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This thesis presents the effects of mechanical compressive force and frequency
on energy harvesting by employing piezoelectric ceramics. The mechanical vibration
machine was built for energy harvesting test. The machine can generate compressive
force and frequency in the range of 50-400 N and 0.017-5 Hz, respectively.
Piezoelectric samples were subjected to vibration loads generated by the machine.
The effects of loading amplitude and frequency on output voltage were investigated.
The results showed that the output voltage obtained from piezoelectric ceramics
increased with higher loading amplitude and frequency. Moreover, when the number
of piezoelectric samples increased, the electrical. power increased. The maximum
power of 33.47 uW was obtained at 1 MQ of an external resistor, 5.85 pA of current
and 5.72 V of voltage. In addition to amplitude and frequency effect, we demonstrated

battery charging by using the energy harvesting machine.
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Device size (mm): 100.6 x 25.4 x 0.762
Device weight (g): 9.52
Active elements: 2 stacks of 2 piezos
Piezo wafer size (mm): 45.974 x 20.574 x 0.254
Full scale voltage range (V): £200

g‘ﬂ‘ﬁ 2.2 quick pack
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Sodano HazAME (2004b) AnyaznadeuIANNANIa lumMsRUREINTIY
IfhvesgUnsalifumemdsny Ind ladidnn3 ni 19l wSumes (senson) 3 uww 18un
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k + T S Cylindrical Piezoelectric
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25

fibers in epoxy matrix

Interdigitated
electrode (IDE)
pattern Ub on Kapton
film (film not shown)

IDE electric field
directed primarily
in fiber axis (1-
direction)

IDE used to pole
piezoelectric material
alternately along 1-

direction K section through 1-3 plane

31U 2.4 MNAAYIIUBY macro-fiber composite (MFC)
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- 225in
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Pl 1n 2.5 7@ ﬁ}ﬁﬁl%ﬁlumi NAadY N) Lead-Zirconate-Titanate (PZT)
) Macto Fiber Composite (MFC)

A1) Bimorph Quick Pack (QP) Actuator

3 171 2.6 N13A® Macro Fiber Composite (MFC) 1ai¢ Lead-Zirconate-Titanate (PZT)
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T ¢ —_ Battery
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300mAh Battery Charged by PZT with Resonant Vibration | 4 300mAn Battery Charged by PZT with Random Vbration
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> >
04 04
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(i) Resonant vibration (ii) Random vibration
300mAh NIMH Battery Charged by Quick Pack with Random Vibration 300mAh NIMH Battery Charged by Quick Pack with Resonat Vibration
14 14 - - - - - . .

Voltage (volts)

—
=2
Voltage (volts)

20 25 0 1 2

0 5 10 15 3 4 5
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(I) Resonant vibration (ii) Random vibration

3109 2.8 M31sEquuANBT 300 mAh (7) PZT material (V) Bimorph Quick pack
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gﬂ‘ﬁ 2.9 ¥ANATDU piezoelectric pulse generator (PPG)
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A1N21az A1 mechanical quality factors (Q,) QQﬂ’J‘”I soft PZT daulwqjué’awaﬂ hard PZT
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A1519% 3.1 1f5euNeVauAVDa soft ceramics 1AL hard ceramics (APC International, 2002)

Characteristic Soft Ceramic Hard Ceramic
Piezoelectric Constants (d,;,) cl‘]riil'JJ Lﬁﬂ
Permittivity (€ ’) a9 ﬁ 1
Dielectric Constants (K') 1ﬁﬂj Lﬁﬂ
Dielectric Losses (D 139 tan 8) a3 G:i”l
Electromechanical Coupling Factors (K,) Tnigy 1an
Electrical Resistivity (D) gaun @‘l’ 1
Mechanical Quality Factors (Q,, ) ﬁ 1 N
Coercive Field (E,) Gi 1 N
Linearity ﬁ 1 a
Polarization / Depolarization Ny gINUIN
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v [ rd 2
A15199 3.2 auaveawsiin PZT Nuelunsenain (Fadna Laa, 2007)

