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A Study on the electrical characteristics of energy harvester
using piezoelectric polyvinylidene fluoride(PVDF) film
for emergency power system

Se Hyeon Park

Division of Electrical and Electronics Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Recently, as resource and environmental problems have emerged all over
the world, energy harvesting technology has attracted much attention as a
sustainable clean energy source. ‘Energy harvesting refers to the
conversion and harvesting of unused, abandoned energy, such as vibration,
temperature, light energy, into usable electrical energy. The types include
wind and wave, piezoelectric effect using mechanical energy and vibration
caused by minute movement of body, photoelectric effect using sunlight
and light energy, and energy harvesting using thermoelectric effect using
temperature difference. Because of the miniaturization of various electronic
devices requiring low power and the development of wireless network
sensors, a low output power source is required. Accordingly, it is necessary
to develop a low-power source that replaces the existing power source and

the battery. Piezoelectric energy harvesting is suitable for energy
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harvesting technology that can be wused in underwater or indoor
environments where sunlight can not be used. It is possible to obtain
infinite electrical energy by converting the mechanical energy generated
from the fine motion due to wind, water flow, and the like. In this study,
a piezoelectric energy harvester for underwater emergency power source
was constructed according to the needs of semi - permanent emergency
auxiliary power source which can be continuously used for diving
equipment such as small flashlights and cameras which are essential for
scuba diving and industrial diving. PVDF films were selected as energy
harvester materials using flexible piezoelectric polymer films. PVDF films
have the material superiority of flexibility and high durability. Accordingly,
energy harvesting is possible in various environments, and the production
cost is low, which is advantageous in economical efficiency. The
piezoelectric energy harvester used in this study was fabricated by
attaching a PVDF film as a piezoelectric material and a conductive tape
serving as an electrode on a polyimide substrate and analyzing its electrical
characteristics. The characteristics of output characteristics according to
the size and structure of piezoelectric harvester devices, output
characteristics according to waterproof treatment, and output characteristics
according to underwater environment were analyzed. The piezoelectric
harvesters of the dual structure showed higher output than the
piezoelectric harvesters of the single structure. Due to the increased
thickness of the harvester in the limited motion displacement in the water,

one harvester showed the best output. It is expected that it will be
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possible to manufacture energy harvester for underwater emergency power
source with better output through subsequent structure, area, and process

optimization.

KEY WORDS: Energy harvesting, PVDF-based Piezoelectric devices, Emergency
power system
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A AU AY 7HAsH #AE, &4 A BE & oA JiEe 8
Toll wet $AES AEskA FomAr HFAHR FFol Thedh AR o] A
I 1T T4, &% Erkd7)719] 2 5 AFdEoF ARt 24 oA a8 ¢ 2 9
wA Az 7le e 8 S7bl w2t HEAs duAE st &8ss oy
=] &hul 2~®(Energy harvesting) 7]<°] &AL w3 o) [1]

FH QoA o AUAE Eo] AR F A= tEAQ] olyA AZFERD o
U sl 2"e 74 de A7) A AFE oAl HEs okt ARAAY A 3
HollA 71Ee =A7F 235y o]/ oJitstekae] wiEFo] Sksle &
A A e} 2 2Ad, FHe AL duAE F&E F Ae AR fle AEe
A A ZEolth. A7|dA = 7I71€ FEste dAos ST, sERd, o

AR 5 gl A7AUAE 2 F AT FHARE

o

rlo

ozl st 2=®el FRAE HIEFFH 22 HAUAE ol&st= FHEH
(photoelectric effect), oA A E o] &3}= #|¥ &I (Seebeck effect), IFAIAE o]
g3t bl aF(Piezoelectric effechE o] &3 Zo] djE:Ao|th E8]4 ouAE A

e
7] dUAZ Wgele td FAe 2R JUAE
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A 2% o123 WA

21 ¢AET

2+ & I (Piezoelectric effec)& EAo] 7|AAQA UdHS 71shd Aol WA A
A4S 71t AR Wgo] WA AAoEA, TS Ut HES FH gHe A
Qo] WAISty, HHlE2 A4S AW ARV o] F3tAY o] dAstE didolth b

