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Experimental performance evaluation and comparison for lightweight piezo-composite
actuator LIPCA

Kyun Youl Kim", Ki Hoon Park’, Kwang Joon Yoon™, Hoon Cheol Park’

ABSTRACT

This paper is concerned with the performance evaluation and comparison analysis for several kinds of LIPCA
(LIghtweight Piezo-Composite Actuator) device system. LIPCA device system is composed of a piezoelectric
ceramic layer and fiber reinforced light composite layers, typically a PZT ceramic layer was sandwiched by a
top fiber layer with low CTE (coefficient of thermal expansion) and base layers with high CTE. To investigate
the effect of lay-up structure of the LIPCA on the actuating performance, four kinds of actuator with different
lay-up stacking sequence were designed, manufactured, and tested. The performance of each actuator was
evaluated using an actuator test system consisted of an actuator supporting jig, a high voltage actuating power
supplier, and a non-contact laser measuring system. From the comparison of the performance of the LIPCA
prototypes, it was found that the actuator with higher coefficient of unimorph actuator can generate larger
actuating displacement.
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Fig. 1 Schematic for the curvature change of a laminated beam

with electro active layer.
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Fig. 2 Geometry and position of neutral axis of LIPAC-C1.

Glass/Epoxy
(100x24x0.09mm)

Kevlar/Epoxy
Unidirectional
(100x24x0.2mm)

Glass/Epoxy
(14x24x0.18mm)

PZT Ceramic
(72.42x23x0.25mm)

Moment Arm : 1.411 mX 104
Bending Stiffness : 2.74 N-m2x 10

4 0.63mm

Keviar /Epoxy Layer
€ 0.43mm

Neatral Axis

0.356lmm 4 0.34mm
0.09mm
Eottom 0.0mm
Fig. 3 Geometry and position of neutral axis of LIPAC-K.
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Fig. 4 Geometry and position of neutral axis of LIPAC-CK.
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Fig. 7 Residual stress of LIPCA-C1 laminate section.
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Fig. 8 Residual stress of LIPCA-K laminate section.
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. 10 Residual stress of LIPCA-C2 laminate section.
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Fig. 11 Experimental setup for actuator test.
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Table 1 Position of neutral axis and measured of thickness, weight

Specimens Measured Predicted
Thickness Weight Neutral axis
t (mm) W (g) Y (mm)
LIPCA-C2 0.62 438 0.3616
LIPCA-CK 0.63 48 0.3891
LIPCA-K 0.63 5.0 0.3561
LIPCA-Cl 0.53 43 0.3747

Table 2 Comparison of actuator performances and characteristics

Specimens Cua Actuator Displacement at +£200V
aD (1/N'm) Gma(mm)
LIPCA-C2 591 1.1552
LIPCA-CK 5.58 1.0266
LIPCA-K 5.16 0.9340
LIPCA-C1 3.92 04274
14 T T
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Fig. 12 Actuation displacement at simply supported condition.
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