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ABSTRACT

This work study on the piezoelectric cantilever shapes for harvesting
vibrational energy which is easily found from the ambient environment. The
piezoelectric conversion is selected due to the high-power density. The piezoelectric
cantilevers are considered in the unimorph form consisting of zinc oxide (ZnO) and
polyethylene terephthalate (PET) layers. In the implementation, the three shapes of
rectangle, trapezoid clamp at longer width, trapezoid clamp at shorter width and
double step are analyzed using the Finite Element Method (FEM). Then, the
comparison of simulation results including displacement, output voltage, output
power and power density of piezoelectric cantilevers are curried out to find the
optimal shape. As the comparative results, the rectangular piezoelectric cantilever
gives the best performance when acceleration are equal and the double step

piezoelectric cantilever give the best performance when displacement are equal.
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Description Zn0O PET Until
Density ( 2 ) 5680 1300 keg/m?
Piezoelectric Strain Coefficients ds; -5.43E-12 - m/V
Piezoelectric Strain Coefficients ds; 1.17E-11 - m/V
Piezoelectric Strain Coefficients dys -1.13E-11 - m/V
Compliance Coefficients s&; 1.11E-11 - m s2/kg
Compliance Coefficients sFs; 8.47E-12 - m s?/kg
Compliance Coefficients s%;, -4.56E-12 - m s¥/kg
Compliance Coefficients s°;; -1.40E-12 - m s?/kg
Compliance Coefficients sty 3.44E-11 - m s/kg
Compliance Coefficients s 3.14E-11 = m s?/kg
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A157°99 3.1 suannuantRveianeie)

Description ZnO PET Until
Relative Permittivity Ky 855 - (unitless)
Relative Permittivity K's; 1020 - (unitless)
The Permittivity of Free Space (%) 8.85E-12 - F/m
Young's Modulus (E) 6.83E+09 | 2.00E+09 N/m2
Poisson's Ratio = (3T
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ontents {0 [T 79 et |1/ command Reference / 2. Command Groupngs /] 25. PREP7 Commancs
R *| [EErercnn Tomre [+ |
+ = Advanced Analysis Techriques Gui
& (] ANSYS LS-DYNA User's Guide
o (3 ANSYS Parametric Design Languag
+ ElBaskc Andyss Guide 2.5. PREP7 Commands
# ECommand Reference i

+ 3 1. About This Manual

¢ =3 2. Command Groupings

[} 2.1. SESSION Commands

These commands are Lsed to areate and set up the moddl. The commands are grouped by functionaity.

[} 2.2. DATABASE Commangs| |ff | Table 224 Database

[} 2.3. GRAPHICS Commands |=| REP7 ¢ are used to read JJdalahtoﬂ‘ledald:ase,ls(mnnndalm,u
2.4. APDL Commands s
B 5.P “ommands AFLIST Lists the curment data i the database.
[ 2.5 SOLUTION Commands | || || COREAD Reads a fie of sold model and database information into the database
[} 2.7.POST1 Commands COWRITE Writes geometry and load database items to a fle.
[ 28.PoST26 Commanats || cDOPT Specifies format to be used for archiving geometry.
Bi?oﬁ}zcz:m:x CECHECK Chedk constrant equations and coupings for rigd body motions:
¥3 Comm: F
D) 2.11. AUX12 Commands CHECK. Mmmdmbasemsﬁconm;wm
D 2.12. Aux15 Commands CNCHECK Provides andor adjusts the inital status of contact pars.
M 2.13. VARIATIONAL TECHIN EC Provides faLre criteria information and activates a data table 1 Input temperature-deg

sUfi 3.5 nsuhila PREP7 Command

3.3 33n19LAT1EN

3.3.1 manuslassadraduniiedng
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' B 1 ) < o A o °
wuslassasaidumbieding Asgui 3.6 ieniagvililassaisanansafiauagnsuLanINa

o 8/ 2 &/
A8 aSAIU Auvaalasasele

i (=3 ] 1 @ &
ESlZE,“U‘Lﬂﬂ’U'eN‘I/IU'JEJLﬁﬂ"] | mwummmawmamﬂq %@ﬂiﬂ‘i\ﬁﬁ‘iw
Tme Element Size =L =H =W

