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Deflection Prediction of Piezo-composite Unimorph Actuator
Considering Material Property Change of Piezoelectric Single
Crystal for Compression Stress Variation

Bum-Soo Yoon*, Ji-Won Park*, Kwang-Joon Yoon**, Hyun-Young Choi***

ABSTRACT: In this study, LIPCA-S2 actuator with a piezoelectric single crystal layer and a carbon/epoxy layer was
designed and evaluated to increase actuation performance of piezo-composite unimorph actuator. A curvature change
model generated by the induced strain of a piezoelectric layer was used to predict the tip displacement of the piezo-
composite unimorph cantilever. However, we found that there was big difference between the predicted and the
measured tip displacement of LIPCA-S2 cantilever actuator when we used the previous linear prediction model. A
new prediction model considering the change of piezoelectric strain coefficient and elastic modulus for the
compression stress variation of the PMN-29PT single crystal layer was used and it was found that the difference
between the predicted and the measured tip displacement reduced considerably.
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Fig. 1. Schematic for the curvature change of laminated beam
with electro active layer [1]
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Fig. 2. Schematic for the deflection of LIPCA-S2

61=R(1—me)=l_%s(kl°) )
8, = (I,,—R0)sind = (z,ot—smikl‘)))sm(kzo) (8)
+
tan@ = §-1--§3 9)
ltot
1—cos(kly) N lmt_sm(klo) sin(kly)
k k
@ =tan ' (10)

ltot

4 (101 o] 831o] LIPCA-529] 25 2125 o 551910
o, 44 4 Aol vjwstelc.

3.0 UF BEY SEME X57| PIE A

=
A4 SFA Alebe] (PZT 3203HD) Rt A ¥aE 450l
4l =

T2E AEskTH10].

Al (6)= o83t Z2 AAIE mdlof tigt C,,, #h= T
stof HlwSF AL, oA 7MY 2 A5 AS 25
Argdstel A S E o E 2575 AAst ek oF
A FEAYS ol &38HS W, C #hol 7HE & A5 =2
LIPCA-S22&, Polyimide film, Carbon/Epoxy®} ¢4 THA 4
(PMN-29PT) o & A& o L= Fig. 33} 7t}

LIPCA-S20]| AFS-E A& 2 & o] EAL Table 17} 2+
o, g SAA o A= A4S S99 WSt g
Ao I ¥ e Sk AN =4
w2 ARESHAL, EHAA T (), )= AlEAMA AlE

f

Neutral Axis

Fig. 3. Lay-up structure of LIPCA-S2[4]

Table 1. Properties of materials used in LIPCA-S2

Pol}i'lmlde Carbon PMN-29PT
film /Epoxy (Ceracomp)
(Dupont) | (SK flex) P
E, (GPa) 3.0 2312 8.90
E, (GPa) 3.0 7.20 44.0
G, (GPa) 1.15 430 3.42
Vi, 0.30 0.29 0.30
a, (*10°%/°K) 20.0 -1.58 9.50
CTE
a, (*10°%/°K) 20.0 32.20 9.50
Pi i -
iezoelectric Constant i i 17420
d;, (pm/V)
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Fig. 4. Internal stress of LIPCA-S2 laminate section
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