric beams, a water droplet
impact force model was developed. Based on the Euler Bernoulli beam theory, an electromechanical coupling prediction model of
piezoelectric cantilever beam was established. Droplet impact tests were conducted, the voltage output characteristics and dynamic
response characteristics of the piezoelectric beams were analyzed. By comparing the experimental results and model prediction
results under different impact conditions (droplet diameter D, = 2.4~4.4 mm and impact velocity V, = 1.0~3.4 m/s), the accuracy of
the force electromechanical coupling model was verified. Results showed that there is a linear relationship between the maximum
deformation of cantilever end and the peak voltage under the impact excitation of water droplets. Water droplets exhibit "rebound"
and "splashing" characteristics under low and high Weber number conditions, respectively, and the experimental results are highly

consistent with the predicted results of the model, verifying the applicability and accuracy of the model. As the cantilever length
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increases, the natural frequency and the bending stiffness of the system gradually decreases, the output voltage and the total energy
harvested gradually increase; however, the electric energy density shows a trend of first increasing and then decreasing, reaching a

maximum of d; = 4.27 mJ/m” when the cantilever beam length L = 35 mm.

Key words: piezoelectric energy harvesting; water droplet impact; dynamic response; electromechanical coupling
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Fig.12 Comparison of four main patterns in the evolution of water droplet morphology
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Tab.2 Factors and levels of the orthogonal test

Factors
Levels  [A] (B] [C] (D]
PVDF thickness /4,/um PET thichness /,/mm Cantilever length L/mm Cantilever width 5/mm
1 28 0.05 25 8
2 52 0.10 30 12
3 (52) 0.15 35 16
4 — 0.20 — —
5 — 0.25 — —
6 — 0.30 — —
3 RN R T R S BB IE SR L (36 % 61)SEHRAS R S i 25 0
Tab.3 Orthogonal test results and range analysis of peak voltage and total electrical energy
Number [A] [B] [C] [D] V,/V Ey/nl
1 28 0.05 25 8 — —
2 52 0.10 35 16 11.2 354
3 52 0.15 35 12 9.2 18.9
4 28 0.20 30 16 3.6 1.65
5 52 0.25 30 8 7.9 6.3
6 52 0.30 25 12 6.0 1.6
7 52 0.30 30 16 42 1.38
8 28 0.25 35 12 2.8 1.1
9 52 0.05 30 12 -- -
10 52 0.10 25 8 9 18
11 52 0.20 35 8 8.5 13.6
12 28 0.15 25 16 5.8 3.8
13 52 0.20 25 12 9.8 7.6
14 52 0.15 30 8 14 35
15 52 0.25 25 16 6.1 2.2
16 28 0.30 35 8 2.9 0.99
17 28 0.10 30 12 9 18.7
18 52 0.05 35 16 — —
ky 5.88 (10.27) 0.00 (0.00) 7.34 (6.64) 8.46 (14.78)
I, 9.16 (17.56) 9.73 (24.03) 7.74 (10.51) 7.36 (7.98)
ks 8.02 (10.44) 9.67 (19.23) 6.92 (14) 6.18 (8.89)
ky — 7.30 (7.62) — —
ks — 5.60 (3.20) — —
ks — 4.37(1.32) — —
Range 3.28(7.29) 5.37 (22.71) 0.82(7.36) 2.28(6.79)

Rank 2(3) 1(1) 4(2) 3(4)
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Fig.13 Total electric energy output and electric energy density of cantilever beam under different cantilever length
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