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Abstract

The energy harvestifngsMarket expands 'day by /day, this is Mainty due to the number of
the implemented low power_sensors-in, different fields,-such_as: human, body, building, car
engine...etc. Thesg'sénsors=argimmost\cases powered by batteries, but'the main drawback
of this technique js the*fieed of.a eontinuous contiglsof their (state ©f chaige, the recharge
and the replacement-whichlislin"mest,case’s expensivey Thus,lin orderto avercome these
limitations, one of the/mostipromising solutions is\ to haryest the suirounding ‘energy beside
the system to/power, In ourenvironment,/ we-can find many types;of recoverable energy, for
example: mechanical energy; thermal| energy and Yadiative; enerey (solar, infra-red, radio-
frequency). | This—chapter s dedicatéd 4o mechahicat._enemgy.sand .more™ particularly to
mechanical vibration en€rgy produced by cars,fridees, mechanical_enginessand/ so on. The
mechanical to ‘electrical Converter capn-be |electromasenetic, electrostatic or piezoelectric. In
case of an elactromagnetic“conversion, the<Vibrations Tare*tsed t@vcreate a relative
movement betweentascoil and. )\ permanent [rhaeret, In casésoff an electrostatic
transduction, the‘ikrations, aré wsedv/tQ_Tcreate™ a—variable capacitance. In case of a
piezoelectric transduetion, “the vibrations “ate “tSed tQ, apply @ piechanical stress on a
piezoelectric material. Actually, “ad)vibration . energy,, harvester(VEH) features 3 main

compenents as presented
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Tunsld Mathematic tredtment Eudafigseansianduiosly Fensér uniiasnest msuszgnd
maduRledidnainisuluansntaaseiellutl 1917 deeafigevin wasams laldalelunisdum
Fasih ldudn polycrystal 1199 e QUARE U transducers  AafUWHUMANNEEA8AT
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-Powerful sonar luguUtsvindinduq 1y nsanay, sanszuen MAnan
-casting U84 ceramics
-Piezo ignitors
-Sensitive hydrophones listening litemugumitadourasislunzia
-Small sensitive microphones
-Ceramic audio tone transducer, Wudszunn small, low power,low
~voltage U38naunie ceramic disc Anfuudulans

NanN1IMieY

INMauandn 32Aproenivdaiied 20 nduivduiidandmleaidnasna e zan
lienuasiugngudnadans unit cell - duiuiliofissnsSei dipole (Agu waznailmusnFad
aunailihasouuay/effect Ifnluindandiu yingiisal piezodtectricity iamsluguil 2.1
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v Q3R

3UN 2.2 taa3nan1sal Piezeeleetricity
317U 2.2 9zuidie voltage Uszgnduuiledidnesnigsiiin duesiinazuauasapioniety

a! [ s = O o) 7 [ %) [y a a a = =
nilsasaziduduasunasauliir ldidundsnunavasluviiussndudu Alsdidnnsnasd
polarization AUSITUVIA FILANG19IN ferroelectric @15AlanaIaINnIg sinter Tusdq dipoles il
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After high voltage is applied

31]17'; 2.3.poling-ef-piezoelectriceeramics

MnU91AIN PSRN potine. A ansiteasldiansaudafeslag tae n1s poling
finavnseyigumifadunsnetinetiediieffects 4ad piezoelectric 019w aulanil

D<dE #&' B (1)
5=sFT ¥dE (2.2)

\dlo D = electficfield displacement| (G2egaiissLiiraa i)

T = stress (GRRHTEPTT R Rt )

E = Electric fiald (@iinslaiey)

S = strain (PINANBSTAR)

d = piezoelectrig coefficient (fl5eansue Uil pieZoelectric)
e = dielectric copstart (rsiitedlaadnsse)

s = material compliancedimoadults of-etasticity)

dmivdan e T wubgven eaile stress men weawdnldiiiEanale® vuans uaz sE A
compliance vazitauuIATAm TS @1 hog(22) adlifl Matfixdsureiieafuyavesaunis
igrdastuantivesansluiavea T aayian ielvasearlumsosunefianis s vasansile
Qﬂﬁmuﬂi’”ﬂugﬁﬁ 2.3
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Lﬁa e = permittivity
er = dielectric constant (relative permittivity)
e0 = permittivity in free space (8.854 @ 10-12 F/m)

T

Poling axis

(2.3)
(2.4)

(2.5)

(2.6)
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Tumandudiu lewApiezoelectric coupling factor (k33, k31 wag kp) A1 k fa1ui

_ Enegy Output
Total Mechaical Energy input

dmiu direct effect uavlunanduifudmiu converse effect fanansdl k axileifasnd 1
\aued sy kp (planar coupling coeffecienthtluduUssavaaiieatiufuauiil  maximum
impedance parallel antiresonance, fa“ttaz minimum series resonance, fr) LLé’aﬁwmmmmqm
(nsdianseglugy disc)

k =[(1 "k%)(Bessel function F‘r

" (2.7)
Wesnnanueeingnsluaunisn 2.6 apsutlu*
(e2=27) Q
Ko =125 o7 + 0038
1
(2.8)
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rdunadesdu 19l alarms, sound producing calculators wag electronic watches
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3.2.2 Mechanical to Electrical Converter(M2E)
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