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A Study of Optimal Driving Method for Piezoelectric Device Applications
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Abstract - In piezoelectric device applications, it is important to improve a system efficiency because of the low generated
power. In this paper, an optimal driving method is proposed to improve a system efficiency for a piezoelectric energy
harvesting system. The proposed method considers disappear energy in input capacitors and the converter efficiency according
to the input voltage magnitude to minimize energy losses. Experimental results based on various energy generation cases verify
that the proposed method significantly improves the system efficiency; the efficiency is approximately 9.97% higher than that

of the conventional method.
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Fig. 3 Generated energy by piezoelectric module
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Table 1 Converter specifications

Parameter Value [Unit]
oA B4 (1 REY) 140 [w]
2918 Fuke 1.2 [MHz]
o R 2.2 V]
=9 A 12 [V]

£ ¥R 200 [mA]

A AAE A 470 [uF]
T HExg 2 MQ]
o155 Ea 6.8 [uH]

J9 7 MEE stEo]
Fig. 7 Manufactured hardware
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Table 2 Minimum capacitor efficiency according to input

voltage
ALY V] R AAE 8 [%)
3.00 92.51
3.75 88.00
4.50 85.64
5.25 82.90
6.00 82.21
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Fig. 10 Number of optimal driving pedestrians during the
day

1544

PEDESTRIANS

s &8 & B ¥ 8
—
——
i\
[
1
6 4 8w s 0w

TIME [H]

O" 11 Aiekst @F7IHo] mE AlAE §8
Fig. 11 System efficiency based on proposed algorithm
E(t)
nr= p(t) N EG ©)

ol p= EY BB ALK @S UERRN T 2
ol AN & Ik o W P AR B HEA 8 ongi

() = [ ! ] @

3600/p,

AHEE 200mA ZHOA SEEIER 2 AGEHE 588
Aoz e & Itk 19 89 dgle 5ol ¥2 s B
He Sl FAeR UEME dgdedo e dAHEY g8
A @)t Zo] e 4 UTh

o ™ o>

Ne =—0.213V'4+3.6861 V2 —24.134 V2 +74.626 V, —6.6408  (8)

34 FX 237Y0] WE ST 8L

A St ARYE HARPE 248Y Beole AAE A
At oUAR el FRSA Yeddols AHEZE S5t
= 20 7t 52 gee de & Atk 09 Zo] duEY ¥
S 7ItHIA g4 Hdxo] ot d¥dies INSHS '
RO E7] Plois dHEl S5 el e AMAE s8s
AlLtstA ® 29 ZTh

HgRTE Hordas AWAIEL] OUA] Ad2 O wWEA
S7lete Ag &€ & AL w2 dEdegez 2ds]
Qoiiie HelREZE ATWAIEQ oUX] AHERDH WEA SVt
ofiof k= Ag & & Ath B =&Y FAES Ol8st] ofF
& HExo] e FHed HIRE UEE I8 103 2
Ch. A HdR7 S7ides AuAlES Ao wEA &
Sol0] A oURIE darld o o] &2 WYoA &
A & QUth ARYE HER7E A2 ok AMole BRI
AUEA Fa 5 A A 5H s8gd + XS she
Z0] Fti9] ggr S8 & e Zle & + Ut

a9 103 22 ede & 4% HEx Qg oAy '
gol weh viE 2doke HECH TR §80] S

o

ooz

N
by
©
0z
o



T I8 112 A FFeFUHe FaT 49 HIAlol
Sge HOFECL I8 109 FEed Bt gAks
g 7HKe Ag € & At BRI BEE
SE T ORI R SRS AEAYA &
£ 28 589 7625%2 82 7INLh Hd
3| [t gkato] WE HE S8% S
ThEoll FA AlA | E7Fohks g &€ & Atk 2
A7 7P BE Mol 19A10] 86.12%°] §8< AN ols
712 & tH] 9.97%2 S8k}
O Zotd 49 § =2 §85 7
AT

HoA oy 02 £ L
~ Qb 40 ox v
N 2 (o
2
Mo
2

gl:‘ll

= 1
#

2 =Rolide ouxsHisgos e AREHIL s ¢
DAE 018 AAHS FAgE 24 tet AFE Jds)
on 34 geEed 7IMe Mottt 71ES AlAHEAE B
AElE olux] e 1HciA]l Z11 SRR & FF
5lo] E¥oR dYg U] niEo dgst 288 7K
de 7IA Atk Aetet FFgE 2ddHe oluA 2R
oF " ATAIEOIN HERFGORE 2dEE oURIE st
A deudgde RAsl ouAl SN Ert Be 49
Yol WA 5ot AHES 20| ekl AWAE
AEE URIE daAE = QA0 BEEZA] HE3 F7}
IZ] Qlo] Al Aol gge A o+ UANUCH FeHE
=EdO AIAHRT ofLEh Thet 2o A 85 0]
A ASHOIM 88 S AIE 5 e ZCR T

