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Simulation and modeling electrical cell substrate for the

development of electrical energy from the motion of vehicles.
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ABSTRACT

The simulation of design and a real fatigue test of a protected PZT assembly for energy
harvesting application. The protection was from a new encapsulation design. Based on a
previous unpublished research, simulation runs with ANSYS program to simulate the effect of
stress on Polyethylene (PE) protective layers of various shapes were performed and the results
demonstrated that PE layers of rectangular shape were able to distribute an external pressure
at a suitable amount to the PZT sheet and withstand repeated pressings from an external
pressure in the range of 5-20 MPa. These results enabled us to choose the best shape of PZT
sheet and PE housing assembly. The fatigue parameter of the assembly was determined by
subjecting the assembly to a repeated external force. And the voltage cycle of the
encapsulated PZT assembly was measured with an oscilloscope. The voltage cycle test results
show similarly-shaped cycles with a mean voltage of 3.76 V both before and after the
assembly was subjected repeatedly to an external force. The fatigue parameter was defined
as a minimum voltage that the assembly could deliver after a large number of repeated
pressings by an external pressure in the range of 5-20 MPa. Our criterion of successful
protection was a minimum of 3.5 V after 4,500 pressings. Therefore, we concluded that the

constructed assembly was able to withstand an external operating pressure satisfactorily.
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2.1 wieladidnn3n (Piezoelectric)

Usingnisaliiieledidnninvesiangnaunulul 1880 Iy Jacques ua Pierre Curie lng
n1sfnwdnsnavensinadeUssluinveandn 1wy Arend (Quartz) FaAwuaus (Zinc blende)

v ¢ ¢ . & v A gy o & = = '
wag ysunlay (Tourmaline) 10usiu lneda “piezo” Hdsndnrianainn1wInin vingds “n1sna
= & a a A el o a o . . .
Feusngnisaliiveledianvinde Usingmisaitianaunsaindsluily (Electrical polarization)
X A a . Y] A Yo Y v a e
Juillosanauasen (Strain) Tudag WaldsuanuAu(Stress) 1Wld Tnaisandsingnisaiildn
“dsngnisaliigleBianninlaenss (Direct piezoelectric effect)”nioUsngn1salia3as Aile
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aun1siiugnuildesuieusngniseliiieledianniniis 2 Usingnisal laefiansanannaud
alniiuaznistameu (Elastic property) vedian g

D = dE+E'E (Generator action) (2.1)
S =  §"T+dE (Motor effect) (2.2)
e D e ArnsunUAnIeliin (Dielectric displacement)

T A9 ALLAY (Stress)

E Ao aumlvila (Electric field)

S A AULATEA (Strain)

d A duUszansieledianysn (Piezoelectric coefficient)

s Aa ANUNEUYBLTAR (FAIUNGUVBILBRAYDIAN NEAEL)

g Ao AE@NNEONEUNNS (Relative permittivity)

Tnesenluaunsisaesiinansdusinaiiumaias ¢ luaumsd 2.1 ‘Liwaﬂi’]mmlﬁu
Duarnsiivuie weldll usaduuinssm mmamwdsﬁmaﬂmﬂuw@a du st luaumsd 2.2 du
uaumiw%mummw mmﬂuwmaqammimamua YUANINNAINULANAIUDINITIALI BF LU
aaamﬁ]zauwuﬁﬂ‘uauumama@uu6] uaﬂmﬂma@LW&JI%Laﬂmﬂ&Jamauwmuﬂummq Jmeed
m'ﬁzqLﬂuﬁaﬁaﬂﬁﬁ'aLLamﬁaL'E"aulﬁusuaqamasﬁﬁmum WU ds, uduUseavsitelsBiEnyisnd
wanaianuduiuslunmsfalnailaedy Wangnsallaense) Tuwasanfutalwilufianis
3 videluwwasaestag dafimslianuduluiians 1 vdefudiewostan Fanmd 2.1) uazen
dy; Ainansnisiialnanlsieduluiienis 3 Wefinnsldaauauluiienis 3 Wudu Tnedegia
aunsiiuansaudiiusvesindussang feledidnvind fo

