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Large Scale Numerical Analysis for the Performance Prediction of
Multilayered Composite Curved Actuator
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ABSTRACT

In this paper, the electromechanical displacements of curved actuators using laminated composites are
calculated by finite element method to design the optimal configuration of curved actuators. To predict the
pre-stress in the device due to the mismatch in coefficients of thermal expansion, the carbon-epoxy and glass-
epoxy as well as PZT ceramic is also numerically modeled by using hexahedral solid elements. Because the
modeling of these thin layers causes the numbers of degree of freedom to increase, large-scale structural
analyses are performed in a cluster system in this study. The curved shape and pre-stress in the actuator are
obtained by the cured curvature analysis. The displacement under the piezoelectric force by an applied voltage
is also calculated to compare the performance of curved actuator. The thickness of composite is chosen as

design factor.
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Table 1 Comparison of central height & displacement
between experimental and numerical results

Central Height Actuator Displacement
Experime | Numerical | Experime | Numerical
nt Analysis nt Analysis
L“;CIA' 1.94 2.35 0.05 0.039
LIPCA-
. . A 0.
C2 0.92 0.89 0.17 17
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Table 2 Material properties
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Fig. 2 Geometry of the numerical model
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Table 3 Dimension of each layer

PZT ceramic | Carbon/epoxy | Glass/epoxy
E1(GPa) 59 2312 25.0 Dimension (mm) Thickness (mm)
E2(GPa) 59 72 25.0 oo -
p layer t3 = 0.025, 0.05,
G12(GPa) 21 43 10.0 (carbon/epoxy) 71 %24 x13 0.075
Poisson’s Middle layer
’ 0.34 0.29 0.25 =0.
ratio, V 1 (PZT ceramic) 71> 24 %12 ©2=025
CTE, «, Bottom layer
> - 97.5 x 24 x t] tl = 0.15,0.1, 0.05
(0% /) 3.0 1.58 14.2 (glass/epoxy)
CTE, &,
3.0 32.2 14.2
(10°/) z
Piezoelectric
charge 260 i i nl X
constants d
(10-12 m/V)
Sxx
L JRPPREY:
117676
) e 101246
. . 848155
Fig. 1 Boundary condition for numerical analysis i,68385 4
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Fig. 3 Stress distribution (o, )
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Table 4 Central height (mm)

tl
3 0.15 0.1 0.05
0.025 2.38 2.09 1.59
0.05 2.45 2.20 1.77
0.075 241 2.18 1.80
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Table 5 Actuating displacement (mm)

u 0.15 0.1 0.05

0.025 -3.29¢-2 2.17e-2 1.12e-1

0.05 3.85¢-2 1.01e-1 1.95¢-1

0.075 8.40e-2 1.48e-1 2.37e-1
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