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  amplitude 𝑄 𝑚 : Mechanical quality factor Enough power in small volume Usually 10-1 000 µW/cm 3 /g² Power for various mechanical quality factors 𝑄 𝑚
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 1 . Morel et al., SMS, 2018 Single Crystal (e.g. PZN-PT) [Badel and Lefeuvre, 2014] 𝒌 2 = 𝟓𝟑 % ▬ [Gibus et al., 2021] 𝒌 2 = 𝟓𝟎 % ▬ Lead-free Ceramic 1% Facteur d'épaisseur Facteur de longueur Length factor 𝐿 Thickness factorGibus et al., Applied Energy 2020Long proof mass useful to increase coupling coefficient as the strain becomes ratio 𝜈 𝑝 defined as For ceramics, Beam width should be at least twice bigger than the length for piezoelectric ceramics but As ↗ beam length helps to ↘ resonant frequency, design issues can occur for small devices volumes and with low resonant frequenciesGibus et al., Applied Energy 2020Is it possible to reach with this behavior without enlarging the beam ?Longitudinal strain 𝑆 1 seen from above Lateral strain 𝑆 2 of seen from above𝑓 𝑠𝑐 = 33.0Hz 𝑓 𝑜𝑐 = 37.2Hz 𝒌 𝟐 = 𝟐𝟏. 𝟑%With barsLongitudinal strain 𝑆 1 seen from above Lateral strain 𝑆 2 seen from above 𝑓 𝑠𝑐 = 38.3Hz 𝑓 𝑜𝑐 = 48.5Hz 𝒌 𝟐 = 𝟑𝟕. 𝟕% Example with PMN-PT Material on Comsol (FEM) Coupling coefficients 𝑘 31 𝑙 2 and 𝑘 31 𝑤 2 of the piezoelectric material, • The stiffness of the piezoelectric material and the substrate • The geometry (length of the beam, mass and thickness of the piezoelectric materials and the substrate) • The bars • Dimensions (height ℎ 𝑏𝑎𝑟 , length 𝑏𝑎𝑟 ) • The stiffness of the material of the bars • Number and arrangement (distance between each bar, staggered or face to face arrangement) sould be maximized and a plateau is reached Substrate and piezo thicknesses (ℎ 𝑝 = ℎ 𝑠 ) 0.3-0.4-0.5-0.6-0.7-0.8-0thicknesses (ℎ 𝑝 = ℎ 𝑠 ) 0.3-0.4-0.5-0.6-0.7-0.8 mm Bars 𝑏𝑎𝑟 (mm) An optimal value of 𝑏𝑎𝑟 exists According to our first studies, the bars should cover around 8 % of the beam length Considered glue thickness of 100 µm between the piezoelectric plates and the substrate, and considered distance of the piezoelectric plates from clamp of 500 𝒌² is multiplied by 1.42 with the bars (from 9.5 % to 13.7%) The bandwidth is expected to be multiplied by 1.23 * Considered glue thickness of 100 µm between the bars and the piezoelectric plates 2was presented for maximizing the coupling • to maximize the power • to maximize the frequency bandwidth Experimental validation was made with PZT 5H • × 1.42 on the electromechanical coupling coefficient 𝑘² • × 1.24 expected on the frequency bandwith Prospects • Deeper analysis of the materials impact • Validation with lead free materials 19 Bars ΕΥΧΑΡΙΣΤΩ (Thank you) D. Gibus, L. Tourtelier-Gallo, P. Gasnier, A. Morel, O. Freychet, A. Badel david.gibus@univ-smb.fr