GLTGEGI PZT-5H (Soft) PZT-4 (Hard)
' A ad a
e ladannsn (&) 3400 1300
agadeladiannin (tans) 0.02 0.004
gungiga(T.) 193 328

mnsi Ing Tsdidnnsn (pC/ N )

a

d, 593 289
d;, -274 -123

ulnmeigadudanalulfh (k)

ky, 0.752 0.70

ky, -0.388 -0.334
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3.4.1.1 77 Static test 10D Quasi-static
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5 Static test 1HUITNNBUAzIIAGINGA Taglardnnisveanisldy
o 1 = A ::'9) v = o Y A 9| A A a ac
usanunanszinaerdnvsodsiidesmsia Fuih lddalsz g lWihnuSnudivessidanTnsa
= { a g Z o 4 (% 2 | o 1
Ysuadszy ldfhimaduiuiianuduius lasasenulsuamsinenainsginedrs

nadoy awaaslugll 3.7

~ 1 ~ a adg a 9 axy .
31U7 3.7 ganadouansn Ind 14diann3na1e7% Static test
A A a g = Y a =S U A

uatissmnilszynmeruiiffinadesuazerunamsgdonouiag
[ v v & = Y o ~ o 1 Y 4 @
mmsia aniudeldimsdsuljusanenannizhaeaislugdunuvesienduland uazia
1 { a o ' v I {1 o { Y
anlszqTilih (@ MiRavndnd lwihdudunuilszy 1 (©) Adevuuiuasidesnisia

= Qddy 1 ax . . [ & v A a adg a
138NITUIN A9 Quasi-static ﬂmﬁﬂﬂugﬂ 3.8“]5Qﬂ1ﬂﬂﬂl1W@T“]5@LﬂﬂTl§ﬂ (d33) a5

i ldnnauns
D. 0 CV
dy; = dsy, =—=== (3.4)
o, F F
v H Y
Tagh © Ao Aveslszy lWihamaun
4 fo And i
F Ao usInnafinsziaeaIs
1 v 3
c Ao anu Idhaesdunulsey



32

Force Gauge
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1 ~ ad a . .
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U (2 . A
52119 stress (T) NU strain (S) AB

T=YS (3.9)

A 1 o (3

Tagh Y fAe Mweagad (Young’s modulus) Hnidemilon stress
'Y . 3 A o ay ad a
uAD applied stress A9UUVDWTINTUTag Iwd TwBiannsn

a 3 Y
INANG strain uazizy IWih

3.4.1.5 Piezoelectric Charge Constant
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S=dE (3.11)
Tagh S ﬁ'ﬂ strain
E o Electric field strength (V/m)
D f1® Piezoelectric strain constant (meters/volt)
Ay d Ianuduiusaaaunmsi (3.12)
(3.12)
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dss 107 C/N 469
Piezoelectric charge constant "

d;, 10 "C/N -280

g, 10° Vm/N 226
Piezoelectric voltage constant 3

2, 10" Vm/N -10.8
Dielectric loss factor tan & - 0.018
Dielectric constant & - 3200

k, - 0.52
Coupling factor k) - 0.81

k,, - 0.44
Compliance st 10"’m’/N 17
Mechanical Quality factor Q. - 65
Density - kg/m3 7560
Curie temperature - °’Cc 250
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A STUDY OF EFFECT OF MECHANICAL COMPRESSIVE
FORCE AND FREQUENCY ON PIEZOELECTRIC ENERGY
HARVESTING MATERIAL

K. Srabua , S. Pojprapai and A. Oonsivilai

Abstract - Lead Zirconste Tatanaet (PZT) has qualifications
piezoclectric. Has been used to convert mechanical energy mio
clectricaty on the contrary used to convert electnicity to mechanical
energy. From the rescarch we apply to used for waste mechanical
energy harvesting. It has occurred in everyday life such as
mechanical from traffic, mechanical from foot power, etc. This power
wmbehtpnbcpauorbdmyadbeuebmm

In this ch 1 in mech | comp force
ad&qmyfamdyand lyze the relation of mechanical
compressive force and frequency with energy harvesting. Therefore
we build testing system to apply compressive force 100-300 N and
frequency 1-200 times/min and develop energy harvesting carcuit of
PZT.