D

dxTs  (Usngnisallagnss) (2.3)
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Il

dsEs  (Usngnisallaadon) (2.4)

lngen d denegluyae x 10" O/N dmsudsingnisallaense uazilaeg Tugie x 10 m/v
dwuunngnisallagdey deianidian d ae dnflewdiluussendly lugunsaliifestasiunis
du viSo Ladoud wu lowns waziesestuiindes 1Judu



£ o

fuuszansinelediannsn (Piezoelectric coefficient)

SuUsvansiieledidny3n (Piezoelectric coefficient) WunisTarvanisiia Tn
aﬂliL%%JULﬁaﬁLﬁLLiﬁL%ﬂﬂaLLﬁ’?ﬁ@L%i’]ﬁﬂﬁMﬁ\‘mﬁ’JﬁJ wiamsIanisiUasunlasauenidie Tiuss
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(a)

(b)
33 mode

(c)

31 mode

mwil 2.2 fanvadnanlsiwtudiofinsTiauuiniuazaauduun fanielediannn

wngaugninualagsedetuiianianisialnalsedu anguasmuiniienisanaay 3 1y
W z vesrdAndevuuiuiiaiuieniliaatalninluian unuvesawdniivdefio x uasunu v
WIUMETANINEEY 1 4ag 2 ANUERUAININg 2.2 (a) Asdunanaladn

dyy  FodulsrAvdieldidnviniiinanmsianindalnanlagdulufirvesnisrhi
vosTansiind Wefimslieuduuitanesdndlufindeatuiisesnisyinds
vosTanieniingd dauansluami 2.2(b)

dy  FodulsrAvifieledidnviniiinainnsianindalnanlawduluiie vesnisvinda
vos¥anwsidind Welimslinnuduudfanesdndlufiesfantufiavesnisi
TrvosTanesiind fuandlunni 2.2 (o)
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= o o d33 d}l
FURAVE 'Jﬂ‘i]l"]ﬁ 1un
(pC/MN) (pC/N)
BaTiO, 190 -78
PbTIO, 45-56 (-4.2) - (-6.8)
Pb(Zs, ., Ti, )0, 220 71
Pb(Zr, ., Ti, )0, 175 -148
PbTiO,- PbZ+0, 71 - 590 (21— (:274)
Pb(Mg, Nb_ )O, - PbTiO,- PbZiO, 280 - 460 (-79) - (-250)

2.2 wodwwas (Polymers)

Ao ansusznouniiluanavuinlueg waziiinaluanauin Usznausie wiedn ¢ veea1s
138N31 NBUBLUDS (Monomer) EABIliNUI891U (repeating unit) NLTeNABRUAIENUSELAL
aud lagA131 wedlwes (Polymer) 113100791030 2 A1 AD polys WUaI1 Na1eunsauIn way
meros wUain @IUnsenUlY
TAssassvesnediues wuady 3 wuu sl

1. wedlueswuuldu (Chain length polymer) iWunediuesfilinainueusiues a51awusese
[ < 1 a & a a [y 1 [ P = a 1
fuduanesn lanediwesisesdiniuunnnitlassadiuwuudy 9 Jadlanunuiwiy uagye
waouWMaIEe Tanvazulwunieininlasadedug dregradu wedliianaslsd wie
PVC fltaraslsmdulauaas wedalasu wse PS falsSudulouses

a & a ] a fa a foe @

2. WOALNBTUWUUAY (Branched polymer) LTUN9aLuasNLANIINUBUBLILBTEANULAN
Asnuanwl Tveladu wazlden Aakanainnedwasvadlanan vinlrldaiunsadnseals
wodluesidaiulaun Falanunuiniy wazaavasumaini Banguls aruwmien
lassahavdsusUlddeidiogamgiiiududiegiagy wedleiausinaumuikuusm

