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Abstract: In this study, the piezoelectric characteristics of a piezoelectric paint sensor were investigated in relation to
the poling time. This piezoelectric paint sensor was composed of PNN-PZT powder and epoxy resin with a 1:1 weight
ratio. The dimensions of the paint specimen were 40 x 10 X 1 mm3, and the top and bottom sides were both coated with
a silver paste to create electrodes. During the poling treatment, the poling time was controlled to examine the effect of
the piezoelectric properties, while the poling temperature was fixed at room temperature and the electric field was set to
4 kV/mm. The piezoelectric properties were measured by comparing the output voltage from the paint sensor to the
force signal from an impact hammer when the impact hammer hit the specimen. In conclusion, the optimal poling
conditions were found to be an electric field of 4 kV/mm and a poling time of around 30 min at room temperature.

LM = at7] feiM= w5 e s Hed, o

' - o g f5 2k, 25 AR, 25 Al wet

A A= 9uoA slAE AAA 27 4H EAo] DA ®rk® b Autele] A S
oo tlat MeS Ay ANE2 EHEsta, 2o BT 2EE 50-150C AZA AEE od &7
2 A74 N57F 7beiAE Z1AAQ Aee & Qb4 0.5-20kV/mm, 2 AIRE oo 5 23S
Hele 5L M #7174 Amsh A A ZRITSO gbd Eejm o] A g, 60-120C H =
5 7re) W maol W %7 fEe me a7 9 A 2 7] WelA 0-9kVimm, 2 A7k
Aol d Amel d& ATE FPsge BE 1L 7RIGD 712 b Mol wwe
WD B AT e i Ade] B3 o W, Shd HAE ANE W wele) wws 3w
WEs oFux @k R ARE AR AR S e TR ARSE o odle AR Y
Fol, HAAE U] ¢ Am WES DYFoRA

1 Corresponding Author, reon.kang@jbnu.ac.kr t}eksl S Roko| HLo] rlEsirt o AEd
© 2014 The Korean Society of Mechanical Engineers AA ] A TxE AF o] Axet= Aol o]d




1070 o -
MAZE RRE A e pol} #RA £4 A%
ATE A R E G AP AT FA
WA A AAAE A7 o] Algo] &

7}atet. O]Fﬂ?} GHE JNdEtax A ATAE
< A HRIE AAME idstar E5 A Al
Aol 54l Bl el ATl
Egusa 9} Iwasawa + 9% 39-T(PE 60A, Fuji
Titanium Industry) <} ©|&A] 4| (Epikoto 1001,
Yuka Shell Epoxy K)Z 88:12 T#HH|Z 4]0} ¢+
AJNE MM S Alztetal oA 5-25 kV/mm
Az = Heds ALY Zhang 7 Li
PZT5A powder £} epoxy resin & 7:3 ¢ TZH| =2
8L—5H oL;q :ZHO = ;q];qE ;q]x]——g],ﬁ 70- SOOC g
Eo A 6.5kV/mm 2] AAZ 1 AIZF FF = %

= FYATO0 oy FHew Esta gt
A FRJNEE oAds] avpolw FHA H& A

2] =

vorfo rfeb rlr o

.

2 2xdA E5 HEE Fdslor H= dHol
Atk ol @HE sAstaat B Aol =
A Agtele] FEANE ZFolal, ALl Hu
Ha 92 AACA g HJE Ao B A
g5 & F A= Wl di§] oFaxt ok A
A okd Algtale A AAsoft) b Ak
7 A(hard) A Algto® s F gled, A
Ao =o] golgta tHAge] F2 AF ¢A

A slED Agete B

H
a4 ahedrh Ea A
»EL

1

Eo v b4 B FAR @is i) e
S Sl AFEA FAE 11 THHE 4]
A ZFsE gl
2. 4N HRIE MM MZE

21 A o mher Az

S Aae dd 9 A Ad 9 Al
geow E/FE & vk 94 4 Ay s
= 2 A7 AA Ad st 4 MEE A
g ztal 2= Agrp golsitt. vbde] F4 kA
At Ags 22 A7I71AA AsE Ak 4
WY E Ars 7HH 5 At ddid ez o
Het o3k A4 wiiol ddel bd AnE A
g3to] ohd HRIE AAE ARkt

H Ao AE Nb,Os 7} -3 BHoz A&

%3 PbO, TiO,, Zr0,, 181 A4 2L F
1000C & 237 9 Nio(®7] =% Sigma
Aldrich)7} AF& 5 Q1th Table 1 & & oA Al
9 39U E AAetr] 98] A A5 Z9H
& Yepdth PNN-PZT &+ 391 A2 dAp=

1—%:% .

78
Table 1 Mixing ratio for PNN-PZT powder
Material | PbO | Nb,Os | NiO 710, TiO,

wt% | 66.91 | 1446 | 6.10 4.98 7.54

PbO + TiO, + ZrO, + Nb,Os + NiO
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Ball Milling
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PNN-PZT Powder

'

Sintering
(2hr keep at 500°C and 1,000°C, 24hr,
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Sieving (53 um)
Fig. 1 Manufacturing procedure of PNN-PZT powder
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Coating the release agent on the surface
(Repeat 3 times)

¢

Mixture of PNN-PZT powder and epoxy
(1:1 by wt %)

¢

Put the epoxy into the powder

(Room temperature)

'

Mixture in the desiccator
(Gauge pressure : -1 MPa, 10min)

¢

Filling the resin in the mold
(Room temperature)

'

Put the mold into the desiccator
(Gauge pressure : -1 MPa, 10min)

'

Put the mold into the dry oven
(80°C, 8hr)

¢

Flip the mold in the dry oven
(Every 30min, 3hr)

¢

Take out the specimen from the mold

¢

Making electrode
(24hr, at room temperature)
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Manufacturing procedure of PNN-PZT/Epoxy
paint sensor
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Fig. 3 A schematic of the impact test set-up

- *+— Impact |ig
/ Impact hammer
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Fig. 4 Impact test set-up for paint sensor
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Fig. 5 Measurement of the output signals from paint
sensor and impact hammer
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Fig. 7 Force-Output voltage relationship: (a) intercept at
(0, 0); and (b) not fixed intercept
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