Keyword - Encrgy harvesting, Piczoclectricity, PZT

I. INTRODUCTION

The piczoclectric effect converts mechanical compression
force in to clectrical voltage[1-3]. This paper is study effect
from frequency mechanical compression force. For
development  various  application  relationships  energy
harvesting from piczoclectric material in the future. Example
in year 2008 Elsevier Ltd [4]. The company has study energy
harvesting technology, together with innovative mechanical
coupling designs, can form the basis for harvesting energy
from mechanical motion. Piczoclectric energy can be
harvested to convert walking motion from the human body
into clectrical power. Recently four proof-of-concept Heel
Strike Units were developed where cach unit is essentially a
small electric generator that utilizes piezoelectric clements to

mem-mus;nmmmu
Enagylw:h(‘aa-dk Alternative and Sustainable Encrgy R

Unit, School of Electrical S University of Techmology,
WMW(MKMWML

S. Pojprapai School of Ceramic Engs of
Technology, Nakhoa Ratchasima, Thailind. (c-mail: s “‘*@;.-uuh)
A. Ocasivibi, comresponding author, is with Cemter of Excellence in
Electric Encrgy, Smant Materials, and Health Scicnce, Postharvest Technology
Rescarch Center, School of Electrical E ing, Institute of Enginceri
Suranarce University of Technology, Nakhoa Ratchasima, 30000 Thailand.
(phone: 66-81.548.T728, fax: 66-44.224601; c-mail: anant@sut.ac.th)

convert mechanical motion into electrical power in the form
factor of the heel of a boot. The results of the testing and
cvaluation and the performance of this small clectric generator
are presented. The generator’s conversion of mechanical
motion into clectrical power, the processes it goes through to
produce uscable power and commercial applications of the
Heel Strike electric generator are discussed.

IL. PIEZOELECTRIC

A.  Plezoelectric effect

Mechanical compression or temnsion on a poled
piczoclectric ceramic clement changes the dipole moment,
creating a voltage. Compression of the clement changes the
dipole moment, creating a voltage. Compression of the
clement along the direction of polarization, or tension
perpendicular to the direction of polarization, generates
voltage of the same polarity as the poling voltage. If tension is
applied along the direction of polarization, or the clement is
compressed perpendicular to the direction of polarization, the
polarity of the voltage is opposite that of the poling voltage
(Fig la). If a voltage of the same polarity as the poling voltage
is applied to a piezoclectric clement, parallel to the direction
of the poling voltage, the clement will lengthen and its
diameter will become smaller. If a voltage of polarity opposite
that of the poling voltage is applied, the clement will become
shorter and broader (Fig 1b)[5-8].

| V‘ iy
SN .

(@) ®)

Fig. 1 Generator and motor action of a paczoclectnic element
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1f an alternative voltage is applied, the disk will lengthen and shorten
cyclically at the frequency of the applied voltage. This is motor
action - electrical energy is converted into mechanical energy. The
principle is adapted 1o piczockctric motors, sound or ultrasound
generating devices, and many other products. Fig. 2 shows that
values for compressive stress and the voltage (or field strength)
generated by applying stress 1o a piczoclectric ceramic element are
lincarly prop luptoa tabspecific stress. The same is true
for applied voltage and g d strain.

P=DJE m

Where P is polarization, D is electric displacement, ey
permittivity of ceramic at constant stress, E is electric field.

,,,___,‘[ |

Veltage &V)

v Comptesave gres (MPa) 50
(1 MPa = 10* newton/meter?)