) 4 1

VSEL,s,loc,z,z1,22 [ VUAYINHDINTTILUUILATIAT I
TYPE,1

MAT,1
VMESH,all

Finish
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/SOLU L Ualgardsiiineany Solution Processor
ANTYPE,Modal

MODOPT,LANB, 10 I SzUiIaennIsinent

MXPAND,5 I szyinuulmundmsunisiaseit
nsel,s,loc, kAL ATWNL 1, ALRLS2 | AAUNYINNADIN1TILER

nsel,r,loc, by, ALNLL, AILUS2 I PUAY9RBIN15IsEn

d,all,ux,,,,, uy,uz | §RYI9LL7

nsel,all

Solve

Finish
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s A 1 ﬂil L4 7 i b7 7
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@ a ¥ = o 1 PR} v & | ') =
-> Results Summary Mgufl 3.7 wdd Jahaanudinianlisdulumanisnsedageand
==l' L4 o 1 2/ 1
AnuALlouug uazihlumatauauselld

A ANSYS Multiphysics Utility Menu

Eile Select List Plot PlotCirls WorkPlane Parameter

NECECEEC

ANSYS Toolbar

. save DB| REsuM DB| QuiT| POWRGRPH]
’__ﬁ_\_NSYS Main Menu S @Jll A\ SETLIST Command
E Preferences A Fie

Preprocessor
Solution

sk NDER OF DATH SETS ON |
B2 General Postproc

i AD STEP
& Data & File Opts SET pEas il L0 §
Results Summa 2 5189.1 1
3 7514.1 1
| ~ @ Read Results 4 8601.7 1
| Failure Criteria S 23023 1

Plot Results
List Results
Query Results

a | | e v oA
UM 3.7 AAN DLl UUTU DI lASIAS 19N e DN LU
' s ¥ 5

3.3.3 AIIWIAINIINIZANGIEATALIATIETINNAND LAY
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WUe 3.3.2
/SOLU L Ualdrdsiiiieatu Solution Processor
ANTYPE, HARM I Harmonic Analysis
HARFRQ,Freql,Freqg2 | $29ANUR TR0
DMPRAT,Damping Ratio I Avum Damping Ratio
NSUBST,S1uauati | SunuasUidesnsdy
KBC,1

nsel,s,loc,x, AL [ B@onlnusifainisaglduwsanu x



nsel,r,loc,y, At
nsel,r,loc,z, ALY

fall,fz,aunvaeLsy

nsel,s,loc,wNu, AWML 1, ANLRL2
nsel,r,loc, kAU, AL ], ALALS2

d,all,ux,,,,, uy,uz

nsel,all
Solve

Finish
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/POST26
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¥GET,ntip,NODE,,NUM,MIN
NSOL,2,ntip,U,Z,tip_uz
/AXLAB x,Frequency(Hz)
/AXLAB,y,Displacement(m)
NSEL,all
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plvar,2
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/SOLU L ialaandeninenny Solution Processor

nsel,s,loc,x, ALY
nsel,r,loc,y, AL
nsel,r,loc,z, AL

d all,uz, UUNAT8INIINTLIN

nsel,s,loc, kAU, ATALE L ALALe2
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nsel,all

Solve

Finish
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MnuuIlaseadenlanisnszdnaddutiu lWiwseimanudueaslassasiele

910 ANSYS Main Menu -> General Postproc -> Results -> Viewer Stress -> Stress
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intensity -> Plot Results flaguil 3.11 faguil 3.13 aziulidnlassaindasdlaseadieni
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ANSYS Main Menu

{E Preferences

'@ Preprocessor

'@ Solution

| 8 General Postproc
Data & File Opts
Results Summary
! Read Results

| @ Failure Criteria

| Plot Results

® List Results
Query Results

! Options for Outp

=lResults Viewe

. B Write PGR File

c]

gﬂﬁ 3.11 N1501949 Results Viewer

A asuf ewer - Filerst
File Edit, View Help :
|| [stress intensity ~||contour >} | G| =3

