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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
*P.0.B. 8514143131, Najafabad, Iran, bagherzadeh(@pme.iaun.ac.ir

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.

s> 4 |y laaiie arg ana) ol 0 &5 olbbojse 5 (o (1] whoas dovde -1

sy ey jhite olais, ey SIS aes g0 sk
e S log bl o ead ez SN G5l 0geS A5 el cld ool g 09 Ceem @ |y Cpaliiee dmsls ( dame Sl
ol oslial 2] o gl sl gl sl slocasgine 0TS mleiKe S mS ppman JU Sge U s,
3 K Sl5p i g sloodiy 1o @551 5 @l SVl NSl (ST s S gl o (S il g el
Cls sy ol je adh el ol slecasgae pd, gl laSal,

Jols gl b Syl olils) 5l oSl sleeanS ! Energy Harvesting

“ Piezoelectric

* Magnetostrictive
* Stress

el iy (a0 slaloolsn o5 4 olse e ol Sl (Bglaes

* Aeroelastic


http://www.SId.ir

obEad g 4l Alizg)

YU s plhis Sad SIS L luag xue Jis pa 3)lg Saigae plis SIIIT ) 115551 Casbld s §33c 9 2 01T Asllins

b agm 5l Syl Sl a8 ames (golge alex IS Sl
3 bl myb izl odes jebay S iSUlgn (ool a0 0
glel 5l azsl o PZT (glazs! code L'ojm olisf p; bl
PVDF (g lazs! cudle b Aaylyols aclityg (b & plgige ol pdyciliasd
3ol @iy Blaxl Lloas allie ol o 0y ab el el eg8 45
J10] et ons ooliial (5 oy £35S 2Slg5m
eSSy i S g (2ly o s bl 4y S 2Sly sy olse
oas S Ll nl S (o S (Sl 28U laglas bgS Ly,
alslize SYolas ddatly, ol izl lo LB (2) 5 (1) 2¥olee S5 4
oSl oSy Sy 5 ki, ol dsles 33 IS Sl o g s aiS

1101 e
S=sET+d"E )
D =dT + £TE @)

ST oy ol SE laiis Jop SLoS YL SVolwe o

E S pSllyi oole (o255 2ulg il d il i b o (o

€5 adliplfle s (Sopshl b J&s Jop Do S0 S slaglona s

a5 ol S S5y s 1 S0k (2) Wolas ol (63308 <o 0

e Sk (D) Wblas 5 ol (Sl bayglss g bSes »
D9sesn 55 4 b Klas (oSl SVoles o (s 45 ol LSy 2SNy

(3-8) doles ©jp0a 2-1) SVolae j3 aiily 5nd slam Sle

|

ST = [Sl SZ S3 54 Ss 36] (3)
(S11 S12 S13 S1a Si5 St
521 522 SZ3 524 525 526
SE = 531 532 S33 534 5.35 S36
54-1 54-2 543 544 54-5 546
551 552 553 554 555 S'56 4
Se1 Sz Ses Ses Ses Ses &
TT=[T, To T3 To Ts Te] 5)
(di1 da1 day
dlz dzz d32
dT= d13 dzs d33
d14 d24 d34
dls d25 d35
ldis das dae ©
DT =[D; D, Ds] D
ET=[E, E, Ej ®)

slge nl glacul oS5 Slgi olse p @S> o Kilsal |15, Lo
Ailedds sals UL"""' l}-”'—“ o) 90 L‘

Vo Jo (5995 9 Sl -3

&l3 ey g3l e -1-3

o5 el oad Jan gam e Sjp0a Lelsn Jol5 Jb S0 Gragly oal o
(1 JS8) ol SopSllghn Slakd g Matagy bl Fo,y Jold
ol s ol AG24-il ol 4 6 (60 sloplon 31 o Jb el 5,2
boosd ilodas Jb olasie .l Joliie Wolgss S o a5

* Potassium Sodium Tartrate
¢ BaTiO3

! Lead Zirconate Titanate

¢ (C2ZH3F)n

* Rib

¥ Spar

' Skin

09 o lesis 18 0,95 1397 3T (w30 Suilse wiie

Slaylas 53 08 Gl i G3w slolewlsn ole 5 Sslag
S oo osliul (S sg3 il ) A b0 (SeigS
YU g tate cund glilo oloolgg Se lp S ol &5 ced o
o0 g 228 dallle @ p2l dlie )0 g0l 5l og aalss S Asu sl
sl slaslangSoe Ju 2 o)ty SSise)le l0L 51 55l s
il 08 4510 33 VU (6 late Capend

