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ABSTRACT: In this study, the experimental study has been performed by varying the polarization of the electric field
and impact force to check the piezoelectric characteristics of piezoelectric paint sensor. Piezoelectric paint sensor used
in this study is composed of epoxy resin with a hardener and PNN-PZT powder in 1:1 weight ratio. The dimensions
of the paint sensor specimen are 40 x 40 x 1 mm® and regular specimens were made using a mold. The voids are
removed from the specimen in the vacuum desiccator. Both upper side and bottom side of the paint sensor were
coated with silver paste for making an electrode and then dried at room temperature for a day. The poling treatment
has been carried out under controlled conditions of the electric field in order to check the effect of piezoelectric
sensitivities, while the poling temperature was fixed at room temperature and the poling time was set to 30 min. The
piezoelectric sensitivities have been measured by comparing output voltage from paint sensor with output force from
impact hammer when the impact hammer hits the paint sensor. In result, the effect of the electric field has been
evaluated for the sensitivity and describe the result.

E3 Aol A B A T A HAS A9 SAE Belols] 915 349 23 A4S st
N 7}% AR A8 el bttt slele A Ak ool 4 o Asel Pb(Ni, Nb,,)0, Pb(Zs, T)O,
(PNN-PZT) o}9-t| 9} AslA|= x3t3l1 O EA A2 2 Zak H) 112 53} 3 252 A185}0] 40 x 10 x 1 mm®

A7)E 2 M-S AZ A ol & M—J 7IE& AAsH el A& giAAlolE8 & ARE-SF AT 2= 2

& 3190 Al 132 Aol ~Eg S otivio] vk 512 B ALAA Aok 25 fe e
EEALOR, BT A7 30802 1gsta B AAE Fajste] AT 1mme] FAS 2He 9A )
AEHAE Aatsto] Aol A e, 2 49 8 g voke S AR Ao A B
< 4 A FJENA 5= AT T4 TR oA EHE= AGE 54 T A5 A st vlastgicy. 1
A3} A HelEe] grwe] B3 AA} o]A: eyl ol ok SR 1 ATk /|&skac
Key Words: 71 A (Electric field), Al A](Sensor), & |1 E (Piezoelectric paint), Zr%= (Sensitivity), =-(Poling)

— 9151 A1 QIEHIL o) = 71414 159} 21714

A A
Apole] MBE Egol o9 7] tjRolch. ol i3
o A Aolold Fat 2ol Fy L ulgoR sjEe] AFAEe] G Are] g g o

flo

Received 7 July 2014, received in revised form 22 August 2014, accepted 25 August 2014

*Dept. of Mechatronics Engineering, and LANL-CBNU Engineering Institute Korea, Chonbuk National University
*"Dept. of Mechatronics Engineering, and LANL-CBNU Engineering Institute Korea, Chonbuk National University,

Corresponding author(E-mail:reon.kang@jbnu.ac.kr)



= Tl e 27

HOIE MIA 2t =X 147

T2315 A AA T A HAE ] 7 A= obA
oEjsieh B Aol A= b Al ARERE oFd =2l
E Aol digt W82 thFarx} gtk Pl a8 S7HA
7171 feiM= &= A7t Z2agd], dibd oz ol 5
AL B 2k 25 AL 25 AA O wet 2 Aol |
sHA| Frk 7129 E5 2 AR oA 87] 2tolA =
2L ARt FQ AP A b

Zaju]o] 79[4] Al 29 7] Yol 0-9 kV/mm, 60-
120°C, F 2413t 1 5-0f| A] —Er%ol OJFHAL, A At <]
Alai feXl) _9_7] o]—oﬂH
Bof|A BEo] A x|
o oe 4o 3G Gl £E AE
= 7&%;} - ‘ilt XW = 7}11J— VAR 2 %jXﬂ°ﬂ