[ |@a Favorites
' |g@ Nodal Solution
@ DOF Solution
@& Stress
@ X-Component of stress |
@ Y-Component of stress [
@ Z-Component of stress
@ XY Shear stress
@ YZ Shear sfress
@ XZ Shear stress
@ 1st Principal stress
@ 2nd Principal stress
@ 3rd Principal stress
Stress intensity

g‘LJ‘ﬁ 3.12 N5L704 Stress Intensity
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N\ Results Viewer - filerst X
File Edit View Help

| [stress intensity [Contour  +] | 6| B BJ| || &| =] =] =B
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[ 1011

gﬂﬁ 3.13 N1510104 Plot Results
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3.3.5 nsmaussaulniveddassadelay

21nn1sRlArankuUlAs I NveIA UL AU AN 19 ULE) Tasuuinduinuieduy
Normalize Unit @afnnuaauintuidntioduliad 3ssnduseammaiwsesulnirnanaseu
Y P ' @ = o v - - Yo o o & v o
MsumuuanAneiy  Wersimumuiivungay welamaslwihasan lngdiduaeaiy
Taseadavesiduniuesdlassasimesnwuy Tasldddnsseluil Tawnlululusunsun

a519lAsIEs 1 UUINaee

vol_top=0 1 Fnglni TS I d
vol_bot=0 | fnglnnildidalniiadnusne
ET,3,CIRCU94,0 | TAseas1aBIimuyI
Rload = ANAINUFAIUNIU | AIAIUATUNIY

r,1,Rload



nsel,s,loc,z, ALY
nsel,r,loc,x,0,Aunie
cp,1,volt,all
*GET,n_bot,node, NUM,MIN

d,n_bot,volt,0

nsel,s,loc,z, AMLnLs
nsel,r,loc,x,0,A L4
cp,2,volt,all
*GET,n_top,node,,;NUM,MIN

d,n_top,volt,0

type,3 $ real,1

e, n_bot, n_top
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1 Aenlnusidrlafinauans

| Ground Electrode A1uans

I Banluuaiadlwilanuuu

I Ground Electrode suuy

dl 1 o L 4
I ANTLYDUARATIATUNIU

wauswuliinilasainleg lngldidseeluilUldunurasluige 3.3.2

/SOLU

IHarmonic analysis
ANTYPE,HARMIC
HROPT,FULL
HROUT,OFF

DMPRAT,0.0170

AUTOTS,ON
NSUBST,50
HARFRQ, AWMLY, ALTLS

KBG,1

| @1 DMPRAT

| 479A7UA



ddele,n_top,volt

nsel,s,loc, N, ATWULS L, ALLTLe2
nsel,r,loc, kN, AWl fTRLe2

d,all,ux,,,,, uy,uz

ACEL,,,ANA113ILSY

nsel,all
solve

finish

Iz Displacement

/POST26

nsels,locy, ALY
nsel,r,loc,z, ALY
nsel,r,loc,x,ALLiLe
*GET,ntip,NODE,,NUM,MIN

NSOL,2,ntip,U,Z tip_uz

PRVAR,2
/GRID,1
/AXLAB,y,Displacement

PLVAR,2

nsel,s,loc,z, ALY

*GET,Voltage,Node, NUM,MIN

NSOL,2,Voltage,volt, Voltage Load

PRVAR 2
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/GRID,1
/AXLAB,y,Voltage Amplitude(V)
/AXLAB,x,Frequency(Hz)

PLVAR,2
FINISH

o i o o W Iy @ a0 W ar o R
wdsnvimumdaarlansuanaussulwihneranudiuniu Asgui 3.12 il
nsruaLssmulnivedlasaisledidnninilaeanuuy WaRasanannsWAIoe199y

i o & o 3 = ot =
WUITANDLS L wuugredlaATIas 1t LLS\‘IWUVLW‘W"IQGVIE!G’I

{x10+*-3)
2.2

Voltage amplitude (V)

T

3750 4000 4250 4800 4750 5000
3875 4125 4375 4€25 487s
Frequency (Hz)

U7l 3.15 frpgunsaiansusasiulwi



unil 4
nMsINaveLaznIsISyuLieu

o i A = = =, o o
N139NUUY Wardrassguuuuimnzaufignuosauiisledidnvindmiuniaiy

P o 1 = a & = 1 1 1
Wemdnu lneniseenuuulassadwvssmuiiisledianninlugunsnieg laun sunse