Slpl oils 3 b ol 1y S Sy oy 00k adsi (5551
g 31 555 Sutloyy o)l o 51 g (3] 05 13 s 200
2 S gsy ool sl e )S JLE sy 3550 DD @ S STl
Sl 1 gl alllan lgiga ) (551 Sl jshie 4 Labloa ole
ot ool g (65580 ol g 00 Lo (glep Joe Ko aslllae ol o (4]
A5 dlie gt ye Ju 65 51L 5 28T 1S o 3590 Sosl s
sl fagy il gl @il clly sl Clidss Gl R (K
s At ) ol o3 Sl L 40 o5 Cal iSyle (55 gl
3 (v 53 s S 18 (o 9590 (Slag 2SIl i S 5,
Stalesl oy jus 55 Sy 3l syl clan o 1) SVl T il )|
pb i gl I Ol Connl Bl sl iagn Ko 51 [5] o8
IR s se e sbnl Ko sl il gty cal o gl
Loyaeme [6] 05 wyp o5l ctlog JLS Lo 1) 5 sy 5 ol
Jb 5 slaiges plear 1) slakingd 5 o o 55 Sl ool el
FLTL s 15 mypay90 Jsipr gl (el (o, L Lamlsn (sladizgs
plosl S Sy lalas ) ) (535 cadlop 290 3 [ 85 e gy
Joe Sy ol p0 &5 05 o)lal Kby ggin Slegh 4 Olge 485
SO R mrr 2550 Sudgn obad b agzlse o s SVl
o 28lg 5 6551 0aS bl S g9 Kty (gl 53 aizven (8]
istnl oS 5l 5l el el g olil az s g b gt il ails 5
9] el a8 8 13 o 5,50

lge olad jo a5 0gd e somlice sud ol le egh cwipn b
@l Gl &8 a8 F Dpge S S 8 gleea Jbo sl
oad b o JU slojle sl 5l lag] jo a8 Lo to )l Jas jo Jlaze
45,5 Oy s (1l )3 B &S Sl ool 0 izen a
5 ogame glall JB8la 5 5l g ogy (Ll > Ojsoar S by, cZul
Fol= Gimgh 50 gop! 5l cwl ead solinul 0w ead #ihe e
O ygods ool Gl caims LT ial saled 005 S 50 a5 Laslin Jb S
o Sdssa sl J8le 5 gt sgame plall S g, b s A
LI P B sﬂ:li.‘..ll.q_ﬂ Jrebgodad® I3 cwpo,ee
Ju 5l ss caly n dilie gl b yn oezes
ol Bl o 09> £95 )0 A5 WBF N5 () 3590 ALt g S

Sy 219 3 g 3 ol Lulgy -2
9o g Sl (59,5 Jlesl il (S0 2SI 5y gl oLl a5 golge
wasly azals 1, (S5 sl sy Jleel Jly (SOl g9 a8 GusSas
SIS TS Tl e S Sllgry S ogd pe 4t S Slgh
JEPY SO OO [P APV RN PO RS - JRPE SE AP

' MAV

* Tourmaline
* Quartz
*NaClo3


http://www.SId.ir

Archivenf QID

ubles 9 &3lf; alizs)

Vs 500 apund SIS 5B s5a0 Jb s )l Siige i SISl 1§35 Cabld 33 5IIL 9 35 Anllios

Root PVDF 0.1 1 8 1

(o 4
S ol cssas b (BT 5 5 l5dle 5 slaisilodas sl 5
aiload riwies Glesl jlesslowasay by 5l eslazul b go0e J=
Jael b &5 Gl osds sbiall B g litn s gl saias il b
om0 S oSy e S0 JU e 10% ol
3 how 0 ead lo Clasie glhs wolitul 0,50 2lKile;] dwiges
ol 005 03,01 "6 IS 0 alfilejl Jue sl cessay il ol

[}

V\L,x 0 2
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 (em) Span (cm) G ces G,
15 60 8 1
s 75 10 2
T 90 12 3
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Table 2 Characteristics of the piezoelectric material
|3 i B AE &
B 2] Sl o g Jsbo -
s 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

bt Segbdle g s s Gl s,
Ju sy, (em) Ju (Hz) ‘ )
fix 6 1 8 1
fix 75 1 10 2
fix 9 1 12 3

. ot
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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

o el R sk T
(cm) (em) (cm) S
3003-H18 0.1 1 30 8 1
3003-H18 0.1 1 37.5 10 7
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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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 1 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 2 g 52l (em) G 2SUlg5es Jobo

d,
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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 .xl.,J,.a )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

shaejlail g 10 (g o coi b JU Lawgi cadol! Jomibo Sl 7 Jous
S Sy 5 ilis
Table 7 The voltage created generated by the wings of aspect ratios of

(V) sad adgs 3l (em) Ll culies iy, 10 and various piezoelectric sizes
1.68% 0.1 1 (V) oo adgs 5y (em) G 255 Jsbo i,
42 0.15 2 1.4 11.25 1
6 0.2 3 1.46 16.875 2
78 025 4 15 225 3
9.6 0.3 5 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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