2 9HGabriel Lippmann 1845-192D)¢] 2z} td &Rl o tddds w3t 54
& AAA S 54 < wgt AZHGS AsAY dES Tkt 1 el o8 A T

z7F A2EZY o] wf (3ol (st iz el f1A7F vk A H BESA Aol
LAk date] 91X wisto] wet AFA HHel= 7|ge] FAHT gl 7t
3 el qt=o] hsd wjol= AL WEdo] Az Rty e o]E A dhdaw
(Direct piezoelectric effet)gbal Sk}t W& AAA o] o] AL Qristd #7133
o] WREHE (e Fste o)Fstal, (HstE DRSS sl oty o9
2ol &JRoA Thef A= Agtel Wk Wk AR A soAUAY FEEA He AL

o }# & 3HConverse piezoelectric effect)ztal dhc}. [11]
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H A7} 714 (Tourmaline Crystalell €32 7}t
1et7F sk AdS Bd & AS AFRer 4, 2449 Fo] ¥4
HAL olF A7 -3 WErlo] A3 dA A5 A JFAA A7 1Y
o 4bol =t HF(NHMHPOYH A4k =425 KHPO) 59 A A A7 5
Astch 1940 ) Tk 1Age s B3 AE @ EeinlEBaTioyolA ¢HE
LALGRoH, EletintE3 §HA perovskite AT EAC] Zotate] a3k A
Y=k 1 A3 NaNbs PbTiOs, PbZrOs 5 Y€ 7x9 dtEo] AFAdA ==
WRAAI] Aol HEAUA HeidhhtERyg 3 ok 542 7E PZT A=t
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27F i H1qo [12]

HZod= dolv 7l=F 59 T35S AHgsts AR & A7 AT A
o Lol wey Ashgo] A o2 =dd A Teo] ¢ adA 7Rk F
A As7E ALE I et
ZIE2A AAQEE g3 ok 8T dA dH 2AE SE&HAAL U=
As2E 424 2 924 24, 124 A5, B g, G2FA59} nE A A5S
B33 BEA g2 UEs F At &2 2= ¢ -Si02(Quartz), o« -AIPO4(Berlnite),
LiTa03, Pb5-Ge3011, Li2B407, CdS, ZnO, Bil2S5i020 S°] A% Jth 1 5 s
Aom AMRHE 4L 2EAFVE Ax, sAF9ge dgFo] Foh =3 7HA9
1 A7|-7AARASTE Avhe @3S 7HA A flo] AEolHE Wol ARSEHARE
O S8Rt AsEd. @24 &A= LiTa0O3 & LiINbO37F 13 ZnO vabax) 53
tl 8ol SAW(Surface Acoustic Wave) HEo| S8HTt. a4 &A=& PT, PZT,
BaTiO3 &°] ot PZT Mg xs= 7hE48 2 9 gol et 7hA o] A #H ek
dzvolE, 253 sA, A A 2z Fo v de $E&8H AT 1
et Al 25 Zn0, AN, CdS F¢] At ZnO, AIN 59 &A= A2l AF=Ea e
GHz o4 FBAR(Film Bulk Acoustic wave Resonator) ZEe] A|52 &¥ 3 Q. 1L
2+ &A= PVDF, P(VDFTeFE), P(VDF-TrFe), TGS %ol om, EIdAE=ZE
PZT-PVDF, PZT-Epoxy, PZT-23 Polymer, PZT-%X% Urethan S©°] Utt nEAA=
o} PZTA HFAEE 1 544 Y3 FEH=E 7tgo] €47 Wi 5 +F &°F
o8 #oF T FE &H Atk ojHF dH ARESEHFE AAHEHE A7]AHA
= 2 D F Zo] AMmE EAA Hr]-7]712ZAS(electro-mechanical coupling
coefficient)ell 2Jste] AAHHT FA4H HAFdA B2 7] oduxAE 7] s A

71-71AZdFA 7 2 AR o]l Zasin. [13]
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ues AAEE Y A7y A, Ye A5e 9E(Young's modulus), T A =0l 713l
F= 89 AVE YeY A5 HA7-ZI71A2FAFTE E AsAEe] B8sin
21 (2) dA de AEY ST, e AR FHES YERATL

