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Finite Element Analysis for Actuating Performance Evaluation
of LIghtweight Piezo-composite Curved Acutator
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Abstract

A numerical method for actuating performance evaluation of [.LIPCA is proposed using a finite element

method. Fully coupled formulations for piezo-electric materials were introduced and 3-dimensional eight-

node incompatible element was used. After verifying the developed code with typical examples, the center

deflections of LIPCA were calculated and compared with the experimental result, which were in fairly

agreement.
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Fig. 1 Skew sensitivity of 3-D incompatible element
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Table 1 The skew-sensitivity of the element under an
equivalent piezo-electric loading

(ratio to the elasticity solution)

(a) Parallelogram case

Skew Angle 0 15 30 45
8elem. | 0.125 | 0.108 | 0.075 | 0.044
No INC
16 elem. | 0.363 | 0315 | 0.214 | 0.113
Selem. | 0.999 | 0924 | 0.835 | 0.785
INC |—
l6elem. | 1.000 | 0.986 | 0'953_J 0.916
(b) Trapezoidal case
Skew Angle 0 15 30 BE 45
8elem. | 0.125 | 0.097 | 0.056 | 0.031
No INC -]' e
I6elem. | 0.363 | 0.292 | 0.181 | N.A.
Selem. | 0.999 : 0.339 | 0.124 | 0.058
INC

16 elem.

‘l

Y, Uy

Fig. 2 Curved beam with various loading

Table 2 The results of curved beam under shear loading

| R IR
| 1000 | 0612 | 0286 | NA.

(ratio to the elasticity solution
Skew Angle 18 9 4.5 3
T Ux 0.650 | 0997 | 0.998 | 0.999
R/h=30
Uy 0.684 | 0.970 | 0.997 | 0.999
Ux 0.069 | 0.594 | 0953 | 0.994
R/h=258
Uy 0.089 | 0.673 | 0.964 | 0.993

Table 3 The tip deflection of a bimorph actuator
(ratio to the elasticity solution

Lengthwise
Elom. # 20 40 60
Sol. Ratio 0.990 0.996 0.999

afl
X

3LVd,,
2¢°

Series Connection: Aw =
Fig. 3 Bimorph: PZT with opposite poling direction
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Fig. 4 Schematic design of a typical LIPCA

Table 4 Matenals and size of THUNDER and LIPCA

WLIPCAY?] iy 478 99 faah s

LIPCA THUNDER
I-R 7-R
Radius afier cure 3088 192 1
(mm}
Size of top layer 70x23x0.1 T1x24x0.025
LxWxt (mm) {Carbon/Epoxy} {Aluminum)
Size: of piezo~ceramic 5 N 95
LWt {mm) T1x23%0.25 15240 .25
Size of bottom layer 100x24%0.24 97.5%24x0.15
L xWxt (mm) {Glass/Epoxy) | (Stainless Steel)
Total thickness (mm) 3.59 (.58

Table 5 Center deflections of LIPCA under 100 Vp-p

(unit;um)

B.C. Fixed Simply Freely Simply
Prediction 11.6 4.6 60.5
Experiment - - 715
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Deformed
{a) Fixed Boundary condition

Undeformed

(b} Simply Boundary Condition

Deformed

‘ ndeformed
(¢} Freely Boundary Condition

Fig. 5 Finite element models and deformed shapes of

LIPCA actuator under 100 Vp-p
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