3@ 2

24

T
=
S

L

R

H1dm 21

°
>
5 b

2
1/
0
S

7

worr oo
Iz
5
b 10

23 {o
o

a2
o diks 20179k FREHIRASH MEcz
SRS Kge 'wob dE A7dNo. 2017
R1C1B2010057)

References

[1] Y. Chen, Y. Wen, and P. Li, “Characterization of
dissipation factors in terms of piezoelectric equivalent
circuit parameters,” IEEE Transactions on Ultrasonics,
Ferroelectrics, and Frequency Control, Vol. 53, No. 12,
pp. 2367-2375, Dec. 2006.

[2] E. S. de Freitas, F. G. Baptista, D. E. Budoya, and B. A.
de Castro, “Equivalent Circuit of Piezoelectric
Diaphragms for Impedance-Based Structural Health

Trans. KIEE. Vol. 66, No. 10, OCT, 2017

Monitoring Applications,” IEEE Sensors Journal, Vol. 17,
No. 17, pp. 5537-5546, Sep. 2017.

[3] X. D. Do, H. H. Nguyen, S. K. Han, D. S. Ha, and S. G.
Lee, “A Self-Powered High-Efficiency Rectifier With
Automatic Resetting of Transducer Capacitance in
Piezoelectric  Energy  Harvesting  Systems,” IEEE
Transactions on Very Large Scale Integration (VLSI)
Systems, Vol. 23, No. 3, pp. 444-453, Mar. 2015.

[4] L. Wu, X, D. Do, S. G. Lee, and D. S. Ha “A
Self-Powered and Optimal SSHI Circuit Integrated
With an Active Rectifier for Piezoelectric Energy
Harvesting,” IEEE Transactions on Circuits and
Systems 1: Regular Papers, Vol. 64, No. 3, pp. 537-
549, Oct. 2017.

[4] L. Wu, X, D. Do, S. G. Lee, and D. S. Ha “A
Self-Powered and Optimal SSHI Circuit Integrated
With an Active Rectifier for Piezoelectric Energy
Harvesting,” IEEE Transactions on Circuits and
Systems 1: Regular Papers, Vol. 64, No. 3, pp. 537-
549, Oct. 2017.

[5] B. I. Kang, G. Y. Jeon, J. H. Ryu, Y. K. Seo, W. H.
Hong, ‘Research on the Electricity Accumulation by
Piezoelectric Energy Harvesting System in Different
Installation in Building,” Transaction on Archi-
tectural Institute of Korea, Vol. 30, No. 7. pp. 221-
228, Jul. 2014.

[6] Y. C. Shu and 1. C. Lien, "Analysis of power output for
piezoelectric  energy  harvesting  systems’, Smart
Materials and Structures, Vol.15, No.6, pp. 1499-
1512. Sep. 2006.

[7] E. Lefeuvre, A. Bader, C. Richard, and D. Guyomar,
"Piezoelectric Energy Harvesting Device Optimization
by Synchronous Electric Charge Extraction", Journal of
Intelligent Material Systems and Structures, Vol. 16,
No. 10, pp. 865-876, Oct. 2005.

A oa

—

Yong-Wook Kim)

14, 2013d 29 RAUS
et ®my|ma E9AAD. 20179 29
. =gosln thet R7|RAEEEALSH}
. B . R 48 20179 98 SR EskELE

o7lEH AR,

o]

1 &8s
1957d 5€

El

o 1
0

=)

o
e

1545



M7t ==X] 663 105 20174 10¥

1546

4 = 3] (Dong-Hee Kim)
1984¢ 59 274, 2009¢ A@Eistn
A7 &Y (8HAD. 20118 StHsS
¢ HIBAAEHESHE £Y9 (KAD. 2015
W Stiste AApEATIEFHSE S £ |
AD. 2015E~2016E AHotdthstul HAEA
¢ 20169~2017d SIS A7|Eg
Zag, 20179~ Aty &S

W Rl goe] BARE STOIAL

Qo Bl
o Bl e