Electrical Energy _ &y

K=
Mechanical Energy €

2 ()

oz wol AEEE Agy o Al PZTVE lon ZEy d Ase
PVDF(polyvinylidene fluoride)7t itk AMlete] b A s PZTS 71A-x~7] AFA
k = 052 PVDF2] k = 02RT & EAS 7IA oy Z W 3] wste]
< MFoez duAZt BAd F flow, & ZjxA 2 HFo] e WHdde ARE
F Atk g9 A AsEe Fdstd & Wl A ThsEhd A7]-71AA A
F7F Aths Biel Atk [14]
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2.1.2 PVDF
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2.2 ANAA stH| =¥
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Source

Description

Mechanical Energy

from sources such as vibration, mechanical stress and

strain

Thermal Energy

waste energy from furnaces, heaters, and friction sources

Light Energy

captured from sunlight or room light via photo sensors,

photo diodes, or solar panels

Electromagnetic
Energy

from inductors, coils and transformers

Natural Energy

from the environment such as wind, water flow,

ocean currents, and solar

Human Energy

a combination of mechanical and thermal energy naturally
generated from bio-organisms or through actions such as
walking and sitting

Table. 1. oA A spuj=H® o= T+

Source Power densitylmW/cm®] efficiency[%]

ej} <+ (Photovoltaic) 500 ~ 5000 5 ~ 40
Q+A (Piezoelectric) 0.001 ~ 90 25 ~ 60
271

. 0.1 ~ 50 30 ~ 40
(Electromagnetic)
a4

. 50 ~ 500 0.1 ~ 10
(Thermoelectric)

Table. 2. oA stul =8 54 HlaL
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A 3G A 2B A

3.1 PVDF 7]k ¢td2a A%

3.11 ¢A&EA

2 AT &9 54 EAE 98 A& dHAAE Table. 3. o] e
I o] 80l xm] F7A¢ PVDF = E(Kureha, Inc)2 UA 7]ute] AxA ZAE Hol
Z(Solueta, IncoAfelel Fzbsle] k=T U 7jde] AEA A& Holzes 3HW

o $Fe A=A HIASTE /HAT JoBRE daAe] 74 94 %t @W, dH A

£

A

Fator Size Tickness
PVDF(Polyvinylidene fluoride) 10.5%7.7cm 80 xm
Conductive film 10.2%7.4cm 30 4m
PI(Polyimide) film 11*8.2cm 300 xm

Table. 3. AL FA Q49 AL

_11_

Collection @ kmou



PVDF

Fig. 05. &Y 72 4d2A Fx2%

___Conductive film __
PVDEF

| Conductive film

PVDF
Conductive film

Fig. 06. ©]% 7% ¢¢daa T25
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3.1.2 ¢AAA WA E

d AYE AR sl AE 2AE2 837 9EhA

YA HAT FAEATL £F BANAE FelF A UF GEFH 2
A8 9 @A B2 A FAYE R P
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Fig. 09. W< A8 gt aA)
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3.2 A71E B4 H7}

32.1 89 R A g &8 54 =3

2
ERREED

A s AF AW 27 98 AAAG

23 Z(Tektronics-DPO4014B)E AF-8 3} T}

=7 ] EEIOERE k)
Bending machine 5mm, 10mm, 15mm, 20mm 2Hz
711 A FHRBOX-408) 0.1 ~ 7MQ

Table. 4. FH47 Wlol me 477 54 24 =1
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Fig. 12. &= & 49
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A47 AR E nF

stth. g anbel thepstm EUW WIS A E37] 918l Bending machined o) &
93 dEz FFAML 27 A3 AAALE A7 gk wd AYE oy
A sy 2AEA A HsAe Gokny] Astel £F 874 stlA 24E A

8 gch.

41 =71 B &9 54
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Conductive film
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PVDF

Conductive film
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—m—Voltage|
- A- Current
—e—P
i ower |
16 4 :
] —n |
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4 \ -
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12 4 \ ] - ]
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1 \ [ /l |
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; 1 ¢ a | | |
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g X .
S 64 . A :
> 77 ./ A !
[ ] |
4 \A\ 1
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4 ~ 1
| | SA
S w |
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| ] A
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Load resistance (M)
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h oo o 8
1
25 A\ /./l\. 1
\ 1
1 A % o ./ ¢ : 7
20 4 \ ; g - |
s - l
\ e gt I
J ® A 1
N |
A/ P | 6
—~ 1564 - ] -
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= A :
= o S
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| | A A :
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Load resistance (M%)
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