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Table 1. Constant design parameters of finned and finless cantilever piezoelectric energy harvestes
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I - Response surface methodology (RSM)



(b) A @) AL (g 510 1S sy (GLrOWES bl py Selouds i guai ) S
Figure 1. Schematic picture of finless (part a) and finned cantilever energy harvester (part b)
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Figure 2. Finless cantilever piezoelectric energy harvestes in water chanell
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Figure 3. Shematic representation of the design parameters
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I'- Central composite design (CCD)



51 o ysme blis alols S o 581 gy5me blis olan g lole bl colass «e35 o abai S 4y 1, b iglog] (clid e g, ool
%ASJ.A U’“"j) e l.(bu,..uLa)] Sl el o M)f )Ja_v e \ Lu).a‘)) La.ﬂ )L.\.a.a dlas U"‘ 5o as 0392 »‘9 T L‘)—"}.} 6;).0 alas;
@ b ialej] o535 po alais yo allie ol )0 0905 1SS 1) o iulesl 4o aiz o iolesl 5l alads G y0 4 sl p3Y (g5ladoe B
6>|)Ja 61.909.0)1 ML‘SA Sae V- L).)‘).v Lmu,..ul.n)—‘ Slass ‘)‘)SJ I 9 (_5.)5)9)...’.».0\“ Sg>g A 4.'>5.v L| 9 Qiloads )|)S.| c\...v).n O sloss
iy Jelds Jsoz Glapgie ol oads ools (las all b g all o S g0 5o sl ¥ Jgoz 50 (635 e oS e s, b oo
Gos il £o o (canlats gl ol )l b lagysesl (635 0 alati s (6355 sl yeiio 5 (y305] 0jlad dlailejl o sl

Sl om)l)i; M)ACLQQ‘MC\JC\D)JY“ :\.‘5|)5)...o‘5,.‘tu\“

A g0 9 Al b Cdl 90 52 (1 (635 70 S 30 gy b o (21 sl 9e3T 10 (5393 Sl yelsl Y Jgu
Table 2. Input parameters in the experiments designed with the CCD method for both finned and finless
cantilever energy harvesters
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Table 3. Results of ANOVA for anaysing the precision adequacy of the impirical model
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Table 4. Results of ANOVA for the design parameters of both types of cantilever energy harvesters
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Figure 4. Contour diagrams of effective voltage changes in relation to the design parameters of tilt angle,
distance ratio, and depth ratio related to the finless cantilever (a, b, ¢) andrelated to the finned cantilever
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Figure 5. response surfaces of effective voltage changes related to the finless cantilever energya harvester (a,
b, c) and to the finned cantilever energy harvester (d, e, f)

S 95 52 sl Gl mhaw Siglgaie Ghy) gt 9 S5 S5 3 Sadn Baa b (elais 5 (b sla b (il

Ly )0 Cul Sgpde a5 jebplen aiald (815 7SS slajloges B 5 (giluainge @l 5 285 &jpe b g 5 laall
ol 0210 VY os Cond g 00,0 Vo b ol slozge 5l 55 aold casis by g0y 5 Jloall sauS'cusls p > g0 po (sl A
30 P5e 5ty aiiy Jlade . ewl a0 AD Ll joall cdls jo gaz 0 FIV L plp alb gy <l o g biles aygly 3,1 5
S olid g o0g a5 elyly pl Jlake oy piin a5 el V Ll siledigs 90 1o 30 Cangllae al jlade Lol Al a0y c>

Syl gilwdg Cors



Optimal Length Ratio Depth Ratio Angle
. High 100.0 12.0 60.0
D: 1.090 cur [20.0] [12.0] [6.6667]

Predict  Low 20.0 00 00
Vrms
Maximum
y = 96.5031
d = 1.0000
(a)
optimal Length _Ratio De::;hoRatio Angle
High 100.0 - 60.0
D:1.000
) Cur [20.0] [12.0] [8.4848]
Predict Low 20.0 0.0 0.0
Vrms
Maximum
y = 82.6832
d = 1.0000
(b)

(B) Al L > 5 @) Wl (90 S (s (5 s ioptt 15 5Ll 900 — 7 S

Figure 6. Optimization of input parameters for the finless cantilever (a) and finned cantilever energy
harvester (b)
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Energy harnessing from water waves by a
piezoelectric energy harvester with and without ore-like
tip: an experimental study

Hamid Adabzadeh?, Mohammad Mostafa Mohammadi®', Jafar Ghazanfarian®

ab.c- Mechanical Engineering Department, Faculty of Engineering, University of Zanjan, Zanjan, Iran

ABSTRACT

In this article, the piezoelectric energy harvester of cantilever type with the ability to be angled relative to the vertical
direction, and also with rectangular fins attached to the end of the harvester has been investigated. The purpose of
this study is to investigate the effect of design parameters such as the angle of inclination of the energy harvester, its
distance from the wave source, the depth of the beam and the presence or absence of fins at the end of the beam, on
the effective voltage of the energy harvester output. Low efficiency is the most important limitation for the
advancement of piezoelectric energy harvesters, and for this reason, it is necessary to use methods based on tests and
optimization with the aim of increasing the efficiency of piezoelectric energy harvesters. In order to carry out the
experimental study, experiments have been designed using the central composite design (CCD) and experimental
model analysis and design parameters have been optimized using the response surface methodology (RSM). Also, the
effect of equipping the energy harvester with a fin on the final voltage has been investigated. It was observed that the
optimal conditions for both finned and non-finned harvesters ocuure when distance ratio of the beam from the
wavemaker is minimum and the depth of penetration ratio is mximum. Also, the optimal inclination angle is equal to
6.7 degrees in the case without fins and 8.5 degrees in the case with fins.

KEYWORDS
Piezoelectric energy harvester, Ore-like tip, Tilt angle, Empirical modelling .

I Corresponding Author: Email: dr.mohammadi@znu.ac.ir
V¥