o
H
e
2
r_>i
rg
>
I 2
i
i
O{N

& oj /\F‘lol =755k Eﬁﬂ Pl J‘w‘ Oﬂ 1“10}
7] ol & o] Atk sHAITE A HIE S B4, -2
= EHO o] AR glo] FEat 0}‘43}5”@ KRy
= 7= 2= A8ol 7 Zo| A 7reliA
T A wEEA] ok Aol Al %‘%ﬂ Alefa} Al o] o
A& MAdstaar G AFAES G #HRlE AAE A
ekl B A2 2 BV A S0l rlAl= el o
shof A+ttt Egusa®} Iwasawa(6]+= 7 31-9- T (Fuji
Titanium Industry, PE 60A)%} o ZA] 4=X](Yuka Shell
Epoxy K, Epikoto 1001)E 88:12 SH|2 4o &4A HQIE
RAZ AZ5 T A2olH 525 KVimm HAZ B3 1
£ 3314t} Zhangy} Li[7]+&= PZT5A powder?} epoxy
resing 7:39] FFH| 2 s 4 FQIE AAE AlZtst
11 70-80°CS] LEo]A] 6.5kV/mme] HAE 147} E9F &
= A 2]& 3351t} Poumeyroni} Hale[8]+= PZT5A 1}
oue} HQlE TRE 410] Fepu|2 Easkel HMAS A
ZF3}IL 40-50°CS] Lo A] 5-10 kV/mm®] A 3fo] 205
A 23 A2l skt H elss 22 A2
5o HA} £ 2wol A Sy olo 5ju, QHd me]
H| &0 ol 22 HA o] A2835t7] fsiA= & Hl-o]
2 ok o]t & 7H*13}7] Qe 2 AtolA= A
2ol A F7FA QL | glo] W A A Shof| QHASHA &=
A7k 7hssta 4 ﬁﬂ?lE«] HIRE 8] g3} A8 T
= 7NAdsH] S8l A whe-r et o FA] A E 11 SEH|
2 Egsto] Alztshs Wil sl thRaLAt gt
2. AE &M M2ty oM HME
A Azt Ad A At FE b Alge e
< 17171414

E = 1 3T XL_
A5k Aol U MRS A4S 27 Yo Addom

PbO + TiO, + ZrO, + Nb,0; + NiO

{

Ball Milling
(#10mm Alumina ball, 24hr, Solvent: Water)

{

Drying and Crushing

!

Calcination
(2h keep at 900°C, 20hr, Heating ratio: 100°C/hr)

{

Ball Milling
(#5mm Alumina ball, 48hr, Solvent: Water)

‘

Drying and Crushing

i

Sieving (53 um)

g

PNN-PZT Powder

'

Sintering
(2hr keep at 500°C and 1,000°C, 24hr,
Heating ratio: 100°C/hr)

'

Sieving (53 um)

Fig. 1. Manufacturing procedure of PNN-PZT powder

Table 1. Mixing ratio for PNN-PZT powder

Material Pb0 NiO TiO, ZrO,

wt% 66.91 6.10 7.54 4.98 14.46
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Coating the release agent on the surface
(Repeat 3 times)

-

Preparation of PNIN-PZT powder and epoxy
(1:1 by wt %)
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Put the epoxy into the powder

(Room temperature)

'
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Filling the resin in the mold
(Room temperature)
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(Gauge pressure : -1 MPa, 10min)
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Put the mold into the dry oven
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(

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

{

Take out the specimen from the mold

'

Making electrode
(24hr, at room temperature)

'

Poling

{(Room temperature)

Fig. 2. Manufacturing procedure of PNN-PZT/Epoxy paint
sensor
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Fig. 5. Measurement of the output voltage from the paint sen-
sor and the impact hammer

14
12}
~ 10 .
> «
808l B eeE it
©
S Y(V)=0.00541X(N)
> 06 \ N
- .
£ o4} -
o . Poling Time : 30mim
021 T Electric Field : 4kV/mm
i 0 Poling Temp : Room Temperature
Oo 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200
Force (N)
Fig. 6. Piezoelectric sensitivity poled at 4 kV/mm
= == H =
goul = A5 vl Faatsict
o T = =
5. &H HQIE Mol 57 WY HB