3. WOAWBIHUUTIWY (Cross-linking polymer) luneadimesiinanuausiuesnoiioniuy
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1. wodlwessssuwn@ (Natural polymers) tHunodiuasiinluesnusssuyd wu Tusau

wlawaglag 8195350077



2. wodesdIATIEN (Synthetic polymers) lunedwasfitinainnsdansieilagufizen
wil dilvgiiisnaluana 10,000-1,000,000 dwsunediuosdunsiensiune daralnwes

(Elastomers) Naud@naeens lniuas (Fibers) nflaudmdudule waz wanadn (Plastics)
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1. weslunanafinwediwes (Thermoplastic Polymen) Wuwediuesiianunsavasusilame
anufouududeis devhlibusas nsvasuuazmsiduswildnansn ads Tngld
navdefuantRinisnmenmuazmaadl wu neddlaiu wedlilaraslsd [Mlildlasadng
WUUs19n (Network)] uagleduasieidame (Wu welloames nodiolud wedezaslaly
038 (Hudu)

2. wosluaRmedied (Thermosetting Polymer) Wunedwesfianansavasuildianiy
afausnviifumusensdeuseriu ﬁqﬁuwaéma%wﬁmmLLG‘?NLLN%%JL%EJG] dlelauain
You uitisanq nilazaaeiiiosinanuioussyhaeiusyBamisvesiudouse
Feene WU Waiunesianlen(Melamine formaldehyde resin) wag wnlan

(Bekelite) 1Husu
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1. lgluwedwmes (Homopolymers) A wodluesAusEnaUNUIBLEN 9 vasuausLLBS Ui
= o | <, a s o o, s a = <, a
Wearu iy wle Wunedwesninglaauseneusmeduneuawes weddalssu uned

sala a < ¢

wosnilalasulunouowes

2. lanedlues (Copolymer) fa wadlasnusenaumeniiolan 9 veususiuesataidaiu
p819loy 2 Uia 1UU wodleawes uay wedlelun dnsulanedimesazdwunlasn 4
WUy

2.1 lanedlesndnwuudy (Random Copolymer)

A-A-B-B-A-A-A-B-A-A-B-B-A-B-A-A-A-B-A-A-A-B-B-
2.2 lanedlwesidauuuaduiiu (Alternating Copolymer)
-A-B-A-B-A-B-A-B-A-B-#30 -(-A-B-),-
2.3 lanedlwesidauuuuden (Block Copolymer)
_A-A-A-A-A-A-A-B-B-B-B-B-B-B-A-A-A-A-A-A-A-B-B-

2.4 lanedwwesidauuuly (Graft Copolymer)
-A-A-%-A-A-A-A-
B-B-B-B-B-B-B
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aniinnumzanlunistanlivindudiutlesiu (Cover) tuiidretuvannvansvin warludou
ﬁLaqu@%’mﬁwlﬁLﬁaﬂﬁ Polyethylene (PE)

Snwarlaoihluugr wediefidu (Polyethylene) favngulusaas firudutulusies
Sloduiadedainau Sangule uasiidhey lifindu uazsa wndshifnusifinsidnde fnn
wilen wanumnuSeulaldunin (<100 °C) uanusensinnsouvesasiall (Chemical) 1Wu
aulwihlgsunn ldanauldne Samnumunudusininisaesilén

UszLnnved wedeiau (Polyethylene)

o wodleNduAUNUILUNAY (Low Density Polyethylene, LDPE) fiaynunuiuiuaglugas
fAawe 0.91 §i9 0.93 nFusognuiAniguAiins LOPE dnisldegianineuinamsizinlaiune
Banejuld ununnuwagvuseansiedl LOPE gnauguiluwie, fiuree1ms wazvediau

o WOALDNAUAIINNUILUUYIUNAIY (Medium Density Polyethylene, MDPE) ia214

wuiueglugisdans 0.93-0.95 nfusieanuiAiiwuAluns MDPE suunfegnidlunis
o | (2 3 a6 U 6
1 vowNE wazgunial sacks WaNUITYNUN

o  WoANAUAMUNUILUUEY (High Density Polyethylene, HDPE) fiauviunuiuagluyis

Aane 0.95 f9 0.97 nTusagnuIANEURAAT Llanaved HDPE atweuiuag euuu
£ o 4 < ! < ! ] b4 ! a ad 1 °
il uausendt udandt wazlusauasdosndtnediefduaunuiwiuel (Low

