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Possible sources of energy for harvesting (left) and opportunities use of this energy in
sensing and actuation (right) that can be considered for flexible/bendable devices.

Canan Dagdeviren, Pauline Joe b, Ozlem L. Tuzmanc, Kwi-1l Park, Keon Jae Lee, Yan Shi, Yonggang Huang, John A. Rogers, Recent progress in flekible and
stretchable piezoelectric devices for mechanical energy harvesting, sensing and actuation. Extreme Mechanics Letters 9 (2016) 269-281.



Main energy harvesting technologies.

Energy Harvesting
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monocrystal

Polycrystal.
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polycrystal polycrystal after
polarization

Dipoles are
well aligned in monocrystal,
but
random in polycrystal.

The dipoles in
polycrystal can be aligned
through polarization

Jeong-Yeol Yoon, Introduction to Biosensors From Electric Circuits to Immunosensors.
Springer New York Heidelberg Dordrecht London (2013)
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Electrode Electrode
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Fixed charge _ Accumulated charge
Mobile charge
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(a) A crystal with equal number of mobile positive ions
and fixed negative ions. In the absence of a field,
there Is no net separation between all the positive
charges and all negative charges.

(b) In the presence of and applied field, the mobile
positive ions migrate toward the negative charges
and positive charges in the dielectric. The dielectric
therefore exhibits interfacial polarization.

(c) Grain boundaries and interface between different
materials frequently give rise to interfacial
polarization.

Dielectric material

!
Grain boundary or interface
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g, the relative permittivity
or dielectric constant

g, the vacuum permittivity

A the area

t  the thickness
C the capacitance

C
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The piezoelectric effect
(2) A piezoelectric crystal with no applied stress or field
(b) The crystal is strained by applied force that induces polarization in the crystal
and generates surface charges
(c) An applied field causes the crystal to become strained. In this case the field
compress the crystal
(d) The strain changes direction with the applied field and now the crystal
Is extended



Electromechanical coupling factor k

direct piezoelectric effect W2 Electrical energy converted to mechanical energy
- Input of electrical energy
P =d;X,
|
2 Electrical energy converted to electrical energy
converse piezoelectric effect Input of mechanical energy
_ 2
X;=0;E, 2 Js
i=1,2,3 j=12,..,6 T
a
d The efficiency of energy conversion,
g=— 2
.. K
&y efficiency n = 9

(1— k") + Ok

P. the induce polarization along some i direction ) i
’ P 5 Mechanical quality factor, Q,

X; the applied mechanical stress along some j direction
d; the piezoelectric coefficients 1

S; the induce strain Q= 27 Af RC
E; the applied electric field

g the piezoelectric voltage constant
f, the resonant frequency f, antiresonant frequency :




Top piece

Ceramic disks

Polarizal

Y Bottom pioce
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Piezoelectric actuator

MAXIMUM

Piezoelectric monomorph

Copper electrodes for convenient
electrical connection

Can be drilled or machined to
create holes for system
integration

Durable protective layers

Pilezoelectric transducer

http://www.ultrasonic
resonators.org/design/transducers/transducer_design.html
https://www.ndeed.org/EducationResources/CommunityColle
ge/Ultrasonics/EquipmentTrans/characteristicspt.htm’

Hongduo ZHAO, Jianming LING* and Jian YU. Journal of the Ceramic Society of Japan 120 [8] 317-323 2012
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i) PMN-PT Thin Film on Bulk Wafer  iii) PMIN-PT Thin Film on Flexible Substrate Flexible Energy Harvester \ -
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Mechanical Input Frequency

Shaded regions indicate the fall-off of energy harvesting capability at low
frequencies outside of the range of traditional harvesting routes (left) and at
high frequencies outside of the range of electrochemical harvesters (right).

Nitin Muralidharan, Mengya Li, Rachel E. Carter, Nicholas Galioto, and Cary L. Pint . Ultralow Frequency Electrochemical— 1!
Mechanical Strain Energy Harvester Using 2D Black Phosphorus Nanosheets. ACS Energy Lett. 2017, 2, 17971803









MNoliac Pl

Diameter (mm) d 30 29
Relative dielectric constant £33 [y 1850 1250
Dielectric loss factor tans (10°%) 190 50
Coupling factors kp 0.65 0.55
k, 0.51 0.48
Piezoelectric charge constants (1072 C/N) —d3; 195 140
( da3 460 310 )
Piezoelectric voltage constants (10°Vm/N)  —gs, 13 131
o 27 29
Mechanical quality factor Om 80 1500
; ; ] o ) Curie temperature T: 340 295
Piezoelectric cymbals with a similar design to
the one, a are fabricated with commercial PZT ceramics ) ) )
(Noliac NCE51 and PiCeramics PIC 141) as lt(heept“le;ilt';‘:;‘g:i: Slaile&tse:ﬁr?]w{r::
gge;&%t_e%nc components bonded by epoxy (EPO-TEK metal thickness (t,,) is at 0.25 and o @ (b) .

0.30 mm, while the metal external
diameter (d,;) is 17 mm. On the
other hand, the ceramic

material thickness, t. =1 mm, while & 10°

(mWicm®)

] ¥t
ceramic (mmj) 'metal (mm)

P, (mWicm®)

its diameter (d¢) is 29 and 30 mm. i * 29 ° 025 | .
Finally, another parameter evaluated . 23 . ggg
is the cymbals cavity heights (h,,,) e S SR
which is set as 0.25 and 10" 10° 10" 10* 10°10" 10" 10" 10° 10
i A A Resistance (KQ)
l 1 mm. The notation L, H in this
e, ¥z manuscript denotes hcav = 0.25 16 3 L
T and 1.00 mm 24 i
S ' ’ S 4
§ o
> -84
12 4
R
L 0,00 0,01 0,02 0,03 0,04 0,05
Time (s)

The mechanical excitation is provided by the cars on the road. Their wheels detorm
the asphalt and excite the cymbals which are embedded in the pavement layers below the road layer.

A. Moure, M.A. Izquierdo Rodriguez, S. Herndndez Rueda, A. Gonzalo, F. Rubio-Marcos, D. Urquiza Cuadros , A. Pérez-Lepe, J.F. Fernandez Feasible integratijozh in asphalt
of piezoelectric cymbals for vibration energy harvesting. Energy Conversion and Management 112 (2016) 246—253
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Synthesis

Materials PZT type : PMNZT, PSZT
free—lead type : BZN, KNNL, BT, BSCZT

Method Solid State Reaction

Intensity (arb. units)
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Research Instrumentation

Piezoelectric
Harvesting <
Machine '

. Viscosity meter

Vacuum mixer

Tape casting
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Fungtion generato
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Publication 2017-2018

1. Hassakorn Wattanasarn*, Wattana Photankham, Peeraphat Pattumma & Rattikorn Yimnirun, (2017) Phase transition and
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Thank you for your attention
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