A FHRIE AlA 9] o A= JTF
H o= shols)y] A AA 4 kV/mm, =
Aoz A b HQl
A8 Fig. 5= 54 ¥t w2 o §
o331, Fig. 6= Fig. 5 A1 30|
H3to| W2 H|RIE AlA 9] &
Z Aol tiste] 0.1-
AR o AT oF

D)
|o
fu
ol 1N mo oy

oE
= off

o {0 1o

6. == TAlol Hatofl wE AH HAE MA
o £E4 EIt Zut
HAE A9 25 232 &5 AL 30, 25 2=

'S

= 1kV/imm
12 o 2kVimm
1 3'&?2 ¥=0.00571X(N)-0.037
bt -
s 1or » Skvimm Y=0.00433X(N)+0.172 \l
@ avt '7 -
2 08} Y=0.00472X(N)+0.073 AT g e
S osf W = o
‘g P t 'x“‘ Y . N
£ 04} - T Y=0.000367X(N)+0.072
o & Y e
WO et gl
02} . A Poling Time : 30mim
~". 3 Y=0.00368X(N)+0.035 Poling Temp : Room Temperature|
00 1 i 1 1 L 1 L 1 I
20 40 60 80 100 120 140 160 180 200
Force (N)
(a)
14 = 1kV/mm
*  2kV/mm Y=0.00595X(N)+0.036
128 & akvimm v "
v 4kV/mm - >
Y=0.00415X(N)+0.179
S 10F « SkV/imm N+ v \wo e
= Y=0.00421X(N)+0.009 LA ™ .
808_ Na a“a &% en
S osf SN 2
5 - .‘-‘“,t, e
£ o4l s st L
5 0 = s e - Y=0.000378X(N)+0.042
o i v =Tt
02 I F My Poling Time : 30mim
i A Y=0.00407X(N)-0.013  Poling Temp : Room Temperature
0.0 = I ' L 1 L s L 1
0 20 40 60 80 100 120 140 160 180 200
Force (N)
(b)
14 ——Tkvimm
121 ¢ gmmm Y=0.00522X(N)+0.15
. o - mm
v 4kVimm ¥=0.00501X(N)+0.079 N,
S 104 SkV/imm v
° Y=0.00384X(N)+0.046 , = A
> 08} N .
E v B W 7t - 5 -
g 06} vy a \a = g = .
- - & a . g
4 PV S BB
5 041 AVE b Y=0.00329X(N)+0.085
(o] L A 8 cxTed
, AL
02| o el Poling Time : 30mim
o ol ¥=0.00347X(N)+0.04 Poling Temp : Room Temperature|
00 1 1 1 I 1 1 1 i 1
20 40 60 80 100 120 140 160 180 200
Force (N)
()

Fig. 7. Force-output voltage relationship for not fixed intercept
at (0,0): (a) Test Case 1, (b) Test Case 2, (c) Test Case3

A2 ISP B A A HQIE Ao &
ol viAle FEFE 2457 Akl 1-5kV/imm=z A4S
At = A2 =5 A9 e 245 AAs) 1A
HAA, 2= e I 03] FEEA g, 221
WEFH g2 FRE0l A8 Fe E5= ol UM
e gule] Ao Yl SAlol EA ] e =
=0 " S YAt LA o2 DYy Ao 2=
230l 45 71 W FU7E AjEe] 102 Ao 39
2wk o] eEgla S A3t A HAE AA 9] =
2 A2 Fig. 7-80f ez 2 = QI HHaE A &
F == AAl wEt 712717 Wt Ae el 4 3l
Al ol= 25 Al whet b HIJIE AlA o] H=7t 2}o)