Fig. 2 Linecar relationship between applied
stress and generated voltage

B. Soft and Hard ceramics
A piczocelectric ceramic is categorized as a soft material
or a hard material according to the nature bestowed on it by its
composition (Table 1).
TABLE |

CHARACTERISTICS OF
PIEZOELECTRIC CERAMICS COMPARED [9)

Seft Hard

Characteristic O ol
Piczoclectne Constants (d33) larger smaller
ity (<) higher lower
Diclectric Constants (K*) larger smaller
Diclectric Losses (D wle tan §) higher lower
Electromechanical Coupling Factors (kp) larger smaller
Electrical Resistivity (p) very high lower
Mechanical Quality Factors (Qm) low high
Coercive Field (Ec) low higher
Lincanty Poor better

Polanization / Dep casier more difficult

C. Polarizing

The dipole moments are oriented differently among
different ceramic grains, or even among different regions
within a single grain. Regions of like-oriented dipole moments
are referred to as domain, and cach domain carries a net dipole

ing and Technology 60 2011

moment. However, because the dipoles are randomly oriented
in the ceramic clement, as manufactured, the domains are
randomly oriented and the clement has no overall polarization
(Fig. 3a). The ceramic clement is polarized (poled) by
exposing it to a strong, direct current (DC) clectric field,
usually, but not exclusively, at a temperature slightly below
the Curic point (Fig. 3b). Through this polarizing (poling)
treatment, domains most nearly aligned with the electric field
expand at the expanse of the expense of domains that are not
aligned with the field, and the ceramic lengthens in direction
of the field. When the electric field is removed most of the
dipoles are locked into this configuration of near alignment
(Fig. 3¢).

7 ;

y 5 Mt
ar i [tat] [t
@) ® ©
Fig. 3 3) rand of polardomauns pror o polanzation

(b) polanization in DC electric field
(c) remanent polanzation after electric field removed [9)

III. DIELECTRIC PROPERTIES

A dc voltage (V) is applied across a capacitor, one plate
become positively charged. Corresponding to the applied
electric filed the capacitance (C) is defined as charge stored
per applied electric voltage is given by

2
C-V )

Where V is the applied voltage across the capacitor in
volts, Q is charge in Coulombs and Cis capacitance in Farads
or Coulombs per volt.

Parallel plate capacitor equation with free space as an
insulator is given by

cC=e4

o 3
0= %7 3)

Where e, is permittivity of vacuum( e, = 8.854x10° * F /m),
Adis the plate area and d is distance between parallel plates.
When diclectric material is added between parallel plates is
defined by

A

C=e~ 4
t’d @)

When e is the permittivity of dielectric matersal

e, = —=k¢

(5)

.“I'\

1ol
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' Air compressor —
— —*| Regulat
Force ¢

Fig. 4 Designed testing system.

Substituting equation (4) into (3)

d

IV.EXPERIMENT

A, Experimental

Experiment uses Lead Zirconate Titanate (PZT-K350).
Cross-sectional area 36.1034x10* m? and thickness 6.65 mm
piczoclectric materials to transform mechanical energy into
clectrical energy. The input mechanical compressive force is
transformed into clectrical energy (PZT-K350). Given
compressive force from testing system (Fig. 3) to apply
compressive force by nitrogen gas at pressure 0.1-0.5 MPa
into pneumatic cylinder generated compressive force 100-300
N. The clectrical energy output parallel resistor and measured
by oscilloscope (Fig. 5).

The effect of amplitude and frequency of loading has been
studied. The voltage change occurs during a change in
amplitude and frequency. When there is a lot of pressure and
frequency of occurrence of Piczoelectric. Experimental result

Resistive loads of 100, 200, 400, 600, 800, 1000, 1200, 1400,
1600, 1800, 2000, 2200, 2400, 2600,2800 ,3000 4000 ,5000
and 6000 W were applied to testing system under compressive
of 300 N. Voltage compare to Resistive load. When the more
resistance the voltage was increased (Fig. 6).

Force 100-300 N

1 |

3

Fig. § PZT carcuit measyrements.

Vout
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Fig. 6 Voltage compare to Resistor load.
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Fig. 7 Average power compare to Resistor load.

Fig. 7 shows average power compare to Resistive load.
From equation P=V"/R .When P is the average power, V is
voltage output and R is resistive load.

V. CONCLUSION

The effect of amplitude and frequency of loading to
voltage, that occurs when a change in amplitude and
frequency changes, has been studied. When there is
sufficient pressurc  and frequency, occurrence  of
piczoclectric charge increascs. In our cxpenments we
increased the resistance. From increased resistance, pressure
was found to be higher and therefore decrease in power.
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