P ™ P Y] o & - v v o o = v

Adpuudn, JUNTEMATNANIMYLUUAUEAAILN TS, JUNTIEMABNAIYIUUATUEANIY
Y v o = = Sy = 1
way wazgunsetudulasuuassin TnsildwTeuiieuluaesnsd laud nsdiaanmuss

WU LANINNISNTEIAWNAU

a [ :i as ¥
4.1 ﬂ’]‘if\]’]ﬂaﬁﬂ'luLﬂULﬂU')Wﬁ\‘N'IUEﬂ'ﬂ'Nﬂ'N"]
nsdnaedlansaiwesniuiielydidnvsnlugunseing laslunisinaesazldifilyd
=3 = = a 1 - = b | e = il o 1 = &
W@avsnuiia ZnO Rnetiyu PET felvwiawiinu uagmudandumuiaglinuae 13 3
fadwns x w1 2 Tadwes laevis 4 JUNse 211Un19, ANE LAYAIUNULVINNY A

A4 4 Tades x 817 15 d8dunT X ¥u) 2 Haaluns

=

JUR 4.1 Inseadregunsasneg figndalugluuuanu

U

- 3Unss n Aelassadegunsedimaeuiiuih
- SUnse v Aelassadegunsedmdsumaryuuueudamuning
- gUse a Aelaseadegunsedmdsuanayiuuanuiadiunay

- yuwse ¢ elassadnegunsstudulauuuaes



M998 4.1 msrandlasslassadiegunseingg Ngndalugdiuuaiuy

27

(m?)

Rectangle Trapezoidl Trapezoid2 Double Step
Natural
Frequency 4366.3 5632.8 4102.6 5683.7
(Hz)
L1 = 3e-3 L = 5e-3
. L= 15e-3 W = de3
_ E L = 12e- = &e-
L = 15e-3 5 Wl _ de3 1
Length(m) H = 2e-3 W = de-3 W = 3e-3
5 W, = 6e-3
W = de-3 W = 2e-3 W3 = 2e-3
. H= 2e-3
H = 2e-3 H=2e-3
H[L1xW1 1
Formula T NP E ’ ELH(I’/V1 +17,) | LHW, +W, +W,
+3 L2(W1+W2)]
Volume
120e-7 96e-3 144e-3 90e-3
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ALY
Rectangle | Trapezoid | Trapezoid2 | Double Step

Mass(kg) 4.19E-04 3.35E-04 5.03E-04 3.15E-04
Force(kg m/s%) 2.05E-03 1.64E-03 2.47E-03 1.54E-03
Displacement(m) 9.27E-06 6.29E-06 1.10E-05 4.16E-06
Acceleration(m/s?) 4.90476 4.90476 4.90476 490476

Resistor(Q2) 70000 70000 60000 70000
Voltage(V) 1.96E-03 1.40E-03 2.05E-03 1.30E-03
Volume(m?) 1.21E-07 9.66E-08 1.455E-07 9.04E-08
Power(W) 5.49F-11 2.80E-11 7.00E-11 2.41E-11
Power Density(W/m?) | 4.53E-04 2.90E-04 4.81E-04 2.6TE-04

A1519% 4.3 nansTiaesnazitSeuiisuamuAungmdniunuulas@aiegun e nsdi
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Rectangle | Trapezoid | Trapezoid2 | Double Step

Mass(kg) 4,188E-04 3.3SOE-04 5.03E-04 3.155E-04
Force(kg m/s%) 2.200E-03 | 2.600E-03 2.25E-03 3.700E-03
Displacement(m) 1.000E-05 | 1.000E-05 1.000E-05 1.000E-05
Acceleration(m/s?) 5.25059 7.76119 4476721 11.74643

Resistor(Q) 70000 70000 60000 70000
Voltage(V) 2.10E-03 2.23E-03 1.86E-03 3.12E-03
Volume(m?) 1.212E-07 | 9.696E-08 1.454E-07 9.090E-08
Power(W) 6.30E-11 7.104E-11 5.77E-11 1.391E-10
Power Density(W/m?’) 5.198E-04 | 7.32T7E-04 3.96E-04 1.530E-03
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