Density Polyethylene, LDPE) HDPE 1dvingq, deunduse, fiuvieuasvioun

Jenvesnisidentd Polyethylene (PE) Tunsununyindududesiu wiseunu Cover Wuide
- 919N Weguiunediwesuiindus luvewain
- I lANY UagdiausanIIUNse nSeNvAlAnINABINIS

- pandRieameluszAunilvianissesfuusinaannsau

2.3 w59NALD9AINNITLAY

iAvnIu5e (Types of loads) w3sfnnszvindotantuannsoutsoonlfiu 3 «in léud
1. usslegia (static load)
Huusefinsevinsiotudunesiagednedn q aunseiafienfernis udediaasd
ot] naenluniaitouniriuatunasnly
2. usdfinszvidn ¢ (repeated load)
R TRERN LLiw%ﬁmﬁfﬂﬁﬂigﬁﬂ&iaﬁ’awmaﬂﬂ%@%ﬁﬂﬁu wazasuiuluanlu
P mils 1y usansgieteisseeiosud ansalyl was

3. b39nIEWNN (impact load)
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naevithefuiivinnseisoury Cover Tuszozandus (wsenszunn) enananliinusna
losannsiuvesauuumaTiniuife AuEy (Stress) Tulos

AMULAY (Stress) VUNUD WSINEUBNTUINTENADNUNTTNGA FInTevinluanuyazauIuy

waeRsniuiiuinindavesing lWdydnual O (sigma)

° v — F ] | = | R
AAUA LA o= " Wuwsanreuanmaniianuignud 1o
o Ao AULAY (N/m? %38 Pa)
F fie siuvimihdavasing (N)
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A flo usaneuenfinnsisedng (m?
1 =4 a A ) 1 dy a Y o [ =
anusouuseanilu 3 wila auuseiunseyireiuivindavesing fie

1. ANULAUAY (Tensile stress) MUNEDI AULAUTLNAIINLSIAINTEV RN UNRUNGA Lag
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2. ANULAUDA (Compressive stress) ANULAUTIAAIINLIBANTZNIHONUNNINGAA Laeis

ATENLUILTIADINIRINAUNUNNTNARLELD

Section

1 — ! T ST - F }'ﬂﬂ(

Section

o [ | o 1w
ATWN2.4 LLﬂﬂQLLiQaﬂﬂﬂi&'%qﬁi’JQﬂq

= = Yy da &£ A o 1 v = I3
3. AAALEeY (Shear stress) nuneia AnuAuinTudeingegneldusadeu Wuus
MeuanuInTeIdainglagneneui v ingiian1svnaniuaILlLIsELIURTLIUAY
AAVN9Ueess Wsruuiuiunnddaaue lnsanusudeu wieweniu 2 ¥ila Ao

- AnuAuideuAed (Single shean) nduiileTngagneliusadeu neinui (A) lau

DUV AL NYIALINUT

ANN2.5 UANALIIRBUNNTENAUINQUUU Single shear

- anuAweud (Double shean) induileingegnielausaieu lneldium (A) 1oy

Bouvineanduaadiug

Fd—LJ’___éT____
e >
FC—LJ___A_____

ANTI2.6 KAASULIARBUNNTEMAUIRGUUY Double shear
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2.4 ANSYS Programs

TUsunsu ANSYS Aonisunuannisves syifeuisinludiediuusd (Finite Element
Method) u1l43tas1eillgvinnaansnisfuiainssy Madunasaniveuds (Solid
Mechanics) nafansvaslua (Fluid Dynamics) quwwamam% (Thermodynamics) #aanau AAL
udwidnludin (Electromagnetics)

