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ABSTRACT

This study presents the combined effect of electric field application and mechanical compressive
stress loading on deformation in a multilayer ceramic actuator, designed with stacking
0.2(PbMn1/3Nbg/303)-0.8(PbZro.475Tio.52503) ceramics and Ag-Pd electrode, alternately. The deformation
behaviors were attributed to relative 180°domain, determined by pre-loaded compressive stress and
electric field. The non-linearity of piezoelectricity and strain are dependent upon the young's modulus

resulting from the domain reorientation.
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%7} 99.9%°1742 PbO, ZrO,, TiO; MnOj, NbyOs 22 gz Alg35dg, aAw
FAANA Vel E go]2F 2ol (pyrochlore) A< a7l 93] MnO, & Nb,0Os & HAH
w2 A7) 21, PbO, TiO,, ZrO, E 2 22 1A ¥ A]7]= ZEvlo] E(columbite precursor) ¥¥
o] &3}a} 0.6Pb(Mn;/3Nby/3)03-0.4Pb(Zrg475Tigs25)03 (©13F PMN-PZT) £2& Azt o
PMN-PZT &A1& Fa 57}t 355C, ¥AAT dyz2 530 pC/N 22 =AEHAY, Azd ¥ &
47180 (MEK/Ethyl Alcohol)®} #4Fx] (Texaphor 963)& ¥ 24 A7 &< 24" 3 %
AZ¢A PVB)S 7t4# (DBP)E H7stn tiAl 24 A T EZRHEA slury § AXS &
=2e] E#lo]= (doctor blade) MH 22 100 m2} green sheet & A X3l green sheet 9ol
AFAARL Gdalstod screen printing dF1, 100 &7vx] HE3 o) o] uw Al4d HIFE
Hlo]lAEE= Ag(70)-Pd(30)E A14&33, AF3VHL 2x3 wolPeh. & 1 of Ax"E AHe
A5 A71€ YeErdA
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Length (mm) | Width (mm) | Green sheet thickness (;m) Layer
MCA 2 3 100 100

Table 1. Shape of multiplayer ceramic actuator
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Fig. 1 Plots of strain vs. pre-stress loading of multilayer ceramic actutor subjected to an electric field
of 1 kV/mm

£ 0.002 ol3t7F HATH 15MPa A7HA] WA H7] WP Eo Frhehe AL

180° ¥elzol 180° ¥elzkol ulajA AUlHoz Z74ska o]RA Z7hE non-180° ¥4o]
ARl 93 AMAdE A BEE0 78T (2 2 (o) A ® YerRTh. 2,
15MPa ol4e] 9t AZbA$ol: radlziel wE AFools WRSHol F7FHL, non-
180° 2do] 180° B0 A 27HE JUAsF 27E0] (27 2 GHUT AL WHEL
e,

i
o
il

ojg1gt 71z ¥F L &A3] AATG g v FEE AV APk vz Bl
22U AR o FAolHY AAVYEL AAA S WES moh AAHeE Taw
A wAsA o] T WA $FAsE gal A HA $HAI Agle BAASF BYol
pal _]'i

i=}

A9l UehtA @gkeh ot & SHAAA AFolole Rl FYHUAW BFol
ASAA A WA AT A BFEAA A2kAY) B AL

1800 2 2&27 .
v by Wb
. ) . ]IE-ﬁold
A A A
Non-180° 2¢ MM O
22l JIANSAADM FAHIAUDL
{a) Low compressive stress loading
uasz
) ' ﬁ E-fied
ARA 4. uegE-EEl
Ewipaia ] JIAHSZAL Fabi i
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Fig. 2 Schematic illustration showing domain configurations of electric field-induced multilayer
ceramic actuator under (a) low compressive stress and (b) high compressive loadings
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Fig. 3 Pseudo-piezoelectric daz coefficient vs. Fig. 4 compressive stress vs. strain for multilayer
electric field of multilayer ceramic actuator ceramic actuator subjected to various
under various pre-compressive loadings. electric fields
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Fig. 5 Plots of (a) impedance vs frequency and (b) resultant effective youngs modulus for multilayer

ceramic actuator subjected to various compressive loadings.
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4. 48
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