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Optimization of 1-3 Type Piezocomposite Structures
Considering Inter-Pillar Vibration Modes
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Abstract: With polymer properties and ceramic volume fraction as design variables, the optimal structure
of 1-3 piezocomposites has been determined to maximize the thickness mode electromechanical coupling
factor. When the piezocomposite vibrates in a thickness mode, inter—pillar resonant modes are likely to
occur between lattice-structured piezoceramic pillars and polymer matrix, which significantly deteriorates
the performance of the piezocomposite. In this work, a new method to design the structure of the 1-3
type piezocomposite is proposed to maximize the thickness mode electromechanical coupling factor while
preventing the occurrence of the inter—pillar modes. Genetic algorithm was used for the optimal design,
and the finite element analysis method was used for the analysis of the inter-pillar mode.
Keywords: 1-3 piezocomposite, Inter—pillar mode, Optimization
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Fig. 1. Schematic structure of 1-3 piezocomposites.
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Fig. 2. 1-3 piezocomposite specimen.
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Fig. 3. Comparison of the electromechanical impedance
spectra from the measurement and calculation with the
finite element model.

9&‘4 B4 AHe fask 2y

5 9 A7lE JHARE Ao,
2l Al o] Az A
"ol HA7]-714 HP 4294A
Impedance Analyzer (Agilent Technologies, Santa
Clara, CA)E ol&3 SAsto], ot AR &
A% ~deHy 2y 33 2ko] W sk
Ae Assk 84 At Ae) AA s, BFA
FA 2= ¢ &9 inter-pillar =% @A
At} B AR A= inter-pillar REE Q)
LAAAZ1 7] 98l EeAle] FHnlE $4A
el 05 Hrk o ZA 0742 AAsA A, 1o
ulg} =4 Ao} 4 A 5ol A inter—pillar &
=7 gk Zlol FRlHATk. S A e s A e
of7he] A=A Apol= Al AA TR} A B

AA #FL& 97 mmo]t}.
s A9EYS

) © Lo _llNI
lo ™™
L

(0 do o

J. KIEEME, Vol. 26, No. 6, pp. 434-440, June 2013: S. Pyo et al.

T

CEEEREEEE
BgAel £}
CER RESEt
Ze)n w9

olJ,]nq/\ /\-ﬂ],E

92 © 2 inter-pillar RE+
v 2R gEo] IAY A
of wrAsty, wEkA 2
2 Algpe] Fuju]
-39 FHAEFA
ol Fx WF s uE

4 o & no
2 N o 1-
Ho 4
TN
_&-H
o =
o2

ofl i o mu 1o df

™o o e
=
Jon X
if
J {

Xolg H7F 04, EE7}
, PZT-5H9| 3417} 20%, 34|
7} 0.391 74, e‘j/]tﬂ 2Ae] G EE)S 09 GPadll A
1.7 GPa7l A 04 GPa {tA2o2 WA A 3|43k 1-3
3 ‘?ﬂlﬂiaiﬂiﬂ A71-71A1 9= ~HEGo|t),
ZE e g wHA A EE I FuF FgE
o] Wiglal= S & F o, Y EA9 dE
°] 09 GPal Aol FA REE= 214 3l A
inter-pillar =7} 2HAE AS g £ ). 1A
Wk 9d o] Z7}gte] whaEt inter-pillar R=9 WA F
7t A B2 B AR "HolAW, gEo] 1.7
GPa?l A fee FA Rt Foo 2u) o]do=w

HolAA 1 el A flt om FAFY
%, Zelv] wAle] GEel T el wer Aleh
Feln] mA gbe] wbEE gk Aol #awol

inter-pillar ==¢} F74 R=7ke] A3t FAlo] ZFof
EA E]h Aolth, thyo® At e Fuuzt 99
= > quﬂ u] 2]5 o:lr‘s]:g ol-o],iobjr.

a7 5% Aepde] Ronjo] wiste] wE QJuHs
a4 Aztoltt, PZT-5H A= FIn|(VRE
30%° A 60%7FA WA HE W, FIH|7F 30%,
40%A8 2 Agols FA REdd I sA
inter-pillar 2=7F WA= AL & 5 Aok 28y
Aetge] RyHlE Ha 529 inter-pillar = F
X Foget A B W FI5 7He] Aol A
A7}, F-398]7F 50% o] de] HW FA B F9]



A7) A A 5838 =24, A26¢8 A6 pp. 434-440, 20139 6€:
—1—E 09 GPa

— 10000+ —eo—FE 1.3 GPa -
E E 17 GPa 0 | \!
= WSl
o / \'/ Y /. Y
2 PR T
% IO(IJ-M . ,,'i o‘.. u .
(= e %. ne /
] - ¥ bd B =l
= 20, s '{ o
S :'-. d ./. { \ ' \-\/-\
-§ 100 \, o4/ \ !/ ;/
£ F \
En ! \ )| \ Inter pﬂlarmode
g \ «  / Thickness mode

0 20 30 4 0 6

Frequency [kHz]
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Overall design scheme set up
(driving frequency ? thickness, area)
]

Set up the initial range of design variables:

Isthe
inter-pillar mode
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VF(ceramic) & H(polymer)
!
Set up the target function: thickness mode
electromechanical coupling factor (k) Tncrease the
mininmum value
- - . of VF&E
Optimize the design variables
to maximize the target function

(influence of inter-pillar modes is ignored)
!
Validation by FEA with derived VF & E
[

Fig. 6. Piezocomposite structure optimization algorithm.
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Table 1. Change of minimum value of design variable

by iteration.

Order of Minimum Minimum
optimizations VFE (%) E (GPa)
1 20 0.7
2 30 0.7
3 40 0.7
4 50 0.7
5 60 0.7
6 70 0.7
7 20 0.9
8 30 0.9
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Fig. 7. Impedance spectra of the optimized piezocomposite
structure. (a) impedance spectrum showing the coupling
between inter-pillar mode and the thickness mode, (b)

impedance spectrum showing a pure thickness mode.
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