ANSYS Structural Mechanics T9ieatas1zndynitiaiainssy sludunaransnig

a s . [ . 5 a 6 a 14 . I a i
atmd (Static) wazn1ANaTn (Dynamic) M9N153LATILAUUULTIEY (Linear) tazliiBaLdu
(Nonlinear) nM53tasesdymuuunannay sauduauiou veslva uwazaauuaimanlniile
naATziaunsavilaasadudutesluaudaszuuTuduntelasiaine neldannsueinise
NU1n59in vinlansudawanisneuaues NIn1sidesy (Deformation) W39UATen (Reaction
force) AMULAULATAIIULATEA (Stress and Strain) A18E19LTUNITAUALLTIOUVDITZUUTINA

¢ Y A o Y ' = ] = a o ¢ 1
sosuAnaenaulasIasImsedelgnasieineg, avudemeluriense asesdnsuazgunsaliigg
wenanlifagniinluussendldiuausiunisunng wunslesgigudmuildsiuniusenieuyd

ANSYS Thermal and Thermal Stress Analysis ﬁamam%mﬁmeﬁmmﬁaamﬂqmmﬁ

welgmiiJunuuan1igasin (Steady State) wazanmizlinsia (Transient) 817U NSULANTA
VIWIOHANUIGUBULTBIUNIIINAMULAUTLAATUIMN UM (Thermal Stress), ANULFENEVDS
o & a v v oA & a A a 9 ¢ o -
wangomdduresnluiinsotsud anudsneiinainanuseulugunsaluasiaiesiioly
9AAMNIINANNY WiBNTTTTUIEANSauTeudIuBianvelindlugnamnssuneuiiames 1
Fu

ANSYS Fluid Dynamics A9N1SATUIMBASILASIENNIIATUNAFAIANSVDI LN A

(Computational Fluid Dynamics, CFD) Sau8nsanemndsnuansouvessdlna nglusinsy
ANSYS @nansavinnisinsgvimaineulaegrauiuguasaseunay iadymnamansvadlnaiuy
37UV taziuululiu aunsadmsisinginssunisivansnigluwazatsuen (Intemal and
External flow) 19uuuan1uzLA8 (Single-phase Flow) #3avatuaniug (Multiphase Flow)
UBNANLEIEIUITOILATIZYINTINATINAUNITANLWNANUSDUNILUUAITUY NS LALAITWHSIH
a 'S a aaa = Y ¥
AABAIUAINNTAIAIIZINSNAULASENAT aznswingdlasnaae

ANSYS Explicit Dynamic 1Jun1531A518%0 1500 Ua U UUNTn1sENInTEIinly

FanduLazuLse lnedansinginssuiuandiseenlungldaniinisaldendnd wunis
AN ssengufnvulugiadeniungi MsBanseauienegounsAuNITau N1SANNIEWNN

YOINANNNIINEY WoNTTATIRANNUeR BT BIlALANTINEUAIINNIFURIBAIIIEIEY

ANSYS POLYFLOW fialusunsun1svinunegnginssunisiuguresianuuuiiiay 1oy wed

Wos, wanain, 819 seun Ludy Menssusnisnanuwuunngg wenisidn n15se N1InAdA T
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lufanislvavesianiianuniegunngunisivaremedwesaglininusounazusidnvesans,
NS AugUrIanatadn vsen15TusUE1aYilag19Y

ANSYS Electromagnetic AalUshnsugn WU uLion153LAT1EMIIUAIUAT Y

wimdnlwfifirasuaguyniam lddazdunisesnuuuseineslnil (Electric motor), nife
wlagludln (Transformer), ¥A437 IC (IC package), WK12993 PCB (PCB Interconnect), AL
LLazaaﬂLLuquﬂsaiﬂﬁuﬂmmmﬁ%wq/ﬁigigmlmiﬂmw (RF/microwave component) 521819
aunsnlsu-dedyeyras (Antenna), AABAIUNNTIASIERRRLA QU aMAZNTTUNIUAA USRIl
(EMI/EMC)

