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Abstract: Piezoelectric ceramics play an important role in electrical and electronic devices such as sensors, actuators, and
microelectronic devices. However, traditional ceramics are difficult to be used in various process industries due to their high
brittleness and low flexibility. Therefore, piezoelectric paint sensors have been designed for application to the curved surfaces
of complicated structures. Furthermore, recently, significant attention has been focused on the development of paint sensors that
can be used as structure health monitoring sensors for vibration, impact, and acoustic emission. Several studies have successfully
demonstrated the possibility that smart paint sensors can take the place of traditional ceramic sensors. In this review, we briefly
introduce the concept of the piezoelectric paint sensors and the expected application field as well as their preparation and history.
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1. INTRODUCTION APHA 0 2 MM & FHR 5= AStE Al2ta Aot 22

o 78t Aot AR AF-E2tE 11 QL= T EA QI ARIA

A B S 7ot Aok YA v, M7)14S 1 2telAas Pb(Zr, Ti)Os (PZT)AIZE 1, dAZn=
7tolH Hy o] YAlE = A g5 LstH, o|2]st E4 02  polyvinylidene fluoride (PVDF)7} 9t} [2,5]. A2t A
QIto] AlAjet ol ofolef = Fa] &-&E| 1 It [1-3]. §  7]9t AdRAf =0l L v|wA ANFgh 7pAut 7rest /&)
5, YAMEE N2 EE8Z FF B R dde & 34, 22l 2 A0 A 458 71dd 4~ dott
oAl A & AP} g (self-powered)o] 7557 W Algty A BAA 2AHQ £ 4 (brittleness)t H]-8- A%
=0l 54, A&, 3 AlAel o] FHh Fofo]l AFE  (inflexibility) 502 Q15to] 745t A0 F| st 24¢
& 4 Ut [4.5] g FEIY txRZo|Y FH S0l AFE-2 FHAZE Al [4-

 Relo] A Eejofo] AL e fAHoR MA|sh
ste & FAbol 27 oAl ARG HTjEoR &
JFAT L Qb gl e ¢ oA o 2 AlF] S8

A1 d o RN 4w LI (o]

are Aloto] 9lck [7]. whebA] Al Aol Aot Zejoy
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Ol F & RAISIHA BR 2 JeHd g 2 e A4 Al A7 7R HJIE A= 2 13k Zo] giR-2 ZA|sH
2ial/Ze|u] S ol digt A7 thfsiAl A8 of & eVt |2 Ui L2 S, A=, F371 Sl
Sl ook YA Q] A Aletal/EZe]n] SgAaA]e] 49 AEo] &olsty Aoy o 55 AT zH Y
Ao WA A= ol J A S ok oA SHHIAR 7] ARl o]ojd & Qle B 24S 27]0 A5 4 ATk
<o ge] &850 QA o Yot QI E e A2 HFEY 4 229 Sy ot g7t A4 o
Sty =xd 4 ook J7 19 o] =2 ¥e/doa o =2 oo fPor PEn Y2 E 270 &2 ot
gt A= &8 7Hsaitt [4,6-8]. 53], HIJE B Al EUH HFALE 0] YA 5 ofA HAE A
QEQ] 544& uastye o, H5o] Fef¥® ofet A 5 Ui {85 &8 & ot o2 SA 2= 59
F= Ano] BA P2 F|&Ho] 7Hsstr] wh2of of  4A 718 HIQIE AlA of et At RN, T S
WA BUY 256 FJabo] fA =2 4 Qlon, 71E &0l 2 woke AARE FEE A ARE
Hsme d3le 5t T EE thAlsty] &0 ¢A 7] (structure health monitoring, SHM) AlA 2 952 o1
uh Al 24 %ot ofugt ChoFsh Abdof] S84 &8E  7H 8T Al Qe ([7,10,11]. webA ol2et B & v e
2 9t} [4,6-8]. 20143 MBTsty 7tajdy So] dxy = & 2 RolAs 4A 719 HQIE MA o] A 2R of A
88 xxstH oA 7|9t Il EL cf et 2+e EXS 7t 7 S-E-ofo] tigt A¥tAQl 7]&-3 AZ|SHALA} ST
At [9].

1) 4R Alete] 228t 12 A& S

2) Self-powered H|O1E 2 Q& o] x7lA0l =aigl i 2. DEVELOPMENT OF SMART PAINT SENSORS

2 glo] A Aol 75 stet.

3) mHC| Fefol FFL WA] Yot M Fefh Fe g BAOAM &€ 4 R0l A HJIEE 7473, B4,
Aol = AA A& 7Hsst, 71E MM e Fabs  Bed 9 AU HRlEY S4S BigoR 94 &
ojmz "We Qich & A0 EAZ 4 lofA A& (vibration) [12], $4

4) Tj E=2 A(4R]) Aol At £35HA] Al a2 Aeisto  (impact) [11], S WE(acoustic emission: AE) [6] &
2H, YA HQlES] E4& B4 @ F Algdoll %4 o Zo] 38730l trfsttt [13]. 4 mQ1E ] Tt £7]
2 4 9l A= 1980 £7HA] A5ef Ze2ittt. Newnham}

Piezoelectric paint sensors: a promising concept
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Fig. 1. Piezoelectric paint sensor and its applications [10].
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Conductive
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Fig. 2. Schematic of a section through the sensor: (a) Non-conductive
substrate and (b) conductive substrate [8].
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3.1 Structures of piezoelectric paint sensors
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3.1.1 Piezoelectric paint; Ceramic/polymer composites
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Fig. 3. Fabrication process of piezoelectric paint.
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4. PIEZOELECTRIC PAINT SENSORS FOR
STRUCTURE HEALTH MONITORING
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Fig. 4. (a) Schematic of an experimental setup for evaluating the piezoelectric sensitivity of the piezoelectric paint film as a vibration sensors
and (b) frequency spectrum of output signals from a piezoelectric paint film formed on one surface of an aluminum beam and from a strain
gauge bonded to the opposite surface of the beam (under pending decision from publisher [11] Copyright 1998, Smart Materials and Structures).

(b) Impact response of piezo paint sensor
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Fig. 5. Schematic of an experimental setup for evaluating the piezoelectric sensitivity of the piezoelectric paint sensors as an impact sensors
and (b) response time history of piezoelectric paint sensor and accelerometer to impact loading [10].
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Fig. 6. Schematics of experimental setup for evaluating the piezoelectric sensitivity of the piezoelectric paint sensors as an AE sensors using
(a) pencil lead brake or (b) ball drop and AE signal received by piezoelectric sensors: (¢c) PZT sensor and (d) paint sensor (with a 26 dB pre-
amplifier) (reused with permission [6] Copyright 2008, John Wiley and Sons).
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