150 S - B5s - et
14 — Table 2. Sensitivity of piezoelectric paint sensor
*  2kVimm e
12F 4 3kvimm YPONRTRs o Sensitivity (mV/N)
*  4KVimm V000841 La Condition
< 10F « Skvimm o i 1kV/mm |2 kV/mm |3 kV/mm |4 kV/mm |5 kV/mm
o8t - o Intercept
8 Y=0.00537X(N) e .. > PH 404 478 5.63 6.03 403
< o6t P LRI at (0,0)
| s e B R e C Not fixed
3™ NI ok TROPEY reroey | 387 | 437 | 449 | 565 | 365
02} . * 4 ,: ~ pems Poling Time : 30mim P
‘,f-. = Y=0.00396X(N) Poling Temp : Room Temperature;
00 L L i 1 1 L 1 1 i
0 20 40 60 80 100 120 140 160 180 200 7} Utk Eojck, 220 ek 28 AokS 12} WA A0
Force (N) EY R M 1 hSY 1 = 1
2 Fdst7] 918l 13} curve fittingS st e A4S 4=
@) 51Tk curve fittingA] TAES U (0,008 AR
14 . - _ R
T T eion ore 79 (Fig. 7)2} WAHS A (0.0)°] LA H9(Fig.
12} . 3 = = = =
: Summ T 8)8 1efstel 2t Aol tis) =S AASET Table 29}
s o - s N Fig. 90 7 2318 @ofatode. w14 oo} wAgl
[ v % . -
g oer Y¥=0.00429X(N) Lot &0 28 o] 5 HA7} 1 kV/immojA| 4 kV/mmE F7}6kA}F e o
=] ¥\ - - . =]
2 0o} s A Z7V5E T 4KV/mmo] A 7ML 7] 27] 8 BTk
204} s g ¥=0.0041X(N) o|& B HA7} 5kV/mmE Z7}5HA} = vigl& 7h
¢} L
02F . : “-:'_ " ol ) Poling Time : 30mim i‘(‘j]—% 75“50 ; E(})\iq— _t':— 7]—X] T;]—%_ 7‘:]‘5 7_'“/}1"?:"“‘%— %—'8]-] _i]_“
» Y=0.00397X(N) Poling Temp : Room Temperature| b oll Aale B _ L - g
0'00 20 40 60 80 100 120 140 160 180 200 ?_]_% TR AX‘} =iy | ;ﬁ_ﬁ]oﬂ EH?__]- ZZIE:— ]?]5_9:}_7]— H]—;\—?_]—
Force (V) AR WY o]k B AN SAY £ Aot 37
®) gyl egol 92 BHE ol E F 229
25 A= 4kV/mm= A7k
14—k Vmm
. 2KVimm Y=0.00648X(N)
120 & 3kvimm \
-\ Y=0.00565X(N
s 10} - Skvimm ( )\ o 7.4 E
g osl “ . il I
g v p? o B
S ool v * e e 2 AT B Aol uhE o selE Ao &
EO D R e Aolsly] 98] B2 AAS Selstdn 74 B2 2
e} . & aurTe edgETT ' - - = = -~
02| | et - of thsll 0-200N H Q& 2= TAUS 7l A A e A+
pol SN vy oo memeene] 2 Gagsiol b 2 Aukg A3t
’ 20 40 60 80 100 120 140 160 180 200 B - _ - -
o (1) o TQIE Aol 32 9 gelshE £ A
= AT A3 2= 240 BAgle] AR er Frtst
© £ A% shleisn
Fig. 8. Force-output voltage relationship for fixed intercept at (2) B2 AAE gl =4 o izt & FHIE Al
(0,0): (a) Test Case 1, (b) Test Case 2, (c) Test Case3 Aol 22 A nlaste] S A A} Ao B
)l . LY RN QLN
=+ A A= 4kV/mmS
8 Poling Time : 30min —=— Sensitivity of intercept at (0,0) K 7:]1_ - /O o ME]— - ° = o}
- | Poling Temp : Room Temperature —*— Sensitivity of not fixed intercept (3) Z:,E ‘—J—,—/‘\j‘g qf]_;‘(:',] (0, 0)01] _J_’_@'?j' 75]——,—9]— ,J_’_@ Ol-Xl 5
of 8 ° 495 uuste] B3 Aol 9 37 Wyel ey
—_ 2 = =
2. /”//\ Atk 7129 S AAE Ao} gl e 1A
L) = = —
§4 I et S - Of A2ollA E=5 A7t 7 oA #HRIE AAE A
2 3l A ol i E= AA o e HQAE AN o 54
[}
2 = 7LE Ao O 2 A0 L xAQ HI 2|70
B2 = Case_1 [not fixed intercept] o Case_1 [intercept at (0,0)] c 71‘0]—01 4 - —4 | ’LZ‘J = TET A ] ‘—]—L‘
e Case_2 [not fixed intercept] Case_2 [intercept at (0,0)] H H 1 z% A= 01O olZFlA SFS Ol %
1T 4 Case_3 [notfixed intercept] Case_3 [intercept at (0,0)] 30, = A= 4kVimmel S A S shAn & oA
o : . s " : . HRAE AAE F2EY 74, £AS WA e= HIE Q]
Electric field (kV/mm) 717 7)ol F S|V F2E0] AEHE AAe R
. . . . . ulolsl 2~ 9l o}z Al I Al A o3& A3lo 3]
Fig. 9. Sensitivity of the piezoelectric paint sensor according to Terd o gl g we) AlAE g o] kst
the electric field 2jet 2