2.5 N1SNUNIUITIUNTSUNNEITY (Literature review)

INMIANINWITeMLINUN I SENE laaweslawalimun (PZT) duldgnunun
Anwuazimundugunsaifildanuldegnaunnunelaeuddedanngaduimuinszsuiunsad

a s

waUsuUanvarlassad e lindianesiaiunlnmiue (PZTndaud@nmunzauiua
=i ° P wa o au wa a Y A &
gnihluldgsluaninaulalunifeifeaudfvesnmdnnssualuihvesianiedinsmianans
= °o v w a e v o o A v & = a A o

L3NA UagksaRannseiiuduesfindgnaauisatianluliniuvouuvsemadudiedse
wisAuAumBsuieindiazifausanailiianszualiinlvadeuluasietuld wikeuls
= a ¢& = > s 8w o & a =~ av = a

Aolwsindluiiauusgge dsagudniiminuinnaviuiagiinanudemelaluanuideiede

gankuulATIas A JULUUT I Ta A ie a1 T0 SULSINALALENNITAN AL TINA

' (%
a0 U L% 1%

Tainaueldddunuiddoftiuntumsunswieunsindangoslaunlmmiun (PZT)
TlandAmnzautunuign

Tud 2005z j. Xu wazaug lavinnsAnwInszuIunsws s findlanasiaualnniium
(PZT)MeRsmslvaan warlddaniledintelnevilivumeuniaiisdouldtuionadnasdae
ansoldgunpifiiadunimanlddauneyneivdouliiuanduzuil 2.7 wargui 2.8 8
wansgaumgiinauninflanastsinlvanszsernauasndsnuililunisedeutduanaddlanfids

AN0U150NA9 Laaaslaun iy (PZT) AlauTanunzaule

= 3
20.0kV 1HME—

gﬂﬁ 2.7 SEM of PZT powders calcined at (A) 600 °C, (B) 700 °C and (C) 800 °C.
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Al 2.8 Variation of longitudinal strain coefficient d33 with sintering temperature.

Tul 2009 P. Muralt wazafz leyinn1sAneInisas1mdsulvinannisdulaesinnis

[

asaflduurvesangasiawalnniwun (PZT) anvulassassnidudanaulaeonles Fednwae
lassaiiawagnismsennanalilugui 2.9 FwanisnaasnuiiNyienudamieasiinig
novauaAnas Ul g@udainsnuansauduiussenisidlniniladuyasaiud

o '
[ v )

1 & PN P Y & 1 a
G]NS]‘UULL?{WQI‘UEUV] 2.10 Anan ALY AN NFUN BN L E

Inertial mass
Frame

i 2.9 Schematic structure and operation principle of piezoelectric laminated cantilever for

harvesting vibration energy coupled in through the vibration of the frame.



15

YOK ——
16 PZTbeam | S48
ID electrodes | ‘,‘ i
12 J1.2
s / S
e I i
3 08 L Jos <
g 1 : -
04 Joa
[ |
A VI | S A P e
o ' v 05 1 T.5 ‘0
850 355 60 BG5S 570 B7S 880 885 as0 Aoceleralion [Q]
Fraquency [Hz]
(a) (b)

i 2.10 Power output as a function of frequency for various load resistances (a), and voltage
and power output as a function of acceleration measured at the anti-resonance.

Tl 2011 So Hee Lee wazaaiz léinsinweadlaidih PZT Tasnsidia PZN tileuuuse
auvRvosesfinduazynsiUieudisudsmamdsufiunnansiudsansmeaesifnwdnvae
nsufildannszuaumaisstusandiifufamiuuaniannnszurumasssuuandusud
2.11 LLazmsi’mauﬂ’ﬁmﬂﬂﬁm‘%aamﬁaLﬁsm@Lﬁﬂw‘%ﬂﬁfuuamﬂugﬂﬁ 2.12 WuIoM1s lwa-laa

