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Experimental and numerical studies on energy harvesting from harmonic loads
acting upon the wings of high aspect ratio MAVs

Roohollah Yeganeh, Seyed Amin Bagherzadeh”, Mehdi Salehi

Department of Mechanical Engineering, Najafabad Branch, Islamic Azad University, Najafabad, Iran
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this study, a microgenerator is designed to supply the energy needed for electrical circuits of a MAV
Received 06 February 2018 using piezoelectric materials. For this purpose, a composite airplane wing including all structural
Accepted 22 April 2018 elements such as the ribs, spars and skins was designed in COMSOL multiphysics software. On the spar
Availsble Online 17 May 2018 of this wing, a piezoelectric piece is modeled. The wing is modeled as a cantilever beam that its end is
Kevwords: excited in an .oscillalory manner with given f_nequengies and afnplitudes During the oscillation, the
Piezoelectric stress and stramn of the wing elements are obtained using the finite element method and the amount of
MAV the generated voltage is calculated by coupling the piezoelectric governing equations with the strains.

Energy Harvesting

Next, an experimental model is created with the same characteristics of the numerical model and tested.
Aspect Ratio

The comparison of the results obtained by the numerical solutions with the experimental tests for the
verification indicates acceptable errors of numerical studies. Afterwards, the effects of parameters such
as the aspect ratio, the size of the piezoelectric material the spar thickness and the excitation frequency
on the generated voltage are studied. Finally, the results have been discussed.
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Fig. 1 The wing modeled via COMSOL multiphysics software
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Fig. 2 The internal components of the wing modeled via COMSOL

multiphysics software
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Fig. 3 Meshing of the internal components of the wing via COMSOL
multiphysics software
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Table 1 Characteristics of the wing modeled

Chord (cm) Span (cm) G ces i,
7.5 60 8 1
7.5 75 10 2
7.5 90 12 3

soliial 5 90 5, 5l Slasin? Jyux

Table 2 Characteristics of the piezoelectric material
|3 Ja &y SRS
’ (em) 3,0 Jsb iy
6F Sl (em) (cm)

! Wing Root

* Finite Element Analysis
* Wing Tip

* Crank Yoke
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Table 4 Boundary conditions of the wings for the numerical solution

Gl Sl a0 s

e fei i,

Jbasy, (em) Ju (Hz)
fix 6 1 8 1
fix 75 1 10 2
fix 9 1 12 3

Fig-. 5 The exp'erimenlal model of the wings
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Fig. 6 The output voltage obtained from the experimental test for the
wing of aspect ratio 8 and the excitation frequency 1
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Fig. 7 The displacement applied to the wing tip of aspect ratio 8 and the
excitation frequency 1 for the numerical solution
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Fig. 4 Meshing of the wing surfaces via COMSOL multiphysics
software
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Table 3 Characteristics of the spars

s Colies P Jsb S o
(cm) (cm) (cm) S
3003-H18 0.1 1 30 3 1
3003-H18 0.1 1 375 10 2
3003-H18 0.1 1 45 12 3
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Fig. 9 The displacement applied to the wing tip of aspect ratio 10 and
the excitation frequency 1 for the numerical solution
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Fig. 10 The voltage generated by the wing of aspect ratio 10 and the
excitation frequency 1 for the numerical solution
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Fig. 11 The displacement applied to the wing tip of aspect ratio 10 and
the excitation frequency | for the numerical solution
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Fig. 8 The voltage generated by the wing of aspect ratio 8 and the
excitation frequency 1 for the numerical solution
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Table 8 The voltage created generated by the wings of aspect ratios of
12 and various piezoelectric sizes

(V) s adgs 5l (em) S =Sy sl

—d,
1.2 13.5 1
1.24 20.25 2
1.26 27 3
1.2 33.75 4
1.16 40.5 5

JU bl Coold Ol gl w0 -3-5
SopSlyss b 0ad a5 @551 el Sl B o ol 0
8 gylate cei b b G ctiged D jgoas 5l gl il sas oy
PR Fale B s S 3Sllgin Jsb Grizmen ool 00d (53l
el s Jlag! OT S9y » 4 Joz b i bl e cliload
odal 9 Josz 5o Ll Culbs il 4 Cos sad adg 5ls liee

e |
S5y o5 b abold ! uslikd il b Cuomd o) 5o
aSpl g olol bocedl sud iy s bl cil ead Jae OT I
ly o5 59 o0 48,5 dess ol e 0 oolicis] ool ol 1 a ol o
Slon 55 3 ol 033 3y Jb & S/t (S scalins Ll
5 o Hlos baily; @ az g bl odel 392y 4 Jb bl 50 55200
o g 3 55 05 553 e 058 i al (15,5 el i
azils tall Ll cwlss golidl bosldy cplpls ccal azsl 2l

sl

S uilS 8 ks Ol oy p -4-5
2 S0 3 50 Cend ol e
601 jlais ) Sy o0 il 8 aslllas ol jo el o con s S5 2S5
o gl 135 Al Sglite 5550 Ll Jlosl bl oas Jlosl
Il 5 0ad g ity WS e S8 W5 1A L
5 ol 00,5 oS S il b oS 5 S0 ol
L .ol 'RMS

bwg 0sd Wy &5

ol ol acily
Ol o)ls Slefag el oudandgi an mSI a3 o
Olg S 3 il b as wl asie SYLoo 3l o295 slaosls 4 axg
Ol 5 5y Sl 5 10 Jgar jo ol adly ali8 o g 5w

OO PRV I ot S T IPPRCHI PR W

S 5 4o -6
il cdlon wyn 4 s30e g (225 By 90 b g ol o
J= sl b ansls p G 2Slg g lge Lawg sl g, o Jb Lol

S b Jb (595 2 skl Soeled (2ol 4 ol cabiad g s 5 9 Jgur

8 il
Table 9 The amount of voltage produced relative to the increase of spar
thickness on the wing with the AR 8
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Fig. 12 The voltage generated by the wing of aspect ratio 12 and the
excitation frequency 1 for the numerical solution
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Table 5 The voltage generated by the wings of aspect ratios of 8, 10
and 12 with a fixed size of the piezoelectric at the frequency of | Hz

. - - Leel ol 4l o5
R "L.‘lj?’ )Ug J [T -A ol Ls)h—a - s,
W) (em) eads
1.76 6 8 1
1.6 1.5 10 2
1.3 9 12 3
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Table 6 The voltage created generated by the wings of aspect ratios of
8 and various piezoelectric sizes

(V) sadi alys 5kl (em) K ;25035 Jslo )
1.76 9 1
1.84 13.5 2
1.88 18 3
1.8 225 4
1.6 27 5
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Table 7 The voltage created generated by the wings of aspect ratios of
10 and various piezoelectric sizes

(V) oo adgs 5y (em) [l Culs @3,
1.68 0.1 1
42 0.15 2
6 0.2 3
7.8 025 4
9.6 0.3 5

(V) o i 31y (em) . 2S5 Jplo s,
1.4 11.25 1
1.46 16.875 2
1.5 225 3
1.42 28.125 4
1.26 33.75 5

! Root mean square
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Table 10 The voltage and RMS power produced relative to the
variation of the excitation frequency on the wing with the AR 8

M) sie ol (Vsadodgjlly  Ho) Sops ilf3 iy,

560 1.62 1 1
680 2.02 2 2
720 2.18 3 3
740 228 4 4
760 2.28 5 5
780 2.34 6 6
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