= OF

== Aol M2 27T TRIE MM A= £

151

7|

o

o] B2 20114 AR (u] e 27550 A Yo w
AT AIREe] A 98 ot S H 7] & RA Y
TL21(2011-0030065).

R o

p2

i

Ao
rar

1. Lee, I, “Research and Development Trends on Application of
Piezoelectric Materials,” Journal of the Korean Society for Com-
posite Materials, Vol. 14, No. 3, 2001, pp. 90-98.

2. Park, C.Y, and Cho, C.M., “Impact Damage Detection in a
Composite Stiffened Panel Using Built-in Piezoelectric Active
Sensor Arrays,” Journal of the Korean Society for Composite
Materials, Vol. 20, No. 6, 2007, pp. 21-27.

3. Park, K.H., Yoon, K.G., and Park, H.C., “Piezoelectric Actua-
tors for Smart Composite Materials,” Journal of the Korean Soci-
ety for Composite Materials, Vol. 15, No. 2, 2002, pp. 55-63.

4. Kholkin, A.L., Wutchrich, C., Taylor, D.V,, and Setter, N.,
“Interferometric Measurements of Electric Field-induced Dis-
placements in Piezoelectric Thin Films,” Review of Scientific

Instruments, Vol. 67, No. 5, 1996, pp. 1395-1941.

. Chure, M.C., Wu, M.],, Chen, B.H., and Li, W.J., “Effect of Pol-

ing Conditions on the Dielectric and Piezoelectric Character-
istics of PZT Ceramics,” Symposium on Piezoelectricity, Acoustic
Waves, and Device Applications, 2009, pp. 313-320.

. Egusa, S., and Iwasawa, N., “Thickness Dependence of the Pol-

ing and Current-voltage Characteristics of Paint Films Made
Up of Lead Zirconate Titanate Ceramic Powder and Epoxy
Resin,” Journal of Applied Physics, Vol. 78, No. 10, 1995, pp.
843-852.

. Li, X,, and Zhang, Y., “Analytical Study of Piezoelectric Paint

Sensor for Acoustic Emission-based Fracture Monitoring,”
Fatigue & Fracture of Engineering Materials & Structures, Vol.
31, No. 8, 2008, pp. 684-694.

. White, J.R., Poumeyrol, B., Hale, M., and Stephenson, R.,

“Piezoelectric Paint: Ceramic-polymer Composites for Vibra-
tion Sensors,” Journal of Materials Science, Vol. 39, No. 9, 2004,
pp. 3105-3114.

. Matsubara, M., Kikuta, K., and Hirano, S., “Piezoelectric Prop-

erties of Ceramics,” Journal of Applied Physics, Vol. 97, No. 11,
2005, pp. 114105.