S 9 v A saa 1 a a & a A | _ax =
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AW 2.11 SEM microphotographs of samples (a) right after sintering, (b) sol-gel coated with
PZN-PZT film and (c) followed by mechanical polishing.
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(a) Standard
(b) CIP application
(<) Sol-gel surface
(d) Polishing specimens
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At 2.12 Piezoelectric coefficients of samples with (a) single step press, (b) two-step press

including CIP, (c) sol-gel surface coating, and (d) mechanical polishing.
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Abstract

This paper presents the results of simulation of design and a real fatigue test of a protected PZT assembly for energy harvesting
application. The protection was from a new encapsulation design. Based on a previous unpublished research, simulation runs with
ANSYS program to simulate the effect of stress on Polyethylene (PE) protective layers of various shapes were performed and the
results demonstrated that PE layers of rectangular shape were able to distribute an external pressure at a suitable amount to the PZT
sheet and withstand repeated pressings from an external pressure in the range of 5-20 MPa. These results enabled us to choose the
best shape of PZT sheet and PE housing assembly. The fatigue parameter of the assembly was determined by subjecting the
assembly to a repeated external force. And the voltage cycle of the encapsulated PZT assembly was measured with an oscilloscope.
The voltage cycle test results show similarly-shaped cycles with a mean voltage of 3.76 V both before and after the assembly was
subjected repeatedly to an external force. The fatigue parameter was defined as a minimum voltage that the assembly could deliver
after a large number of repeated pressings by an external pressure in the range of 5-20 MPa. Our criterion of successful protection
was a minimum of 3.5 V after 4,500 pressings. Therefore, we concluded that the constructed assembly was able to withstand an
external operating pressure satisfactorily.
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Introduction

Nowadays, energy is one of the most important issues to consider. Due to increasing energy consumption and limited
resources, it is inevitable that alternative energy sources need to be developed. An alternative energy source is an
important means of sustainable energy provision for the demands of people and the industries. In this regard,
piezoelectric sheet (PZT, Lead Zirconate Titanate) has gained increasing attention as a converter of mechanical energy
into electrical energy. One of the unique characteristics of PZT is that its conversion action is reversible, meaning that
a material that exhibits a direct piezoelectric effect (generation of electricity when stress is applied) also exhibits the
converse piezoelectric effect (generation of stress when an electric field is applied) [1-6]. Piezoelectric effect is very
useful in many applications that involve production and detection of sound, generation of high voltage, and harvest of
energy from vibration devices [7]. This effect makes it useful to develop a piezoelectric sheet that is able to withstand
external pressure and produce electrical energy reliably.

One of the most significant challenges for the design of PZT sheet for energy conversion is to obtain an assembly
that is able to withstand repeated strong external mechanical force in its conversion operation without getting
damaged. Based on a previous published research, we have obtained the best shape of PE layers for protecting a PZT
sheet from ANSYS simulation runs. The criterion for a satisfactory shape was that the layers with this shape would
have to distribute an external pressure evenly to the PZT sheet at an appropriate amount (no more than 8.8 MPa) so
as not to cause any damages to the sheet. In this paper, we present the simulation results of the distributed external
force to the PZT sheet by various shapes of protective PE layers

Because a piezoelectric sheet is very fragile with a thickness of only 0.127 mm [8], protection from mechanical
damage is an extremely important issue. This issue has led to this study of developing protective parts to prevent
fracture of a piezoelectric sheet and performing fatigue test to check the reliability of the developed assembly.

Shapes 2
Shapes 1 ‘
Shapes 3
a

Fig 1. @ Designed PZT assembly upper party; (b Protective part (1), piezoelectric sheet 2) and wires connected to silver paste 3)

Experimental Procedure
1. Piezoelectric sheet (PZT Sheet)

PZT sheet was purchased from PIEZO SYSTEMS, It was Type PSI-SH4E. It was a 4.72 x 72.4 mm? square with a
thickness of 127.0 mm. The electrodes were at the upper and lower parts of the sheet [8].
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2. Preparation of the protective part

Both layers of the protective part were made from Polyethylene (PE) [9]. They were the upper part (for absorbing
external pressure) and the base part for holding the PZT sheet. Both parts were 10.16 x 10.16 x 1 cm?® in size. A
polyethylene sheet was machined and milled by a CNC machine to obtain the desired shape and size of the upper part,

While another polyethylene sheet was machined into a shape of a box, the base part for holding a piezoelectric
sheet of 72.4 x 72.4 mm? in size. The upper part was designed to cover the PZT sheet and fit into the base part perfectly.
The whole assembly was like a closed rectangular box 64.1cm thick. It can be seen in Fig. 1 that the base part was
drilled on the top and bottom sides of to enable wire insertion for measuring voltage. Silver paste acted as glue to
connect the wires to the piezoelectric sheet. The assembly was held together with multipurpose Silicone.

From a previous study, an investigation into a suitable kind of protection material pointed out to Polyethylene sheet
as a good material. In this design, the polymeric material (Polyethylene: PE) of the above-mentioned size was shown
to be able to withstand a force of 20 MPa pressing on the piezoelectric sheet plane by ANSYS simulation.

In the external pressing test, we used a Pneumatic cylinder to do the pressing that was able to generate a pressure
of up to 20 MPa. The protected area that was pressed by the cylinder was 7.30 x 7.30 cm? in size. The test was
performed by applying the pneumatic cylinder to the assembly repeatedly and measuring the voltage from the PZT
sheet with an oscilloscope. The fatigue parameter, the minimum voltage that the assembly was able to produce after
4,500 pressings, was found to be 3.68 V, well above our criterion of 3.5 V.

Results and Discussion

The ANSYS simulation results of distributed external pressures (5, 10, and 20 MPa) at the assembly with 3 different
shapes of the upper PE housing to the PZT sheet an show in Fig. 2. The PZT sheet could withstand pressure up to 8.8
MPa [8], and the rectangular shape PE upper layer was able to distribute those external pressures to the PZT sheet at
a satisfactory amount (Table 1).

100.00 (mm)

Fig 2. Impact of PE housing on simulation results with the ANSYS simulation of all shapes

Table 1 External pressures and the resulted pressure at the PZT sheet protected by a PE protective upper layer of 3 shapes

Pressure at the PZT sheet (MPa)

External pressure (MPa) Shapes 1 Shapes 2 Shapes 3
5 0.5989 47327 4.6588
10 35210 8.0546 9364

20 6.8301 29235 18.856
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In a real-world application, a typical external force acting on the assembly would be no more than 1 MPa; therefore,
we expected that the rectangular protective PE upper part should be able to withstand an external force in this range
well and so we did a real physical test.

Voltage cycle test and fatigue results were performed according to the method described in the Materials and
Methods section above. The graph of voltage cycles is shown in Fig. 3.

It was found that the protective parts were able to protect fracturing of piezoelectric sheet after 4,500 pressings of
an external pressure of 5-20 MPa. The PZT sheet remained in place and was not damaged. The protective parts also
satisfactorily distributed some of the external pressure to the PZT sheet; as a result, the sheet was able to generate a
mean voltage of 3.76 V and a maximum voltage of 3.84 V, as shown in Fig. 4. The fatigue parameter, the standard of
voltages from 4,500 pressings was 3.76 V, well within our specified criterion of 3.5 V.
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Fig 3. The relationship between the voltages that occurred over time as the PZT assembly was repeatedly pressed by a cylinder
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Fig 4. Voltage versus number of cycles when the PZT assembly was repeatedly pressed by a cylinder.

In fatigue test of protective parts were tested by applying pressure from the pneumatic cylinder to the protective
part regularly. According to Fig. 4, the voltage that regularly occurs, which average voltages are 3.76 V. So, can be
clearly predicted that the protective parts are still as well protected when continuously tested.
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Conclusion

Polyethylene housing were developed to protect a PZT assembly, and the assembly was fatigue tested by repeatedly
applying an external pressure from a pneumatic cylinder. It was found that the protective layers were able to prevent
fracturing of the PZT sheet satisfactorily and distribute a useable amount of external pressure to it which resulted in a
mean voltage produced of 3.76 V.
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